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Abstract

PRELIMINARY field investigation conducted in Kafrelsheikh Governorate, Egypt, revealed a

9.2% prevalence of Pseudomonas aeruginosa among quails raised in local farms. Antimicrobial
susceptibility tests showed complete sensitivity to Gentamicin, intermediate sensitivity to
Ciprofloxacin, and full resistance to Enrofloxacin and Erythromycin. Molecular identification via 16S
rDNA sequencing confirmed the isolates, while virulence gene analysis detected the presence of oprL
and toxA genes. In the experimental phase, A total of 220 Japanese quail chicks, each one day old,
seven mutually exclusive groups were formed through random grouping of chicks, with 30 birds in
each group to evaluate the effects of Artemisia, Nano-Artemisia, or Ciprofloxacin on physiological
and immune responses following P. aeruginosa challenge over a 35-day feeding trial. Results
demonstrated that birds supplemented with 1% Artemisia, 0.5% Nano-Artemisia, or treated with
Ciprofloxacin showed improved growth performance, elevated antioxidant enzymes (superoxide
dismutase (SOD) and catalase (CAT)) with fewer clinical symptoms and pathological lesions.
Moreover, supplementation with 1% Artemisia or 0.5% Nano-Artemisia reduced ether extract content
in breast muscles, enhanced tissue antioxidant capacity, and improved intestinal histology. Overall,
the findings suggest that incorporating Artemisia or Nano-Artemisia at the tested levels in quail diets
supports immune function, enhances health, and promotes better growth under bacterial challenge.

Keywords: Artemisia, Nano-Artemisia, Growth performance, Health status, Japanese quail and

Pseudomonas aeruginosa.

Introduction

The Japanese quail (Coturnix japonica) is considered
a favourable species for commercial farming due to
its fast growth rate, early reproductive maturity,
consistent and high egg yield, frequent generational
turnover (up to four per year), and short hatching
period [1].

Pseudomonas aeruginosa is recognised as a
prominent opportunistic pathogen in poultry, with
particular relevance in Japanese quail (Coturnix
japonica). It is frequently implicated in a range of

clinical manifestations, including septicaemia,
respiratory distress, and enteric disorders such as
diarrhoea. The pathogen's high infectivity, marked
ability to spread rapidly within flocks, and its
capacity to cause severe morbidity and mortality
result in substantial economic losses. Moreover, its
zoonotic potential raises concerns regarding public
health, particularly in settings with close human-
animal interaction or inadequate biosecurity
measures [1].

*Corresponding authors: Gehan L.E. Ali, E-mail: gigi_doctor@yahoo.com, Tel.: 01004190418

ORCID: https://orcid.org/0009-0006-3236-6084

(Received 23 June 2025, accepted 06 August 2025)

DOI: 10.21608/ejvs.2025.396838.2920

©National Information and Documentation Center (NIDOC)


mailto:gigi_doctor@yahoo.com
https://orcid.org/0009-0006-3236-6084
https://orcid.org/0000-0002-5733-8606

2 MAYADA A.M. ABOU ZEID et al.

Antimicrobial resistance represents a growing
threat to animal health, public health, and the
sustainability of poultry production systems. Its
consequences extend beyond therapeutic failures to
include significant economic losses due to prolonged
iliness, increased  mortality, and  reduced
productivity. Moreover, resistant pathogens may act
as reservoirs for antimicrobial resistance genes,
contributing to their dissemination across microbial
populations and potentially to humans. In light of
these risks, the careful selection of effective
antimicrobial agents, guided by susceptibility testing,
becomes imperative. Equally important is the
adoption of rational and responsible antimicrobial
usage practices to curb the development and spread
of resistance. Within this framework, the accurate
detection and identification of etiological agents in
commercial quail farms is a critical step in designing
targeted intervention strategies and ensuring optimal
flock health [2].

The World Health Organization (WHO) has
identified Pseudomonas aeruginosa as one of the
three most critical antibiotic-resistant pathogens of
global concern [3]. In light of escalating concerns
about antimicrobial resistance and increasing efforts
to minimize antibiotic usage in poultry farming, there
is an urgent demand for safe, cost-effective, and
efficient alternatives to conventional antibiotics for
controlling bacterial diseases in quail production
systems.

Aim of the Work

This study aimed to investigate the potential
effects of dietary supplementation with Artemisia
and Nano-Artemisia on growth, immune response,
and resistance to P. aeruginosa infection in Japanese
quails.

Material and Methods
Bacteriological Examinations (P. aeruginosa
Isolation and Identification)

A total of 87 Japanese quail chicks comprising
both healthy and symptomatic individuals were
obtained from a range of geographically distinct
farms located within Kafrelsheikh Governorate,
Egypt. On reaching the laboratory, tracheal and
cloacal swabs were obtained from birds showing
clinical signs of illness, while internal organ samples
comprising the liver, heart, and lungs, Kidneys,
spleen, and yolk sacs were collected from freshly
deceased chicks. All samples taken under aseptic
conditions to prevent contamination and immediately
transferred to Tryptic Soy Broth (TSB), followed by
aerobic incubation at 37 °C for 24 hours.

Following incubation, a sterile loop used to
transfer aliquots from each broth culture onto
MacConkey agar, Pseudomonas agar, and Cetrimide
agar plates. These incubated again at 37 °C for an-
another 24 hours. Colonies displaying morphological
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traits consistent with Pseudomonas aeruginosa were
isolated and subsequently cultured on nutrient agar to
evaluate pigment production. The identification
process for the presumptive isolates was conducted
based on the guidelines described by [4], which
included the oxidase test, pigment analysis, detection
of the organism's distinctive earthy or musty odor, as
well as detailed assessment of colony appearance,
cellular morphology, and a range of conventional
biochemical tests.

Antibiotic Susceptibility Testing

The antibiotic susceptibility of the bacterial
isolates assessed using the Kirby-Bauer disk
diffusion method. Nine antibiotics tested, including
Tetracycline (TE) 30 pg, Fosfomycin (FO) 200 pg,
Erythromycin (E)15 pg, Doxycycline (DO) 30 ug,
Streptomycin (S) 10 pg,Ciprofloxacin (CIP) 5 pg,
Florfenicol (FL) 30 ug, Enrofloxacin (ENR) 5 pg,
and Gentamicin (GEN) 10pg. After incubation,
measurements were taken for the inhibition zone
diameters around each antibiotic disc and evaluated
according to the Clinical and Laboratory Standards
Institute (CLSI) guidelines [5]. Isolates that showed
resistance to at least one antimicrobial drug in no
fewer than three antibiotic classes classified as
multidrug-resistant (MDR), following the criteria
established by [6].

Detection of P. aeruginosa 16S rDNA and Virulence
Genes Using Polymerase Chain Reaction (PCR)

DNA Extraction

Genomic DNA was isolated from Pseudomonas
aeruginosa strains using the QlAamp DNA Mini Kit
(Qiagen, Germany), with slight adjustments made to
the manufacturer’s standard procedure. Briefly,
200 pl of the bacterial suspension was incubated at
56 °C for 10 minutes with 200 pl of lysis buffer and
20 ul of proteinase K. After incubation, 200 ul of
absolute ethanol was added and thoroughly mixed to
ensure complete homogenization. The mixture was
then  processed  through  purification and
centrifugation steps following the kit instructions.
Finally, the extracted DNA was eluted in 100 pl of
the provided elution buffer.

Oligonucleotide Primers

Primers used for PCR amplification were obtained
from Metabion (Germany), and their sequences along
with related details are listed in Table 1.

PCR Amplification

The PCR mixture had a total volume of 25 pl and
consisted of 12.5 pl of EmeraldAmp Max PCR
Master Mix (Takara, Japan), 1 pl of each primer (20
pmol), 5.5 pl of nuclease-free water, and 5 pl of the
extracted DNA template. The amplification process
was carried out using an Applied Biosystems 2720
Thermal Cycler. Detailed information on the target
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genes, expected amplicon sizes, and thermal cycling
conditions is provided in Table 1.

PCR Product Analysis

The PCR products were analysed by
electrophoresis on a 1.5% agarose gel (Applichem,
Germany) prepared with 1x TBE buffer.
Electrophoresis was undertaken at room temperature
at a constant voltage of 5 V/cm for 10 minutes. A
volume of 20 pl from each PCR sample was loaded
into individual gel wells. DNA fragment sizes were
determined by comparing the migration patterns to a
100 bp DNA ladder (Generuler, Fermentas, Thermo-
Scientific, Germany). Visualization of the gel was
performed using a gel documentation system (Alpha
Innotech, Biometra), followed by analysis of the
resulting band patterns through specialized imaging
software.
Experimental Design

A total of 220 one-day-old Japanese quail chicks
were used in this study. At the beginning of the
experiment, ten randomly selected chicks were
humanely sacrificed for bacteriological examination
to confirm the absence of Pseudomonas aeruginosa
infection. The remaining 210 chicks were randomly
distributed into seven experimental groups, each
consisting of 30 birds. Group 1 served as the
uninfected negative control. Group 2 was orally
challenged on day 10 of age with 0.5 ml of a
previously isolated virulent P. aeruginosa strain at a
concentration of 1.5 x 10® CFU/ml following the
method described by [7]. And designated as the
infected positive control. Group 3 received a basal
diet supplemented with 1% Artemisia without
infection. Group 4 was infected and received the
same Artemisia-supplemented diet. Group 5 was
uninfected and fed a basal diet supplemented with
0.5% Nano-Artemisia. Group 6 was infected and
received a Nano-Artemisia-supplemented diet at the
same concentration. Group 7 was infected and
treated with Ciprofloxacin (1 g/L) starting 48 hours
post-infection for five consecutive days. The
grouping design and treatments are summarized in
table 2.

All birds were fed the balanced formulated diet
carefully designed to full fill the nutritional
requirements of Japanese quail chicks for growth, In
line with the recommendations of the [8]. as shown
in table 3.

All birds were housed in a clean, well-ventilated
facility that had been thoroughly disinfected using a
mixture of formalin and potassium permanganate. A
4-centimeter layer of fresh wheat straw was used as
bedding. The ambient temperature within the facility
regulated according to the age of the chicks to
maintain optimal comfort. Feeders and drinkers were
positioned to provide the birds with uninterrupted
access to feed and water for the entire duration of the
study.

Throughout the experimental period, a daily
clinical assessment was carried out to monitor the
birds for any signs of illness, and cloacal swabs were
collected periodically over two weeks post-infection
to assess bacterial shedding. Any birds exhibiting
severe illness or that died during the study were
submitted for necropsy and bacterial re-isolation
from organs. Mortality was recorded on a daily basis.
On day 25 after infection, all surviving quails were
humanely euthanized and underwent thorough post-
mortem examination.

Preparation of Artemisia and Nano-Artemisia

Artemisia leaves procured from a local market in
Kafrelsheikh, Egypt. The leaves thoroughly cleaned
with double-distilled water, filtered, & then air-dried
at room temperature. Once completely dried, the
leaves were ground using a household grinder and
passed through a fine silk sieve with an approximate
pore size of 1 um to produce Nano-Artemisia
powder. The grinding process carried out using a
Braun mixer grinder set to the third speed for 10
minutes. Any large particles remaining were
reground and sieved under the same conditions. The
resulting fine powder was stored in airtight glass
containers until further use [9].

Characterizations of Nanoparticles

The physical features of Nano-Artemisia powder,
Encompassing particle size, morphology, and grain
boundaries, were analyzed using Field Emission
Scanning Electron Microscopy (FESEM, Quattro S,
Thermo-Scientific). Elemental composition was
analyzed through Energy Dispersive X-ray (EDX)
spectroscopy. For structural and functional group
identification, the sample was freeze-dried and mixed
with potassium bromide (KBr) in a 1:100 (w/w)
ratio. The mixture compressed into 2 mm discs, and
Fourier Transform Infrared (FTIR) spectroscopy
conducted using a JASCO spectrophotometer across
a spectral range of 4000 to 400 cm™.
Growth Assessment

The initial body weight of each bird was
measured at the start of the experiment, at one week
of age, and subsequently on a weekly basis until it
reached five weeks old. The following parameters
calculated throughout the study duration according to
[10].
Total Weight Gain (TWG): Determined by
subtracting the body weight recorded at one week of
age from the final body weight measured at five
weeks.

Total Feed Intake (TFI): The cumulative amount
of feed consumed by each bird from one to five
weeks of age.

Average Feed Conversion Ratio (AFCR):
Calculated by dividing the total feed intake by the
total weight gained, providing a measure of feed
utilization efficiency.
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Average Protein Efficiency Ratio (APER): The
weight gain achieved per unit of protein consumed,
which reflects the effectiveness of protein utilization.

Average Efficiency of Energy Utilization
(AEEU): The ratio of total weight gain to the total
energy intake, representing how efficiently dietary
energy convert into body mass.

These parameters used to evaluate the birds’
growth rate, feed efficiency, and nutrient utilization
during the course of the study.

Assessment of some blood serum parameters

Blood samples were collected from six birds per
group (two birds from each replicate) on days 14, 21,
and 35 of age without the use of anticoagulants.
Samples were centrifuged at 4000 rpm for 5 minutes
to separate the serum, which was carefully
transferred into Eppendorf tubes and stored at —20 °C
until analysis. The serum samples were subjected to
biochemical evaluation using spectrophotometric
methods and  commercial  diagnostic  Kits
(LABOMED Co., Lab. American Inc., USA). Total
protein (TP) and albumin (Alb) concentrations were
measured following the protocols described by [11]
and [12], respectively. Serum globulin (Glob) levels
were calculated by subtracting albumin from total
protein values (expressed in g/dL). Kidney function
parameters, including urea and creatinine (mg/dL),
were determined based on the methods outlined in
[13] and [14]. Liver function was assessed by
measuring the activities of aspartate transaminase
(AST) and alanine transaminase (ALT) in IU/L,
according to [15]. The antioxidant status was
evaluated through the enzymatic activities of
superoxide dismutase (SOD) and catalase (CAT),
determined using the methodologies described in
[16] and [17], respectively and measured in units per
millilitre (U/ml).

Meat quality

Upon completion of the five-week growth period,
six birds were drawn through a randomization
process from each treatment group (two birds from
every replicate) and humanely euthanized. Samples
of breast muscle were then collected and promptly
frozen for subsequent analysis.

Chemical analysis

The crude protein levels in Artemisia, feed, and
breast meat samples analyzed using the Kjeldahl
method. Ether extract was determined through the
Soxhlet extraction procedure. Samples were dried at
105 °C for 8 hours to determine dry matter (DM),
and ash content was assessed by incinerating the
samples overnight at 550 °C. All analyses conducted
in accordance with the methods described by the
[18].

Measurement of Meat Oxidative Status
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Breast muscle samples were homogenized in an
ice-cold 0.86% sodium chloride solution at a 1:9
weight-to-volume ratio and kept at 4°C. The
homogenates were then centrifuged at 3500 x g for
10 minutes at 4 °C. The supernatant obtained was
carefully collected for the measurement of
thiobarbituric acid reactive substances (TBARS).
TBARS concentrations were determined
spectrophotometrically using commercial assay Kits
from Roche Diagnostica (Basel, Switzerland),
following the manufacturer’s protocol. Results were
expressed as nanomoles of malondialdehyde (MDA)
per milligram of protein (nmol/mg protein) according
to [19].

Intestinal histopathology

At the end of the experiment, jejunal tissue
samples were chosen from six birds in each tested
group (2 birds per replicate) and immediately fixed
in 10% neutral buffered formalin. Samples were
dehydrated using a graded ethanol series, cleared in
xylene, and subsequently embedded in paraffin wax.
Following the protocol described by [20], 5 um-thick
tissue sections were cut and stained with hematoxylin
and eosin (H&E). For each sample, three sections
were examined under a Leica DM 5000 light
microscope equipped with a Leica EC3 digital
imaging system. Morphometric measurements were
conducted, and images were captured. Villus height
and width were quantified in micrometres using
ImageJ software (National Institutes of Health, MD,
USA).

Statistical Analysis

Analytical procedures were conducted using two-
way ANOVA, followed by Tukey’s post hoc test to
assess the main effects and interactions between the
independent variables. All statistical procedures were
conducted with SPSS software (version 22). Results
are expressed as means + standard error of the mean
(SEM) to reflect variability within the data. A
significance level of P < 0.05 was used to determine
statistical differences.

Results

Incidence of Pseudomonas aeruginosa Infection in
Quail Samples

Out of 87 quail samples examined, Pseudomonas
aeruginosa was isolated from eight birds, resulting in
an overall infection prevalence of 9.2%.
Clinical Signs and Post-Mortem Finding

Eighty-seven quails, including both symptomatic
and apparently healthy individuals, collected from
farms in Kafrelsheikh. Affected birds showed signs
of respiratory distress and  gastrointestinal
disturbances. Post-mortem examination frequently
revealed signs of septicemia and enteritis.
Characteristic findings included focal necrosis in the
intestinal mucosa and, in some cases, the presence of
cheesy cores within the ceca. The spleen and liver
commonly enlarged and congested.
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Antibacterial Susceptibility

According to the data presented in Table 4, P.
aeruginosa isolates exhibited complete sensitivity to
Gentamicin. The isolates exhibited intermediate
susceptibility to Ciprofloxacin, while showing
complete resistance to both Enrofloxacin and
Erythromycin.

Prevalence of P. aeruginosa 16S rDNA and some
virulence genes (oprL and toxA) in isolates

As shown in table 5 and figure 1 PCR
amplification of the 16S rDNA gene was observed in
all eight isolates. Moreover, the oprL and toxA
virulence genes were also detected in all isolates,
with a 100% detection rate

Characterization of Synthesized Nano-Artemisia

Scanning Electron Microscopy (SEM)

Field Emission Scanning Electron Microscopy
(FE-SEM) employed to observe the surface
morphology of the Nano-Artemisia powder (Fig.
2A). The micrographs revealed the presence of both
larger, well-separated particles approximately 450
nm in diameter and smaller, uniformly distributed
semi-spherical particles measuring around 70 nm.
Energy-Dispersive X-ray (EDX) Analysis

The elemental composition of the Nano-
Artemisia powder assessed using EDX spectroscopy
(Fig. 2B). The EDX spectrum confirmed the
presence of several elements, including carbon
(40.63%), nitrogen (13.69%), oxygen (39.81%),
sodium (2.14%), magnesium (0.57%), sulfur
(0.85%), chlorine (0.64%), potassium (1.07%), and
calcium (0.61%).

Fourier Transform Infrared (FTIR) Spectroscopy

FTIR analysis was conducted to identify the
functional groups present in the Nano-Artemisia
extract. A broad, intense peak observed at 3413 cm™,
indicative of O—H stretching vibrations. Two distinct
fork-shaped peaks appeared at 2924 cm™ and 2845
cm™, corresponding to C-H stretching. Peaks at
1440 cm™ and 1324 cm™ were associated with C=C
and C=0 bonds in aromatic rings and carboxyl
groups, respectively. Additionally, prominent peaks
at 1309 cm™ and 502 cm™ suggested the presence of
aromatic N-H and ester-related C-O-C stretching.
Bands at 1104 cm™ and 1065 cm™ were attributed to
C-O and secondary O-H bonds, indicating the
presence of polyphenolic compounds.

Clinical Signs, Mortality, and P. M Lesions In
Experimentally Infected birds

Infected birds exhibited several clinical
symptoms, including depression, reduced feed
intake, weight loss, whitish watery diarrhea, and
occasional lameness. These symptoms were most
severe in Group 2, which infected but received no
treatment. In contrast, symptom severity noticeably
reduced in Groups 4, 6, and 7. These observations
illustrated in Figure 3.

No mortality recorded in Groups 1, 3, and 5.
However, mortality rates of 10%, 3.3%, and 3.3%
were observed in Groups 2, 6, and 7, respectively.
Post-mortem examinations of the infected birds
revealed several pathological changes, including air
sacculitis, marked congestion of the liver and spleen,
gas accumulation within the intestines, and congested
kidneys with visible urate deposits in the ureters.
These findings illustrated in Figure 4.

Fecal Shedding and Re-isolation from Internal
Organs of Experimentally Infected birds

Fecal swabs collected one day post-inoculation
tested positive for P. aeruginosa in four infected
groups (G2, G4, G6, and G7), confirming active
fecal shedding of the pathogen. Moreover,
bacteriological analysis of homogenized tissue
samples from deceased birds specifically from the
liver, heart, lungs, kidneys, spleen, and yolk sac
confirmed the presence of the inoculated P.
aeruginosa. Remarkably, the inclusion of 1%
Artemisia powder (AP) or 0.5% Nano-Artemisia
powder (NAP) in the diet, as well as antibiotic
treatment, led to a noticeable reduction in both fecal
shedding and the re-isolation of P. aeruginosa from
internal organs compared to the positive control
group.

Body Weight Development

As presented in Table 6, dietary supplementation
with 1% Artemisia powder (AP) or 0.5% Nano-
Artemisia powder (NAP) did not significantly
influence body weight during the initial three weeks
of the experiment. However, by day 35, both
treatments resulted in increased final body weights
approximately 3.6% and 4.6% higher, respectively
compared to the control group. In contrast, quail
chicks challenged with Pseudomonas aeruginosa
without any treatment exhibited a reduction in final
body weight by approximately 4.2% relative to the
control. Notably, the group receiving 0.5% NAP
along with the bacterial challenge maintained a final
body weight comparable to that of the unchallenged
control group.

Feed Efficiency Parameters

As illustrated in Table 7, dietary supplementation
with 1% Artemisia powder (AP) or 0.5% Nano-
Artemisia powder (NAP) led to a non-significant
increase in total weight gain by approximately 4.2%
and 4.9%, respectively, compared to the control
group. Conversely, quail chicks infected with
Pseudomonas  aeruginosa  without  treatment
experienced a reduction in total weight gain of about
4.7%. Notably, birds receiving a 0.5% NAP-
supplemented diet along with the bacterial challenge
achieved a final body weight comparable to that of
the control group.

Furthermore, the inclusion of 1% AP or 0.5%
NAP, regardless of infection status, significantly (P
< 0.05) reduced total feed intake compared to the
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control. These dietary additives also significantly
improved feed conversion ratio (FCR), protein
efficiency ratio (PER), and efficiency of energy
utilization (EEU) over the course of the experiment.

In contrast, birds challenged with P. aeruginosa
alone showed marked deterioration in FCR, PER,
and EEU. However, quail fed with diets containing
1% AP or 0.5% NAP alongside bacterial challenge
exhibited similar or enhanced feed efficiency values
relative to the control group. Overall, no significant
differences (P > 0.05) observed in performance
metrics between birds receiving Artemisia in its
regular or Nano form and those treated with the
antibiotic.

Serum Biochemical Parameters

Tables 8, 9, and 10 illustrate the impact of
incorporating dietary Artemisia or Nano-Artemisia
on the serum protein profile, as well as on kidney and
liver function indicators, in Japanese quail chicks
exposed to Pseudomonas aeruginosa. The findings
demonstrate that supplementing the diet with 1%
Artemisia powder (AP) or 0.5% Nano-Artemisia
powder (NAP), whether in the presence or absence of
P. aeruginosa infection, did not significantly alter
serum levels of total protein, albumin, globulin, urea,
creatinine, alanine aminotransferase (ALT), or
aspartate aminotransferase (AST) throughout the
study period compared to the control group.

Antioxidant Status

Table 11 demonstrates that dietary
supplementation with 1% Artemisia powder (AP) or
0.5% Nano-Artemisia powder (NAP) significantly (P
< 0.05) enhanced serum activities of superoxide
dismutase (SOD) and catalase (CAT) across all
experimental periods compared to the control group.
In contrast, Japanese quail chicks infected with
Pseudomonas aeruginosa without dietary
supplementation showed reduced levels of SOD and
CAT in their serum. Meanwhile, quails that received
either 1% AP or 0.5% NAP in combination with
Ciprofloxacin treatment did not show a statistically
significant enhancement in serum SOD and CAT
activities relative to the control.

Breast Meat Chemical Composition and Oxidative
Index

When compared to the control group, adding 1%
Artemisia powder (AP) or 0.5% Nano-Artemisia
powder (NAP) to the diet had no significant impact
on the moisture content (%) or crude protein (CP%)
of the breast meat. However, both supplements
caused a significant decrease (P < 0.05) in ether
extract (EE %) by approximately 7.6% and 13.7%,
respectively. Japanese quail chicks challenged solely
with Pseudomonas aeruginosa showed an increase in
EE% of breast meat by around 16.6% compared to
the control. Interestingly, the group receiving 1% AP
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along with the bacterial challenge displayed EE%
levels comparable to the control, while those given
0.5% NAP or treated with antibiotics showed a
numerical increase, though not statistically
significant.

As shown in Table 12, dietary inclusion of AP,
NAP, or antibiotics resulted in a non-significant
reduction in thiobarbituric acid reactive substances
(TBARS), indicating slightly improved oxidative
stability of breast meat compared to the control. Both
conventional and Nano forms of Artemisia
significantly (P < 0.05) reduced EE% and enhanced
the antioxidant properties of breast meat in
comparison to antibiotic treatment.

Intestinal Morphology

Based on the findings in Table 13 and Figure 5,
supplementing the diet with 1% Artemisia powder
(AP) caused a slight, non-significant increase in
villus height by day 35. In contrast, the addition of
0.5% Nano-Artemisia powder (NAP) significantly (P
< 0.05) enhanced villus height compared to the
control group. Both AP and NAP treatments were
linked to a non-significant reduction in villus width
and a significant rise (P < 0.05) in the number of
goblet cells when compared to the control. In
contrast, quail chicks infected with Pseudomonas
aeruginosa without any dietary additives showed a
marked reduction in villus height and goblet cell
numbers, accompanied by an increase in villus width.
Notably, the group fed 0.5% Nano-Artemisia powder
(NAP) alongside the bacterial challenge showed
enhanced ileal morphology relative to the control
group. Throughout the duration of the study, no
significant differences (P > 0.05) were observed in
intestinal structure or goblet cell numbers between
birds receiving either form of Artemisia
supplementation and those administered antibiotics.

Discussion

P.aeruginosa is widely distributed in the
environment and originally considered a saprophytic
organism [21]. However, it has since been
recognized as an important opportunistic pathogen
capable of causing infections in various animal
species, including poultry [2]. The current study
identified a 9.2% prevalence of Pseudomonas
aeruginosa in quail samples, which is comparable to
the findings of [22], who reported a 6.25% incidence
among 224 samples collected from diseased
chickens. A slightly lower prevalence of 4.9% was
documented by [23], who isolated the pathogen from
20 deceased chickens. Conversely, higher prevalence
rates have been reported in previous studies, such as
[24], who observed a 20.5% incidence in infected
chickens, and [25] who detected P. aeruginosa in
31% of poultry respiratory tract samples. Notably,
[7] reported a substantially higher prevalence of 60%
(30 out of 50 samples) in naturally infected quails.
These variations in prevalence rates could be
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associated with a range of factors, such as, regional
socio-economic  conditions, climatic variations,
differences in bird health status, and disparities in
feed and water quality across different geographical
areas.

The results of the antibacterial susceptibility
testing (Table 4) demonstrated that Pseudomonas
aeruginosa isolates exhibited complete sensitivity to
Gentamicin (100%) and intermediate susceptibility to
Ciprofloxacin (100%). In contrast, the isolates
demonstrated high resistance rates to Enrofloxacin
and Erythromycin (100% each), as well as to
Tetracycline and Doxycycline (87.5% each). These
findings are in line with those of [7], who reported
that P. aeruginosa isolates from quails were sensitive
to Gentamicin but resistant to Doxycycline &
Erythromycin. Similarly, [26] documented resistance
to Tetracycline and Enrofloxacin. However, a
discrepancy was noted with [7], who previously
reported sensitivity to Enrofloxacin.

Such variations in antibacterial resistance patterns
may be attributed to the indiscriminate use of
antibiotics in field settings and to structural
characteristics of the bacterial cell wall, rather than
solely to the action of antibiotic-inactivating
enzymes [27]. Furthermore, our study confirmed the
presence of multidrug resistance among the P.
aeruginosa isolates, likely resulting from the
frequent and unregulated use of antibiotics for both
treatment and prevention in quail farms.
Additionally, the presence of the oprL gene,
encoding an outer membrane lipoprotein, contributes
to efflux system function and regulates cell
permeability, may contribute to the resistance
mechanisms observed [28].

The 16S rDNA gene, specific to Pseudomonas
aeruginosa, serves as a reliable molecular marker for
early identification, even in uncommon strains [29].
In the current study, PCR amplification of the 16S
rDNA gene yielded distinct bands at 956 bp in all
eight isolates, confirming their identity as P.
aeruginosa (Table 5 & Figure 1a). Comparable
findings were reported by [30], who observed
identical amplicon sizes in isolates from
Pangasianodon hypophthalmus fish. Likewise, [31].
verified P. aeruginosa presence in all seven isolates
using the same genetic marker and reported matching
amplicon lengths.

Further confirmation of virulence was achieved
through the detection of the oprL gene, which
encodes an outer membrane lipoprotein. This gene
was identified in all isolates, producing amplicons at
504 bp (Table 5 and Figure 1b). The oprL gene is
known to contribute to antibiotic resistance and is
considered a dependable genetic target for the rapid
detection of P. aeruginosa [32]. The results are in
agreement with the findings of [33], who observed

100% prevalence of oprL in isolates from broiler
chickens.

Moreover, all isolates tested positive for the toxA
gene, generating amplicons at 396 bp (Table 5 &
Figure 1c). The toxA gene encodes exotoxin A, a key
virulence factor implicated in respiratory diseases in
poultry, primarily by disrupting host protein
synthesis [34]. This 100% detection rate of toxA in
isolates is consistent with [35], although [34]
reported a slightly lower prevalence of 80% in
broiler chicken isolates.

Field Emission Scanning Electron Microscopy
(FE-SEM) utilized to examine the morphological
features of the Nano-Artemisia powder. The
micrographs displayed the presence of both larger,
isolated particles measuring around 450 nm and
smaller, uniform semi-spherical particles
approximately 70 nm in diameter. Elemental
composition analysis using Energy Dispersive X-ray
(EDX) spectroscopy identified peaks corresponding
to carbon (40.63%), nitrogen (13.69%), oxygen
(39.81%), sodium (2.14%), magnesium (0.57%),
sulfur (0.85%), chlorine (0.64%), potassium (1.07%),
and calcium (0.61%). These results align with the
known elemental makeup of Artemisia species as
described by [36].

Fourier-transform infrared spectroscopy (FTIR)
analysis further verified the existence of distinct
functional groups associated with  Artemisia
compounds. A broad, intense absorption band at
3413 cm™ attributed to O—H stretching vibrations,
indicative of phenolic groups [37]. Two distinct
peaks at 2924 cm™ and 2845 cm™! corresponded to
C—H stretching vibrations in methylene groups [38].
Peaks observed at 1630 cm™ and 1724 cm™ were
assigned to C=C and C=O stretching in aromatic
rings and carboxylic groups, respectively. Additional
bands at 1440 cm™ and 1324 cm™ linked to O-H
bending in phenolic structures. Strong absorptions at
1309 cm™ and 502 cm™ indicated N—H stretching in
aromatic amines and C-O-C bonds from ester
groups [39]. Furthermore, bands at 1104 ¢cm™ and
1065 cm™ corresponded to C-O and secondary O-H
bonds, reflecting the polyphenolic content of the
extract [40]. These FTIR findings suggest that the
nanosizing process maintained the chemical integrity
of the Artemisia plant, with spectral peaks largely
consistent with those of bulk material but varying
mainly in intensity.

The clinical signs noted in the infected birds
throughout this investigation closely resembled those
reported by [7], including lethargy, decreased feed
consumption, weight loss, watery white diarrhea, and
occasional lameness. Post-mortem examinations
revealed lesions comparable to those described by [7,
41]. Affected birds of all ages exhibited severe
respiratory distress, difficulty breathing, and profuse
diarrhea. Necropsy findings included inflammation
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of the air sacs, pronounced congestion of the liver
and spleen, gas buildup in the intestines, and renal
congestion with visible urate deposits in the ureters.
However, mortality rates in this study lower than
those documented [28], who reported mortality as
high as 78.26%. This difference may be attributed to
variations in the infection method, as Badr et al. [26]
used subcutaneous inoculation, which could have
increased the virulence and mortality rates.

The observed increase in final body weight of
quails fed with 1% Artemisia powder (AP) or 0.5%
Nano-Artemisia powder (NAP) can be attributed to
the plant’s bitter compounds, which are known to
enhance gastric motility, promote blood circulation
to the stomach lining, and stimulate acid secretion
[42, 43]. Moreover, Artemisia contains bioactive
substances with anti-inflammatory, liver-protective,
and bile-promoting effects, all of which may
contribute to better growth performance and more
efficient feed utilization [44, 43]. The obtained data
support the findings of [45], who documented
improved feed conversion ratios and decreased feed
intake in birds supplemented with varying levels of
Artemisia annua. Likewise, [46] reported that
supplementation with Artemisia dracunculus extract
enhanced weight gain, final body weight, and
specific growth rate in treated birds. Supporting this,
[47] found that broilers receiving Artemisia annua
water extract showed improved growth performance
and nutrient absorption, underscoring Artemisia’s
positive role in poultry health and productivity.

Blood biochemical indicators are essential
markers of an animal’s metabolic condition and
overall health status, directly influencing poultry
performance [48]. Serum total protein (TP) and
albumin (ALB) are particularly important as they
reflect protein synthesis efficiency and nutrient
assimilation. Variations in TP and ALB levels often
indicate liver function and the bird’s nutritional state.
Higher TP levels typically correlate with enhanced
protein metabolism, better feed efficiency, and
improved growth [49].

Given the liver’s vital role in metabolism, liver
enzymes serve as key indicators of physiological
health in poultry. This study evaluated the effects of
dietary AP and NAP, both with and without P.
aeruginosa infection, on liver enzyme activities.
Contrasting our findings, [50] observed a significant
reduction in liver enzymes in broilers fed 3-5%
Boswellia serrata, although the enzyme levels
remained within normal ranges. The hepatoprotective
properties in that case attributed to the plant’s rich
polyphenol and flavonoid content [51]. Similarly,
[46] reported significant decreases in serum ALT and
AST in fish supplemented with Artemisia
dracunculus extract. These discrepancies may arise
due to differences in species, dosages, or
environmental conditions.

Egypt. J. Vet. Sci.

Maintaining a balance between the production
and detoxification of reactive oxygen species (ROS)
is crucial for cellular homeostasis. Under normal
physiological conditions, antioxidant enzymes such
as catalase (CAT) and superoxide dismutase (SOD)
play essential roles by neutralizing ROS, converting
them into harmless molecules like water and oxygen
[52]. In this study, supplementation with AP
increased serum activities of SOD and CAT, likely
due to the high levels of phenolic compounds in
Artemisia that support antioxidant defenses in quails
[53]. Previous research by [54], also confirmed
Artemisia’s antioxidative and immunomodulatory
benefits in broilers. Additional studies by [55, 56]
further corroborate these findings, noting enhanced
antioxidant enzyme activity in birds fed diets
enriched with medicinal plants, including Artemisia
leaf powder.

Regarding meat composition, results revealed a
reduction in intramuscular fat and preservation of
crude protein content in breast muscle, aligning with
findings by [57], who observed similar effects in
Arbor Acres chickens fed Artemisia leaves.
Comparable results reported by [58] in broilers and
[34] in Japanese quails. Lipid oxidation critically
influences meat quality and shelf life, particularly in
poultry due to its high polyunsaturated fatty acid
content [59]. Oxidative stress negatively affects meat
characteristics [51], with thiobarbituric acid reactive
substances (TBARS) serving as reliable markers of
lipid peroxidation and quality [60]. In this study,
dietary AP and NAP significantly lowered TBARS
levels in breast muscle, indicating improved
oxidative stability likely resulting from Artemisia’s
antioxidant properties, consistent with observations
by [61].

Enhancements in intestinal morphology also
observed with AP and NAP supplementation.
Damage to the intestinal lining typically impairs
nutrient absorption, increases fluid and electrolyte
loss, and reduces overall performance [62],
Artemisia supplementation improved key
histological parameters, such as villus height and
goblet cell density, likely by promoting epithelial cell
regeneration [63]. Similar improvements in gut
structure reported by [64, 61] in birds fed diets
containing medicinal herbs, including Artemisia.

Conclusion

This research confirmed that the 16S rDNA gene
serves as a dependable molecular marker for
identifying Pseudomonas aeruginosa. The detection
of the toxA gene correlated with respiratory
infections, while the oprL gene was associated with
increased antibiotic resistance. Despite some
observed resistance to frequently used antibiotics,
Gentamicin and Ciprofloxacin showed strong
effectiveness in vitro.
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Notably, this study offers novel insights into the
use of herbal nanoparticles within poultry
production. Supplementation with Artemisia powder
(AP) and its nano-formulation (NAP) significantly
improved growth performance, intestinal health,
overall well-being, and disease resistance to
pseudomonas aeruginosa in Japanese quail. These
findings indicate that AP and NAP could be
promising natural alternatives to conventional
antibiotics in poultry feeding programs. In particular,
incorporating 10 g/kg of AP or 5 g/kg of NAP into
the diet may promote a more sustainable and health-
conscious poultry industry. Nevertheless, additional
research is necessary to thoroughly evaluate their
safety, effectiveness, and long-term impacts.
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TABLE 1. Primer Sequences, Target Genes, Expected Amplicon Sizes, and Thermal Cycling Conditions Used in

Conventional PCR

Primers sequences

Amplification (35 cycles)

c

o 2 5 5 3
5 TS . ZE £ s & 8
3 =5 s2 22 § 2 2 g
2 gE EE g¢g = g < o
e <3 8 &3 < i iT 4
toxA F- 396 bp 94°C 94°C 55°C 72°C 72°C [65]

ACAACGCCCTCAGCATCACCA 5min. 30 sec. 40 40 10 min

GC sec. sec

R_

CGCTGGCCCATTCGCTCCAGC

GCT
oprL F-ATGGAAATGCTGAAATTC 504 bp 94°C 94°C 55°C 72°C 72°C [66]

GGC 5min. 30 sec. 40 45 10 min.

R-CTT CTT CAG CTC GAC GCG sec. sec.

ACG
P. F-GGGGGATCTTCGGACCTCA 956 bp 94°C 94°C 52°C 72°C 72°C [67]
aerugin R-TCCTTAGAGTGCCCACCCG 5min. 30 sec. 40 50 10 min.
osa 16S sec. sec.
rDNA

TABLE 2. the experimental design

Groups Treatment Description

~N o o0 WNBE

Negative control group (neither infected nor treated).
Positive control group (infected* but not treated).

Uninfected group receiving a basal diet enhanced with 1% Artemisia**.
Infected group receiving a basal feed enriched with 1% Artemisia.
Uninfected group fed a basal diet supplemented with 0.5% Nano-Artemisia.
Infected group fed a basal feed enriched with 0.5% Nano-Artemisia.

Infected and treated with Ciprofloxacin*** (1 g/L) starting 48 hours post-infection for five consecutive days.

*Infection was administered orally on day 10 of age with 0.5 ml of a previously isolated virulent P. aeruginosa strain at a
concentration of 1.5 x 108 CFU/ml following the method described by [7].

**Artemisia was sourced from the local market in Kafrelsheikh, Egypt. The 1% Artemisia supplementation was based on the
dosage used by [68], while the 0.5% Nano-Artemisia dose followed the recommendations of [69].

***Ciprofloxacin used for treatment was prepared by medical professionals according to the manufacturer’s instructions
provided by Pharco Pharmaceuticals.
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TABLE 3. The specific ingredients and nutrient composition of the experimental diets based on their dry matter

content
Artemisia type and its inclusion%

Items 0 1.0% Artemisia 0.5% Nano Artemisia
Ingredients%
Corn 52 51 51.5
Soybean meal (44%) 345 345 345
Artemisia® 0 1 0
Nano Artemisia 0 0 0.5
Corn gluten meal (60%) 8 8 8
Soybean oil 1.6 1.6 1.6
Di-calcium phosphate (DCP)? 1.8 1.8 1.8
Calcium carbonate® 1.3 1.3 1.3
Lysine* 0.05 0.05 0.05
DL-Methionine® 0.1 0.1 0.1
Choline chloride (50%) 0.05 0.05 0.05
Sodium chloride 0.25 0.25 0.25
Mineral & vitamin premix® 0.3 0.3 0.3
Mycotoxin binder” 0.05 0.05 0.05
Total 100 100 100
Nutrient profile:
Moisture% 11.15 10.98 11.06
Crude protein% 24.06 23.95 23.89
Ether extract% 4.08 4.05 3.98
Crude fiber% 2.56 2.98 2.79
Calcium%’ 1.06 1.09 1.07
Available phosphorus%?® 0.39 0.39 0.39
Lysine%® 1.16 1.09 1.05
Methionine%? 0.53 0.51 0.49
ME (kcal/kg)® 2928 2921 2920

Artemisia’ = Artemisia chemical composition (DM 89.1%, Moisture 10.9%, CP 3.7%, EE 4.3%, Ash 1.24% and CF 43.4%).
Dicalcium phosphate®= contain 25% calcium & 16% phosphorus. Calcium carbonate®= locally produced lime stone contain 37%
calcium. Lysine*= lysine hydrochloride (contain 98.5% Lysine). DL-methionine®= produced by Evonik Company (99.5% DL-
methionine). Premix®= *Vitamin and mineral mix each 3kg contains: Vit A (120000001U), vit D (20000001U), vit E(10gr), vit K3
(2gr), vit B1 (1gr), vit B, (5gr), vitBs (1.5gr), vit B12 (10gr), nicotinic acid (30gr), pantothenic acid (10gr), folic acid (1gr), biotin
(50mg), choline chloride50% (250gr), iron (30gr), copper (10gr), zinc (50gr), manganese (60gr), iodine (1gr), selenium (0.1gr),
cobalt (0.1gr) and carrier up to 3kg. mycotoxin binder’= Mycotoxin adsorbent: Beta Mos plus (Zoomaria Sri company). 8= calcium,
phosphorus, lysine and methionine content calculated according to [8]. ME® = Metabolizable energy was calculated according to [8].

TABLE 4. Antibacterial susceptibility test for P. aeruginosa isolates (no=8)

Antimicrobial agent Sensitive Intermediate Resistant
No. % No. % No. %
Enrofloxacin (ENR) - - - - 8 100
Erythromycin (E) - - - - 8 100
Tetracycline (TE) - - 125 7 87.5
Doxycycline ( DO) 1 125 - 7 87.5
Fosfomycin ( FO) 3 375 - - 5 62.5
Floramphenicol ( FL) 3 375 3 375 2 25
Streptomycin (S) 6 75 - - 2 25
Ciprofloxacin ( CIP ) - - 8 100 - -
Gentamicin ( GEN) 8 100 - - - -

TABLE 5. Prevalence of P. aeruginosa 16S rDNA and some virulence genes (oprL and toxA) in isolates

Sample P. aeruginosa 16S rDNA oprL toxA
1 + + +
2 + + +
3 + + +
4 + + +
5 + + +
6 + + +
7 + + +
8 + + +
Totat % 8(100%) 8(100%) 8(100%)
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TABLE 6. Influence of Dietary Artemisia and Nano-Artemisia Supplementation on Body Weight Gain (g per Chick)

in Japanese Quail Challenged with Pseudomonas aeruginosa

Treatments Week 1 Week 2 Week 3 Week 4 Week 5

Gl 18.66+05 ? 52.08+1.27* 107.13+2.65 158.52+2.62°  188.56+3.83%
G2 18.61+0.49% 49.16+1.71* 103.71+3.25°  151+3.61%® 180.72+4.39°
G3 18.24+0.54* 5258+1.63% 107.38+3.11%°  145.28+3.47°  195.36+3.97°
G4 18.35+0.57 50.03+1.99*° 107.57+4.13% 155.24+4.72®  182.64+4.99°
G5 18.81+0.62% 52.31+1.75* 108.30+3.91% 154+4.96 ® 197.28+4.25°
G6 18.37+0.6 ¢ 50.59+1.72%  108.14+2.47? 150.63+3.12®  188.25+3.83%
G7 18.22+0.48% 54.12+1.80* 111.15+2.672 152.72+43.13®®  198+3.07 2
P-values

Artemisia 0.913 0.83 0.516 0.592 0.734
Infection 0.846 0.88 0.908 0.042 0.345
Interaction 0.897 0.215 0.866 0.513 0.008

Results expressed as means + standard error. Values in the same column followed by different letters indicate significant
differences at (P < 0.05).

TABLE 7. Impact of Dietary Artemisia and Nano-Artemisia Supplementation on Feed Efficiency Parameters in
Japanese Quail Chicks Challenged with Pseudomonas aeruginosa

Parameters
Treatment  Total gain Total feed intake ~ Average FCR  Average PER  Average EEU
(g/chick) (g/chick)
G1 169.43+3.37® 630.99+6.78 3.760.08 1.12+0.02° 11.23+0.23%
G2 161.49+3.94° 611.69+9.55° 3.85+0.112 1.140.03 ¢ 11.49+0.33?
G3 176.49+3.47° 602.79+8.659 3.44+0.07° 1.22+0.02% 10.29+0.19°
G4 163.63+4.51° 604.78+7.99¢ 3.77+0.11° 1.13+0.03¢c 11.26+0.34%
G5 177.843.73 ¢ 602.68+9.08" 3.43+0.08° 1.23+0.03%® 10.2440.23°
G6 169.19+3.32% 608.54+8.94° 3.63+0.08% 1.16+0.02™ 10.8510.24%
G7 179.39+2.62° 604.34+5.85° 3.39+0.05° 1.24+0.02° 10.12+0.16°
P-values
Artemisia 0.740 0.001 0.308 0.238 0.308
Infection 0.248 0.001 0.040 0.035 0.040
Interaction  0.003 0.001 0.003 0.001 0.003

Data presented as means + standard error. Different letters within the same column indicate statistically significant
differences at (P < 0.05).

TABLE 8. Influence of Dietary Artemisia and Nano-Artemisia Supplementation on Serum Protein Profile in Japanese
Quail Chicks Exposed to Pseudomonas aeruginosa

14" day 21% day 35" day
Treatment Protein  Albumin  Globulin  Protein  Aloumin  Globulin  Protein  Albumin  Globulin
(g/dl) (g/dI) (g/dI) (g/dI) (g/dl) (g/dl) (g/dl) (g/dl) (g/dl)
Gl 6.65 5.39 1.26 6.82 4.76 2.07 6.59 497 1.62
+0.25 +0.55 +0.35 +0.23 +1.59 +0.12 +0.18 +0.09 +0.13
G2 6.42 4.95 1.35 7.26 5.55 1.84 7.19 5.27 1.92
+0.46 +1.65 +0.41 +0.16 +1.85 +0.22 +0.28 +0.31 +0.56
G3 7.14 5.32 1.83 6.32 5.22 1.46 7.32 5.28 2.03
+0.46 +0.11 +0.55 +2.08 +0.17 +0.56 +0.63 +0.22 +0.65
G4 6.86 5.22 1.64 6.56 4.66 2.04 7.12 5.07 1.64
+0.35 +0.14 +0.46 +2.21 +1.55 +0.32 +3.04 +0.01 +0.42
G5 7.06 5.16 1.91 6.97 4.86 1.9+0.34 7.22 5.07 2.24
+2.35 +0.33 0.5 +2.32 +0.21 0.7 +1.69 +0.86
G6 7.16 5.55 1.94 6.25 4.95 1.41 7.58 5.25 2.33
+2.39 +1.85 +0.38 +2.09 +0.19 +0.35 +0.35 +0.17 +0.45
G7 7.34 4.85 2.37 7.06 5.08 1.98 7.09 5.59 2.39
+0.89 +1.62 +0.78 +0.23 +0.29 +0.49 +2.39 +1.87 +0.39
P-values
Artemisia  0.282 0.978 0.363 0.117 0.783 0.979 0.711 0.32 0.259
Infection 0.698 0.584 0.636 0.726 0.292 0.23 0.558 0.42 0.688
Interaction  0.645 0.286 0.89 0.409 0.812 0.986 0.894 0.332 0.19
Values presented as means + standard error. Means in the same column with different letters indicate significant differences
at (P < 0.05).
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TABLE 9. Impact of Dietary Artemisia and Nano-Artemisia Supplementation on Serum Kidney Function
Parameters in Japanese Quail Chicks Challenged with Pseudomonas aeruginosa

Treatment

Urea 1 Urea 2 Urea 3 Creatinine 1 Creatinine2  Creatinine 3

(mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl)
Gl 23.6+0.53 22.85+0.53 21.74+0.14 2.2+0.13 2.31+0.13 2.28+0.14
G2 23.19+1.28 22.19+1.11 24.84+0.18 2.27+0.09 2.57+0.08 2.09+0.31
G3 16.14+4.16 22.86+0.29 23.25+0.3 2.42+0.22 2.15+0.25 2.25+0.26
G4 24.05+0.24 21.55+0.52 22.85+6.63 2.42+0.07 2.15+0.3 2.07+0.22
G5 24.05+0.23 21.13+0.49 20.52+1.49 1.97+0.27 2.44+0.28 1.71+0.05
G6 15.1745.86 22.04+0.34 22.71+0.34 2.19+0.03 2.35+0.16 2.09+0.26
G7 24.04+0.55 14.86+7.43 21.17+1.29 2.00+0.18 2.22+0.33 2.28+0.26
P-values
Artemisia 0.939 0.053 0.067 0.54 0.848 0.197
Infection 0.197 0.44 0.112 0.407 0.387 0.392
Interaction 0.99 0.92 0.356 0.251 0.665 0.875

Values expressed as means + standard error. Means within the same column bearing different letters differ significantly at (P
< 0.05).

TABLE 10. Influence of Dietary Artemisia and Nano-Artemisia Supplementation on Serum Liver Function
Parameters in Japanese Quail Chicks Challenged with Pseudomonas aeruginosa

Treatment
ALT1 ALT 2 ALT 3 AST 1 AST 2 AST 3
(1U/L) (1U/L) (1U/L) (1U/L) (1U/L) (1U/L)
Gl 9.21+0.51 9.72+1.16  9.35+0.54 35.67+1.67 38.67+2.6 42.00+3.00
G2 9.37+0.45 8.47+0.51 7.73+0.72 39.00+0.01 37.00+3.01 40.33+1.33
G3 8.03+0.39 8.73#1.61 8.25+0.51 37.00+3.01 41.67+1.33 37.33+1.67
G4 8.74+156 7.53+0.28 10.84%2.45 37.33+1.67 37.00+3.00 51.33+10.39
G5 8.6+0.85 7.29+0.5 10.11+1.25 38.67+2.60 37.33+1.67 38.33+4.66
G6 7.86£0.87 9.04+0.87  8.39+0.29 39.00+0.01 40.33+1.33 41.67+1.33
G7 9.71+1.67 8.41+0.54 8.68+0.68 38.67+2.6 39.00+0.01 41.67+4.09
P-values
Artemisia 0.524 0.102 0.198 0.484 0.641 0.352
Infection 0.419 0.396 0.359 0.478 0.239 0.273
Interaction 0.945 0.212 0.945 0.85 0.984 0.536

Data presented as means + standard error. Means in the same column with different letters indicate significant differences at
(P <0.05).

TABLE 11. Impact of Dietary Artemisia and Nano-Artemisia Supplementation on Serum Antioxidant Enzyme
Activities in Japanese Quail Chicks Challenged with Pseudomonas aeruginosa

Treatment
SOD 1 SOD 2 SOD 3 CAT 1 CAT 2 CAT 3
(u/ml) (u/ml) (u/ml) (u/ml) (u/ml) (u/ml)
G1 347.31+13.47%C 402.29+3.63¢ 456.19+11.49™ 3.15+0.19°  3.38+0.19°  3.91+0.79"
G2 314.53+7.33¢ 363.55+13.34¢ 417.47+11.67° 2.85+015° 2.93+0.14°  3.41+0.11°
G3 395.45+12.94% 458.36+17.82% 491.69+11.57% 3.8540.11°  4.3+0.17° 4.99+0.11%
G4 368.62+12.72™ 405.75+3.46° 451.92+4.46% 3.16+0.04°  356+0.17°  4.09+0.08°
G5 414.72+6.89° 473.35+16.96 507.53+10.63° 3.8740.13%°  4.32+40.19°  5.06+0.17°
G6 386.03+10.33%° 425.81+7.52% 481.1+3.92%® 3.13+0.11°  3.87+0.09®°  4.22+0.15°
G7 358.72+17.25" 411.05+6.64° 449.72+16.08™ 2.96+0.07°  3.63+0.21°  4.16+0.05°
P-values
Artemisia 0.001 0.018 0.008 0.37 0.017 0.014
Infection 0.026 0.025 0.015 0.072 0.007 0.001
Interaction  0.001 0.001 0.001 0.001 0.001 0.001

Values expressed as means + standard error. Within each column, means followed by different letters indicate significant
differences at (P <0.05).
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TABLE 12. Influence of Dietary Artemisia and Nano-Artemisia Supplementation on the Breast Meat Quality of
Japanese Quail Chicks Challenged with Pseudomonas aeruginosa

Parameters
Treatment Moisture% Protein% Ether extract ~ Ash% TBARS (nmol
(EE)% of MDA/mg

meat)

Gl 73.62+0.28 21.16+0.31 1.45+0.18 1.95+0.05 0.81+0.02

G2 73.52+0.48 21.94+0.37 1.69+0.26 240.11 0.79+0.05

G3 73.77+0.44 21.99+0.37 1.34+0.15 2.11+0.05 0.67+0.01

G4 74.01+0.85 22.38+0.59 1.47+0.3 2.08+0.09 0.7+0.04

G5 74.48+0.29 22.86+0.19 1.45+0.09 2.12+0.05 0.67+0.05

G6 73.72+0.6 22.79+0.58 1.53+0.37 2.08+0.02 0.75+0.09

G7 73.28+0.35 22.61+0.93 1.71+0.22 1.93+0.08 0.79+0.03

P-values

Artemisia 0.851 0.111 0.956 0.205 0.272

Infection 0.87 0.354 0.84 0.502 0.677

Interaction 0.22 0.267 0.689 0.414 0.13

Data expressed as mean =+ standard error. Within each column, means labeled with different letters are significantly different
at (P <0.05).

TABLE 13. Impact of Dietary Inclusion of Artemisia and Nano-Artemisia on the Intestinal Morphology of Japanese
Quail Chicks Challenged with Pseudomonas aeruginosa

Treatments Villi length (um) Villi width (um) goblet cells no/mm2
G1 881.97+18.73% 05.11+7.96%¢ 351.96+5.299
G2 445.17+48.19f 112.74411.91%® 159.96+10.46'
G3 972.89+29.36™ 83.58+5.11° 489.77+6.39°
G4 763.26+8.11% 94.5+4.04 *° 272.62+6.39°
G5 1221.42+82.26° 83.09+9.68° 667.33+12.42°
G6 1013.99+12.35" 87.45+6.65™ 400.84+14.29°
G7 736.44+22.22° 117.25+11.82 256.8319.71°
P-values

Artemisia 0.001 0.23 0.001
Infection 0.002 0.308 0.001
Interaction 0.001 0.118 0.001

Values presented as means + standard error. Means within the same column that are marked with different letters indicate
statistically significant differences at (P <0.05).

Fig.1. (A) Agarose gel electrophoresis showing PCR products of Pseudomonas aeruginosa 16S rDNA. Lane L: DNA
ladder (100-1000 bp). Lane Pos: Positive control for P. aeruginosa 16S rDNA at 956 bp. Lanes 1 to 8: Samples positive
for P. aeruginosa 16S rDNA. (B) Agarose gel electrophoresis of PCR products targeting the oprL virulence gene for P.
aeruginosa identification. Lane L: DNA ladder (100-1000 bp). Lane Pos: Positive control for oprL gene at 504 bp.
Lanes 1 to 8: Samples positive for the oprL gene. (C) Agarose gel electrophoresis of PCR products for the toxA
virulence gene characterization of P. aeruginosa. Lane L: DNA ladder (100-1000 bp). Lane Pos: Positive control for
toxA gene at 396 bp. Lanes 1, 2, 7, and 8: Samples positive for the toxA gene.
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Fig.2. A) The SEM image of the prepared Nano-Artemisia.
B) The EDX pattern of Nano-Artemisia.
C) The FTIR spectrum of Nano Artemisia.

Fig.3. Depression, decreased appetite, loss of body weight (a& b), white watery diarrhea appeared (c) in quails
challenged with pseudomonas aeruginosa

Fig.4. Airsaculitis and gas accumulation (a), congested liver and spleen (b), congested kidney and deposition of urates (c).
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Fig. 5. Jejunal morphology of quail chicks from different experimental groups (H&E staining, X50 magnification,

scale bar = 200 um): (A) Group 1 (G1): Quail chicks displaying normal villus architecture. (B) Group 2 (G2):
Presence of necrotic enteritis characterized by shortened villi, extensive mucosal necrosis, and epithelial
sloughing (indicated by arrows). (C) Group 3 (G3): Noticeable elongation of the intestinal villi. (D) Group 4
(G4): Necrotic alterations in the upper mucosal layer (arrows) alongside increased villus height. (E) Group 5
(G5): Prominent elongation of villi with an elevated number of goblet cells. (F) Group 6 (G6): Mild and
localized necrosis within the mucosal tissue (arrows) with a marked increase in villus height. (G) Group 7
(G7): Reduced signs of necrosis and sloughing (arrows), accompanied by increased villus length.

References

1. Hasan, A., Ahmmed, Md. T., Prapti, B. B. R., Rahman,

A., Islam, T., Chouhan, C. S., Rahman, A. K. M. A.
and Siddique, M. P., First report of MDR virulent
Pseudomonas aeruginosa in apparently healthy
Japanese quail (Coturnix japonica) in Bangladesh.
PLOS ONE, 20(1), €0316667, (2025).
https://doi.org/10.1371/journal.pone.0316667

Alduhaidhawi, A.H.M., Alhuchaimi, S.N., Al-Mayah,
T.A, Al-Ougaili, M.T.S., Alkafaas, S.S,,
Muthupandian, S. and Saki, M., Prevalence of

CRISPR-Cas Systems and their possible association
with antibiotic resistance in Enterococcus faecalis and
Enterococcus faecium collected from hospital
wastewater. Infection and Drug Resistance, 15, 1143~
1154, (2022). https://doi.org/ 10.2147/IDR.S358248.
pmid:35340673

3. Ahmadi, T. S., Behrouz, B. and Mousavi Gargari, S. L.,

Polyclonal anti-whole cell IgY passive
immunotherapy shields against P. aeruginosa induced
acute pneumonia and burn wound infections in murine
models. Scientific Reports, 14(1), 405 (2024).

Egypt. J. Vet. Sci.


https://doi.org/10.1371/journal.pone.0316667
https://doi.org/10.2147/IDR.S358248

16

MAYADA A.M. ABOU ZEID et al.

Cheesbrough, M., Pseudomonas and related organisms.

Biochemical test to identify bacteria, Antibiotic
susceptibility testing. In: District Laboratory Practice
in Tropical Countries. Cambridge University Press, p.
1933-1943 (2000).

CLSI., Performance Standards for Antimicrobial
Susceptibility Testing. 28th ed. Clinical and
Laboratory Standards Institute, Wayne, PA, (2018).
https://doi.org/10.1128/jcm.00213-21

Gill, J. S., Arora, S., Khanna, S. P. and Kumar, K. H.,
Prevalence of multidrug-resistant, extensively drug-
resistant, and  pandrug-resistant  Pseudomonas
aeruginosa from a tertiary level intensive care unit.
Journal of Global Infectious Diseases, 8,155-
159(2016). https://doi.org/10.4103/0974-777X.192962

Fatma, M. Y. and Mona A. A., Bacteriological studies
on the effect of probiotics on Pseudomonas as a
pathogen in quails and their clinicopathological
alteration. Proceedings of the 6th International
Conference of the Veterinary Research Division,
National Research Centre, Cairo, Egypt, p. 15-31,
(2013).

8. National Research Council (NRC) Nutrient requirements

of poultry, 9th ed. National Academy of Sciences.
Washington, DC, (1994).

9. Elgendy, E. A., Elgendy, A. M. and EIBorady, O. M.,

10.

11.

12.

13.

14.

15.

16.

Clinical and radiographic assessment of autogenous
dentin nanoparticles in treatment of stage Il
periodontitis: A split-mouth clinical study. Journal of
the Pakistan Medical Association, 73(4), S310-S316
(2023). https://doi.org/ 10.47391/JPMA.EGY-S4-60

El-Shenway, A. M. and Ali, G. I., Effect of Some
Organic Acids and Essential Oils as Feed Additives on
Growth Performance, Immune Response and Carcass
Quality of Japanese Quail. Alexandria Journal of
Veterinary Sciences, 51(1),100 (2016).
https://doi.org/10.5455/ajvs.242100

Lowry, O. H., Rosebrough, N. J. and Farr, A. L.,
Randall, R. J., Protein measurement with the Folin
phenol reagent. Journal of Biological Chemistry,
193(1), 265-275, (1951).

Henry, R. J., Canmon, D. C. and Winkelman, J. W.,
Determination of calcium by atomic absorption
spectrophotometry. In: Henry RJ, Cannon DC,
Winkelman JW (eds) Clinical chemistry, principles
and techniques, 2nd ed. Harper and Row, Maryland, p
657, (1974).

Varley, H., Gwenbek, A.H. and Bell, M., Practical
Clinical Chemistry, vol. | Genera) | top-scomnoner
test 5™ ed., London, William medical books Ltd,
(1980).

Michael, P. and Malcolm, W., Measurement of serum
creatinine-current status and future goals. Clinical
Biochemistry Reviews, 27(4), 173-184 (2006).

Reitman, S. and Frankel, S., A colorimetric method for
the determination of serum glutamic oxaloacetic and
glutamic pyruvic transaminases. American Journal of
Clinical Pathology, 28,56-63 (1957).

Martin Jr, J. P., Dailey, M. and Sugarman, E.,
Negative and positive assays of superoxide dismutase

Egypt. J. Vet. Sci.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

based on hematoxylin autoxidation. Archives of
Biochemistry and Biophysics, 255(2), 329-336(1987).
https://doi.org/10.1016/0003-9861 (87)90400-0

Aebi, H., Catalase in vitro. In Methods in enzymology
(Vol. 105, pp. 121-126). Academic press, (1984).

Association of Official Analytical Chemists (AOAC)
Official methods of analysis of Official Analytical
Chemists  International, 16th ed. Arlington, VA,
USA, (1995).

Ohkawa, H., Ohishi, N. and Yagi, K., Assay for lipid
peroxides in animal tissues by thiobarbituric acid
reaction.

Analytical Biochemistry, 95(2), 351-358(1979).
https://doi.org/10.1016/0003-2697(79)90738-3

Bancroft, J. D., Layton, C. and Suvarna, S. K., Theory
and practice of histological techniques, 7th ed.
Elsevier. Churchill Livingstone, (2013).

Quinn, P.J., Markey, B.K., Carter, M.E., Donnelly,
W.J. and Leonard, F.C., Veterinary Microbiology and
Microbial Diseases. 1st ed. Oxford: Blackwell
Science Ltd, (2002).

Abd El-Tawab, A. A., ElI-Hofy, F. ., Khater, D. F. and
Al-Adl, M. M., PCR detection and gene sequence of
Pseudomonas aeruginosa isolated from broiler
chickens. Benha Veterinary Medical Journal, 27,
449-455(2014).

Younes, T., Youssef, H., Abd AlKarim, S. and
Hassanein, K., Epidemiological studies of P.
aeruginosa in chickens, fish, and humans. Assiut
Veterinary Medical Journal, 23, 48-56(1990).
https://doi.org/10.21608/avm;j.1990.187600

Farhan, H.E., Bacteriological and histopathological
studies on Pseudomonas aeruginosa infection in
chickens. M.V.Sc Thesis (Microbiology), Fac. Vet
Med, Suez Canal Univ, (2006).

Kamel, G. M., Ezz eldeen, N. A., EI-Mishad, M. Y.
and Ezzat, R. F., Susceptibility pattern of
Pseudomonas aeruginosa against antimicrobial agents
and some plant extracts with focus on its prevalence
in different sources. Global Veterinaria., 6,61-72,(
2011). http://www.idosi.org/gv/gv 6(1)11/9.pdf

Badr, J. M., Metwali, A. S. E., Yoseif, A. I. and
Arafa, M. M., Treatment trials of Pseudomonas
aeruginosa infection in quails. Journal of Veterinary
Medical Research, 16, 46-60(2006).
https://doi.org/10.21608/jvmr.2006.77919

Koncicki, A. and Szubstarska, A., Role of
Pseudomonas aeruginosa in poultry diseases.
Veterinarya Journal, 44(80), 474-477(1988). https://
doi.org /10.5555/19892285826

De Vos, D., Lim, A. J., Pirnay, J. P., Struelens, M.,
Vandenvelde, C., Duinslaeger, L., Vanderkelen, A.
and Cornelis, P., Direct detection and identification
of Pseudomonas aeruginosa in clinical samples such
as skin biopsy specimens and expectorations by
multiplex PCR based on two outer membrane
lipoprotein genes, oprl and oprL. Journal of Clinical
Microbiology, 35, 1295-1299(1997).
https://doi.org/10.1128/jcm.35.6.1295-1299.1997


https://doi.org/10.1128/jcm.00213-21
https://doi.org/10.4103/0974-777X.192962
https://doi.org/10.21608/avmj.1990.187600
http://www.idosi.org/gv/gv%206(1)11/9.pdf
https://doi.org/10.21608/jvmr.2006.77919
https://doi.org/10.1128/jcm.35.6.1295-1299.1997

EFFECTS OF ARTEMISIA AND NANO-ARTEMISIA ON GROWTH, HEALTH INDICATORS, AND... 17

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Abu-Elala, N.M., AbdElsalam, R. M., Marouf, S.,
Abdelaziz, M. and Moustafa, M., Eutrophication,
ammonia intoxication, and infectious diseases:
interdisciplinary factors of mass mortalities in
cultured Nile tilapia. Journal of Aquatic Animal
Health, 145, 187-198(2016).
https://doi.org/10.1080/08997659.2016.1185050

Yaseen, M.S., Abdelaziz, M., Abdel-moneam, D.,
Abd-Elhay, E., Wassif, I. M., Fawzy, M. and
Moustafa, M.,  Phenotypic and  genotypic
characterization of the pathogenic Pseudomonas
aeruginosa isolated from cultured Pangasianodon
hypophthalmus in Egypt. Egyptian Journal of Aquatic
Biology and Fisheries, 24, 453-467(2020).
https://doi.org/10.21608/ejabf.2020.117086

Shahat, H. S., Mohamed, H. M. A., Abd Al-Azeem,
M. W. and Nasef, S. A., Molecular detection of some
virulence genes in Pseudomonas aeruginosa isolated
from chicken embryos and broilers with regard to
disinfectant resistance. South Valley University
International Journal of Veterinary Science, 2,52-
70(2019). https://
doi.org/10.21608/svu.2019.12365.1011

Khattab, M.A., Nour, M.S. and EISheshtawy, N.M.,
Genetic identification of Pseudomonas aeruginosa
virulence genes among different isolates. Microbial
Biochemical Technology, 7(5), 274-277(2015).
https://doi.org/10.4172/1948-5948.1000224

El-sadda, S.S., Esawy, A., ELTarabili, R.M. and
Khafagy, A., Molecular characterization and genetic
analysis of Pseudomonas aeruginosa recovered from
broiler chickens. Suez Canal Veterinary Medical
Journal, 26,61-77(2021). https://doi.org/
10.21608/scvmj.2021.184752

Hamood, A.N., Colmer-Hamood, J.A. and Carty, N.L.,
Regulation of Pseudomonas aeruginosa exotoxin A
synthesis. In: Pseudomonas: Virulence and Gene
Regulation. Academic/Plenum Publishers, New York;
p. 389-423, (2004).

Sabharwal, N., Dhall, S., Chhibber, S. and Harjai, K.,
Molecular detection of virulence genes as markers in
Pseudomonas aeruginosa isolated from urinary tract
infections. International Journal of Molecular
Epidemiology and Genetics, 5, 125-134(2014).
https://pmc.ncbi.nim.nih.gov/articles/PMC4214259/

Orshiso, T. A., Zereffa, E. A, Murthy, H. A,
Demissie, T. B., Pardeshi, O., Avhad, L. S. and
Ghotekar, S., Biosynthesis of Artemisia abyssinica
leaf  extract-mediated bimetallic ~ ZnO-CuO
nanoparticles: antioxidant, anticancer, and molecular
docking studies. ACS Omega. 8,41039-41053 (2023).
https:// doi.org/ 10.1021/acsomega.3c01814

Achamo, T., Zereffa, E. A., Murthy, H. A,
Ramachandran, V.P. and Balachandran, R., Phyto-
mediated synthesis of copper oxide nanoparticles
using Artemisia abyssinica leaf extract and its
antioxidant, antimicrobial and DNA binding activities.
Green Chemistry Letters and Reviews, 15(3), 598-
614(2022).
https://doi.org/10.1080/17518253.2022.212162

Sarwar, N., Humayoun, U. B., Kumar, M., Zaidi, S. F.
A., Yoo, J. H., Ali, N. and Yoon, D. H., Citric acid

39.

40.

41.

42.

43.

44,

45.

46.

mediated green synthesis of copper nanoparticles
using cinnamon bark extract and its multifaceted
applications. Journal of Cleaner Production,
292,125974 (2021). https://
doi.org/10.1016/j.jclepro.2021.125974

Jebali, M., Colangelo, G. and Gémez-Merino, A. I,
Green synthesis, characterization, and empirical
thermal conductivity assessment of ZnO nanofluids
for  high-efficiency  heat-transfer  applications.
Materials (Basel), 16,1542 (2023).
https://doi.org/10.3390/MA16041542

Mohamed, K. M. and El-Genaidy, H. M., Role of
Pseudomonas as a pathogen for squabs (Columba
livia domesticus) and their pathological alterations.
Journal of the Egyptian Veterinary Medical
Association, 69,45-65(2009).

Szopa, A., Pajor, J., Klin, P., Rzepiela, A., Elansary,
H.O., Al-Mana, F.A. and Ekiert, H., Artemisia
absinthium L.—Importance in the history of
medicine, the latest advances in phytochemistry and
therapeutical, cosmetological and culinary uses.
Plants, 9,1063(2020).
https://doi.org/10.3390/plants9091063

Ibatullin, 1., Sychov, M., Umanets, D., lichuk, I.,
Balanchuk, I., Umanets, R., Holubieva, T., Andriinko,
L., Otchenashko, V., Makhno, K., Tytariova, O. and
Kuzmenko, O., Influence of feeding wormwood
(Artemisia capillaris) on quail meat productivity.
Journal of Animal Physiology and Animal Nutrition,
106,193-202(2022).
http://rep.btsau.edu.ua/handle/BNAU/8120

Jang, S. I, Kim, Y. J,, Lee, W. Y., Kwak, K.C., Baek,
S.H., Kwak, G.B., Yun, Y.G., Kwon, T.O., Chung,
H.T. and Chai, K.Y., Scoparone from Artemisia
capillaris inhibits the release of inflammatory
mediators in RAW 264.7 cells upon stimulation by
interferon-y plus LPS. Archives of Pharmacal
Research, 28, 203-208(2005).
https://doi.org/10.1007/bf02977716

El-Rayes, T. K., El Basuini, M. F., Elghioushy, A. B.,
El-Damrawy, S. Z., Mamdouh, M., Taha, A. E. and
Abd El-Hack, M.E., Dietary inclusion of Artemisia
annua improves antioxidant performance,
immunoglobulin protein levels, lipid profile, carcass
characteristics, meat quality, and histomorphometric
features of broiler chickens. Annals of Animal
Science, 25(1),225-238(2025). https://doi.org/
10.2478/a0as-2024-007

Gholamhosseini, A., Hosseinzadeh, S., Soltanian, S.,
Banaee, M., Sureda, A., Rakhshaninejadm M. and
Anbazpour, H., Effect of dietary supplements of
Artemisia dracunculus extract on the haemato-
immunological and biochemical response, and growth
performance of the rainbow trout (Oncorhynchus
mykiss).  Aquaculture  Research,  52(5),2097—
2109(2021). https://doi.org/ 10.1111/are.1502

Guo, S., Ma, J., Xing, Y., Xu, Y., Jin, X,, Yan, S. and
Shi, B., Effects of Artemisia annua L. water extract on
growth performance and intestinal-related indicators

in  broilers.  Journal of Poultry Science,
60(2),2023024(2023). https://doi.org/
10.2141/jpsa.2023024

Egypt. J. Vet. Sci.


https://doi.org/10.1080/08997659.2016.1185050
https://dx.doi.org/10.21608/ejabf.2020.117086
https://dx.doi.org/10.21608/svu.2019.12365.1011
https://dx.doi.org/10.21608/scvmj.2021.184752
https://pmc.ncbi.nlm.nih.gov/articles/PMC4214259/
https://doi.org/10.1080/17518253.2022.212162
https://doi.org/10.3390/MA16041542
https://doi.org/10.3390/plants9091063
http://rep.btsau.edu.ua/handle/BNAU/8120
https://doi.org/10.1007/bf02977716

18

MAYADA A.M. ABOU ZEID et al.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Guo, S., Lei, J., Liu, L., Qu, X., Li, P., Liu, X., Guo,
Y., Gao, Q., Lan, F., Xiao, B., He, C. and Zou, X.,
Effects of Macleaya cordata extract on laying
performance, egg quality, and serum indices in
Xuefeng black-bone chicken. Poultry Science, 100,
101031(2021).
https://doi.org/10.1016/j.psj.2021.101031

Sawale, G. K. and Ghosh, R. C., Effect of dietary
aflatoxin B1 on haemato-biochemical profile in laying
hen. Indian Journal of Animal Sciences, 78,283-
284(2011).

Al-Yasiry, A. R. M., Kiczorowska, B., Samolifska,
W., Kowalczuk-Vasilev, E. and Kowalczyk-Pecka,
D., The effect of Boswellia serrata resin diet
supplementation on production, haematological,
biochemical and immunological parameters in broiler

chickens. Animal, 11,1890-1898(2017).
https://doi.org/10.1017/S1751731117000817
Akamatsu, S., Watanabe, A., Tamesada, M.,

Nakamura, R., Hayashi, S., Kodama, D., Kawase, M.
and Yagi, K., Hepatoprotective effect of extracts from
Lentinus edodes mycelia on dimethylnitrosamine-
induced liver injury. Biological & Pharmaceutical
Bulletin, 27,1957-1960(2004).
https://doi.org/10.1248/bpb.27.1957

Zhang, H., Yang, R., Shi W., Zhou, X. and Sun, S.,
The association between bisphenol A exposure and
oxidative damage in rats/mice: A systematic review
and  meta-analysis.  Environmental  Pollution,
292,118444(2022).
https://doi.org/10.1016/j.envpol.2021.118444

Yang, S., Zhang, J., Jiang, Y., Xu, Y. Q., Jin, X., Yan,
S. M. and Shi, B. L., Effects of Artemisia argyi
flavonoids on growth performance and immune
function in broilers challenged with
lipopolysaccharide. Animal Bioscience, 34,1169—
1180(2021). https://doi.org/10.5713/ab.20.0656

Gholamrezaie Sani, L., Mohammadi, M., Jalali Sendi,
J., Abolghasemi, S.A. and Roostaie Ali Mehr, M.,
Extract and leaf powder effect of Artemisia annua on
performance, cellular and humoral immunity in
broilers. Iranian Journal of Veterinary Research,
14,15-20(2013).

Shi, L., Guo, Y., Cheng, Y., Xing, Y., Guo, S., Zhang,
L., Xu, Y., Jin, X., Yan, S. and Shi, B., An Artemisia
ordosica extract: Effects on growth performance,
immune, and inflammatory  response in
lipopolysaccharide-challenged broilers. Frontiers in
Veterinary Science, 9, 980690(2022). https://
doi.org/10.3389/fvets.2022.980690

Mamdouh, M., Shehata, S.F., El-Keredy, A., Awad,
D.A., El-Rayes, T.K., Elsokary, M.M.M. and Baloza,
S.H., The effects of Artemisia annua nutritional
supplementation at varying concentrations on broiler
growth, economic yield, and gene expression levels of
certain antioxidant, inflammatory, and immune genes.
Veterinary ~ World, 17,1318-1327  (2024)

https://doi.org/10.14202/vetworld.2024.1318-1327

Kostadinovi¢, L., Levié, J., Popovié, S., Cabarkapa, l.,
Puvaca, N., Puragi¢, O. and Kormanjos, S., Dietary
inclusion of Artemisia absinthium for management of
growth performance, antioxidative status, and quality

Egypt. J. Vet. Sci.

57.

58.

59.

60.

61.

62.

63.

64.

65.

of chicken meat. European Poultry,79, 1-10 (2015).
https://doi.org/10.1399/eps.2015.75

Zapletal, D., Dobgikova, R., Simek, V., Kamenik, J.
and Jezek, F., Growth performance, carcass
composition, physico-chemical traits and amino acid
profile of meat depending on wormwood (Artemisia
absinthium L.) dietary supplementation in broilers.
Archives of Animal Breeding, 67,1-12(2024).
https://doi.org/10.5194/aab-67-1-2024

Ognik, K., Koztowski, K., Stepniowska, A., Szlazak,
R., Tutaj, K., Zdunczyk, Z. and Jankowski, J., The
effect of manganese nanoparticles on performance,
redox reactions, and epigenetic changes in turkey
tissues. Animal, 13,1137-1144(2019).
https://doi.org/10.1017/S1751731118002653

Archile-Contreras, A. and Purslow, P.P., Oxidative
stress may affect meat quality by interfering with
collagen turnover by muscle fibroblasts. Food
Research International, 44, 582-588(2011)
https://doi.org/10.1016/j.foodres.2010.12.002

Cherian, G., Orr, A,, Burke, I. C. and Pan, W.,
Feeding Artemisia annua alters digesta pH and muscle
lipid oxidation products in broiler chickens. Poultry
Science, 92,1085-1090(2013).
https://doi.org/10.3382/ps.2012-02752

Mahasneh, Z. M. H., Abuajamieh, M., Abdelgader, A.,
Al-Qaisi, M., Abedal-Majed, M.A., Al-Tamimi, H,
Zakaria, H. and Al-Fataftah, A. R. A., The effects of
Artemisia sieberi, Achillea fragrantissima, and Olea

europaea leaves on the performance and
physiological parameters in heat-stressed broiler
chickens.  Frontiers in  Veterinary  Science,

11,1410580(2024).
https://doi.org/10.3389/fvets.2024.1410580

Guo, S., Ma, J,, Xing, Y., Shi, L., Zhang, L., Xu, Y.,

Jin, X., Yan, S. and Shi, B., Artemisia annua L.
aqueous extract promotes intestine immunity and
antioxidant function in broilers. Frontiers in
Veterinary Science, 9,934021(2022).
https://doi.org/10.3389/fvets.2022.934021

Arain, M.A., Nabi, F., Shah, Q. A., Alagawany, M.,
Fazlani, S.A., Khalid, M., Soomro, F., Khand, F.M.
and Farag, M.R.,  The role of early feeding in
improving performance and health of poultry: herbs
and their derivatives. World's Poultry Science
Journal,78,499-513(2022).
https://doi.org/10.1080/00439339.2022.2043133

Giannenas, |., Bonos, E., Skoufos, I., Tzora, A.,
Stylianaki, |., Lazari, D., Tsinas, A., Christaki, E. and
Florou-paneri, P., Effect of herbal feed additives on
performance  parameters, intestinal microbiota,
intestinal morphology, and meat lipid oxidation of
broiler chickens. British Poultry Science, 59,545-
553(2018).
https://doi.org/10.1080/00071668.2018.1483577

Matar, G. M., Ramlawi, F., Hijazi, N., Khneisser, I.
and Abdelnoor, A.M., Transcription levels of
Pseudomonas aeruginosa exotoxin A gene and
severity of symptoms in patients with otitis externa.
Current Microbiology, 45,350-354(2002).
https://doi.org/ 10.1007/s00284-002-3703-z


https://doi.org/10.1016/j.psj.2021.101031
https://doi.org/10.1017/S1751731117000817
https://doi.org/10.1248/bpb.27.1957
https://doi.org/10.1016/j.envpol.2021.118444
https://doi.org/10.5713/ab.20.0656
https://doi.org/10.14202/vetworld.2024.1318-1327
https://doi.org/10.1399/eps.2015.75
https://doi.org/10.5194/aab-67-1-2024
https://doi.org/10.1017/S1751731118002653
https://doi.org/10.1016/j.foodres.2010.12.002
https://doi.org/10.3382/ps.2012-02752
https://doi.org/10.3389/fvets.2024.1410580
https://doi.org/10.3389/fvets.2022.934021
https://doi.org/10.1080/00439339.2022.2043133
https://doi.org/10.1080/00071668.2018.1483577

EFFECTS OF ARTEMISIA AND NANO-ARTEMISIA ON GROWTH, HEALTH INDICATORS, AND... 19

66.

67.

Xu, J., Moore, J. E., Murphy, P. G., Millar, B.C. and
Elborn, J. S., Early detection of Pseudomonas
aeruginosa: Comparison of conventional versus
molecular (PCR) detection directly from adult patients
with cystic fibrosis (CF). Annals of Clinical
Microbiology and Antimicrobials, 3,1-5 (2004).
http://www.ann-clinmicrob.com/content/3/1/2121

Spilker, T., Coenye, T., Vandamme, P. and LiPuma, J.
J., PCR-based assay for differentiation of
Pseudomonas aeruginosa from other Pseudomonas
species recovered from cystic fibrosis patients.
Journal of Clinical Microbiology, 42, 2074-2079
(2004). https://doi.org/10.1128/jcm.42.5.2074-
2079.2004

68. Kaab, H. T., Hameed, S.S. and Sahib, A.M., The effect

69.

of Artemisia on immune response and productive
performance against Newcastle disease in broiler
chickens. Journal of World's Poultry Research, 12,22-
30(2022). https://dx.doi.org/10.36380/jwpr.2022.3

Monirian, F., Abedi, R., Balmeh, N., Mahmoudi, S.
and Mirzaei Poor, F., In-vitro antibacterial effects of
Artemisia extracts on clinical strains of Pseudomonas

aeruginosa, Streptococcus pyogenes, and oral
bacteria. Jorjani Biomedicine Journal, 83, 36-
43(2020).

https://doi.org/10.52547/jorjanibiomedj.8.3.36

LSy dagliall g cdaal) @l pdise (galll o mad gililly padd) il il

() Gland) (215 gl ) oul ga gasead)

A S alle sl ae dible F il o taanw e Ja sl taaa ssall ae Bala

2 Je aadl o ) Olgea 5 Sariall 2 daaa dle ¢ B gul) 4l

el dae) )l Gl 38 e il gl Asal) Egay dgra (oalBV) Gt IS Jara oo sl gy Baa !

D

Al gal) Al Cga dgma ¢ oatBY) el SIS Jaxa casand) 5 (SR (il Gl el 5 Ay saadl elaaS Ban g2

e 8 il dae ) ) 5 &l S e

63)':\;.“ &3,}9\))'” gl Ka A gaal) Al &gy dgaa GL;AJhY\ @JA\ BT Jara ¢pal sall ual_yal Baa g 3

D

.Hsﬁjg;.n ‘3,}9‘)‘)”&);.\”)5‘)4 ‘A:U‘}:\A.“M‘Q)M%“ﬂﬁy‘@ud‘)ssgjm@xiaubhjét

e gl S daals gl La 165 5 o gle dgna®

uaddall

FAALN :L”\.mb.na 4.\5..};)\ Glalcaadt :\:z.u\.un.“ Q\JL.\S.A‘ ﬁ\)@k\‘w\ &J‘)A.“ bd a\.\‘).d\ u\.m..J\ Jja.la O %9.2 Gy

5 omlaSlig i (e S alad ALS Aagliey GaueleSslhs gl olad dangie Auless Cpunaliall Blas

Laiwse¥ g saad) dasa (59 sm 0 (5550l Gmeadl Judas alasinly i dal) Gopll dlee sS) 85 Cpaila s i)Y

TOXA s OPrL (s 2535 8l 5 pual) liua Julad el

n sl spndl)l SR Lo S5l puall ) mad il ge o) il ali ke |tk 30 Ao sane JS auaic
S il Al salall o) i) @ pedal ) s ) (elise sl Ly (g gaall bl (i e ey Aol
5 el el b Lad Cla 8 GauleSsly pundly Caalse glimadi gl %0.5 5 mad %1 Slo ssiad Al

oa o) S CIEY 5 A el (al je W) (il ) ALYl 3anSY) Clabiae ey 3] il st 8 el i

¢ dall e 8 el (sgine Qi ) Cilal) 3 et 510 9%0.5 ) et %] aladiad ool Glld Jle 5500

S il 2ol o) ) ) i ale ISy ol elaall a5 a5 (2SO Baliaall A1 5508 el
salll 3 5a3 s caladl Aauall iy e lial) (iU Sl ae s (3 ages Glandl G0Me 5 pidall i sl mud L

ALl sl Jl

Egypt. J. Vet. Sci.


http://www.ann-clinmicrob.com/content/3/1/2121
https://doi.org/10.1128/jcm.42.5.2074-2079.2004
https://doi.org/10.1128/jcm.42.5.2074-2079.2004
https://dx.doi.org/10.36380/jwpr.2022.3
https://doi.org/10.52547/jorjanibiomedj.8.3.36

