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ABSTRACT

Objective: This study intended to assess the effect of Cinnamomum zeylanicum and Eucalyptus
globulus essential oils (Eos) as an alternative to antibiotics on Salmonella spp. infection, antibiotic
growth promotion, and immunomodulation in experimentally infected broiler chickens.

Materials and Methods: Broiler chicks (n = 135) were randomly and equally divided into nine
groups. From day 1, experimental groups were dietary supplemented with C. zeylanicum or E. glob-
ulus EOs. Salmonella Enteritidis (SE) and Salmonella Gallinarum (SG) counts in droppings, growth
performance (weight gain, feed conversion ratio), humoral immune response to Newcastle Disease
Virus (NDV) and Infectious Bursal Disease Virus (IBDV), and gut morphology were measured in birds.
Results: The antibiotic groups and the positive control group recorded significantly higher SE and
SG counts compared to the EO groups. Cinnamomum zeylanicum recorded the highest reduction
in SE and SG counts. Birds fed EOs gained weight much faster on day 35 and improved their NDV
and IBDV titers. Supplementation with the EO resulted in the lengthening of villiand an increase in
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mucosal surface area in various intestinal sections, including the duodenum, jejunum, and ileum,
as observed under the microscope, indicating an improvement in gut function.

Conclusion: Cinnamomum zeylanicum and E. globulus EOs both exhibited a high in vivo anti-Sal-
monella effect, better growth performance, and improved immune and gut conditions in broilers.
These results support the use of plant-based EOs as natural and antibiotic-free alternatives for
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controlling Salmonella infections in chicken.

Introduction

Poultry meat is among the most widely consumed
sources of animal protein and has remained a significant
contributor to food security, particularly in developing
nations [1]. In Pakistan, the poultry industry accounts for
approximately 40% of total meat production, sustaining
over 1.5 million people [2]. Although this has improved,
several health issues persist in the industry, and one
of the most severe is salmonellosis [3]. In addition to
increasing morbidity and mortality rates in poultry [4],
Salmonella is a zoonotic bacterium that poses a threat

to public health by transmitting through contaminated
poultry products [5].

Antibiotics have been widely used in poultry farms to
treat and prevent bacterial infections, as well as to pro-
mote growth [6,7]. Nevertheless, they have contributed to
the current worldwide issue of antimicrobial resistance
[8] and to the occurrence of drug residues in meat, which
causes food safety concerns [9]; that is why the need to
research safer and more sustainable alternatives to anti-
biotics is pressing indeed. Some of the methods that have
been investigated include nanoparticles, probiotics, prebi-
otics, pharmaceutical plants, and phytogenic feed additives
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[10,11]. Among them, the increasing popularity of essen-
tial oils (EOs) has been attributed to their natural antimi-
crobial, antioxidant, and growth-promoting properties.

EOs are volatile plant compounds that are often based
on terpenes, aldehydes, phenolic compounds, and flavo-
noids [12]. They are able to disrupt the cell walls of bacte-
ria, leading to leakage of cellular content, interference with
enzymes, and even disruption of quorum sensing and bio-
film formation [13]. EOs have been demonstrated to cause
a decline in gut pathogens and enhance nutrient intake, as
well as enhance the immune system in poultry [14-16].
Their anti-inflammatory and antioxidant properties also
reinforce their capabilities as promising alternatives to
antibiotic growth promoters [17,18].

Among many other EOs, cinnamon (Cinnamomum
zeylanicum) and eucalyptus (Eucalyptus globulus) stand out.
Cinnamon oil contains cinnamaldehyde, which is a potent
antimicrobial and antifungal agent. It has been attributed
to improved gut health and improved growth in poultry
[19]. While eucalyptus oil contains 1,8-cineole (eucalyptol),
phenolic acids, and flavonoids. These components make it
anti-bacterial, anti-oxidant, and anti-inflammatory [20].

There is limited information available on the use of cin-
namon and eucalyptus oils against Salmonella Enteritidis
(SE) and Salmonella Gallinarum (SG) in broilers under local
production conditions, despite some encouraging reports.
With this consideration, the current experiment aimed to
assess the impact of C. zeylanicum and E. globulus EOs on
growth performance, intestinal morphology, Salmonella
shedding, and humoral immune response to Newcastle
Disease (ND) and Infectious Bursal Disease (IBD) vaccines
in experimentally challenged broilers.

Materials and Methods
Ethics approval

The research was conducted in accordance with the ethical
standards established by the Ethical Review Committee of
the University of Veterinary and Animal Sciences (UVAS),
Lahore, Pakistan [Approval No. DR/1103, dated October
11, 2017].

Study design

The EOs of C. zeylanicum and E. globulus used in this study
were from the same batch that was previously extracted,
characterized, and evaluated for antimicrobial activity
against SE and SG in our earlier published study [21].
Summarily, the plant materials were purchased at local
herbal markets in Lahore, Pakistan, and verified at the
Department of Botany at Government College University,
Lahore. The plant parts were dried in the shade and
reduced to a fine powder. The EOs were collected through
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the steam distillation process using a Clevenger-type dis-
tillation apparatus. Here, 300 gm of the dried vegetative
material were distilled using 600 ml of distilled water
within 4 to 5 h. The oils were extracted and dehydrated
with anhydrous sodium sulfate, and afterwards placed in
amber glass bottles at 4°C awaiting further investigation.
To detect the chemical composition, gas chromatogra-
phy-mass spectrometry was performed using an Agilent
6890N gas chromatograph, coupled with an Agilent 5973N
mass selective detector and an HP-5MS capillary column.
The injector and detector were preheated to tempera-
tures of 240°C and 300°C, respectively. The oven tem-
perature was then raised in programmed steps to 60°C,
followed by 160°C, 450°C, and finally 600°C. The identi-
fication of compounds was done using retention indices
and a mass spectral match with reference libraries. The
EO of C. zeylanicum was found to be rich in cinnamalde-
hyde (64.14%) and eugenol (8.9%), while E. globulus
predominantly contained eucalyptol (82.85%) and 1R-a-
pinene (13.78%). The antimicrobial potential of the oils
was determined using the agar well diffusion and broth
microdilution methods. Cinnamomum zeylanicum and E.
globulus showed inhibitory zones against Salmonella in
an agar well diffusion assay at 26 + 7.6 mm and 16 + 6.8
mm, respectively. The minimum inhibitory concentrations
against multidrug-resistant isolates of Salmonella were
64.1 = 32.1 pg/ml for C. zeylanicum and 68.9 + 32.9 pg/ml
for E. globulus.

This experiment was conducted on day-old broiler
chicks (n = 135) reared for 35 days in an experimen-
tal room designated at the Institute of Microbiology,
University of Veterinary and Animal Sciences, Lahore.
Antibiotic-free ad libitum feed and water were made
available during the experiment. Birds were fed with two
types of diets; the starter diet was provided till 21 days,
followed by the finisher diet till the 35th day. The chicks
were randomly divided into nine treatment groups, each
containing 15 birds, as listed in Table 1. A randomized
complete block design was used in the study. For the eval-
uation of anti-Salmonella activity, selected oils (E. glob-
ulus and C. zeylanicum) were administered in the feed
of broiler birds from the 1st day. Test groups were chal-
lenged with SE (day 7) and SG (day 14) isolates that were
isolated and characterized for their in vitro activities.
Positive control groups received a bacterial challenge
with ordinary feed, while the negative control (NC) group
received no treatment. The study design is presented in
Table 1. Chickens of all groups were vaccinated against
ND and IBD according to the routine vaccination program
for broilers. The ND vaccine includes the administration
of a live virus “Lasota” vaccine via the eye drop route, fol-
lowed by a booster dose, as listed in Table 1.
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Table 1. Designated treatment groups (experiment design).

Experimental plan Grouping Treatment

NC NC Group with no treatment

Positive control SE Group fed on antibiotic-free feed and challenged with SE (1.5x108CFU) at day 7.
SG Group fed on antibiotic-free feed and challenged with SG (1.5x108 CFU) at day 14

Preventive groups SE+AB Group fed on feed containing antibiotics and challenged with SE (1.5x10%CFU) at day 7.
SG+AB Group fed on feed containing antibiotics and challenged with SG (1.5x108 CFU) at day 14.

Treatment groups SE+EG Group challenged with SE and treated with E. globulus oil (1.5x108 CFU/ml), day 7.
SE+CZ Group challenged with SE and treated with C. zeylanicumm oil (1.5x10% CFU/ml), day 7.
SG+EG Group challenged with SG and treated with E. globulus (1.5x10% CFU/ml) on day 14,
SG+CZ Group challenged with SG and treated with C. zeylanicumm oil (1.5x108 CFU/ml), day 14.

NC: Group with no treatment; SE: Salmonella Enteritidis; SE+AB: Salmonella Enteritidis + Antibiotic; SE+EG: Salmonella Enteritidis + Eucalyptus globulus;
SE+CZ: Salmonella Enteritidis + Cinnamomum zeylanicum; SG: Salmonella Gallinarum; SG+AB: Salmonella Gallinarum + Antibiotic; SG+EG: Salmonella
Gallinarum + Eucalyptus globulus; SG+CZ: Salmonella Gallinarum + C. zeylanicum.

Body weight (BW) gain

BW gain was measured weekly by weighing all birds in
each treatment group. For monitoring feed intake (FI) and
water consumption, data were collected daily [22]. The
calculation of FI was performed by measuring the differ-
ence between the feed offered to the birds and the leftover
feed [23].

Feed conversion ratio (FCR)

The calculation of the FCR was done by dividing the feed
consumed by the BW gained [23]. At the end of the week,
FCR was calculated for each experimental group.

Challenge with Salmonella strains

The strain used in this experiment was isolated in our pre-
vious study, and its in vitro activity against the EO was also
investigated in our previous study [21,24]. The stored cul-
tures were revived on Salmonella-Shigella agar. Birds were
administered an oral dose of 10® CFU of SE and SG on day
6. Cloacal swabs (n = 4) from each group were used to enu-
merate Salmonella before challenge and on day 15. While
four birds from each group were slaughtered on day 35, the
cecal contents were processed for enumeration. Salmonella
counts were performed on freshly passed fecal samples
using the serial dilution method and expressed as log10 col-
ony-forming units per gram of dropping contents [25,26].

Immunomodulatory effects against Newcastle disease virus
(NDV)

The immunomodulatory effect of EOs in broiler chicks
against NDV was determined every week (at 14, 21, 28, and
35 days) throughout the experiment by collecting blood
and processing serum samples for the determination of
serum antibody titers against NDV by using the hemagglu-
tination inhibition assay [27].
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Antibody titer against infectious bursal disease virus

Antibody titers against IBD were determined on days 7, 14,
21, and 28 using an ELISA Synbiotic kit (San Diego, USA)
according to the manufacturer’s guidelines.

Analysis of intestinal morphometric parameters

After completion of the experimental duration, i.e., the
35th day, five (05) birds from each group were randomly
selected, slaughtered for the collection of tissue samples
(5 cm) from the small intestine (ileum, jejunum, and duo-
denum), and preserved in 10% formalin. Tissue sections
(2 cm) of the small intestine were processed using par-
affin embedding techniques, followed by staining of the
prepared slides with hematoxylin and eosin. Different
histomorphometric parameters of the small intestines,
including villus width, villus height, crypt depth, and villus
height ratio, as well as lamina propria width, were deter-
mined using Labomed Pixel Pro software. Images were
captured at 4x magnification (Labomed microscope) with
a microscopic camera. The measurements of each intesti-
nal segment were calculated individually. The mean values
were calculated with standard deviations (SD). The signif-
icance of the differences between the data was estimated
using a t-test in SPSS version 20.

Statistical analysis

Optical density measurements were presented as mean
+ SD, and comparisons among experimental groups were
made using one-way ANOVA followed by Tukey’s post hoc
test. Similarly, Salmonella counts were reported as the
mean * SD in log,, CFU per gram or milliliter, and statis-
tical analysis was performed using one-way ANOVA with
Tukey’s test at a significance level of p < 0.05, employing
SPSS software version 20.
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Results
BW and FCR

The impact of EO supplementation on the average BW of
birds was assessed weekly, as illustrated in Table 2 and
Figure 1. The results showed no statistically significant dif-
ference (p < 0.05) in mean BW between the control and
treatment groups on days 1 and 7. Significantly higher
BW (1,379.6 + 83.59) was observed in the group chal-
lenged with SE and treated with C. zeylanicum (SE+CZ) oil
compared with the control groups. The results of day 35
show that the group in which birds were challenged with
SE and treated with C. zeylanicum oil has a significantly
higher BW (1,650.9 * 43.8 gm) compared to the groups
treated with antibiotics and E. globulus oil. Furthermore,
it was revealed that treatment groups, including antibiotic
treatment (SE+AB), E. globulus treatment (SE+EG), and C.
zeyalinicum treatment (SE+CZ), had significantly higher
weights (1,587 +27.9,1,562 £ 71.9,and 1,650.9 + 43.8 gm,

respectively) compared to the SE group (1,431.2 + 74.4
gm). Similarly, groups treated with antibiotics (SG+AB), E.
globulus treatment (SG+EG), and C. zeyalinicum treatment
(SG+CZ) had significantly higher weights (1,504.8 + 70.5,
1,586.5 + 49.65, and 1,627 + 51.2 gm, respectively) com-
pared to the group challenged with SG (1,360.5 + 58.4 gm).
The effect of C. zeylanicumm on the weight gain of broil-
ers was significantly higher as compared to the effect of E.
globulus in broilers challenged with SE (1,650.9 + 43.8 vs.
1,562 + 71.9 gm) and non-significantly higher in broilers
challenged with SG (1,627 + 51.2 vs. 1,586.5 + 49.65 gm).
The effect of EO on the FCR is presented in Table 2, which
indicates that the NC group had a better FCR (1.87) com-
pared to the SE and SG challenge (1.92 and 1.97, respec-
tively). Groups treated with antibiotics, E. globulus, and C.
zeylanicum after challenge with SE and SG had better FCR
as compared to the respective challenge group. A higher
FCR was observed in groups treated with C. zeylanicum oil
and E. globulus oil.

Table 2. Effect of E. globulus and C. zeylanicum on BW, FCR, and Salmonella count.

Parameter Day NC SE SE+AB SE+EG SE+CZ SG SG+AB SG+EG SG+CZ
Mean BW (gm)  Oday 40.7 + 41+0.66° 40.9 + 413+ 413+ 41+ 0.66° 40.6 + 41+0.66° 411+
0.67° 0.73° 0.48° 0.48° 0.51° 0.56°
7thday 14441 1402 % 154.2 ¢ 145.8 ¢ 140.1 % 139.7¢ 150.7 % 144.4 % 1515+
9.32° 6.54° 7.05° 8.77° 11.1° 1.49° 10.49° 3.89° 7.48°
lathday 412+17.5 3357+  415$26.3° 4269+ 447.7 % 367.5¢ 399+ 398+ 431.8+
57.0° 26.67° 31.1° 61.84° 20.24° 48.02° 20.8°
21stday  743.9% 783.1+ 732.4 793 + 821+ 701 + 787.2 ¢ 838.7 + 817.2 +
50.4° 35.9° 62.2 54.07° 22.25 67.45° 74.4° 35.7° 16.6°
28thday  1,213.8% 1,168 % 1,236+ 12648t 13796+  1,172.8+ 12679+  1257.8+  1,356%
61.23° 61.48° 42.7° 71.9° 83.59° 29.1° 35.9° 26.79¢ 95.0°
35thday 14329+ 14312+ 1,587 1,562+ 16509+  1,360.5+  1,5048+ 15865+ 1627+
49.3° 74.4° 27.9° 71.9° 43.8° 58.4° 70.5° 49.65¢ 51.2¢
FCR day 7 1.01 1.05 1 1.03 1.01 1 1.01 1
day 14 12 1.22 1.2 118 1.13 1.2 1.21 1.2 1.15
day 21 1.46 1.49 1.44 1.44 14 1.55 1.48 1.44 1.4
day 28 1.54 1.57 1.53 15 15 16 1.49 1.49 1.45
day 35 1.87 1.93 1.83 1.74 173 1.97 18 1.76 1.75
Salmonella 7thday 2.53£0.07 2.58+0.12 2.52+0.11 255+0.1 252+055 2.65+0.12 2.52+0.11 258+0.12 2.52+0.37
f;’;”éF(L'\J"/eg":‘T’]‘ , Sthday 317£023 3214022 311#012 30701 296007 307014 304%006 2924011 293036
) 10thday 3.53+0.31 4.31+0.24 4.19%+0.27 4074024 3950 3.4%0.36 3.52+0.13 3.39£0.11 3.3+0.37
lathday 4.7+195 4.8+091 4.62+0.87 436+1.19 425+073 453+099 4.52+097 3.99+1.05 3.95£0
17thday 4.01+1.08 5.05+0.41 4.96+0.67 4.53+0.97 4.41+055 4.83+0.46 4.86+0.50 4.86+0.50 4.86+0.50
21stday 4.3+1.05 5.46%.23 523+057 4.9+055 4.72+0.76 516+0.54 508+0.44 503+04 4.86%0.5
28thday 4.4+058 531+0.44 503+057 477+05 474+043 51+047 4.93+041 478+033 4.6+0.69
35thday  4.22¢ 5354+ 458+  45%0.15  438% 5.157 ¢ 446+  45%0.15 423+0.33
0.491° 0.255° 0.53° 0.32° 0.54° 0.37°

NC: Group with no treatment; SE: Salmonella Enteritidis; SE+AB: Salmonella Enteritidis + Antibiotic; SE+EG: Salmonella Enteritidis + Eucalyptus globulus;
SE+CZ: Salmonella Enteritidis + Cinnamomum zeylanicum; SG: Salmonella Gallinarum; SG+AB: Salmonella Gallinarum + Antibiotic; SG+EG: Salmonella
Gallinarum + Eucalyptus globulus; SG+CZ: Salmonella Gallinarum + Cinnamomum zeylanicum; ns: statistically non-significant difference between control and
challenge-alone groups. **<Values in different rows of the same column with a different superscript differ significantly.
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Figure 1. Effect of EOs on cloacal Salmonella count in broiler
chicks challenged with SE and SG as determined by mean *
SD log,, CFU/gm on day 35. NC: Group with no treatment;
SE: Salmonella Enteritidis; SE+AB: Salmonella Enteritidis +
Antibiotic; SE+EG: Salmonella Enteritidis + Eucalyptus globulus;
SE+CZ: Salmonella Enteritidis + Cinnamomum zeylanicum;
SG: Salmonella Gallinarum; SG+AB: Salmonella Gallinarum +
Antibiotic; SG+EG: Salmonella Gallinarum + Eucalyptus globulus;
SG+CZ: Salmonella Gallinarum + Cinnamomum zeylanicum; a:
statistically significant difference between control and challenge
alone groups. *, **, *** Statistically significant difference between
respective challenge group and treatment groups at p values <
0.05, 0.005, and 0.001, respectively.

Effect of EOs on Salmonella count

The findings showed that broiler birds infected with SE
had a significantly elevated bacterial load compared to
the NC group (5.35%0.255 log,, vs. 4.22+0.491 log,,
CFU/gm). Salmonella count was significantly decreased
(p < 0.05) in groups challenged by SE then treated with
C. zeylanicum (4.38 + 0.32 log, , CFU/gm) oil as compared
to groups challenged with SE alone, and non-significantly
lower as compared to groups treated with E. globulus
(4.5 £ 0.15 log,, CFU/gm) and antibiotics (4.58 + 0.53
log,, CFU/gm). There was a non-significant difference in
Salmonella counts between groups treated with C. zeylan-
icum (4.38 £ 0.32 log,, CFU/gm) oil and E. globulus (4.5 +
0.15 log, , CFU/gm). Similarly, broiler chickens exposed to
SG exhibited a higher bacterial count than those in the NC
group (5.157 £ 0.54 log,, vs. 4.22 + 0.491 log,, CFU/gm).
Results indicated that this increase in Salmonella count
was significantly ameliorated in groups treated with C.
zeylanicum oil (4.23 = 0.33 log,, CFU/gm) and non-sig-
nificantly in E. globulus oil (4.5 + 0.15 log, , CFU/gm) and
antibiotics (4.46 = 0.37 log,, CFU/gm), as presented in
Table 2.
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Antibody titer against ND and IBD

The geometric mean titers (GMTs) of birds against the NDV
vaccine were significantly higher in groups given different
treatments on days 14, 21, 28, and 35 when compared with
control groups, as presented in Table 3. The highest titer
against live vaccine of ND was obtained on day 28, at 96
and 95.8 in the treatment groups (SE+CZ) and (SG+CZ),
respectively. The lowest NDV titer was observed on day
35 in the NC group and the groups challenged with SE and
SG. At Day 35, GMT against the NDV vaccine in different
groups of birds (NC, SE, SE+AB, SE+EG, SE+CZ, SG, SG+AB,
SG+EG, and SG+CZ) was 24.15 and 31.9. 44.6. 63.7, 82.6,
36, 44.6, 72.5, and 84, respectively. Results revealed that
birds given E. globulus and C. zeyalinicum had a better GMT
against the NDV vaccine compared to other groups. The
mean antibody titer of different treatment groups of chicks
in various experimental groups against the IBD Virus vac-
cine at days 21, 28, and 35 is presented in Table 3. At Day
35, the mean antibody titer against the IBD vaccine in dif-
ferent groups of birds (NC, SE, SE+AB, SE+EG, SE+CZ, SG,
SG+AB, SG+EG, and SG+CZ) was 3,260 * 71.6, 3,281.25 +
56.6,3,520 +48.9, 3,367.5 + 95.3,4,074.5 + 969.2, 3,192.5
+ 57.3, 3,390 + 87.5, 4,299 + 1,546.8, and 4,947 + 2,447,
respectively. Antibody titer was non-significantly higher
in groups given E. globulus (SE+EG; SG+EG) and C. zeylan-
icumm (SE+EG; SG+EG) as compared to the NC group. At
day 35, group SG+CZ had a significantly higher (p < 0.05)
titer (4,947 * 2,447) against the IBD vaccine compared to
the respective challenge group (3,260 * 71.6), as shown in
Table 3.

Histomorphometric parameters of the small intestine

Histomorphometric measurements of the ileum, jejunum,
and duodenum are presented in Table 4, and the histo-
logical morphology of different parts of the gut is pre-
sented in Figure 2. The birds’ supplementation with EOs
of C. zeylanicum and E. globulus increased villus height and
villus surface area in the ileum, jejunum, and duodenum
sections of the small intestines when compared to the NC.

The histomorohic measurements of the ilium are
indicated in Table 4. Among the Salmonella Enteritidis-
challenged birds’ group (SE+CZ), the maximum increase in
villus surface area (0.312 + 0.009) and villus height was
observed, followed by the group (SE+EG). These are the C.
zeylanicum and E. globulus oil-treated groups, respectively.
Similarly, among SG-challenged birds, the group supple-
mented with C. zeylanicum oil exhibited a significantly
greater surface area (0.252 * 0.026) compared to the E.
globulus and antibiotic-treated groups (0.122 + 0.005 and
0.238 % 0.014, respectively). The villus height-to-crypt
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Table 3. Immunomodulatory effect of E. globulus and C. zeylanicum on GMT against the NDV vaccine and antibody titers against IBD virus

of chicks on different days.

Parameter Day NC SE SE +AB SE+EG SE+CZ SG SG +AB SG+EG SG+CZ
GMT against 14" day 13.1 13.1 22.38 15.8 38 15.8 15.8 26.3 31.62
the NDV
vaccine 21st day 31.6 31.6 44.66 446 26.6 44.66 31.6 446
28thday 422 36.74 47.8 9% 42.2 48.48 88 95.8
35thday 24.15 31.9 44.6 63.7 82.6 36 44.6 72.5 84
Antibody 21stday 3,195+ 3,2425+  3,432.5+ 32475+  3,1945% 3,135 3,347.5+  3,3825%  3,478.25%
titer against 34.1° 99.4° 49.2° 103° 492.4° 133.7° 97° 750 280.4°
'ﬁ/lD Vacf'g; 28thday 3,260+ 3215+  3,375+45  3,3745+ 3,395 + 3,070 + 3,262.5+  3,377.5+  3,607.5+
(Mean + 5D) 158.1° 85.4° 151.1° 183.4° 120.3° 113.5° 374.5°
35thday 3,260+  3,281.25+ 3,520+ 3,367.5+ 40745+  3,1925% 3,390 + 4,299 + 4,947 +
71.6° 56.6° 48.9° 95.3° 969.2° 57.3% 87.5° 1546.8° 2447

NC: Group with no treatment; SE: Salmonella Enteritidis; SE+AB: Salmonella Enteritidis + Antibiotic; SE+EG: Salmonella Enteritidis + Eucalyptus globulus;
SE+CZ: Salmonella Enteritidis + Cinnamomum zeylanicum; SG: Salmonella Gallinarum; SG+AB: Salmonella Gallinarum + Antibiotic; SG+EG: Salmonella
Gallinarum + Eucalyptus globulus; SG+CZ: Salmonella Gallinarum + Cinnamomum zeylanicum. >* <Values in different rows of the same column with a different

superscript differ significantly.

depth ratio was significantly elevated in the (SG+CZ) treat-
ment group.

Similarly, supplementation with C. zeylanicum and E.
globulus oil increased histomorphometric measurements
of the jejunum, revealing that the antibiotic-treated group
showed the maximum villus surface area (144.75 + 6.70)
compared to other treatment groups. The C. zeylani-
cum-treated group (SG+CZ) has the highest villus height-
to-crypt depth ratio, as shown in Table 4.

While comparing the effect of C. zeylanicum and E.
globulus on morphometric measurements of the duode-
num, (SE+EG) had maximum villus surface area (0.74 *
0.01) and villus height (1,131.25 * 14.22) as compared to
all other experimental groups. The group supplemented
with C. zeylanicum oil (SG+CZ) exhibited a statistically
significant difference compared to the control group.
Histometromorphic measurements of the duodenum are
shown in Table 4. The groups supplemented with C. zey-
lanicum and E. globulus had a statistically significant effect
on duodenum villus height and crypt depth ratio.

Discussion

In the current study, challenging birds with SE has affected
the birds’ performance. Salmonella primarily resides in the
caecum of poultry birds and then spreads to other major
organs through both circulatory and lymphatic routes [28].
In addition, Salmonella colonizes the reproductive organs
of layers, from which it contaminates the eggs [29]. Our
results from the poultry bird trial indicate that admin-
istering EO in feed significantly reduces Salmonella colo-
nization. In various studies, the oral route has been used
to challenge broiler birds with Salmonella. It is suggested
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as a valuable model for assessing the efficacy of different
therapeutics, yielding similar results in terms of reducing
Salmonella colonization [30,31]. There is a contradiction
in the literature regarding the effect of Salmonella admin-
istration on growth performance. According to Vandeplas
et al. [32], exposing broiler chickens to Salmonella led to a
notable decline in their growth performance. In contrast,
another study revealed that challenging broiler birds with
Salmonella did not affect their performance [33]. The dete-
riorated growth performance may be attributed to the fact
that the birds’ FI has been reduced due to damage to their
intestinal musculature. Variations in findings across dif-
ferent studies may be attributed to the specific Salmonella
strains or inoculation doses used, as well as the bird spe-
cies involved, which can influence the extent of intestinal
mucosal damage. Relying solely on feed additives is not
sufficient to completely eradicate Salmonella infections.
Nonetheless, a reduction in Salmonella load can signifi-
cantly enhance the microbiological safety of poultry feed.
The application of C. zeylanicum EO presents a prom-
ising strategy to limit Salmonella colonization. Controlling
Salmonella in poultry is particularly important for reduc-
ing the incidence of foodborne illness in humans linked to
poultry meat consumption. Compounds found in plant-de-
rived oils, such as trans-cinnamaldehyde and eugenol,
have demonstrated strong antimicrobial effects against
Salmonella in both broiler and layer chickens [25]. The
results of our study proved that broilers supplemented with
C. zeylanicum oil had a reduced number of Salmonella colo-
nies. In the present study, supplementation with C. zeylan-
icum resulted in the highest average daily weight gain and
improved FCR, aligning with the findings reported by Ciftci
et al. [34]. These outcomes are in agreement with previous
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Figure 2. Effects of C. zeylanicum on gut morphology in broiler chicks challenged with SE. Cross-section photograph of ileum
A = Antibiotic + Salmonella Enteritidis, B = control broilers, C = Salmonella Enteritidis + Cinnamomum zeylanicum; cross-section
photograph of Jejunum, D = control broilers, E = Antibiotic + Salmonella Enteritidis, F = Salmonella Enteritidis + Cinnamomum
zeylanicum; cross-section photograph of Duodenum, G = Control broilers, H = Antibiotic + Salmonella Enteritidis, 1 = Salmonella

Enteritidis + Cinnamomum zeylanicum.

studies that documented enhanced growth performance
and reduced intestinal Salmonella levels in broilers receiv-
ing C. zeylanicum supplementation [35,36]. Additionally,
various in vitro investigations have demonstrated the anti-
bacterial activity of EOs against Salmonella. Notably, oils
derived from bay, thyme, clove, and Cinnamon exhibited
strong inhibitory effects on several major foodborne patho-
gens, including Escherichia coli, SE, Campylobacter jejuni,
Staphylococcus aureus, and Listeria monocytogenes [37,38].

The replacement of antibiotic growth promoters with
natural plant extracts can be a valuable tool for both the
poultry industry and humans. To maintain and improve
the general basic health of poultry birds, EOs can play a
supportive role as single or mixed preparations. EOs can
improve the physiology of the digestive system, enhance
blood circulation, exhibit antioxidant properties, reduce
the intensity of pathogenic microbes, and effectively

http://bdvets.org/javar/

Yasmin et al. / J. Adv. Vet. Anim. Res., 12(4): 1097-1107, December 2025

invigorate the immune status of poultry birds. In contrast
to our findings, some other studies reported that cinna-
mon oil supplementation in feed did not show any impact
on BW gain, FCR, and F) of broiler birds. Various doses of
C. zeylanicum powder (250, 500, 1,000, or 2,000 mg/kg)
or its EO showed no significant impact on the feed con-
sumption or growth performance of broiler chickens [39].
Barreto et al. [40] have reported similar findings after the
integration of C. zeylanicum extract (1,000 ppm) into the
diet of poultry birds. The average growth performance of
the broiler birds was also not affected after the supple-
mentary diet with the cinnamaldehyde.

Moreover, a blend of EOs of clove and Cinnamon in
the diet of broiler birds makes no difference in birds’
performance [41]. Nonetheless, adding a 200 ppm blend
of EOs from oregano, Cinnamon, and pepper to the diet
led to an improvement in FCR [42]. The reasons behind
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Table 4. Effect of e. globulus and c. zeylanicum on intestine morphology in broiler chicks.

NC SE SE+AB SE+EG SE+CZ SG SG+AB SG+EG SG+CZ
Duodenum
Villus height (um) 1,031+ 103225+ 839%4.11° 1237+ 11255+  8255% 8015+ 12125+  1,161.75%
9.30° 14.88° 5.71¢ 13.20¢ 45.23° 4.43° 24.51° 2.5¢
Villus width (um) 150.5 141 +5.77° 1395+ 192.25+ 179.5+ 116.5+ 116 +4.43¢ 183.5+ 176.5+
9.98° 4.99° 3.30° 6.60° 7.88° 4.72° 3.8°
Villussurface area(mm?) 0.48 + 0.45+ 0.48 + 0.74 + 0.63 + 0.43 + 041+ 0.69 + 0.63 +£0.0°
0.03° 0.01a 0.01° 0.01° 0.01° 0.01° 0.01° 0.02°
Crypt depth (um) 165.5 177.2 95.75 1445 + 130.5+ 825+ 80 +6.73¢ 1395+ 133.75 %
4.432 13.4° 3.30° 4.12¢ 7.5¢ 6.21¢ 7.72¢ 11.08¢
Villus height: crypt depth 6.22 5.84 + 5.48 + 8.56 8.64 6.21+ 5.89+ 8.71+0.62° 8.72+0.75¢
0.122 0.42%° 0.07 *° 0.25¢ 0.46¢ 0.37° 0.232
Jejunum
villus height (um) 1,007 £ 1,116.25+ 1,131.25% 831.5+ 801.5+ 839 + 8.40¢ 9745+ 825.5+ 817 £5.29¢
13.71° 3.30° 14.22° 35.34¢ 10.87¢ 16.05¢ 12.28°
Villus depth(um) 125+ 1355+ 14475+ 117 £9.30° 116 + 1395+ 1445 + 116.5+ 111+11.8°
11.37° 7.7230 6.70°¢ 11.43° 4,50 20 3.87b¢ 6.45%
Villus surface area(mm?) 0.39+ 0.47 + 0.51+ 0.2975 + 0.29 + 0.36 0.28 + 0.3+ 0.28 +
0.03° 0.02° 0.02? 0.03? 0.02? 0.01° 0.02° 0.018° 0.02°
Crypt depth(um) 106.5 + 120.5 ¢ 125.25 + 86.75 + 80 +7.83c 95.75 + 111.75+ 82.5+4.43° 77.5+8.22¢
7.72° 3.4° 2.5° 3.40¢ 1.70¢ 6.13°
Villus height: crypt depth 9.48 £ 0.6* 9.26 £ 9.03+ 9.6+0.8° 10 £1.15° 8.76 £ 8.74 10+ 0.6° 10.63 +
0.28* 0.212 0.12° 0.62° 1.18°
lleum
Villus height (um) 610.5 £ 57425+ 533+9.41° 792.75% 862.75 £ 604.5 + 521.5+ 779.5 % 851+
34.91° 63.1%0 1.70¢ 1.70¢ 12.872 15.96° 9.67¢ 6.215¢
Villus width (um) 83.5+ 102 +7.52° 80.75 1135+ 1185+ 86.5 77 +4.08° 97 + 96.25 +
9.032 5.25° 4.08b¢ 3.4¢ 3.87° 1.91a,b 8.65%"
Villus surface area (mm2) 0.155 + 0.187 + 0.132 + 0.275 % 0.312 + 0.16 + 0.122 + 0.23 + 0.252 ¢
0.019%° 0.0223¢ 0.01° 0.005¢ 0.009 0.008° 0.005* 0.014¢ 0.026%¢
Crypt depth (um) 815+ 70.5+ 735+ 98.5 ¢ 102 + 835+ 79 £5.47%° 97 + 98 +2.94¢%4
3.87%0 16.82%0 4.79*° 5.44%4 2.16%4 4.432bc 2.443<4
Villus height: crypt depth 6.62 + 8.42 + 7.93+ 7.25+ 8.455 + 7.48 + 7.27 £ 8.06 + 8.685 +
0.522 1.67° 0.25° 0.46¢ 0.193° 0.38° 0.5%¢ 0.45°¢ 0.228°

NC: group with no treatment; SE: salmonella Enteritidis; SE+AB: salmonella Enteritidis + antibiotic; SE+EG: salmonella Enteritidis + eucalyptus globulus;
SE+CZ: salmonella Enteritidis + cinnamomum zeylanicum; SG: salmonella Gallinarum; SG+AB: salmonella Gallinarum + antibiotic; SG+EG: salmonella
Gallinarum + eucalyptus globulus; SG+CZ: salmonella + cinnamomum zeylanicum; NS: statistically non-significant difference between control and
challenge alone groups. > <% ¢ values in different rows of the same column with a different superscript differ significantly.

the inconsistencies observed in various study outcomes
remain uncertain; however, they may stem from variations
in the dosage of C. zeylanicum oil administered, as well as
differences in the concentration of key bioactive constit-
uents, such as cinnamaldehyde and eugenol, present in
different parts of the plant, like bark, leaves, or flowers.
Additional contributing factors could include the duration
of oil supplementation, the specific broiler breed used, and
the overall feeding regime.

Furthermore, discrepancies in the effectiveness of C.
zeylanicum oil may also be influenced by factors such as
the nutritional composition of the basal diet, the birds’
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daily FI, environmental parameters, and the level of
farm hygiene. For instance, diets formulated with highly
digestible ingredients can reduce bacterial growth in
the gut, potentially limiting the antimicrobial efficacy of
phytogenic additives. Barbour et al. [43] reported that E.
globulus EO enhanced weight gain in broilers affected by
respiratory infections. Another study reported that the EO
of E. globulus shows antimicrobial and immunostimula-
tory effects in broilers [44]. Our results also do not align
with those of a few previous studies regarding the impact
of Eucalyptus oil on weight gain and FCR during the 1-42
day period [45,46].
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EOs of various medicinal plants can enhance poul-
try production, improve immune response, and lead to
higher antibody production against different diseases
in poultry [47,48]. Our results indicated that Eucalyptus
and Cinnamon can both modulate the immune response
against the NDV vaccine in broilers challenged with SE
or SG. EO of Cinnamon was a better immune enhancer
compared to Eucalyptus. The antimicrobial properties of
Cinnamon and Eucalyptus have been previously reported
as well [47-50].

The birds’ supplementation with EOs of C. zeylanicum
and E. globulus increased villus height and villus surface
area in the ileum, jejunum, and duodenum sections of the
small intestines when compared to the NC. Similar results
have been reported in a study that found EOs from C. zey-
lanicum and E. globulus exhibited remarkable effective-
ness against Salmonella, contributing to improved small
intestine morphology and enhancing nutrient absorption
[51]. Among the SE-challenged birds’ group (SE+CZ), there
was a maximum increase in villus surface area and villus
height, followed by the group (SE+EG).

These are the C. zeylanicum and E. globulus oil-treated
groups, respectively. Similarly, among SG-challenged
birds, the group supplemented with C. zeylanicum oil
exhibited a significantly greater surface area compared
to the E. globulus and antibiotic-treated groups, respec-
tively. The Villus height crypt depth ratio was consider-
ably higher in the (SG+CZ) group. A similar study was
conducted to investigate the effect of EO delivery routes
on the intestinal morphology of broilers, revealing that
the overall mucosal thickness of the ileum was enhanced
in the treated groups [52]. The addition of C. zeylanicum
and E. globulus oils to the diet resulted in improved jeju-
nal histomorphology; however, the group fed antibiotics
had the highest villus surface area among all treatment
groups. The ratio of villus height and crypt depth is the
highest in the C. zeylanicum-treated group. A research
study conducted to investigate the impact of a blend of
various EOs on the intestines of broilers revealed that the
oils enhanced intestinal development, protected micro-
villi, and stimulated the release of endogenous enzymes
[53]. Cinnamomum zeylanicum and E. globulus supple-
mented groups were found to have significant positive
effects on duodenum villus height and crypt depth ratio.
Another study found a positive and significant effect of
the EO combination on the height of the duodenal villi in
broilers. It was demonstrated that the treatment enhanced
growth performance in birds, attributed to increased
digestion and intestinal absorption, as observed by mor-
phology [54,55].

Although this current study provides promising
results on the antibacterial effects of C. zeylanicum and
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E. globulus EOs in broilers, one of the drawbacks of the
study is that a single replicate pen was used per treat-
ment due to resource constraints. Notwithstanding this,
the trial has provided useful preliminary information
regarding the potential of C. zeylanicum and E. globulus
EOs against Salmonella in broilers. To augment these
findings, additional research should be conducted with a
larger number of replicates and similar sample sizes to
further reinforce the results.

Conclusion

In conclusion, C. zeylanicum EO and E. globulus EO were
found to have significant in vivo anti-Salmonella activity.
Based on these findings, it is recommended that such EOs
be further explored and potentially developed as commer-
cial alternatives to antibiotics for managing Salmonella in
poultry production.
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