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Background and objective
Clove essential oil’s (CEO) physical and chemical properties allow for its potent
antibacterial action. This study sought to determine the impact of various CEO
disinfectant concentrations on the eggshell bacterial load, embryonic mortality,
hatchability, and chick quality.
Materials and methods
A total of 1500 fertile chicken eggs were randomly divided into five treatment
groups. Group onewas sprayedwith a commercial disinfectant (BioSentry 904), the
second group was sprayed with ethyl alcohol 70%, and the last three groups were
sprayed with 0.5, 1, or 2% of CEO. After spraying, eggs in each group were used for
the determination of total bacterial load on the eggshell, hatchability, embryonic
mortality, and chick quality.
Results and conclusion
Results showed that the bacterial load on the eggshell declined with the increase in
the concentration of CEO. The use of CEO at 1, 2%, or BioSentry 904 resulted in the
lowest bacterial load. However, hatchability of set and fertile eggs for the group
treated with CEO at 0.5% was numerically greater than other groups, while chick
quality grade (A) was numerically greater by CEO at 1% concentration. The chick
yield of the egg group treated with CEO at 1% was significantly higher than in the
control group. Embryonic mortalities for all groups were statistically similar. In
conclusion, using CEO at different concentrations 1, 2%, or BioSentry 904 in
disinfecting broiler breeder eggs can effectively reduce the bacterial load on
eggshells. In addition, using CEO improved chick quality and chick yield without
any adverse effect on hatchability. Consequently, it is considered a strong
competitor to BioSentry 904 and a less hazardous disinfectant for hatching egg
disinfection on a commercial scale.
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Introduction
Contamination of eggs could happen both before and
after oviposition. Typical contaminants on eggshell
surfaces include yeast, molds, coliforms, Salmonella
spp., and E. coli. [1–4]. Some of these
microorganisms may pass inside the egg, while the
eggshell contacts the feces and bedding. It leads in turn
to lower the hatchability with poor chick quality. Thus,
the use of disinfectants in hatcheries is routine to have
healthy and high-quality chicks.

When an egg is laid, the total number of bacteria on the
eggshell surface is estimated to range from 300 to 500
cells. This number increases rapidly to 20 000–30 000
bacterial cells in 1 h after the eggs are laid Aygun and
colleagues, North and Bell [3,5]. Therefore, sanitation
of hatching eggs is essential in different stages of
poultry production mainly in hatcheries. Several
hatching egg disinfection methods are available such
as fumigation, eggshell spraying, UV light, washing
Wolters Kluwer - Medknow
with appropriate disinfectant, and using silver
nanoparticles Aygun and colleagues, Ibrahim and
colleagues, Adler and colleagues, Oliveira and
colleagues [3,4,6–12].

Numerous endeavors have been undertaken to enhance
hatchability, as well as the quality and performance of
chicks. However, it is imperative to take into account
human health and environmental considerations. In
this regard, various strategies have been used to achieve
both high production and consumer safety. As a result,
there is a need to reassess the use of antibacterial
synthetic compounds and explore new applications
to ensure their safety and efficacy Aygun and
colleagues [3].
DOI: 10.4103/epj.epj_142_23
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Plant-derived compounds are often preferred over
synthetic counterparts due to their perceived
acceptability and lower potential hazards. These
compounds serve as a valuable and abundant source
of potential antibacterial agents, as highlighted in the
study by Aygun and colleagues [3]. Among these, plant
essential oils have been recognized for their
microbicidal effects and are commonly used in such
applications [3].

The use of essential oils has shown potential in
improving carcass hygiene by effectively reducing
pathogen loads as highlighted in the study by Zhai
and colleagues [13]. Alali and colleagues [14]
concluded that a combination of carvacrol, thymol,
eucalyptol, and lemon could contribute to reducing
Salmonella heidelberg contamination in crops, thereby
minimizing cross-contamination during carcass
processing. In addition, Witkowska and Sowinska
[15] demonstrated that thyme and peppermint oils,
when used as primary ingredients in air disinfectants,
enhanced hygiene conditions in poultry houses.

According to Oliveira and colleagues [16], the use of
clove essential oil as a disinfecting agent at a
concentration of 0.6mg/ml on hatching eggs did not
show significant differences compared with
paraformaldehyde concerning hatchery performance
parameters.

In the study conducted by Oliveira and colleagues [17],
it was found that using clove essential oil at a
concentration of 0.39% was both effective and safe
for sanitizing hatching eggs. The research strongly
recommends its use as an alternative to
paraformaldehyde, as it successfully reduced the
microbial load on the eggshell, resulted in favorable
incubation parameters, and improved chick quality.
Furthermore, the data indirectly suggested that
disinfecting hatching eggs with clove essential oil
had no negative impact on the cuticle structure or
embryonic development.

In a study conducted by Bauer and colleagues [18], it
was demonstrated that clove essential oil exhibited
inhibitory effects on Escherichia coli, Pseudomonas
aeruginosa, and Staphylococcus aureus when tested in
vitro using the disk diffusion method.

The antibacterial activity of certain compounds is
attributed to their hydrophobicity, which disrupts
the permeability of cell membranes, leading to
cellular imbalance, loss of cellular components, influx
of foreign substances, and, ultimately, cell death. This
mechanism has been discussed in studies by Zhai and
colleagues, Brenes and Roura, OBryan and colleagues
[13,19–22].

The objectives of the current study were to evaluate the
disinfectant properties of clove essential oil on eggshell
bacterial load, hatching traits, embryonic mortality,
and chick quality in hatching eggs of broiler breeders.
Materials and methods
Ethics approval
Institutional Animal Care and Use authorized this
research project. IACUC, Cairo University, under
approval Protocol number CU-II-F-38-22, is Cairo
University’s ethics committee for the care and use of
experimental animals in teaching and research.
Experimental procedure
A total of 1500 fresh, clean, and fertile eggs with a
mean weight of 61.89 g (P= 0.0853) were obtained
from a commercial broiler breeder chicken flock (Ross
308), aged 35 weeks. Eggs were incubated in a
commercial hatchery. The embryonated eggs were
equally distributed into five treatment groups (25
eggs/replicate). Group one was sprayed with a
commercial disinfectant containing quaternary
ammonium chlorides and tributyltin oxide
(BioSentry 904) and served as the control group; the
second group was sprayed with ethyl alcohol at 70%.
The other three groups were sprayed with three
solutions containing clove essential oil at 0.5, 1, or
2%, diluted in ethyl alcohol at 70%.
Preparation of clove essential oil-based disinfecting
agents
Dried clove flower buds were obtained from a
commercial market in Cairo, Egypt. The clove
essential oil was extracted in the Laboratory of Food
Sciences, Faculty of Agriculture, Cairo University. The
extraction was performed according to Ascençao and
Filho [23], involving the hydro-distillation method
with the Clevenger extraction system. To prepare
the disinfectant, Clove essential oil (CEO) was
diluted in 70% ethyl alcohol to concentrations of
0.5, 1, or 2%.
Bacteriological examination
Eggshell bacterial count

The eggshell bacterial count was performed before and
after application of different treatments. One hour after
sanitation application, 15 eggs from each treatment (5
eggs/replicate) were subjected to surface bacterial
count, which was performed according to Loongyai



Table 1 Chemical compounds identified for the clove
essential oil

Peak CRT (min) Area (%) Compound

1 18.07 62.69 Eugenol

2 19.51 8.08 β-Caryophyllene
3 22.16 25.30 Acetyleugenol

CRT, compound retention time.
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and colleagues [24]. A sterile cotton swab dipped in
sterile phosphate buffer saline (PBS) was used to
aseptically swab the surface of the entire egg. The
samples were serially diluted in PBS, and 1ml of the
appropriate dilutions was then applied to the standard
plate count agar (Oxoid). The agar plates were
incubated at 37°C for 24–48 h Gentry and Quarles,
Jones and colleagues [25,26]. A pooled sample of 5
eggs yielded data that are expressed in log10 CFU/ml.

Bacterial isolation and identification

Bacterial isolation from eggshells was carried out on
different bacteriological media. Briefly, samples were
inoculated in buffered peptone water and nutrient
broth and then incubated at 37°C for 16–18 h. After
16 h of incubation, a loopful of positive buffered
peptone water was then inoculated into Rappaport-
Vassiliadis broth (Himedia) and incubated at 37°C for
24 h. A loopful of positive incubated nutrient broth was
inoculated onto the nutrient agar (LabM) and
MacConkey’s agar media (LabM) and incubated at
37°C for 24 h. The positive Rappaport-Vassiliadis
broth was streaked onto XLD (Himedia). The
isolated bacterial organisms were subjected to
complete identification Andrews and colleagues [27].

Antibacterial sensitivity test (disk diffusion method)

Using the disk diffusion method, the antibacterial
activity of different concentrations of clove oil was
assessed against isolated microorganisms at a
concentration of 1.5×108 cfu/ml Bauer and
colleagues, Abdulwahab and colleagues [18,28].
Succinctly, sterile Petri plates were filled with 20ml
of Mueller Hinton agar (MHA) and left to set. Then,
to create a full lawn, 0.2ml of each microorganism’s
overnight broth culture was streaked on MHA
(Oxoid). The clove oil was soaked with various
concentrations for 30min in sterile 4mm filter paper
disks (Whatman No. 3). The disks were plated on
MHA after drying completely. Bacterial isolates were
classified into three groups, namely resistant (>7mm),
intermediate (>12mm), and susceptible (>18mm),
based on the size of the growth inhibition zones
Upadhyay and colleagues [29].

Incubation and hatching

After egg spraying, 300 eggs from each group (5
groups) were divided into 12 replicates (25 eggs
each); eggs of all treatments received the standard
temperature and humidity levels of 37.7°C and
55–60% relative humidity (RH) in the setter for 18
days. Thereafter, the eggs were then transferred to the
hatchery, and at 36.5°C and 75% RH for 3 days.
Within 45min of the hatch, every chick was
weighed. The percentage of eggs that have hatched
overall was used to calculate hatchability. Infertile,
early-dead (0–7th day of incubation), middle-dead
(8th–18th day of incubation), and late-dead (18th
day to hatch) embryos were counted among the
non-hatched eggs after they were separated. Chicks
were graded according to their quality of two classes,
where chicks that looked healthy, clean, dry,
deformity-free, and alert were graded as A class
Tona and colleagues [30], and the chicks that had
an unhealed navel, leg abnormalities, or difficulty
standing were graded as B class.
Statistical analysis
The one-way linear model approach with probability P
0.05 as given in the SAS user guide was used to
statistically analyze the data [31]. Duncan’s multiple
range test [32] was used to examine differences
between means. The one-way analysis model applied
was

Yij ¼ μþ Ti þ eij

where Yij is the observation jth of ith treatment, μ is the
overall mean, Ti is the effect of i

th treatment, and eij is
the experimental error.
Results and discussion
The chemical analysis of the clove essential oil
Three components were identified through the
chemical analysis of the clove essential oil using gas
chromatography-mass spectrometry (GC-MS)
analysis, Eugenol comprised about 62.69% of the
chemical analysis of the CEO (Table 1).
Eggshell bacterial count
The air of the chicken house, the feed, or the hatchery
are a few potential sources of microbial contamination
on eggshells. One of the most common pathogenic
contaminants are yeast and molds, along with
Salmonella spp., coliforms, and E. coli. Ibrahim and
colleagues Smith and colleagues, Kim and colleagues
[4,33–36]. De Reu and colleagues [37] reported that a
high microbial load on eggshells increases the
possibility of the contamination of egg contents
which, in turn, results in lowering hatchability. The
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transmission of diseases through eggs infected with
pathogenic bacteria is widely established. These
bacteria result in embryonic death, reduced
hatchability, and increased early chick mortality
Ibrahim and colleagues [4].

In this study, the count of total aerobic mesophilic
bacteria was significantly different among all treated
groups, compared with that recorded before
application (P= 0.0001, Table 2). The results
showed that the lowest total bacterial count was
found when the eggs were treated with 2% CEO
(5.08 log10 CFU/ml), followed by 1% CEO (5.36
log10 CFU/ml), and then the commercial
disinfectant treatment (5.49 log10 CFU/ml), 0.5%
CEO (5.99 log10 CFU/ml), and ethyl alcohol 70%
(6.44 log10 CFU/ml), compared with those recorded
before application (7.67 log10 CFU/ml). Similarly, the
results of Oliveira and colleagues [17] recorded a
significant reduction in the total bacterial count
when eggs were treated by CEO (0.39%) compared
with before application. However, the differences
between CEO and paraformaldehyde treatments
were insignificant.

The application of essential oils as a disinfectant
demonstrated efficacy in reducing microbial
contamination on eggshells designated for incubation
Table 2 Total bacterial count (TC) on hatching eggshell
surface in different disinfection groups

Group TC (Log10 CFU/ml)

Before application 7.67 a

BioSentry 904 (Control) 5.49 b

Ethyl Alcohol 70% 6.44 b

0.5% CEO 5.99 b

1% CEO 5.36 b

2% CEO 5.08 b

±SEM 3.95

P value 0.0001
a, bMeans with different superscripts differ significantly (P≤ 0.05).

Table 3 Antibacterial sensitivity test (disk diffusion method) agains

Group E coli O86
(mm)

Salmonella
entereditis (mm)

Enterococcu
fecalis (mm

BioSentry 904
(control)

10.33 a 10.67 a 14.33 a

Ethyl alcohol
70%

7.00 b 4.33 b 8.00 c

0.5% CEO 7.67 b 10.33 a 8.67 bc

1% CEO 9.00 ab 10.67 a 10.33 b

2% CEO 10.67 a 11.67 a 13.67 a

±SEM 0.63 1.17 0.70

P value 0.0079 0.0084 0.0002
a, b, c,d Means with different superscripts differ significantly (P≤ 0.05).
Oliveira and colleagues, Copur and colleagues, Oliveira
and colleagues [17,38–40]. In the current study, the
results denoted that using CEO at different
concentrations for sanitizing hatching eggs had
successfully reduced the total bacterial count,
without significant differences with the commercial
disinfectant. The percentage of reduction due to
CEO spraying ranged from 22 to 33% compared
with before application. Accordingly, spraying
hatching eggs with clove essential oil did reduce the
total bacterial count on the eggshell surface and can be
considered a good treatment and comparable to
commercial disinfectants for sanitizing hatching eggs.
Antibacterial sensitivity test (disk diffusion method)
The results of the isolated bacteria and antibacterial
sensitivity test are presented in Table 3. There were
significant differences between all treatments on both
E. coli O86, Salmonella enteriditis, Enterococcus fecalis,
Klebsiella pneumoniae, Shigella sp., and Staphylococcus
aureus.

For E. coli O86, the results showed the differences
among 2% CEO, and the control groups (10.67mm,
and10.33mm, respectively), which were insignificant
(P= 0.0079). However, the 0.5% CEO and ethyl
alcohol 70% treatments recorded the lowest
significant effect on E. coli O86 compared with the
control group.

For Salmonella enteriditis, the differences between the
treatment with different levels of CEO and the control
group were insufficient. Nevertheless, spraying eggs
with 2% CEO had a numerically high effect
(11.67mm) than the control group (10.67mm). The
ethyl alcohol 70% group had significantly the lowest
effect (4.33mm) compared with the other groups.

For Enterococcus fecalis, the highest significant values
were obtained for the control (14.33mm) and the 2%
CEO (13.67mm) groups, without significant
t different isolated bacteria in different disinfectant groups

s
)

Klebsiella
pneumoniae (mm)

Shigella sp.
(mm)

Staphylococcus
aureus (mm)

11.67 ab 20.00 a 15.33 a

7.00 d 10.00 c 7.33 d

8.67 cd 14.33 b 9.67 c

10.67 bc 16.67 ab 13.00 b

13.33 a 19.00 a 14.33 ab

0.75 1.12 0.65

0.0011 0.0006 0.0001



Table 4 Visual fertility and hatchability of hatching eggs in
different disinfection groups

Group Visual
fertility%

Hatchability of
set eggs%

Hatchability of
fertile eggs%

BioSentry 904
(Control)

95.67 90.33 94.43

Ethyl alcohol
70%

96.33 90.33 93.84

0.5% CEO 97.67 93.67 95.86

1% CEO 97.00 91.33 94.14

2% CEO 94.99 89.64 94.39

±SEM 0.72 1.14 0.97

P value 0.0807 0.1105 0.6337
*No significant differences between treatments.
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differences between them. In addition, 0.5% CEO and
ethyl alcohol 70% groups showed the lowest effect on
Enterococcus fecalis compared with the other groups.

For Klebsiella pneumoniae, the 2% CEO treatment had
a highly significant effect (13.33mm) similar to the
control group (11.67mm), while ethyl alcohol 70% and
0.5 CEO groups had the lowest effect on Klebsiella
pneumoniae (7mm).

For Shigella sp, the control (20mm), 2% CEO
(19mm), and 1% CEO had the highest significant
effect on Shigella sp., while the lowest effect on Shigella
sp. was recorded for ethyl alcohol 70% group (10mm).

For Staphylococcus aureus, the control (BioSentry 904)
and 2% CEO groups had a highly significant effect
compared with the other groups. Also, the ethyl
alcohol 70% group had the lowest significant effect
on Staphylococcus aureus.

Bauer and colleagues [18] demonstrated that the clove
oil concentration tested in vitro using the disk diffusion
method demonstrated the lowest inhibitory effect
among all concentrations tested, measuring at a
concentration of 0.39%, This concentration
exhibited inhibitory effects against Escherichia coli,
Pseudomonas aeruginosa, and Staphylococcus aureus.
According to the findings of Prabuseenivasan and
colleagues [41], clove essential oil demonstrated
notable bioactivity primarily against Gram-negative
bacteria. These results were further supported by the
findings of Oliveira and colleagues [17]. The low
presence of Enterobacteriaceae generally observed
indicates that the farm supplying the eggs
maintained good hygienic conditions as noted by
Oliveira and colleagues [17]. The strong
antimicrobial activity of clove essential oil is
primarily due to its high content of phenolic
compounds Oliveira and colleagues, Chaieb and
colleagues [17,42].

The mode of action of essential oils depends on their
chemical structure, and their antibacterial activity is not
due to a single mechanism but rather a series of
reactions that affect the entire bacterial cell.
However, it is generally acknowledged that the
components’ lipophilicity affects the antibacterial
action. The elements penetrate the mitochondria
and cell membranes of the microorganisms and
hinder, among other things, the flow of electrons
bound to the membrane, and consequently energy
metabolism. The ATP pool is drained as a result,
causing the proton pump to fail. In addition,
cytoplasmic proteins may get denaturized and cell
membranes may lyse at high quantities Abdulwahab
and colleagues [28].
Hatching results
As expected, there were no significant differences
between the different treatments (P= 0.0807) in the
percentage of visual fertility (Table 4). This result was
recorded because the hatching eggs were obtained from
the same breeder hens that received the same
management factors at the poultry house; similar
results were noted by Oliveira and colleagues [17].
Consistently, there were no significant differences
(P= 0.1105) in the percentage of hatchability of set
eggs between the different treatments (Table 4).
However, the percentage of hatchability of set eggs
is numerically increased in concentrations of CEO
0.5% and 1% (93.67%, and 91.33%, respectively)
compared with the control group (90.33%). This
result may be attributed to the effects of the
treatment, as there was no significant difference in
visual fertility. Oliveira and colleagues [17] observed no
significant difference in the hatchability of set eggs for
CEO treatment at a concentration of 0.39% compared
with paraformaldehyde.

The percentage of hatchability of fertile eggs was
higher numerically when eggs were disinfected by
0.5% CEO (95.86%), compared with the control
group (94.43%), while the hatchability of fertile eggs
of CEO 1% and 2% were similar (94.14%, and 94.39%,
respectively) compared with the control group
(94.43%). However, the differences in the
hatchability of fertile eggs were insignificant
(P= 0.6337) among the different treatments
(Table 4). Oliveira and colleagues [16] compared the
hatchability of fertile eggs between the CEO group at a
concentration of 0.6mg/ml (92.37%) and the
paraformaldehyde group (94.44%) and did not



Bacterial load Hassan et al. 655
record any significant differences. However, Oliveira
and colleagues [17] cleared that a significant difference
was observed in the hatchability of fertile eggs for CEO
treatment at a concentration of 0.39% compared with
the paraformaldehyde and all treated groups. Hence,
disinfection with CEO 0.5% increased hatchability
numerically compared with the control group,
possibly because of decreased bacterial load on the
eggshell surface.

Table 5 shows that no significant differences in
embryonic mortality were found between all
treatments during the early (P= 0.7796), middle
(P= 0.0592), and late (P= 0.7098) embryonic
mortality. Oliveira and colleagues [17] concluded
that no significant differences in embryonic
mortality were found between the disinfectant
groups during the early or middle embryonic
mortality. However, there was a significant reduction
in the late embryonic mortality in the eggs sprayed with
CEO 0.39% compared with the disinfectant group
sprayed with grain alcohol. Besides, Copur and
colleagues [43] and Baylan and colleagues [44]
observed a decrease in early and late embryonic
mortality possibly because of decreased eggshell
contamination.

Results in Table 5 show significant differences in egg
contamination rate between different treatments
Table 5 Embryonic mortalities and contamination eggs in different

Group Early
embryonic
mortality%

M
em
mo

BioSentry 904
(Control)

1.00

Ethyl alcohol 70% 1.67

0.5% CEO 1.67

1% CEO 1.33

2% CEO 1.68

±SEM 0.45

P value 0.7796 0
a, bMeans with different superscripts differ significantly (P≤ 0.05).

Table 6 Egg weight loss and chick yield in different disinfection gr

Group Egg weight 0 day (g) Egg w

BioSentry 904 (control) 61.83

Ethyl alcohol 70% 62.67

0.5% CEO 61.80

1% CEO 61.73

2% CEO 61.40

±SEM 0.32

P value 0.0853
a, b, cMeans with different superscripts differ significantly (P≤ 0.05).
(P= 0.0040). The largest percentage of
contaminated eggs was observed in the ethyl alcohol
70% group (1.33%), followed by BioSentry 904
(0.33%), CEO 0.5% (0.33%), CEO 2% (0.33%),
and CEO 1% (0.00%) groups. Similarly, Oliveira
and colleagues [17] reported that the lowest
percentage of contaminated eggs was recorded in the
CEO group compared with all other treated groups.
These results indicate that the CEO as a disinfectant
for hatching eggs has antimicrobial activities on the
eggshell surface during the incubation period.
Moreover, Magwood [45] observed a growth of
microorganisms on the eggshell surface that was
noticeably larger than usual while it was being
incubated.

Egg weight loss (%) differed significantly between the
different treatments (P= 0.0001), where the lowest
percentage of egg weight loss was observed in the
CEO 1% group (10.86%), and the largest percentage
of egg weight loss was observed in the ethyl alcohol
70% group (11.49%) as shown in Table 6. The averages
of egg weight loss were similar (P= 0.0001) for the
eggs treated with CEO 0.5% (11.06%), BioSentry 904
(11.21%), and CEO 2% (11.38%). However, Oliveira
and colleagues [17] found that the percentage of egg
weight loss did not differ between CEO 0.39% and all
other treatments. Likewise, Oliveira and colleagues
[16] observed that the egg weight loss averages
disinfection groups

iddle
bryonic
rtality%

Late
embryonic
mortality%

Contamination
eggs%

1.00 1.67 0.33 b

1.67 2.00 1.33 a

0.67 1.33 0.33 b

0.67 2.33 0.00 b

0.33 2.33 0.33 b

0.33 0.59 0.25

.0592 0.7098 0.0040

oups

eight 18 day (g) Egg weight loss% Chick yield%

54.90 11.21 ab 67.73 bc

55.47 11.49 a 67.19 c

54.97 11.06 bc 67.56 bc

55.03 10.86 c 68.70 a

54.42 11.38 a 68.07 b

0.30 0.10 0.20

0.1968 0.0001 0.0001
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showed similarities (P > 0.05) among the eggs treated
with grain alcohol, clove essential oil, and
paraformaldehyde. Temperature and relative
humidity are two physical variables that have a
greater impact on this parameter throughout the
incubation phase Barott, Meijerhof and van Beek
[46–48] as the eggs in this experiment were
incubated under the same circumstances.
Furthermore, the evaluation of egg weight loss
during the incubation period allowed us to estimate
the level of disinfectant damage to the cuticle
indirectly, as well as embryonic development Brake
and Sheldon, Peebles and colleagues [49,50].

The process of water diffusion through the eggshell
accounts for egg weight loss during incubation as stated
by Tona and colleagues [51]. Various studies have
indicated that achieving a weight loss percentage of
between 10 and 15% yields favorable hatching
outcomes Rosa and de Avila, Molenaar and
colleagues [52–54]. In this particular experiment,
where all eggs experienced similar temperature and
humidity conditions, the eggs treated with CEO 1%
exhibited limited weight loss compared with all
treatments. This result can be attributed to the
creation of a protective coating on the eggshell by
the sanitizer especially at a concentration of 1%,
which minimizes water loss through the pores of the
eggshell.

Chick yield (%) differed significantly between the
treatments (P= 0.0001) (Table 6). The CEO 1%
group presented a higher chick yield value (68.70%)
than those of the CEO 2% (68.07%), followed by
BioSentry 904 (67.73%), CEO 0.5% (67.56), and
ethyl alcohol 70% (67.19%). Oliveira and colleagues
[16,17] reported that chick yield (%) averages showed
similarities among the eggs treated with grain alcohol,
clove essential oil, and paraformaldehyde. According to
a study by Aviagen [55], attaining the ideal chick yield,
usually ranging between 67% and 68%, requires careful
management of incubation time and parameters. In
addition, enhancing the quality of the chicks, as
Table 7 Chick weight, chick length, and chick quality of hatching e

Group Chick weight (g) Chick length (cm

BioSentry 904 (Control) 41.88 18.41 a

Ethyl alcohol 70% 42.11 18.31ab

0.5% CEO 41.75 18.31 ab

1% CEO 42.41 18.38 a

2% CEO 41.79 18.14 b

±SEM 0.20 0.06

P value 0.1359 0.0379
a, bMeans with different superscripts differ significantly (P≤ 0.05).
highlighted in separate research conducted by Boleli
and colleagues [56], is also crucial for achieving optimal
results. By ensuring appropriate incubation conditions
and focusing on improving chick quality, poultry
producers can strive for higher chick yield rates.
Chick quality
Chick weight and chick length are good indicators of
chick performance throughout the growing phase.
Monitoring these parameters provides valuable
visions into the overall health and development of
the chicks with their progress Ibrahim and
colleagues, Willemsen and colleagues [4,57]. In the
current study (Table 7), the differences in 1-day-old
body weight were insignificant among all treatments
(P= 0.1359). However, the differences in 1-day-old
chick length were significant among treatments
(P= 0.0379), as the control group (BioSentry 904)
and CEO 1% had higher significant values
compared with the other treatments. Although the
count and categorization of chicks as either category
A or B in all treated groups showed insignificant
differences, the percentages of grade A chicks of the
CEO 1% group were numerically greater (99.17%)
compared with other treated groups as followed:
BioSentry 904 (98.90%), CEO 2% (98.89%), CEO
0.5% (97.83%), and ethyl alcohol 70% (97.79%)
(Table 7). In this context, Oliveira and colleagues
[58] cleared that the utilization of clove essential oil
treatment demonstrated no detrimental impact on the
quality of embryos and one-day-old chicks. The results
may be in favor of using CEO as an alternative
disinfectant for untraditional disinfectants. Similarly,
the results indicate that the concentrations of CEO
resulted in decreasing the bacterial load on the eggshell
surface, and consequently, hatchability was numerically
increased but not significantly.
Conclusion
Clove essential oil, when compared with the
commercial disinfectant, proved to be a strong
contender for sanitizing fertile eggs and ensuring
ggs in different disinfection groups

) Chick quality grade% (A) Chick quality grade% (B)

98.90 1.12

97.79 2.21

97.83 2.17

99.17 0.84

98.90 1.11

0.52 0.52

0.1787 0.1787
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their safe incubation. Besides its ability to significantly
reduce the bacterial load on the eggshell, it offers an
effective, natural, and safe alternative. This reduction
in total bacterial count not only leads to optimal
incubation parameters but also maintains the quality
of the developing chicks. Besides, the present
results suggest that the use of clove essential oil
does not have any negative impact on the eggshell’s
protective cuticle or the embryo’s development,
making it a highly recommended natural choice and
a strong competitor to a commonly used commercial
disinfectant (BioSentry 904) for hatching egg
disinfection on a commercial scale.
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