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Abstract

Poultry meat will persist as the real and indispensable haven to provide people’s needs for
animal protein, and researchers are doing their best to make it safer, free of any harmful
constituents that affect human health. The green economy, including the poultry sector, could be
achieved by replacing chemical therapy with plant and organic medication. The purpose of the
present study was to assess the effect of the adoption of commercial herb product as additives in
domesticated quails. In the current study, a total of 140 Japanese quails were divided into 4
groups: 3 groups (b—d) were additively supplemented with Coxan (herb product), Clazo-Fort
(chemical anti-coccidial product), and Coxan alternately with Clazo-Fort, respectively. While
group "a" act as a control, non-additive group. The assessment of different parameters in the
quails after the additive supplementation revealed that the quails supplemented with the Coxan
product had an increase in body weight gain in most period durations and was significant at 7-14
days of age with an increase in the index of bursa of fabricius. The HI titer against NDV
vaccines and CD4 T cells showed an elevation in their levels in the Coxan group. In addition, the
intestinal microbiota revealed that there was a significant increase in lactobacillus counts in the
three additive-supplemented groups, with higher significance in the Coxan group (p<0.0001)
with the normal histological structure of the intestine. Overall, these results confirm the
acceptable improvement in quail performance and the related parameters by using herb product
containing essential oils (oregano and garlic oils) as additive supplements, which may make
them a probable alternative for chemical compounds in healthy quail farms.
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Introduction encouraged to raise quail as a substitute

for chickens due to the spread of
contagious infectious diseases in chickens
and the subsequent big economic losses in
the industry [1]. When compared to other
poultry species, quail are relatively small
in size, which lowers the cost of feed.
Furthermore, they have a brief life cycle,
lay a lot of eggs, and have high resistance
to several diseases. In addition to their
significance  for  breeding, quail has

Quail  production is considered a
branch of the modern poultry industry,
like an animal production system. As a
result of the increased demand for animal
proteins in  Egypt due to human
population growth, quail breeding must
receive more attention in order to increase
and prosper its productivity as a source of
meat protein production [1,2]. Also, it is
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become important for scientific research
as experimental animals in  studies
concerning pathology, physiology,
nutrition,  embryology,  genetics, and
toxicology [3,4].

Antibiotics have been commonly used
as a feed additive in the poultry ration as a
growth  promoter and  frequently  for
prophylaxis against diseases in birds [5].
Moreover, the main method of coccidiosis
control is the addition of anti-coccidial to
feed or water [6,7]. The continuous
feeding of antibiotics at sub-therapeutic
levels caused an imbalance of gut flora,
antibiotic residue, and the development of

drug-resistant ~ bacteria,  which  raised
serious concerns for the public's health
[8,9]. Because of this, there is a
concentrated effort to find antibiotic
alternatives, and various replacements
have been researched globally [10,11].
Consequently, it IS increasingly
imperative to identify effective
alternatives  for  managing infectious

diseases and limiting the propagation of
resistant ~ bacteria. ~ Moreover, it is
imperious to preserve the utility of
antibiotics for the future, particularly for

urgent human needs. In  European
countries, the  prophylactic  use  of
antibiotics and  anticoccidial  chemicals

that are used as growth promoters and
feed additives in animal production has
been strictly limited since 2006, and a full
ban has been proposed to be effective in
2021 (Council Directive of 2011/50/EU
of the European Council) [12,13].

Medicinal plants and their products,
either extracts or essential oils, are
prospective alternatives that may be used
in poultry production [14]. Several of
these bioactive compounds can impact the
health and production of poultry, as well
as have a variety of anti-inflammatory,
antioxidant, immunomodulatory, anti-
bacterial, and anti-coccidiosis properties
and can modify the efficiency of the
digestive system [15].

The oregano (Origanum vulgare subsp.
hirtum) and garlic (Allium sativum) are

aromatic-medicinal plants and are
considered prospective sources of
bioactive  compounds that could be
employed as a natural performance-
enhancing antioxidant with strong
anticoccidial capabilities [16-20].
Oregano and its main bioactive
compounds have a significant influence
on intestinal microbiota and the function

of intestinal cells [21-23]. Also, it can be
used as a functional element in the
veterinary field as well as the food and
feed industries  [24,25]. The garlic
contains  primary  components  called
Organosulfurs, which are thought to be
important  players in  anti-inflammatory
and antioxidant pathways and have strong
anticoccidial activity that protects host
tissue from parasite-caused damage [26].
Additionally, garlic is rich with aromatic
oils that improve digestion and the
respiratory system [27].

A more complete understanding of the
effect of these alternative additives on the

body's performance will give wus the
chance to develop new therapies to
prevent and control diseases in poultry

species. Also, it will allow comprehension
of how these alternative materials differ
from current additives such as anti-
coccidiosis [28].

The use of herbal remedies has been

proposed  because of  their  natural
stimulation of the immune  system,
enhanced growth performance, and
anticoccidial ~ effects.  Consistently, the
purpose of the present study was to
evaluate the effect of one commercial
herbal product on domesticated quail
body weight, immune responses,
intestinal  morphology, and microbiota

and compare it to one of the chemical
products used in the field as a preventive
(prophylactic  additive) and control of
coccidiosis.
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Materials and Methods

Commercial products of herbal and
chemotherapy

The herb product is Coxan, obtained
from the company of Phytotherapic
Solutions, S.L., Spain, and it contains
oregano oil (8%) and garlic oil (2.5%).

The other chemotherapy product is Clazo-
Fort from the company 2M Group, which
contains diclazuril at 2%. In this study,
the phyto and chemotherapy products
were used as additives in drinking water
with a dose of 1 ml/liter as recommended
by the manufacture’s structure and 0.5
ml/10 liters at a concentration of 1 ppm
according to El-Banna et al. [29],
respectively.

Design of experiment

A total of 145 one-day-old healthy
Japanese quails (Coturnix coturnix
japonica) were bought from a commercial
hatchery. Five birds were euthanized for
blood collection. The birds (n = 140) were
allocated to the experimental units and
reared in a battery system under strict
hygienic conditions. The quails were fed a

standard commercial diet that was
formulated without anticoccidial or
antibiotic growth promoters. Feeding and

watering were given ad libitum. At 7 days
of age, the chicks of quail were randomly
divided into four groups, with 35 birds per
group. The first group was a control group
(G-a: control). Commercial phytotherapy
and chemotherapy products were added to
the drinking water of the second and third
bird groups (G-b: Coxan and G-c: Clazo-
Fort), respectively. In the fourth group,
Coxan and Clazo-Fort products were
added alternately every 12 hours per day
(G-d: Coxan and Clazo-Fort). Routinely,
the quails were vaccinated against
Newcastle disease virus at 6 and 13 days
of age using MEVAC™ ND HB1 and
MEVAC™ ND Elite (live attenuated
vaccines) via eye dropping, respectively.
The experimental trial was conducted
strictly in compliance with the

Institutional ~ Animal Care and  Use
Committee at Zagazig University in
Egypt's guidelines for using animals in

experiments (approval No.: ZU-
IACUC/2/FI75/2021).
Three quails from each group were

randomly selected and euthanized at 7,
14, 18, 21, and 22 days of age, and five
quails at 28 days of age for the blood
collection and serological examination, as
well as tissue sample collection of
intestinal segments such as the cecai for

pathological and histopathological
examination (at 18 and 22 days),
additionally  weighting lymphoid organs

(on day 28). The use of Coxan and Clazo-
Fort as additives in drinking water was
assessed based on the following criteria:

Performance parameters

Birds were weighed on days zero, 7,
14, 21, and 28 to detect the average live
body weight (ABW) and calculate the
average  body weight gain (BWG)
according to Brody [30].

Immune organs weights

On day 28, five birds were selected
from each group and euthanized. The
birds were dissected and the weights of
the bursa, thymus, and spleen were
recorded. The values were adjusted for
BW according to Sedaghat and Karimi
Torshizi [31].

Humoral immune response

The immune status of quails was
evaluated under the supplementation of
the products by detecting the antibody
titers against NDV in the separated serum
that was collected weekly using the
hemagglutination inhibition (HI) test. The
HI test was performed using 1% washed
chicken RBCs and 4 hemagglutination
(HA) units from the LaSota vaccine strain
(Pestikal® LASOTA SPF) according to
OIE [32]. Two-fold dilutions were applied
with sera of half initially diluted, and the
titer of HI was expressed as log 2.
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Measurement of CD4 and CD8 T-cell
molecules

The Avian Cluster of Differentiation 4
and 8 (CD4, CD8) ELISA Kit (SunLong
Biotech Co., LTD) was used to determine
the concentrations of CD4 and CD8
molecules in the separated serum based
on the manufacturer’s instructions.

Intestinal microbiota enumeration

At 28 days of age (the end of the
experiment), the digesta and the mucosal
scraping of the ileum and caecum of five
deceased quails from each group were
collected into sterile tubes under aseptic
conditions. Briefly, ten-fold serial
dilutions of one gram of the homogenized
content were carried out using 96-well
standard plates for microdilutions.
According to Herigstad et al. [33], 10 pL
of each diluted sample was plated onto
the following media using the drop plate
technique:  MacConkey agar (HiMedia
Laboratories Pvt. Ltd., India) for coliform
bacteria and De Man-Rogosa-Sharpe agar
(MRS, HiMedia Laboratories Pvt. Ltd.,
India) for lactobacillus count. Lactobacilli
were cultivated at 37°C in 3% CO2 for
48-72 h.  Coliform  bacteria  were
incubated at 37°C for 24-48 h. The results
were stated as log 10 colony-forming units
(CFU) per gram of ilio-caecal content.

Histopathology examination

During the dissection of the euthanized
birds on days 18 and 22, intestinal
segments (cecai) were collected from the
different groups and fixed in 10% neutral

buffered formalin. Followed by regular
tissue  processing in  various alcohol
grades, xylene changes, and lastly,

embedding in melted paraffin wax. Then

five-micrometer sections were cut and
stained  with  hematoxylin and  eosin
(H&E) [34]. The stained tissue slices

were examined under a light microscope,
and photomicrographs were taken.

Statistical analysis

The data were represented as the mean
+ Standard Error of Mean (SEM). One-
way ANOVA measurements, followed by
Tukey's multiple comparisons test were
used to examine group differences. The
statistical significance was defined as P<
0.05 wusing SPSS wversion 21.0 (SPSS,
IBM Corp., Armonk, NY) and GraphPad
Prism 9.0.2 (GraphPad Software, Inc.).

Results
Body weight gain (BWG)

Generally, the body weight gain of
quails with the additive Coxan (G-b) was
improved when compared with other
additives and non-additive groups (Figure
1). At 7-14 days of age, the Coxan
group’s BWG was significantly higher
than the other groups.
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Figure 1. Average body weight gain among quails groups either additives or non-additive at
different durations of experimental period. The figures display the mean + standard error of the
mean (bar), with significant value p<0.05.

Weight of Immune organs in the Coxan group. In contrast, Coxan,

The effects of different additives on the glternately with Clazo-!zprt, had a nggative
weights of immune organs (bursa of fabricius, impact. The th_ree additive groups did not
thymus, and spleen) are given in Table 1. In improve the we_lght of the spleen and thymus
this study, the bursa index increased in the compared ~ with  the  control  group.
Coxan and Clazo-Fort groups, with the highest

Table 1. Effect of additives on weight of the lymphoid organs of Japanese quails
Weight of lymphoid organ (g/100 g of BW)*

Groups - - -
Bursa index Thymus index Spleen index
G-a; control, non-additive group 0.097+£0.019 0.539+0.133 0.375+0.185
G-b; Coxan group 0.144+0.133 0.469+0.090 0.071+0.006
G-c; Clazo-Fort group 0.106+0.207 0.450+0.061 0.101+0.026
G-d; Coxan with Clazo-Fort 0.081+0.192 0.356+0.049 0.0896+0.019

*The organ index is expressed as lymphoid organ weight (g) per BW (g).
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Humoral immune response specific to
Newcastle disease virus vaccines
Figure 2 shows the mean antibody

titers detected by HI for NDV in different
groups of quails, and the maternal-derived
antibody (MDA) was 6.33x0.33 log ».
The mean HI antibody titers in all the

-9-G-b; Coxan
-&-G-d; Coxan, Clazo-forte
10 -

Mean Hl log 2

additive groups were elevated,
comparable with the non-additive group
(G-a) at 21 days of age, and were 6%1.73,
7+1.53, and 7£0.58 log > in the Coxan,
Clazo-Fort, and Coxan with Clazo-Fort
groups, respectively, while in the control
group, it was 4.66x1.20 log 2.

- G-c; Clazo-forte
-@-G-a; Control

0 7 (initial suppl.)

14 21 28

Age / day
Figure 2. Mean hemagglutination inhibition (HI) titers against Newcastle disease virus vaccines
among additives and non-additive quail groups (mean HI titer +£SEM)

CD4 and CD8 T-cells molecules

Figure 3 illustrates the CD4 and CDS8
T-cell molecule values determined using
ELISA. The high elevation of CD4 value
was detected in the Coxan group (G-b) at
14 days of age (1762+87.5 pg/ml). At 28
days of age, the CD4 was significantly
increased in the Coxan (G-b) and Clazo-

Fort (G-c) groups with a value of
350+28.87 and 516+30.05 pg/ml,
respectively, comparable to the non-

additive (G-a) group. The Coxan with
Clazo-Fort group  (G-d) showed a

significant decrease when compared with
the non-additive and Coxan groups on day
21 and with the Clazo-Fort group at the
age of 28 days. As for the CD8 value, it
was the highest (25.83£19.27 ng/ml) in
the Coxan group at 21 days of age. At 28
days of age, its value was 13.08+11.49
and 13.83+11.49 ng/ml in the Coxan and
Clazo-Fort groups, respectively with no
significant  difference  when  compared
with the value in the other groups.
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Figure 3. The value of CD4 (A), and CD8 (B) T-cell molecule in the collected serum from non-

additive and additive quail groups using ELISA

Intestinal microbiota and microscopic
examination
The coliform and Lactobacillus

populations of the quail’s ileo-cecal at 28
days of age are presented in Figure 4.
There were non-significant variations in
the population of coliform bacteria in the
non-additive group (G-a) and the additive
groups of Coxan (G-b) and Clazo-Fort
(G-c). In the Coxan with Clazo-Fort
group (G-d), there was a significant

elevation in the coliform populations
(8.50+0.499 log 10 CFU/g, p=0.0357)
compared to the non-additive group. A
significant  (P<0.05) increase in the
Lactobacillus population was detected in
the three additive groups when compared
with the quails in the non-additives group,
and the higher Lactobacillus counting was
in the Coxan group (9.48+0.209 log 10
CFU/g, p < 0.0001).
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Figure 4. Average Coliforms (A), and Lactobacillus (B) bacterial counting in the non-additive

and additive groups at 28 days of age. The Data represent mean values (mean + SEM) (bar). The
figures display the mean + standard error of the mean (bar), with significant value <0.05.

Microscopic ~ examination ~ of  cecal histopathological changes in the
tissue sections of all additive groups (G-b microscopic normal structure of the
to G-c) revealed the absence of any intestine, as shown in Figure 5.

18 days of age

22 days of age

Figure 5. Photomicrographs of cecum, H&E stained showing normal histological structure of
cecal wall in the additives groups.
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Discussion

Antibiotics  have  been  extensively
employed in animal production since the
1940s [35]. The risks of using antibiotics

in livestock operations, such as the
development of antibiotic resistance in
humans and animals as well as

environmental pollution, have led poultry
producers to invest in alternative feed
additives in an effort to raise animal
performance to the level of its genetic
potential over time [36]. Prior studies
have revealed the positive influences of
herbal supplements on production
performance and carcass quality [37,38].
Essential oils (EOs) are significant
aromatic components of herbs that have
antimicrobial, antifungal, antiparasitic,
and antiviral properties. They are used as
natural alternatives to antibiotic growth
promoters (AGPs) in poultry. In addition,
EOs have other advantageous benefits,
including enhancing the secretion of
digestive enzymes and triggering the
immune system [39]. In response to the
World Health Organization's directives on
strict limitations in using antibiotics as
growth promoters and feed additives and
in consistency with the commitment of
the Egyptian government  to  the
replacement of natural products that have
minimal side effects on poultry, humans,
and the environment. This article was
designated to investigate the effectiveness
of the use of a commercial herb product
containing essential oils such as oregano
and garlic oils on the quail's performance
and related parameters. This investigation
was carried out on domesticated Japanese
quails, which are considered a respectable
source of animal proteins with a lower
breeding cost compared to other poultry
species.

In this study, the live body weight gain
(BWG) trended to increase in the most
time intervals during the experiment in
the quail group supplemented with Coxan,
with significant elevation at 7-14 days of

age. El-Sayed et al. [40] detected that the
feed additive supplementation of oregano
essential oil and garlic powder succeeded
in increasing the average body weight
gain of quails. Also, Fotea et al. [41]
showed that the highest body weight gain
was obtained in broiler chicks fed diets
supplemented with oregano essential oil.

Moreover, the use of garlic powder or
extract as feed additives in growing
broiler chickens improved body weight
gain [42,43].

These results can be attributed to the
fact that OEs have positive effects on
nutrient digestibility [44,45]. Oregano oil
has the ability to increase digestive
enzyme  production and  consequently
improve the utilization of  digestive
products [44]. In addition, garlic oil has
sulphur compounds, minerals, enzymes,
amino acids, and alkaloids such as allicin.
Allicin benefits recovering and
developing the functional structure of the
intestinal epithelium layer and results in
helping the digestive system via improved
absorption of valuable nutrients [46].

There were outcomes to previous
studies contrary to these results as Cross
et al. [47] stated that dietary inclusion of
oregano essential oil in broilers diets
could not affect the parameters of growth
performance and Demir et al. [48]
determined that the addition of garlic
powder and thyme to the diet of broiler
didn’t affect growth and food conversion
rate during the experiment.

Regarding the effect of the additive
supplementation on the weight of immune
organs, it revealed that the Coxan and
Clazo-Fort swingly increased the index of
the bursa, which was highest in the
Coxan. While the three supplemented
groups,  either  herbal or  chemical,
decreased the thymus and spleen indices
compared to the control group. Abdou
and Rashed [49] revealed an increase in
the relative weight of the lymphoid organs
as the bursa and thymus when Japanese
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quails were given garlic powder in the
diet; however, there was no significant
difference in spleen values. As a result of

the  stimulating influence of  herbal
essential oils on the generation of
endogenous digestive enzymes, an

enhancement of digestibility may be
supported by a decrease in the weights of
the organs [50].

Resistance to  various illnesses s
greatly influenced by the state of the host
immune system. The use of essential oils

could enhance the cellular, humoral, and
phagocyte system immune responses in
poultry, in addition to the immune-

stimulating properties of the polyphenol
fractions of thymol and carvacrol, and
consequently improve the ability of the
defense system to deal with infectious
organisms [51]. In these results, the mean
HI titer of the humoral immune response
against the ND vaccine in Japanese quails
was improved in the three additive groups
by using herbal or chemical products or a
combination of them at 21 days of age
after duplication of the vaccination dose
on day 13. This means that the two
products stimulate the immune response.
However, several researchers concluded
that using herbal additives or essential oils
had no beneficial influence on the
humoral immune response of poultry [52-
55]. On the other hand, El-Latif et al. [56]
and Gholamrezaie et al. [57] reported
positive  impacts of  herbal additive
supplementation and improved immunity.

The presence of some components in

essential oils may bind to receptors of
immunoglobulin G and stimulate the
immune response [58,59]. Additionally,

certain bioactive plant chemicals control
the  expression of numerous  genes
involved in the immune response [60].

T lymphocytes play a critical role in
stimulating the immune  system in
reaction to stressors and specific diseases

[61]. These cells are clustered into
differentiation CD4* and CD8". The
CD4" T cells produce co-stimulatory

molecules and cytokines that support
other immune cells, such as innate

immunity cells and B cells. In contrast,
CD8" T cells are mostly Killers that
produce cytotoxic molecules like perforin
that can eliminate host-infected cells [62].

The CD4 value was markedly elevated
in the Coxan group (G-b) at 14 and 28
days of age. Also, a significant increase
was detected in the Clazo-Fort (G-c)
group at 28 days of age when compared
with the control (G-a) group, while the
Coxan with  Clazo-Fort group (G-d)
showed a significant decrease, and this
may be attributed to the use of both the
plant and chemical products
interchangeably, which were added 12
hours per each, not 24 hours as in the
other groups. There were no significant
differences in the CD8 value among
additives and non-additive groups, but the
value trended towards an increase in the
Coxan group (G-b) at 21 days of age and
in the Coxan (G-b) and Clazo-Fort (G-c)
groups at 28 days of age.

The gastrointestinal ~ tract's  microbes
are essential for maintaining the health
and productivity of poultry [63,64]. In
birds, the gut microbiota diversity varies
by region; the cecum has the highest
microbial diversity and is a significant
location of fermentation [65]. Also, the
distal portion of the small intestine, or
ileum, has a vital role in digestion,
absorption, and mucosal immunity, and it
is rich in microbiota [66]. The gut
microbiota performs a variety of roles in
the body, including enhancing food
utilization, preventing pathogen
colonization,  enhancing  growth, and
metabolizing mycotoxins in feed [67,68].
In this investigation, there were non-
significant variations in the population of
coliform bacteria in the ileocecal part of
the intestine among the Coxan, Clazo-
Fort, and control groups. This means that
the herbal and chemical additives used
under  the circumstances of  this
experiment maintain the limiting numbers
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of pathogenic bacteria as coliforms. In
contrast,  when using the  Coxan
alternately with the Clazo-Fort, there was
a significant increase in the coliform
populations. On the contrary, EI-Sayed et
al. [40] detected that the supplementation
of oregano oil and garlic powder as feed
additives in the quails was effective on
the pathogenic population, which
decreased  the  total  microbial and
pathogen counts in the intestine.

On the other hand, there was a
significant increase in the Lactobacillus
population in the three additive groups,
and the detection of the higher counts was
in the Coxan group. This result is
consistent with those reported by Wenk
[69] and Apajalahti et al. [70], who found
that the antimicrobial activity of essential
oil stimulates the growth of beneficial
microorganisms.

Generally, the ratio of lactobacilli to
coliforms was increased, and this result is
consolidated  with  that reported by
Castillo et al. [71], who mentioned that
the herbs have the ability to modulate the
composition of the microbial population
by their prebiotic and antimicrobial
activities.  Subsequently, the microbiota
can  minimize  the  colonization  of
pathogenic bacteria (competition
exclusion) by attaching to the enterocyte
epithelial walls and forming a protective
layer [72,73].

The detection of the normal histology
structure of the large intestine (cecai) in
the three trials of additive supplements
indicates the safe doses of Coxan and
Clazo-Fort used for this experiment. In
which some herbs may cause toxicity or
inflammation when they are administered
in large quantities [74].

In the current study, adding the herb
product containing oregano and garlic oils
to the quails without any combination
with the chemical product seems to be
adequate in achieving a favorable result in
increasing the body weight gain, elevating

and  cellular  immune
response, and increasing the lactobacillus
populations in the ileocecal part of the
intestine  while maintaining its normal
histological  structure.  All  the results
mentioned above achieved by the herb
product are similar to or higher than those
achieved by using the chemical product or
even in the attempt to combine the herbal
and chemical products, and this is
considered a good parameter to obtain
better productivity in quails, a good
immunization response to vaccines such
as the NDV vaccine, and an alternative to
antibiotics in quail production.

the humoral
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