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Abstract

affected by thyme oil Nano chitosan-Encapsulated (ETEO).The control group (T1)

consumed the basal diet without supplementation, while the second and third groups fed
control with Thyme essential oil (TEO) at 50 mg/kg diet (T2) or 70 mg/kg diet (T3). Finally, the
fourth and fifth groups fed control +ETEO at 30 mg/kg (T4) and 50 mg/kg (T5) until 42 days of
age. Compared to the control group, quails given a (T4) diet had the greatest body weight (BW),
feed intake (FI) at 28 days, crude protein (CP) intake, and metabolizable energy (ME) intake from
7 to 42 days old. In terms of meat quality, the T4 and TS5 groups had considerably lower TBARS
levels (P<0.05) than the control and other groups. Control quail meat (thigh and breast) had the
lowest total volatile basic nitrogen (TVB-N) (P<0.05), whereas T4 had the lowest quantity. The
supplements improved blood total antioxidant capacity (TAC) in birds fed (T3) relative to (T2)
and the control group. Both T2 and T3 showed considerably decreased circulating low-density
lipoprotein (LDL) (P<0.05). T4 and TS feeding increased TP and G levels considerably. As
conclusion: Chitosan Nano-Encapsulation could be a method for retaining compounds, properties,
and effects of the essential oils used in low concentrations and improving the meat quality of
quails.

T HIS research examined how productive, physiological, and meat quality characteristics are

Keywords: quail, growth, physiological characters, meat quality, Thyme oil, nano-capsulated,
chitosan.

Introduction results among past and present studies are identified
to be conflicting. For instance, there were positive
effects of EO on broiler performance as indicated by
improving BWG [3-4], FCR [5], enzyme secretion
[6] and nutrient digestibility [7]  Herbal essential
oils can be used as an antibiotic to improve poultry
performance, especially in intensive management
systems [8]. Thyme (Thymus vulgaris) is commonly
used as a spice in human food and has received
considerable attention as a beneficial additive in
poultry nutrition.

The global trend to replace the use of antibiotics
as growth promoters with safe feed additives in the
industry has led researchers to conduct a massive
exploration into utilizing natural substance-based
additives. Essential oils (EO), have volatile
properties derived from plant materials by mainly
steam distillation method [1]. The advantageous
effects of EO are associated with their role on many
metabolic pathways, including lipid metabolism,
stimulating digestive enzyme secretion and activity,
acting as an antimicrobial, and enhancing gut The positive effect on poultry health and
integrity of chickens [2] leading to improve broiler performance may be achieved through the
performance in general. However, inconsistent stimulation of appetite and feed intake, improvement

of endogenous enzyme secretion, activation of
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immune responses, and antioxidants [9]. However,
not all researchers have found any improvement in
the performance of broilers. Carcass traits have
similarly been found by some researchers to be
unresponsive to thyme oils [10] Thyme essential oil
(TEO) can also stimulate the immune system by
increasing the activity of lymphocytes, macrophages,
and NK cells, as well as increasing phagocytosis and
interferon synthesis [11]. TEO bioactive chemicals'
high activity, hydrophobia, reactivity, volatility, and
peroxidation sensitivity restricts their usage in
poultry feeds. Thus, such unfavorable reactions may
reduce oil efficiency, natural flavors, and sensory
quality, lowering palatability and FI, particularly in
diets rich in TEO [12]. To increase the delivery and
controlled release of  active substances,
microencapsulation or Nano-Encapsulation
technology may entrap them in the core of the
membrane wall structure of Nano-capsules or adsorb
them onto a carrier [8]. Polyphenol degradation and
sluggish gastrointestinal release may be reduced by
encapsulating plant extracts in nanoparticles [13].

Deacetylated chitin, chitosan, is widely used.
Chitosan is found in prawns, crabs, krill, and other
crustacean exoskeletons and seems to improve
animal performance [14]. Chitosan also improves
immunity and has antibacterial properties [15].
Chitosan, a linear polysaccharide made by alkaline
deacetylation of chitin, is employed as a matrix in
pharmaceuticals and EO owing to its non-toxicity,
film-forming capability, permeability, high much-
adhesivity, and high tensile strength [16]. Due to the
interplay of charges between its polycationic amino
groups and bacteria cell walls, chitosan is a potent
antimicrobial [17]. Chitosan also improves broiler
chicken development [14] and plasma biochemical
markers [18]. Its antioxidant and antimicrobial
activities increase ileal digestibility [19]. Nano-
chitosan, a natural biopolymer made from chitin, has
received interest in agriculture owing to its
antibacterial, immunological modulating, and
antioxidant capabilities. Encapsulating nano-chitosan
improves its stability, bioavailability, and prolonged
release, enhancing its medicinal potential [20].
Additionally, dietary chitosan and Nano-chitosan
increased quail performance, carcass features,
antioxidant status, and plasma constituents [21].

The current research examined the effects of
nano-encapsulating thyme in-feed on quail
productivity and immunological responses. FI was
higher in ETEO groups than in TEO alone.

Material and Methods

Experimental designs

The experiments were done at El-Fayoum Poultry
Farm, Animal Production Research Institute,
Agriculture  Research  Centre, Ministry  of

Agriculture, Egypt. Management All international,
national, and institutional, 400 unsexed Japanese
quail-7-day-old birds with almost similar live
weights (49g) were randomly assigned into five
treatment groups. Each treatment group included 80
birds, four duplicates, and a 20-bird replicate. The
birds were housed in a conventional type cage (50 x
30 x 50 cm3).

Birds were fed the basal diet (Control, T1),
treatment groups were thyme essential oil with two
different concentrations at 50 mg/kg (T2), 70 mg/kg
(T3), thyme oil capsulated Nano-chitosan with two
different concentrations at 30 mg/kg (T4), and 50
mg/kg (TS).

Throughout the study, birds were fed and watered
ad libitum in 24h light. ABWG, FCR, BW, FI, and
MR were recorded weekly. After 42 days, three birds
from each treatment were killed to acquire the
carcass and weigh the giblets (Gizzard, liver, and
heart) and lymphoid organs.

Birds ate 2900 Kcal and 24% CP iso-nitrogenous
food. The baseline diet was designed for Japanese
quail (JQ) needs by NRC [22]. The basic diet
composition and calculation are shown in Table 1.

Capsulated thyme oil with nano-chitosan preparation

Thyme oil was kindly purchased from the oils
extract unit of the National Research Center (NRC),
Tween 80 was obtained from the Sigma-Aldrich Co.,
deionized water and chitosan obtained from the
Sigma-Aldrich Co. Preparation of thyme oil micro-
emulsion (3% and 5% oil in water) was done in
nanomaterials Research and synthesis unit by using
the method according to [23].

Capsulated  thyme  oil  with  nano-chitosan

characterization

Zetasizer Malvern Instrument (Corp, Malvern,
UK) was used to measure droplet size, surface charge
(zeta potential), size distribution (PDI), and electrical
conductivity of encapsulated thyme essential oil with
nano-chitosan (ETEO). A JEM 1400F HRTEM at
300 keV conducted high-resolution transmission
electron microscopy (HRTEM) studies. Central
laboratory, Faculty of Agriculture, Cairo University,
GC-MS thyme oil and micro-emulsion components.

Cell culture: Vero: Green monkey cell line from
Nawah Scientific Inc. (Mokatam, Cairo, Egypt). In
humidified, 5% (v/v) CO, at 37 °C, cells were
maintained in DMEM medium with 100 mg/mL
streptomycin, 100 units/mL penicillin, and 10% heat-
inactivated fetal bovine serum. Cytotoxicity test:
SRB (sulforhodamine B) assay with doses of 0.01,
0.1, 1, 10, and 100 ug/mL measured cell viability
[24].
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Gross Chemical composition and meat quality

Moisture content, protein, Fat content, and Ash
content According to the method described by the
A.0.A.C[25].

Meat quality tests: Six samples per treatment/test of
breast and thigh muscle were stored frozen at -20 °C
for 60 days for determination.

Thiobarbituric acid-reactive compounds.

One of the most reliable techniques for
quantifying malondialdehyde (MDA) in animal
tissues is TBARS. Since it measures MDA
concentration, TBARS is a good oxidation monitor.
Tarladgis et al. [26] tested muscle tissues for
TBARS. TBARS levels were measured in MDA
micrograms per gram of tissue.

Water Holding Capacity (WHC) and Plasticity

Water retaining capacity and plasticity were
tested using [27]. This procedure included pressing
0.3 g of quail (breast and thigh) flesh tissues beneath
ashless filter paper (Whatman No. 41) for 10 minutes
with a kg weight. Meat samples were prepared on
filter paper and measured 46 surface areas using a
planimeter. The outer zone from water separated
from pressed tissues indicated the WHC index in
Cm2. Each I Cm2 outer zone area equals 8.4 mg free
water. The bound water % of moisture content was
estimated as follows.

To calculate the bound water percentage, divide
moisture content by 84 x cm”2 outer zonarea
(moisture content) by 1000 x 0.3.

Cooking loss

A 1 cm’ slice of meat from each muscle sample
was weighed to evaluate cooking loss. After
weighing (weight 1), the sample was maintained at 4
°C for 24 hours before being cooked in an 85 °C
water bath for 10 minutes to reach 75 °C. After
gently dabbing, the meat sample was reweighed
(weight 2) [28]. Cooking loss was calculated using
this equation:

Cooking loss = 100 - (Weight 1 - Weight 2)/Weightl

2.7. Biochemical blood analysis: Haematological
parameters, blood concentration of total protein,
glucose, albumin, globulin, total cholesterol, liver
enzymatic activity (AST and ALT), uric acid,
creatinine, MDA, and SOD were measured using
Biodiagnostic Company Kkits.

Statistical analysis

Data were analysed using xIstat software, a
general linear model, for one-way analysis of
variance [29].

This model was used: Yij=p+Li+ejj

Where: Yij: The jth observation in the ith line, : The
overall mean, Li: Treatment effect, and Eij: Random
error.Data are presented as LSM + standard errors
(SE). Duncan's multiple range test separated
significant mean values [30]. The significance
threshold was 5%. Percentage data were arc sine
transformed before analysis.

Results and Discussion

Characterization of Capsulated thyme oil with
nanochitosan:

Nano-capsulated  characterization  of  the
nanodroplet was mainly determined by TEM which
5% nano-capsulated size had 33.04 nm and 3%
micro-emulsion size had 13.95 nm with a narrow size
distribution, (polydispersity index: 0.883 and 1,
respectively) ~ which  indicated that  greater
homogeneity can be realized (Fig 1a, b).

The zeta potential is an indicator that stable
suspensions are generally taken by using dynamic
light scattering (DLS) had a 28.86+ 7.42mV in 3%
sol. and 20. 6+ 10.6 mV in 5% sol., both have the
same viscosity of 0.08872 (cp) and conductivity of
0.41£3.66 ms/cm. When GC-Mass was analyzed the
thymus oil had 9 components which were Thymol
(24.68%), Camphor(1.35%), o-Cymene (4.98%),
Geraniol(1.55%), Hexadecanoic acid (24.24%),
vaccenic acid (11.54%), cis-vaccenic  acid
(26.07%), C10H9CI9 (1.62%) and 1,3-Diolein
(1.26%);  while nano-capsulated had many
components which are Thymol (12.18%), Eugenol
(18.59%),  Eupalyptol (4.56 %), oleic acid, 3-
(octadecyl oxy) propyl ester (32.94%), Behenyl
palmitoleate (27.44%), cyclopren (5.63%) and
Erucyl gondoate(23.36%). thymus oil 3% nano-
capsulated had many componentsCitronellol
(4.19%), Menthol (3,10%), o —Guaiene (2.60%),
Tribehenin (13.56%), 1,2-Dipalmitoyl-rac-glycerol
(8.51%),Ayanin (8.62%), 2-Ethyldecyl 2-
ethylundecyl phthalate (11.28%), a-Sitosterol
(1.80%), B-Sitosterol (10.5%), Anthracene (10.98%),
Tridecanoic acid (2.97%), Corynoxine and Marinosin
(2.33%).

On the confluent surface of Vero cells, results for
thyme 5%  nano-capsulated had  different
concentrations (0.01, 0.1, 1, 10, 100 ug /ml) after 3
days of inoculation, the effect on cell viability % was
assessed by SRB assay was 99.67%,99.43%,
93.89%,84.73%,68.43%, respectively in 100 ug/ml
and IC50> 100 ug/ml. (Fig.1 o).

The fabrication of nano-emulsions with lesser
droplet size in the presence of double bonds in the
nonpolar chain of non—ionic surfactants was obtained
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results were in agreement with different results [31].
The conductivity of the nano-emulsions increased by
increasing  essential o0il concentration which
demonstrated that water is the continuous phase
(P<0.05). This is because the conductivity of the
solutions is directly proportional to the number of
ions and increases by increasing the ions. The cell
viability reached 88-90% for nano-emulsions
containing thyme and rosemary oil respectively
which showed that prepared nano-emulsions are safe
and non-toxic. Moradi and Barati, [32] and Kumari
et al., [33] reported that the stability study for the
characterization of thymol based nano-emulsions had
spherical droplets size (293+£2.7nm), PDI (0.15) and
zeta-potential (—32 mV) in 50 min sonicated as
compared to other nano-emulsions. The results are
strengthened by the fact that greater sonic energy
flows to emulation through greater surfactant
adsorption on hydrophobic droplet surfaces and helps
to reduce the droplet dimensions and the spread of
small droplets. Reduced droplet size and dispersion
hinder the growth of droplets due to the inhibition of
coalescence, focus, and maturation of Ostwald.

The optimized s 0.82% of thymus oil
microemulsions was pale yellow to amber
transparent microemulsion with a globule size of
14.23 + 0.3 nm, a zeta potential of -0.69 mV, and a
PDI value 0.00143 indicating a stable microemulsion
[34]. Therefore, chitosan nano-encapsulation could
be a method for retaining compounds, properties, and
effects of the EOS used in low concentrations.

Growth performance

The effect of thyme essential oil alone or
capsulated with nano-chitosan added to the diet on
the productive performance of quail is represented in
Table (2). the body weight at 7, 28, and 42 days of 5
treatments on dietary presented to quail There is no
significant difference in all treatments at different
ages except body weight at 28 days. (T3) treatment
has a significant difference which has a higher body
weight of 173 gm compared to the control group(T1)
and (T2) (Table 2).

The results indicated that the effects of thyme
essential oil and thyme essential oil capsulated with
nano-chitosan added in the diet were significant (P <
0.05) for feed intake, crude protein intake, and ME
intake, (T4) significantly increase feed intake, crude
protein intake, and ME intake compared to the
control group. Also, had a good effect on the
efficiency of crude protein intake and ME intake
compared to other treatments but no significant
effect. However, Thyme essential oil alone or
capsulated with nano-chitosan added to the diet had
no significant effect (P > 0.05) on body weight gain,
growth rate, and feed conversion ratio compared to

the control.

In this study, thyme essential oil coated with
nano-chitosan increased feed intake compared to
thyme essential oil alone, and this indicates that
nano-encapsulation  technology increases the
palatability of quails for herbal essential oils.
However, this result does not completely correspond
to an improvement in body weight gain and FCR of
the broilers fed with the chitosan nano-encapsulating
thyme essential oils (0.025%, 0.04%, and 0.055%
respectively to starter, grower, and finisher diets) in
the Nouri, [8] study. Also, Lee et al., [35] used 100
mg/kg of thymol and cinnamaldehyde in a broiler
diet but did not find any significant effect on feed
intake.

In addition, Hosseini and Meimandipour, [36]
found that adding thyme essential oil into the diet
significantly (P<0.05) improved FCR compared to
the control group, and increased body weight gain
compared to the control group but did not affect feed
intake. It should be noted that the results of growth
performance in broiler chickens from several studies
were different, possibly owing to a variety of
chitosan characteristics such as concentration, degree
of acetylation, and molecular weight [37], As well as
the difference in the types of birds.

Carcass characteristics were not significantly
different (Table 3). However, cecum length increased
in the dietary thyme essential oil capsulated with
nano-chitosan treatments (T4 and T5) compared to
the control group.

Meat chemical composition

The approximate chemical composition of quail
meat as shown in Table (4) revealed that the lowest
moisture content was 66.1% for treatment 4 and the
highest percentage was 67.3+0.9% for treatment 3.
As for ash, the highest percentage was (1.31+0.12%)
for control, and the lowest percentage was
(1.04+0.12%) for treatment 1. While the protein and
fat contents were values in the range of (22.48+0.88
to 23.35+0.88 %) and (8.72+0.84 to 11.43+0.84 %),
respectively.

Regarding quality parameters of quail’s meat
composition (thigh and breast together). As shown in
Table 4, there are no significant differences between
the treatments.

Meat quality traits

The findings of meat quality characteristics which
was indicate that all treatments exhibited
significantly lower values of TBARS, TVB-N, and
cooking loss% compared to the control group, with a
significance level of P < 0.01. Conversely, the WHC
% values were significantly higher (p < 0.01) in the
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treatments compared to the control group.
Specifically, both treatments involving birds fed with
thyme essential oil capsulated with nano-chitosan (T
4 and T5) exhibited significantly (p < 0.01)
favourable values as shown in Table (5).

The data of the current study showed that TBARS
values of treatments control(T1),2, and 3 were
significantly higher than those of Thyme oil Nano
capsulation (treatments 4 and 5) may be due to the
antioxidant properties in thyme that protect against
lipid oxidation, it is more effective which, it is in the
form of a nano-capsulation.

The lack of effects of treatments on different
carcass traits agrees with the results of [38, 8, 9] who
found no significant effect of thyme on carcass traits.
The abdominal fat weight was affected primarily by
the supplements, regardless of dose, being reduced
by 41% for chickens fed the thyme supplements and
62% for chickens fed the sumac supplements. This
reflects reduced low-density lipoproteins in the
blood.

Such a finding coincides with that obtained by
Khalifa, et al. [39] who found that the moisture and
protein contents ranged from (69.87 to 72.35%) and
(21.65 to 24.20%), respectively.

These antioxidant properties are due to the
presence of carvacrol and thymol, thyme can extend
the shelf life and improve the quality of meat
products [40]. Natural oil thyme contains phenolic
components that react with lipid and hydroxyl
radicals to form resistant chemicals [41]. In
comparison to free Thyme essential oil, Hassani, and
Hasani, [42] found that E- TEO had better
antioxidant activity.

The breakdown of bacterial and enzymatic
proteins, as well as non-protein nitrogen molecules in
meat, produces total volatile basic nitrogen (TVB-N).
TVB-N stands for trimethylamine (generated by
bacterial deterioration), dimethylamine (made by
autolytic enzymes during storage), and ammonia
measurement, food deterioration is linked to other
combinations of volatile nitrogen bases [43].

In the current study, there are significant
differences between control (T1) and other
treatments 2, 3, 4 and5. Table (4) revealed that the
highest amount of TVB-N (mg/100 g) of quail’s
meat (thigh and breast together) was 13.29
(mg/100g) for control(T1), while the lowest amount
was 4.86 (mg/100g) for treatment 4, the decreased
amount of TVB-N in other treatments (when
compared to the control group) can be related to the
reduction of bacterial populations in those
treatments, as well as the reduction of bacteria's
oxidative ability in the separation of amines from

non-volatile nitrogen compounds in of quail’s meat,
this may be due to the effect of Thyme essential oil
encapsulation as a strong antimicrobial effect [44] .

The water holding capacity (WHC) increased
significantly with the samples treated with thyme oil
nano-capsulation, as evident in the treatments 3 and 4
(69.95and  70.80%, respectively) followed by
treatment 1 (68.46%) and 2 (65.80%), treated with
thyme oil free while the control sample (63.13%)
was the least of WHC, and as it is clear from Table 4
that there are significant differences between the
different treatments. Similar results were obtained by
Mehdipour, et al. [45] who suggested that feeding
quails on thyme extract led to an increase in the
WHC, as it was 69.62%, compared to control
66.00%. There is a significant difference between the
control and treatment 1 and 4 in the cooking loss %
as shown in Table 4, where the highest cooking loss
was 23.55% for control, while the lowest was
20.17% for treatment 4.

This means that feeding quails, whether on free
or nano-capsulation thyme oil, had a clear effect in
reducing the rate of cooking loss. These findings are
in a close agreement with that presented by
Mehdipour, et al. [45] who observed that the meat
samples of quails that were fed thyme extract had a
cooking loss of 22.87 % less than the control which
was 23.87 %.

Blood biochemical analysis

As shown in Table 6, dietary treatments did not
significantly (P>0.05) affect blood glucose. T2 were
significantly (P<0.05) higher than control and other
groups. Whereas, (T3) was significantly higher than
control (T1) in Albumin/ globulin ratio, Adding
ETEO into the bird’s diet and globulin compared to
the control group.

Both total plasma protein and globulin levels as
compared to the control, while the values for TEO-
supplemented groups were intermediate. Albumin
was not affected by dietary treatments.

At Table (7), Shows that Birds fed diets
containing TEO (T4 and T5) had significantly TG
(P<0.05) compared to the control group and other
groups.

As in Table (8), showed that birds fed diets
containing TEO (T3) had significantly (P<0.05)
lower ALT, ALT/AST ratio, and uric acid compared
to the control group, and other groups.

While albumin concentration was not affected by
dietary treatments [46]. These data clearly showed
that the dietary impact of E-TEO and TEO alone on
total plasma protein and albumin was not significant
whereas effective delivery of TEO plus its
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combination with chitosan in the form of E- TEO
synergistically influenced and improved immunity in
birds [36].

Other findings indicated that TEO itself enhanced
plasma proteins [47]. The increase in total plasma
protein in birds fed diets containing EOs might have
been due to the protein synthesis stimulation effects
of plant-derived compounds in relative organs [48].
Moreover, the increase in globulin fraction and
immunity status illustrated the effective role of TEO
in developing and protecting cells and inhibiting non-
enzymatic oxidation [49]. An increase in the value of
plasma total protein, albumin, and globulin levels
means better animal immunity [50]. Gumus et al.
[51] found that the groups that received thyme
essential oil, were lower in low-density lipoprotein
(LDL) levels.

Aghazadeh et al. [52] have found reductions in
total cholesterol and LDL in chickens supplemented
with thyme extract. We also found reduced HDL in
treatments T2 and T3, in contrast to Aghazadeh et al.
[52] who did not find any effect of thyme extract on
HDL. The reduction in circulating triglycerides in T3
and T4 is almost certainly connected with reduced
abdominal fat deposits and was also found by
Aghazadeh ef al. [52]. Circulating plasma lipids are
responsible for nearly all of the fatty acids in adipose
tissue and de novo synthesis of fatty acids is limited.
The latter is enhanced by insulin and reduced by
thyroxine and glucagon. circulating LDL in broiler
chickens decreased (31%) on day 42 in the groups
fed a diet supplemented with TEO compared with the
control, thus showing that thyme can enhance lipid
catabolism and reduce fat deposition. This result may
be due to the presence of phenol and flavonoids in
TEO that may be able to increase LDL receptors on
the liver cell surface and mediate the uptake and
lowering of plasma LDL [53]. Although not
significant, birds fed E-TEO showed a 26%
reduction in LDL in plasma compared to the control
birds.

These results agreed with A study conducted by
Placha et al. [54] examined the effects of dietary
thyme oil on broiler chicken health. It was observed
that thyme oil supplementation significantly reduced
the activity of liver enzymes, such as alanine
aminotransferase (ALT) and aspartate
aminotransferase (AST), indicating improved liver

health and function. These results agreed with
several studies have reported the following findings:
Reduced Alanine Aminotransferase (ALT) and
Aspartate Aminotransferase (AST) Levels: ALT and
AST are enzymes involved in liver function.
Elevated levels of these enzymes are indicative of
liver damage. A study by Sariozkan et al. [55]
showed that TEO reduced ALT and AST levels in
broiler chickens, suggesting a protective effect on
liver health.

Blood serum oxidant and antioxidant indices:

As shown in Table (9), dietary treatments did not
significantly (P>0.05) affect malondialdehyde
(MDA), or total superoxide dismutase (SOD). While
TAC was significantly affected primarily by the
supplements, being increased for birds fed the thyme
essential oil at 70 mg/kg diet compared to birds fed
the thyme essential oil at 50 mg/kg diet and birds in
the control group.

The jejunum is the main site of lipid absorption in
chickens. The reduction in abdominal fat and
circulating triglycerides was likely due to the
inhibition of hepatic 3-hydroxy-3-methyle glutaryl
coenzyme A (HMG-CoA) reductase activity that
thyme produces. This is a key regulatory enzyme in
cholesterol synthesis. Thyme also has saponins,
which are complex with cholesterol and prevents its
absorption. In our study thyme also reduced blood
glucose.

Antioxidant Effect: Toxic compounds can induce
oxidative stress, leading to liver damage. TEO has
been shown to possess potent antioxidant properties.
Improved Liver Histopathology: Histopathological
evaluation provides insights into liver tissue damage.
Heydarian et al. [56] demonstrated that TEO
administration improved liver histopathological
parameters, indicating a potential protective effect
against liver injury.

Conclusion

Chitosan Nano-Encapsulation is one approach that
has the potential to improve the quality of quail meat
while still keeping the components, qualities, and
effects of the essential oils that are employed in low
amounts.
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Fig. 1a. TEM of Capsulated 5 % thyme oil with nano-chitosan

Fig .1b. TEM of Capsulated 3 % thyme oil with nano-chitosan
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Fig. 1c. Cell viability % of Capsulated S % thyme oil with nano-chitosan effect on Vero cells.
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TABLE 1. Composition and calculated analysis of the basal diet

Ingredients %
Yellow corn 55.54
Soybean meal (44%) 35
Corn gluten meal (60%) 6.50
Dicalcium phosphate 0.80
Limestone 1.35
NaCl 0.35
Vit&Min premix’ 0.30
DL. Methionine 0.05
L. Lysine hydrochloride 0.11
Total 100
Calculated analysis®

Crude Protein % 24.02
Crude fiber% 3.87
Metabolizable energy, Kcal/kg 2900
Calcium% 0.81
available Phosphorous % 0.30
Methionine+Cystine % 0.75
Methionine % 0.50
Lysine% 1.30

Teach 3kg of premix contains Vit. A, 10000.000 IU; Vit. D3, 2000.000 1U; Vit E, 35 g; Vit. K3, 2.5 g; Vit.
B1, 2g, Vit. B2, 5g, Vit. B6, 2g; Vit. B12, 10g; Pantothenic acid, 15g; Nicotinic acid, 50g; Folic acid, 5g;
Biotin, 200mg; Choline, 1000g; Copper, 5g; lodine, 0.3g; Iron, 100g; Manganese, 70g; Zinc, 55g;
Selenium,.2g.

*Calculated according to NRC [22].

TABLE 2. Effect of thyme essential oil alone or capsulated with nano-chitosan added in the diet on productive
performance of Japanese quail.

BW(g) BW(g) BW(g) BWG FI FCR
Traits 7day 28 day 42day 7-42 day 7-42day 7-42day

( g/bird) ( g/bird) ( g/bird) (g/bird) (g/bird) (g/gain)
T1 259 155¢ 217 191.3 608.0° 3.18
T2 25.6 163 b 220 196.8 627.5% 3.19
T3 25.7 168ab 229 199.4 657.0% 3.30
T4 25.8 173a 224 200.7 685.5" 3.42
T5 26.0 169ab 223 196.9 646.8% 3.30
MSE 0.6 2.7 2.9 5.5 123 0.08
P- NS * NS NS * NS

b Means within the same column with different superscripts are significantly differ (P < 0.05).NS: not significant
T1:Control, T2:control + thyme essential oil at 50 mg/kg diet, T3: control +thyme essential oil at 70 mg/kg diet, T4: control
+thyme essential oil capsulated with Nano-chitosan at 30 mg/kg diet, and T5: control +Nano-chitosan at 50 mg/kg diet. BW:
body weight, BWG: body weight gain, FI: feed intake, FCR: feed conversion ratio.
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TABLE 3. Effect of thyme essential oil alone or capsulated with nanochitosan added in the diet on carcass

characteristics.
Traits Carcass %  Giblet % Bursa % Spleen % Thymus Abd. fat Intestine Cecum
Treatment % % weight% length(cm)
T1 69.6 4.73 0.08 0.06 0.17 0.50 3.19 7.42°
T 68.7 4.88 0.07 0.06 0.27 0.76 3.28 8.96
T3 71.6 4.44 0.08 0.06 0.36 0.49 3.37 9.53%®
T4 66.8 4.44 0.09 0.05 0.25 0.55 3.47 10.20°
T5 68.6 4.43 0.12 0.05 0.37 0.85 3.45 10.35°
MSE 1.8 0.32 0.02 0.01 0.09 0.13 0.95 0.62
P-value NS NS NS NS NS NS NS &

a,b, Means within the same column with different superscripts are significantly differ (P < 0.05).NS: not significant
T1:Control, T2:control + thyme essential oil at 50 mg/kg diet, T3: control +thyme essential oil at 70 mg/kg diet, T4: control
+thyme essential oil capsulated with Nano-chitosan at 30 mg/kg diet, and T5: control +Nano-chitosan at 50 mg/kg diet.

TABLE 4. Effect of thyme essential oil alone or capsulated with nano-chitosan on Proximate meat chemical
Composition traits of quail.

TRAIT MOISTURE% ASH PROTEIN FAT
Treatment % % %
T1 66.72 1.31 23.35 9.21

T2 66.67 1.04 22.99 9.20

T3 66.87 1.11 23.59 9.20

T4 68.85 1.07 22.53 8.72

T5 66.13 1.12 22.48 10.43
MSE 0.9 0.12 0.88 0.84
P-VALUE NS NS NS NS

b Means within the same column with different superscripts are significantly differ (P < 0.05).NS: not significant.
T1:Control, T2:control + thyme essential oil at 50 mg/kg diet, T3: control +thyme essential oil at 70 mg/kg diet, T4: control
+thyme essential oil capsulated with Nano-chitosan at 30 mg/kg diet and T5: control +Nano-chitosan at 50 mg/kg diet.

TABLE 5. Effect of thyme essential oil alone or capsulated with nanochitosan on meat quality traits of quail.

Trait TBARS TVB-N WHC % Cooking loss %
Treatment (mg of MDA/kg) (mg/100 g)

T1 0.78° 13.29° 63.139 23.55°

T2 0.66° 6.51° 65.80° 22.63%®

T3 0.56° 5.92% 68.46° 21.99°

T4 0.469 5.35% 69.95° 21.40%

T5 0.39¢ 4.86° 70.807 20.17°
MSE 0.03 0.39 0.38 0.40

P-value sk3k sk kk kk

ab.ed | Means within the same column with different superscripts are significantly differ (P < 0.01).NS: not significant

T1:Control, T2:control + thyme essential oil at 50 mg/kg diet, T3: control +thyme essential oil at 70 mg/kg diet, T4: control
+thyme essential oil capsulated with Nano-chitosan at 30 mg/kg diet, and T5: control +Nano-chitosan at 50 mg/kg diet. (2-
TBARS): thio-barbituric acid reactive substances and total volatile basic nitrogen (TVB-N) and WHC: water holding
capacity.
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TABLE 6. Effect of thyme essential oil alone or capsulated with nanochitosan on serum constituents.

Traits Glucose T. protein Globulin Albumin Albumin/Globulin
treatment (mg/dl) (g/dl) (g/dl) (g/dl) ratio
Tl 291.3 3.130® 1.624° 1.506° 0.95%
T2 295.5 3.835° 2.030° 1.805° 0.71°
T3 270.3 2.830® 1.345° 1.485° 1.2
T4 257.0 2.285° 1.118° 1.168° 0.86%
T5 295.5 3.100 ® 1.377° 1.057° 1.15%®
MSE 283 0.254 0.366 0.225 0.073

b Means within the same column with different superscripts are significantly differ (P < 0.05).NS: not significant
T1:Control, T2:control + thyme essential oil at 50 mg/kg diet, T3: control +thyme essential oil at 70 mg/kg diet, T4: control
+thyme essential oil capsulated with Nano-chitosan at 30 mg/kg diet, and T5: control +Nano-chitosan at 50 mg/kg diet.

TABLE 7. Effect of thyme essential oil alone or capsulated with nanochitosan on lipid profile.

Traits Chol HDL LDL TG
treatment (mg/dl) (mg/dl) (mg/dl) (mg/dl)
T1 ] 177.400° 84.300° 70.660° 155.200%
™ 177.250° 83.300° 80.150° 181.500°
T3 ‘ 174.750° 82.800° 79.650° 131.000%
T4 188.250° 110.925° 102.325° 114.750°
T5 ‘ 150.000° 93.500° 56.500° 102.833°
MSE 0.909 0.215 0.626 0.029
* * *

P ‘ *

b Means within the same column with different superscripts are significantly differ (P < 0.05).NS: not significant
T1: Control, T2:control + thyme essential oil at 50 mg/kg diet, T3: control +thyme essential oil at 70 mg/kg diet, T4: control
+thyme essential oil capsulated with Nano-chitosan at 30 mg/kg diet and T5: control +Nano-chitosan at 50 mg/kg diet.
cholesterol(chol), high-density lipoproteins (HDL), Low-density lipoproteins (LDL), Very Low-density lipoproteins (VLDL),

and triglyceride(TG).

Abbreviations

Essential Oils (EO)

Thyme Essential Oil (TEO)

Thyme Oil Nano Chitosan-Encapsulated (ETEO).
Treatment (T)

Milligram / Kilogram (Mg/Kg)

Thiobarbituric Acid Reactive Substances (TBARS)
Total Volatile Basic Nitrogen (TVB-N)

Total Antioxidant Capacity (TAC)

Low Density Lipoprotein (LDL)

Body Weight Gain (BWG)

Body Weight (BW)

Feed Intake (FI)

Crude Protein (CP)

Metabolizable Energy (ME)

Natural Killer Cells (NK Cells)

Feed Conversion Ratio (FCR)

Total Protein (TP)

Kilocalories (Kcal)

Average Body Weight Gain (ABWG)

International Unit (IU)

Gram (G)

Polydispersity Index (PDI)

High-Resolution Transmission Electron Microscopy
(HRTEM)

SRB (Sulforhodamine B) Assay

Gas Chromatography—Mass Spectrometry (GC-MS)
Dulbecco's Modified Eagle Medium (DMEM)
Kelvin (Kev)

Milligram To Millilitre (Mg/MI)

Micrograms Per Milliliter (Ug/MI)

AOAC (Association Of Official Analytical Chemists)
Carbon Dioxide (CO,)

Degree Celsius (°C)

Malondialdehyde (MDA)

Water Holding Capacity (WHC)

Centimeters (Cm)

Aspartate Aminotransferase (AST)

Alanine Transaminase (ALT)

Superoxide Dismutase (SOD)

Least Squares Mean (LSM)

Standard Error (SE)

Millisiemens Per Centimetre (Ms/Cm)

Dynamic Light Scattering (DLS)

Kidney Of An African Green Monkey (Vero Cells )
Half Maximal Inhibitory Concentration (IC50)
Abdominal Fat % (Abd. Fat %)

Milligrams Per Decilitre (Mg/DI)

Grams Per Decilitre (G/DI)

Cholesterol(Chol)

High-Density Lipoproteins (HDL)
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Low-Density Lipoproteins (LDL)

Triglyceride(TG)

UA(Uric Acid)

CREAT (Creatinine)

Hepatic 3-Hydroxy-3-Methyle Glutaryl Coenzyme A
(HMG-Coa)

Megavolt (MV)

Total Antioxidant Capacity (TAC).

Ethical statement

The study's experimental protocol had be approved by
the Institutional Animal Care and Use Committee at
Agricultural Research Center, Egypt under license number
(ARC-AHRI: 2236). All methods had be carried out in
accordance with the world Organization for Animal Health
(OIE) and the Eighth Edition of the Guide for the Care and
Use of Laboratory Animal (2011).

Consent for publication
Not applicable

Availability of data and materials
Not applicable
Competing Interest
the authors have no competing interests to declare
Funding sources
Not applicable
Authors’ Contributions

Marwa Hosni Abd El- Maged and Hassan Abd El
Krim Hassan Abd El-Halim were designed the experiment.
Dalia Mohammed Ali Elmasry was synthesis and
characterization of nanomaterials and wrote the
nanomaterial section, Marwa Hosni Abd El- Maged and
Hassan and Dalia Mohammed Ali Elmasry and Samah
Ahmed Abdel-Tawab were conducted the experiment and
data collection Amal Ahmed Abdel-Halim analyzed data
and Marwa Hosni Abd El- Maged wrote the manuscript.
All authors read and approved the final manuscript.

Acknowledgements

The authors would like to acknowledge and thank Prof.
Dr. Mahmoud Arafa for his help in the scientific writing.

References

1. Ahmed, H., Resen, M. K., AL-Niaeem, A. S. K.
(2022). Effects of antibiotic residues on some health
parameters of Planiliza abu H. in Shatt Al-Arab,
Southern Iraq. Caspian Journal of Environmental
Sciences, 20(5), 1059-1068(2022). doi:
10.22124/cjes.2022.6080

2. Brenes, A. and Roura, E. Essential oils in poultry
nutrition: Main effects and modes of action. Animal
Feed Science and Technology, 158(1-2), 1-14 (2010).

3. Karimi, E., Abbasi, S. and Abbasi, N. Thymol
polymeric nanoparticle synthesis and its effects on
the toxicity of high glucose on OEC cells:
involvement of growth factors and integrin-linked
kinase. Drug Design, Development and Therapy,
25,2513-2532 (2019).

4.

10.

11.

12.

13.

14.

Kazempour, M., Shahangian, S. S., Sariri, R. and
Dracocephalum kotschyi. Inhibition of critical
enzyme relevant to type-2 diabetes, essential oil
composition, bactericidal and anti-oxidant activity.
Caspian Journal of Environmental Sciences, 2023,1-
15(2023). doi: 10.22124/cjes.2023.6256

Pirgozliev, V., Mansbridge, S. C., Rose, S. P,
Mackenzie, A. M., Beccaccia, A., Karadas, F. and
Bravo, D. Dietary essential oils improve feed
efficiency and hepatic antioxidant content of broiler
chickens. Animal, 13(3), 502-508(2019).

Zeng, 7., Zhang, S., Wang, H. and Piao, X. Essential
oil and aromatic plants as feed additives in non-
ruminant nutrition: a review. Journal of Animal
Science and Biotechnology, 6(1), 1-10(2015).

Pourhosein-Sarameh, S. Application of various
sources of vegetable lipids in sturgeon feeding.
Aquatic Animals Nutrition, 8(2), 39-52(2022). doi:
10.22124/janb.2023.23773.1184

El Fager, O., Rais, S., Elkoraichi, 1., El Amrani, A.,
Dakir, M., Zaid, Y. and El Mostafa, M.
Phytochemical characterization and
immunomodulatory effects of aqueous and ethanolic
extracts and essential oil of Moroccan Laurus nobilis
L. (Lauraceae) on human neutrophils. J. Herbmed.
Pharmacol., 12(1), 92-99  (2023). doi:
10.34172/jhp.2023.08.

Toghyani, M., Tohidi, M., Gheisari, A.B. and
Tabeidian, S.A. Performance, Immunity, Serum
Biochemical and Hematological Parameters in
Broiler Chicks Fed Dietary Thyme as Alternative for
an Antibiotic Growth Promoter. African Journal of
Biotechnology, 9, 6819-6825(2010).

Ahmadian, A., Seidavi, A. and Phillips, C.J.C.
Growth, Carcass Composition, Haematology and
Immunity of Broilers Supplemented with Sumac
Berries (Rhus coriaria L) and Thyme (Thymus
vulgaris). Animals (Basel). 10(3),513(2020). doi:
10.3390/ani10030513. PMID: 32204417; PMCID:
PMC7142820.

Stef, L., Dumitrescu, G., Drinceanu, D., Stef, D.,
Mot, D., Julean, C. and Corcionivoschi, N. The effect
of medicinal plants and plant extracted oils on broiler
duodenum  morphology and  immunological
profile. Romanian Biotechnological Letters, 14(4),
4606-4614(2009).

Martinez, D.A., Ponce-de-Leon, C.L. and Vilchez-
Perales, C. The effect of oregano essential oil on
Feed Passage Syndrome in broilers: 1. Assessment
under field conditions, Animal - Open Space, 2,
100046 (2023)
https://doi.org/10.1016/j.anopes.2023.100046.

Jari¢, S., Mitrovi¢, M. and Pavlovi¢, P. Review of
ethnobotanical, hytochemical, and pharmacological
study of Thymus serpyllum L. Evidence-based
complementary and alternative medicine. Edible
Plants in Health and Diseases, 2015, 101978(2015).
https://doi.org/ 10.1155/2015/ 101978

Shi, B. L., Li, D. F., Piao, X. S. and Yan, S. M.
Effects of chitosan on growth performance and

Egypt. J. Vet. Sci. Vol. 55, No. 6 (2024)


https://doi.org/%2010.1155/2015/%20101978

1580

MARWA H. ABD EL- MAGED et al.

15.

16.

17.

18.

19

20.

21.

22.

23.

24.

energy and protein  utilisation in  broiler
chickens. British  Poultry  Science, 46(4), 516-
519(2005) https://doi.org/10. 1080
/00071660500190785

Li, J., Xu, Y., Shi, B., Sun, D., Yan, S. and Guo. X.
Dietary chitosan affects metabolism of arachidonic
acid in weaned piglets. Czech J. Anim. Sci., 62(2),58-
66 (2017). doi: 10.17221/39/2016-CJAS.

Zaru, M., Manca, M. L., Fadda, A. M. and
Antimisiaris, S. G. Chitosan-coated liposomes for
delivery to lungs by nebulisation. Colloids and
surfaces B: Biointerfaces, 71(1), 88-95 (2009).
https://doi.org/10.1016/j.colsurfb.2009.01.010

Menconi, A., Pumford, N. R., Morgan, M. J., Bielke,
L. R, Kallapura, G., Latorre, J. D. and Tellez, G.
Effect of chitosan on Salmonella Typhimurium in
broiler  chickens. Foodborne  Pathogens  and
Disease, 11(2), 165-169(2014). https://doi.org/10.
1089/fpd.2013.1628

Swiatkiewicz, S., Swiatkiewicz, M., Arczewska-
Wlosek, A. and Jozefiak, D. Chitosan and its
oligosaccharide derivatives (chito-oligosaccharides)
as feed supplements in poultry and swine nutrition. J
Anim.  Physiol. Anim. Nutr., 99, 1-12(2015),
https://doi.org/10.1111/jpn.12222

. Lim, H. S., Paik, I. K., Sohn, T. I. and Kim, W. Y.

Effects of supplementary copper chelates in the form
of methionine, chitosan and yeast on the performance
of broilers. Asian-Australasian Journal of Animal
Sciences, 19(9), 1322-1327(2006).
https://doi.org/10.5713/ajas.2006.1322

Nallamuthu, 1., Devi, A. and Khanum, F.
Chlorogenic acid loaded chitosan nanoparticles with
sustained release property, retained antioxidant
activity and enhanced bioavailability. Asian Journal
of Pharmaceutical Sciences, 10(3),203-211(2015).
https://doi.org/10.1016/ j.ajps.2014.09.005

Hassan, F., Abd El-Maged, M., El-Halim, H. and
Ramadan, G. Effect of dietary chitosan, nano-
chitosan supplementation and different Japanese
quail lines on growth performance, plasma
constituents, carcass characteristics, antioxidant
status and intestinal microflora population. J. Anim.
Health Prod., 9(2),119-131(2021).
http://dx.doi.org/10.17582/journal.
jahp/2021/9.2.119.131

NRC. National Research Council. Nutrient
requirements of poultry: 1994. National Academies
Press.

Sugumar, S., Chandrakar, D., Kanimozhi, G.,
Mukherjee, A. and Chandrasekaran, N. Eucalyptus
Oil Emulsion Loaded Biodegradable Polymeric
Beads as a Bio-Larvicide Agent Against Culex
Tritaeniorhynchus. Advanced Science, Engineering
and Medicine, 7(2), 134-139(2015).
DOI: https://doi.org/10.1166/asem.2015.1660

Manriquez-Torres, J. J., Hernandez-Lepe, M. A.,
Chavez-Méndez, J. R., Gonzalez-Reyes, S., Serafin-
Higuera, 1. R., Rodriguez-Uribe, G. and Torres-
Valencia, J. M. Isolation and Cytotoxic Activity of

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

Phyllocladanes from the Roots of Acacia schaffneri
(Leguminosae). Molecules (Basel, Switzerland), 25
(17),3944(2020).
https://doi.org/10.3390/molecules25173944

AOAC. Official Methods of Analysis of the
Association of Official Analytical Chemists Official
Methods of Analysis of AOAC International. 21st
Edition (2019)

Tarladgis, B. G., Watts, B. M., Younathan, M. T. and
Dugan, L. A distillation method for the quantitative
determination of malonaldehyde in rancid
foods. Journal of the American QOil Chemists
Society, 37,44-48(1960).
https://doi.org/10.1007/BF02630824.

Grau, R. and Hamm, R. Uber das
Wasserbindungsvermogen des Sdugetiermuskels. II.
Mitteilung. Uber die Bestimmung der
Wasserbindung  des  Muskels. Zeitschrift  fiir
Lebensmittel-Untersuchung und Forschung, 105,
446-460(1957). https://doi.org/10.1007/BF01126901

Bertram, H. C., Andersen, H. J., Karlsson, A. H.,
Horn, P., Hedegaard, J., Norgaard, L. and Engelsen,
S. B. Prediction of technological quality (cooking
loss and Napole Yield) of pork based on fresh meat
characteristics. Meat Science, 65(2), 707-712(2003).
https://doi.org/10.1016/S0309-1740(02)00272-3

XLSTAT Statistical software for MS Excel.
Statistical and data analysis with MS Excel
Addinsoft 224 Centre Street, 3rd floor New York, Ny
10013 USA. (2014).

Duncan, D. B. Multiple range and multiple F
tests. Biometrics, 11(1), 1-42(1955). https://doi.org/
10.2307/3001478

Shahavi, M. H., Hosseini, M., Jahanshahi, M.,
Meyer, R. L. and Darzi, G. N. Clove oil
nanoemulsion as an effective antibacterial agent:
Taguchi optimization method. Desalination and
Water Treatment, 57(39), 18379-18390(2016).
https://doi.org/10.1080/19443994 .2015. 1092893

Moradi, S. and Barati, A. Essential Oils
Nanoemulsions: Preparation, Characterization and
Study of Antibacterial Activity against Escherichia
Coli. International Journal of Nanoscience and
Nanotechnology, 15(3), 199-210(2019).

Kumari, S., Kumaraswamy, R. V., Choudhary, R. C.,
Sharma, S. S., Pal, A., Raliya, R. and Saharan, V.
Thymol nanoemulsion exhibits potential antibacterial
activity against bacterial pustule disease and growth
promotory effect on soybean. Scientific
Reports, 8(1),6650(2018).
https://doi.org/10.1038/s41598-018-24871-5

Gandhi, J. V., Suthar, D. J,, Patel, H. K., Shelat, P. K.
and Parejiya, P. J. Design, fabrication and evaluation
of microemulsion based gel of essential oil of thymus
vulgaris for superficial fungal infections. International
Journal of Pharmaceutical Sciences and Drug
Research, 12(2), 190-200(2020). DOLI:
10.25004/1JPSDR.2020.120214

Egypt. J. Vet. Sci. Vol. 55, No. 6 (2024)


https://doi.org/10.%201080%20/00071660500190785
https://doi.org/10.%201080%20/00071660500190785
https://doi.org/10.1016/j.colsurfb.2009.01.010
https://doi.org/10.%201089/fpd.2013.1628
https://doi.org/10.%201089/fpd.2013.1628
https://doi.org/10.1111/jpn.12222
https://doi.org/10.5713/ajas.2006.1322
https://doi.org/10.1016/%20j.ajps.2014.09.005
http://dx.doi.org/10.17582/journal.%20jahp/2021/9.2.119.131
http://dx.doi.org/10.17582/journal.%20jahp/2021/9.2.119.131
https://doi.org/10.1166/asem.2015.1660
https://doi.org/10.3390/molecules25173944
https://doi.org/10.1007/BF02630824
https://doi.org/10.1007/BF01126901
https://doi.org/10.1016/S0309-1740(02)00272-3
https://doi.org/%2010.2307/3001478
https://doi.org/%2010.2307/3001478
https://doi.org/10.1080/
https://doi.org/10.1038/s41598-018-24871-5

INFLUENCE OF THYME OIL NANO-ENCAPSULATED CHITOSAN ON PRODUCTIVITY ...

1581

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Lee, K. W., Everts, H., Kappert, H. J., Frehner, M.,
Losa, R. and Beynen, A. C. Effects of dietary
essential oil components on growth performance,
digestive enzymes and lipid metabolism in female
broiler chickens. British Poultry Science, 44(3), 450-
457 (2003). https://doi.org/10.1080/0007166031
000085508

Hosseini, S. A. and Meimandipour, A. Feeding
broilers with thyme essential oil loaded in chitosan
nanoparticles: an efficient strategy for successful
delivery. British Poultry Science, 59(6), 669-678
(2018).
https://doi.org/10.1080/00071668.2018.1521511

Nuengjamnong, C. and Angkanaporn, K. Efficacy of
dietary  chitosan on  growth  performance,
haematological parameters and gut function in
broilers. ltalian Journal of Animal Science, 17(2),
428-435(2018). https://doi.org/10.1080/1828
051X.2017.1373609

Najafi, P. and Torki, M. Performance, blood
metabolites and immunocompetaence of broiler. J
Anim. Vet. Adv., 9(7), 1164-1168(2010).

Khalifa, A. H., Omar, M. B., Hussein, S. M. and
Abdel-Mbdy, H. E. Nutritional Value of Farmed and
Wild Quail Meats. Assiut Journal of Agricultural
Sciences, 47(6-1),58-71(2016). Website:
http://www.aun. edu.eg/faculty agriculture.

Simitzis, P. E., Deligeorgis, S. G., Bizelis, J. A.,
Dardamani, A., Theodosiou, I. and Fegeros, K. Effect
of dietary oregano oil supplementation on lamb meat
characteristics. Meat Science, 79(2), 217-223(2008).
https://doi.org/10.1016/j.meatsci.2007.09.005

Yanishlieva-Maslarova, N.V. Inhibiting oxidation.
In: Pokorny J, Yanishlieva N, Gordon M (Ed.)
Antioxidants in food: practical applications.
Woodhead Publishing Limited, Cambridge, pp 22—
70.(2001)

Hassani, M. and Hasani, S. Nano-encapsulation of
thyme essential oil in chitosan-Arabic gum system:
evaluation of its antioxidant and antimicrobial
properties. Trends in Phytochemical Research, 2(2),
75-82(2018).
https://tpr.shahrood.iau.ir/article 540376 6ac77cae3
5621ea618ef7257¢0592e9a.pdf

Valipour Kootenaie, F., Ariaii, P., Khademi
Shurmasti, D. and Nemati, M. Effect of chitosan
edible coating enriched with eucalyptus essential oil
and a- tocopherol on silver carp fillets quality during
refrigerated storage. Journal of Food Safety, 37(1),
€12295 (2017).https://doi.org/10.1111/j£5.12295

Elshamy, S., Khadizatul, K., Uemura, K., Nakajima,
M. and Neves, M. A. Chitosan-based film
incorporated with essential oil nanoemulsion
foreseeing enhanced antimicrobial effect. Journal of
Food Science and Technology, 58, 3314-3327(2021).
https://doi.org/10.1007/s13197-020-04888-3

Mehdipour, Z., Afsharmanesh, M. and Sami, M.
Effects of supplemental thyme extract (Thymus
vulgaris L.) on growth performance, intestinal
microbial populations, and meat quality in Japanese

46.

47.

48.

49.

50.

51.

52.

53.

54.

quails. Comparative Clinical Pathology, 23, 1503-
1508(2014). https://doi.org/10.1007/s00580-013-
1813-6

El-Ghousein, S. S. and Al-Beitawi, N. A. The effect
of feeding of crushed thyme (Thymus valgaris L) on
growth, blood constituents, gastrointestinal tract and
carcass characteristics of broiler chickens. The
Journal of Poultry Science, 46(2), 100-104(2009).
https://doi.org/10.2141/jpsa.46.100

Ghazalah, A. A. and Ali, A. M. Rosemary leaves as a
dietary supplement for growth in broiler
chickens. International ~ Journal of  Poultry

Science, 7(3), 234-239(2008).
https://citeseerx.ist.psu.edu/document?repid=rep1 &ty
pe=pdf&doi=65855d91f1ctSbf2eadb26{f041fcel28fc
d39bf

Moomivand, H., Seif, Y., Taleghani, M., Oshtolag,
A. M. and Darzan, M. The effect of drinking thyme
essence on proteins, enzymatic activity, serum
biochemical  parameters and  hematological
characteristics in broiler chicks. Int. J. Biosci., 6(3),
264-273 (2015).
https://citeseerx.ist.psu.edu/document?repid=rep1 &ty
pe=pdf&doi=2fe56e3ecd128d972595dfcO0b1df91fc74
0b9952

Houghton, P. J., Zarka, R., de las Heras, B. and
Hoult, J. R. S. Fixed oil of Nigella sativa and derived
thymoquinone inhibit eicosanoid generation in
leukocytes and membrane lipid peroxidation. Planta
Medica, 61(01), 33-36(1995). DOI: 10.1055/s-2006-
957994

Wiegertjes, G. F., Stet, R. M., Parmentier, H. K. and
van Muiswinkel, W. B. Immunogenetics of disease
resistance in fish: a comparative
approach. Developmental & Comparative
Immunology, 20(6), 365-381(1996).
https://doi.org/10.1016/S0145-305X(96)00032-8

Gumus, R., Ercan, N. A. Z. L. I. and Imik, H. I. I. I.
The effect of thyme essential oil (Thymus vulgaris)
added to quail diets on performance, some blood
parameters, and the antioxidative metabolism of the
serum and liver tissues. Brazilian Journal of Poultry
Science, 19,297-304. (2017). https://doi.org/
10.1590/ 1806-9061-2016-0403

Aghazadeh, A. M., Abdolkarimi, R. and Ashkavand,
Z. Effect of dietary thyme (Thymus vulgaris) and
mint (Menthe piperita) on some blood parameters of
broiler chickens. Journal of Agricultural Science and
Technology A, 1, 1288-1290(2011).

Baum, J. A., Teng, H., Erdman Jr, J. W., Weigel, R.
M., Klein, B. P., Persky, V. W. and Potter, S. M.
Long-term intake of soy protein improves blood lipid
profiles and increases mononuclear cell low-density-
lipoprotein ~ receptor  messenger RNA  in
hypercholesterolemic, postmenopausal women. The
American Journal of Clinical Nutrition, 68(3), 545-
551(1998). https://doi.org/10.1093/ajcn/68.3.545

Placha, 1., Ocelova, V., Chizzola, R., Battelli, G.,
Gai, F., Bacova, K. and Faix, S. Effect of thymol on
the broiler chicken antioxidative defence system after

Egypt. J. Vet. Sci. Vol. 55, No. 6 (2024)


https://doi.org/10.1080/0007166031%20000085508
https://doi.org/10.1080/0007166031%20000085508
https://doi.org/10.1080/00071668.2018.1521511
https://doi.org/10.1080/1828%20051X.2017.1373609
https://doi.org/10.1080/1828%20051X.2017.1373609
https://doi.org/10.1016/j.meatsci.2007.09.005
https://tpr.shahrood.iau.ir/article_540376_6ac77cae35621ea618ef7257c0592e9a.pdf
https://tpr.shahrood.iau.ir/article_540376_6ac77cae35621ea618ef7257c0592e9a.pdf
https://doi.org/10.1111/jfs.12295
https://doi.org/10.1007/s13197-020-04888-3
https://doi.org/10.1007/s00580-013-1813-6
https://doi.org/10.1007/s00580-013-1813-6
https://doi.org/10.2141/jpsa.46.100
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=65855d91f1cf5bf2eadb26ff041fce128fcd39bf
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=65855d91f1cf5bf2eadb26ff041fce128fcd39bf
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=65855d91f1cf5bf2eadb26ff041fce128fcd39bf
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=2fe56e3ecd128d972595dfc0b1df91fc740b9952
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=2fe56e3ecd128d972595dfc0b1df91fc740b9952
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=2fe56e3ecd128d972595dfc0b1df91fc740b9952
https://doi.org/10.1016/S0145-305X(96)00032-8
https://doi.org/%2010.1590/%201806-9061-2016-0403
https://doi.org/%2010.1590/%201806-9061-2016-0403
https://doi.org/10.1093/ajcn/68.3.545

1582

MARWA H. ABD EL- MAGED et al.

55.

56.

sustained dietary thyme oil application. Br. Poult.
Sci., 60 %), 589-596. (2019).doi:
10.1080/00071668.2019.1631445.

Sariozkan, S., Giglii, B. K., Konca, Y., Aktug, E.,
Kaliber, M., BEYZI, S. B. and Sentiirk, M. The
effects of thyme essential oil and vitamin
combinations on performance, carcass quality and
oxidation parameters in broilers exposed to heat
stress. Ankara  Universitesi ~ Veteriner — Fakiiltesi
Dergisi, 67(4), 357-364(2020). DOI:
10.33988/auvfd.626707

Heydarian, M., Ebrahimnezhad, Y.,
Meimandipour, A., Hosseini, S. A. and

Banabazi, M. H. Effects of dietary
inclusion of the encapsulated thyme and
oregano essential oils mixture and
probiotic on growth performance, immune
response and intestinal morphology of
broiler chickens. Poultry Science
Journal, 8(1), 17-25 (2020). ISSN: 2345-
6604 (Print), 2345-6566 DOI:
10.22069/psj.2020.17101.1497.

asalll Baga g saill £l g Aality) o yie 3l cu 3 Calial) 4y e Il () 5 i) A g il
ALl land) yildal

P adaliae daa) Jal ¢ 2 paall Ao daaa Ll adalise 4 Slae e Taaadlie ea B4
Yol ) de daa) zlew

5 N R AN RPN I R YN F s UIPSNRVE PR,

e — 5l - e )50 Gl S e A gall Asall G gag dgaa - A Jia sl ) ga Uy Cugayban g ?
rae 33l - 3 Al daals - de) ) DS Ll gl £ LYY s ?

e - sl) - o gl el - Ao )30 AIS - 400 Y L ) 535 s

(ETEO) ¢/ jsisd sy Caliall sie 31y 3o a salll 5353 5 A ) sausil] 5 i) ailiadll il (sae anll 13 505

0 8kl de gane AN 5 A0 Glie sanall 28 (o (B e G5 L) ARl (TT) 8 kasesl) Ao sane Sl
Aad ot saadll 035 &5 )5l (T3) Cile paS/pike 70 ol (T2) ile aiS/aile 50 de s (TEO) gokall yie 3
Ao genall pe & laly L 42 ee Jia (T5) aaS/pake 505 (T4) aaS/pake 30 4oy ETEO + aSaill dalall
Jliiy clas 28 & (FI) ilall Jsbiiy ((BW) el ¢35 ST (T4) Wlae Ll cudael Al glaad) gl oIS cddalsall

542 A7 e (ME)ie sengall 48l J 5l g «(CP) plad) i 5l

Aalall de geadl 5o (P <0.05) LS J8 TBARS Clhisins T55 T4 o sane 53 S aoalll 3aga s (g0
(TVB-N) (P _ddaiall ) Cpm g il (o 3paS 8 agd (Laalls 32y (lasdl il aad (S AN Cile gandl
& (TAC) 328Y) @labiad 30 ol 5,08 Guad ) 200380 @Sl @l ZaaS 8 4l S T4 o cos (B ¢<0.05)
el (g 5ll 8 U sale Ll T35 T2 (e S el Adaliall de sanall 5 (T2) = & lie (T3) o Lgiudss a3 Al ) suball
OsSs oF Oy 1zl e 0S5 Gy TP Slsiss 3305 ) TS5 T4 43aill al (LDL) (P <0.05) 486l (mésia
Cppandy Aumilie <l 3 5 Aaddiuall &y ylaall g3l ol il Gailad 5 LS pey Jalia U 48y yla (o5l ol sl Cadas

| Obend) yia aalBasa

‘)ﬁr_‘)ﬂ Qﬁ).‘ :\i’;h u\‘)}%\‘ﬂ\ AJ_’A&.\S ‘(‘;;.U\ IEEEN ‘:\:lA}l}éuaS“ SOlaall ‘}un Luw\ )SLL :“L\S\ clalsly

Egypt. J. Vet. Sci. Vol. 55, No. 6 (2024)



