Poultry Science Journal
ISSN: 2345-6604 (Print), 2345-6566 (Online) http://psj.gau.ac.ir
DOI: 10.22069/psj.2020.17101.1497

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
Heydarian M1, Ebrahimnezhad Y1, Meimandipour A2, Hosseini SA3 & Banabazi MH3
1Department

of Animal Science, Shabestar Branch, Islamic Azad University, Shabestar, Iran
of Animal Biotechnology, National Institute of Genetic Engineering and Biotechnology, Tehran, Iran
3Animal Science Research Institute, Agriculture Research Education and Extension Organization, Karaj, Iran
2Department

Poultry Science Journal 2020, 8(1): 17-25

Keywords
Performance
Broiler chickens
Intestinal morphology
Essential oil encapsulation
Cellular and humoral Immunity
Corresponding author
Yahya Ebrahimnezhad
Ebrahimnezhad@gmail.com
Article history
Received: September 5, 2019
Revised: March 24, 2020
Accepted: April 9, 2020

Abstract
This study was conducted to investigate the effects of dietary inclusion of the
encapsulated thyme essential oil (TEO), oregano essential oil (OEO) mixture
and probiotic on growth performance, immune response and intestinal
morphology of broiler chickens. A total of 490 one-day-old Ross 308 broiler
chicks were randomly divided into seven treatments consisting of five
replicates (n=14). Birds were fed with 1) basal diet (control), and a basal diet
containing; 2) 10 mg Avilamicine antibiotic, 3) 200 mg/kg encapsulated
TEO+OEO mixture, 4) 200 mg/kg non-capsulated TEO+OEO mixture, 5)
Pronigeb® (probiotic), 6) Pronigeb® with 200 mg/kg non-capsulated
TEO+OEO mixture and 7) Pronigeb® with 200 mg/kg encapsulated
TEO+OEO mixture. Results revealed that birds fed diet containing antibiotic,
encapsulated TEO+OEO mixture with and without probiotic had significantly
higher body weight gain (BWG) compared with control and non-capsulated
TEO+OEO mixture groups on day 42 (P < 0.05). Dietary inclusion of
TEO+OEO in capsulated form and also in along to probiotic increased humoral
immunity in broiler chickens compared with other groups (P < 0.05). Birds fed
the diet supplemented with different types of additives showed significantly
higher dinitrochlorobenzene (DNCB) compared with the control group at 32
days of age (P < 0.05). Dietary inclusion of the encapsulated EOs with and
without probiotic both significantly increased villus length and villus width in
comparison to other groups (P < 0.05). The highest and lowest ratios were
observed for the control group and probiotic+encapsulated TEO+OEO group
respectively. These results indicate that feeding birds with diet containing
encapsulated EOs alone or together with probiotic could improve BWG,
immune responses and intestinal morphology in broiler chickens.

Introduction
The use of antibiotics has banned as a growth
promoter in the animal breeding industry, because of
the potential health risks (Simitzis, 2017). The
industry is searching to find the appropriate
alternative for antibiotics. Some probiotics have been
commercially applied to supply the requirements (Bai
et al., 2016). Probiotics have been used to develop
and stabilize the intestinal flora (Gaggìa et al., 2010;
Jahromi et al., 2016). Probiotics have been reported
to have beneficial effects on growth performance and

immune response in broiler chickens (Gaggìa et al.,
2010; Seidavi et al., 2017). Probiotics not only
improve the antioxidant levels in the body, but also
improve the healthiness in broilers (Tabidi et al.,
2013).
It has been suggested the plant derivates, such as
plant essential oils and extracts, as alternatives for
antibiotics to improve the productive performance in
poultry (Simitzi and Deligeorgis, 2011). Essential oils
(EOs) consist of low molecular weight aliphatic
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hydrocarbons such as phenols, aromatic aldehydes
(Dorman and Deans, 2000). EOs is volatile secondary
metabolite which has been broadly applied in the
cosmetic and food industry. EOs has been also known
to have antioxidant properties that could optimize the
antioxidant levels in the feed (Simitzis, 2017).
Thyme (Thyme Vulgaris L.) is a medicinal herb
that has medical applications and grows in all the
Mediterranean regions. Thymolis was known as a
dominant compound in thyme essential oil (TEO)
(Sengül et al., 2008). The beneficial effects of TEO
on growth performance and immune response of
laying hens have recently reported (Attia et al.,
2017). Oregano (Origanum vulgare) is extensively
found in the entire Mediterranean region. Oregano
essential oil (OEO) has been known to have main
phenols such as carvacrol (Mathlouthi et al., 2012).
Oral supplementation of OEO improved growth
performance as well as humoral and innate immune
responses in broiler chicks (Galal et al., 2016).
Despite the beneficial effects of EOs, their uses
have faced with major limitations, because of
sensitivity to environmental variables, high volatility,
easy degradation. It has been suggested to load the
EOs into capsules for overwhelming on such
problems (Bilia et al., 2014). The present study was
developed under the hypothesis that loading the
mixture of TEO and OEO into chitosan nanoparticles
may efficiently improve the growth performance and
immune responses of broilers. Thus, the present study
was conducted to evaluate the effects of adding
microcapsules containing the mixture of TEO and
OEO and probiotic into broiler diet on growth
performance and immune responses of broilers.
Materials and Methods
All the used procedures were in agreement with the
Ethical Standard Committee, Islamic Azad
University, Shabestar Branch (No. IAUS 2071).
Birds and housing
A total of 490 one-day-old Ross 308 broiler chicks
(mix) were purchased from a commercial hatchery,
then weighed and randomly divided into 35 cages
(1.2×1.2 m2). Broiler chicks had an initial weight of
43±2 g. Broiler chicks were randomly allocated into
seven treatments consisting of five replicates with 14
boiler chicks. Birds received one of seven
experimental diets from 1 to 42 days of age, including
1) basal diet (control); 2) basal diet containing 10
mg/kg Avilamicine (antibiotic); 3) basal diet
containing 200 mg/kg encapsulated TEO+OEO; 4)
basal diet containing 200 mg/kg non-capsulated
TEO+OEO; 5) basal diet containing 500 mg/kg
Pronigeb® (probiotic); 6) basal diet containing 500
mg/kg Pronigeb® and 200 mg/kg encapsulated
TEO+OEO and 7) basal diet containing 500 mg/kg
Pronigeb® and
200 mg/kg non-capsulated
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TEO+OEO). Birds had ad libitum access to water and
feed in entire the experiment. The temperature for the
rearing room was kept at 32±1◦C during the first
week of the study and then reduced to 23.9◦ C by the
end of the third week and was kept until the end of
the trial.
Preparation of probiotics and encapsulated EOs
TEO and OEO were purchased from Barij Essence
Company (Kashan-Iran). Based on the datasheet
prepared from the manufacturer, Thymol (49.70%),
γ-Terpinene
(19.55%),
ρ-Cymene
(11.82%),
Carvacrol
(4.12%),
α-Terpinene
(4.11%),
Myrcene(3.64%), α-Pinene (3.16%), Limonene
(1.73%) and Linalool (2.92%) were the main
compounds in TEO. Based on obtained information,
carvacrol (63.11%), ρ-Cymene (10.72%), Linalool
(3.42%) and -terpineol (1.73) were the main
compounds in OEO. Pronigeb® probiotic was
obtained from the National Institute of Genetic
Engineering and Biotechnology and contaminated
Lactobacillus reuteri, Lactobacillus salivarius, and
Pediococcu ssp in the amount of 1×109 colony
forming units (CFU/g) each. Ionic gelation process
was performed for encapsulation of the essential oil
in chitosan nanoparticles as described by Stoica et al.
(2013). Chitosan was dissolved in 10 mg/mL of 1%
acetic acid. The solution was stirred overnight at
room temperature for the dispersion of chitosan
completely. Then, the resulting solution was filtered
through filter paper (Calbiochem-Novabiochem
Corp., San Diego, Calif., U.S.A.) and sterilize at
121ºC for 15 min. Sodium tripolyphosphate (TPP, 10
mL) was added to a 25 mL chitosan solution (pH=5)
and stirred at room temperature. The solution
containing 0.5% TEO and 0.5% Tween 20 was added
to the chitosan solution to prepare the chitosan-TPP
nanoparticles loaded with essential oil.
The basal diet was prepared as recommended by
Ross 308 catalog to satisfy the broilers’ requirements
(Aviagen, 2014). The feed samples were taken and
their chemical composition properties (AOAC, 2004)
were investigated based on AOAC (Table 1).
Growth performance
All birds were weighed at the beginning and the end
of 1, 10, 24 and 42 days of age. Feed intake (FI,
g/bird) was calculated as the difference between the
amount of feed offered and the feed residue at the end
of each period. The feed conversion ratio was
calculated by dividing FI to WG and corrected for
mortality. European production efficiency factors
(EPEF) was calculated with the following formula at
the end of the experiment (Marcu et al., 2013).
EPEF =

( )×

(%)×

(

(

/

)×
)
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Table 1. The ingredients and composition of basal diet
Ingredients
Starter (1-10d)
Grower (11-24d)
Finisher (25-42d)
Corn grain
51.86
58.23
62.24
Soybean meal (44% CP)
38.35
29.10
30.95
Soybean oil
3.53
4.26
3.22
Fish meal
2.11
5.00
0.00
DCP
0.90
1.23
0.93
Limestone
1.80
0.97
1.43
NaCl
0.25
0.25
0.30
Vitamin premixa
0.25
0.25
0.25
Mineral premixb
0.25
0.25
0.25
DL-Methionine
0.35
0.31
0.25
L-Lysine mono HCl
0.25
0.15
0.14
L-Threonine
0.10
0.00
0.04
Analyzed composition
Energy (ME), kcal/kg
3021.4
3152.7
3200.5
Crude Protein, %
23.12
21.30
19.35
Calcium, %
1.05
0.90
0.85
Av. Phosphorus, %
0.50
0.45
0.42
Lysine, %
1.44
1.24
1.09
Threonine, %
0.94
0.83
0.72
Met+Cys, %
1.07
0.95
0.86
a,b -Vitamin & mineral premix supplied (content per kg): vitamin A, 1,800,000 IU; vitamin D3, 400,000 IU; vitamin E,
3,600 IU; vitamin K3, 400 mg; thiamine, 360 mg; riboflavin, 1,320 mg; niacin, 6,000 mg; vitamin B6, 600 mg; vitamin B5,
2,000; vitamin B12, 3 mg; folic acid, 200 mg; biotin, 20 mg, choline, 80 g; zinc, 17 g; iron, 10 g; copper, 2 g; manganese,
20 g; selenium, 40 mg; iodine, 200 mg.

Visceral organs
For carcass evaluations, 10 birds per treatment were
selected based on the average weight of the
experimental unit. The carcasses were manually
eviscerated and breast, legs, back, gizzard, liver,
heart, spleen, abdominal fat and intestinal separated
by hand and weighed individually. The carcass yields
were calculated as a percentage of the live weight and
the other parts yield was expressed as the percentage
of carcass.
Humeral immunity
On day 28, 0.5 mL of 10% sheep red blood cells
(SRBC) suspension was administrated to two
chicks/per replicate through the right-wing vein. On
day 31, 3 mL blood samples were collected from leftwing vein puncture. The samples were incubated at
37°C and then centrifuged at 1,500×g for 10 min. The
sera were collected and stored at -20°C until assay for
assessment of the primary antibody response to
SRBC. Seven days after the first and second
challenge, birds were blood taken. Serum samples
were evaluated for total antibody response including
immunoglobulin (Ig) G and M by the 2mercaptoethanol (ME) procedure as explained
previously by Lepage et al. (1996). The measured
antibody titers against SRBC were expressed as the
log2 of the reciprocal of the highest serum dilution
giving complete agglutination. On days 35, the
differential counts of heterophils and lymphocytes
were measured using two birds per replicate cages as
explained by Gross and Siegel (1983).
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Cellular immunity
For evaluating skin hypersensitivity reaction, one
area,
by
10
cm2,
was
marked
for
Dinitrochlorobenzene (DNCB) application, at 32 days
of age. Before sensitization, skin thickness was
evaluated. The birds were sensitized with DNCB at a
dose of 0.25 mL per cm2 area. After two weeks, the
birds were challenged with 0.25 mL DNCB and their
skin thickness, three parts in this area, was measured
24 and 48 hours after the challenging dose. Also, 0.01
mL Phytohemagglutinin (PHA: 10 mg.mL-1 acetone
and olive oil in 4:1 ratio) was intradermal injected
between the third and fourth digits of the right foot
and the area thickness was measured 24 and 48 hours
after injection.
Intestinal morphology
On day 42, tissue jejunum samples of broiler
chickens (1 male and 1 female per replicate) were
separated and fixed in (10%) neutral buffer formalin.
The tissue samples were analyzed by the autoprocessing apparatus, thereafter the slide sections
were prepared by rotary microtome type (Manubeni,
Erma-Tokyo, Japan). The prepared slides (n=5) from
each jejunal segment each broiler chicks, and five
well-oriented villi were measured from each the
prepared slide. The average of villi measurements
was reported as a mean for each bird. Villus width
(VW) was assessed at the base of each villus; villus
length (VL) was evaluated from the top of the villus
to the villus-crypt junction, and crypt depth (CD) was
evaluated from the base of the villus to the submucosa. The VL to CD ratio was also calculated.
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Statistical analyses
The ANOVA procedure from SAS software used to
evaluate the studied parameters and data were
compared by Duncan multiple range test if were
significant. Differences were considered significant
for P < 0.05. The log2 transformations were done on
antibody titers before statistical analysis.
Results
Growth performance
The effects of dietary treatments on the growth
performance of the bird are shown in Table 2. The
results showed that dietary inclusion of EOs,
antibiotic and probiotic had no significant effects on

FI and FCR of broiler chicks (Table 2). In the grower
phase from day 11 to 24, birds fed with encapsulated
TEO+OEO and antibiotic had significantly higher
BWG compared with those received control group (P
< 0.05). Dietary inclusion of additives had no
significant difference in BWG compared to the
control group during the overall rearing period (1-42).
Birds receiving the encapsulated PEO+OEO had
significantly higher BWG compared to PEO+OEO
group (P < 0.05). Encapsulated PEO+OEO with or
without probiotic increased EPEF in comparison to
the control group (P < 0.05). SR was significantly
higher in birds fed with Eos and probiotic than those
received antibiotics (P < 0.05).

Table 2. Effects of OEO and probiotic on growth performance in broilers at 42 days of age
Treatment

Control

Antibiotic

Encapsulat
ed TEO+
OEO

TEO+
OEO

Probiotic

Probiotic+
TEO+OEO

Probiotic+
Encapsulated
TEO+OEO

SEM

Pvalue

Body weight (g)
1
44.84
44.62
44.68
45.12
44.76
45.04
44.92
0.11
0.150
10
201.98
207.45
204.93
200.30
202.48
198.10
198.81
1.04
0.240
24
780.16bc
819.47a
824.15a
761.19bc
788.40bc
752.87c
791.37ab
5.17
0.000
42
2247.04ab 2366.00a
2377.44a 2214.25b 2308.20ab
2277.30ab
2392.80a
18.22 0.046
Feed intake (g)
1-10
223.04
209.03
220.12
200.00
209.48
207.70
201.30
2.63
0.15
11-24
782.32
768.60
834.13
709.95
823.13
697.18
761.53
14.32 0.075
25-42
2693.89
2977.84
2692.17
2589.79
2558.43
2644.27
2773.88
43.72 0.068
1-42
3699.26
3955.47
3744.40
3499.75
3591.04
3549.16
3736.69
37.09 0.089
Body weight gain (g)
1-10
157.14
163.13
160.24
155.18
158.72
153.06
154.89
1.09
0.190
11-24
578.19bc
612.03a
619.21a
560.88bc
585.92bc
554.76c
590.55ab
4.94
0.001
25-42
1466.87
1546.53
1553.29
1453.06
1519.92
1524.43
1601.46
17.38 0.224
1-42
2202.20ab 2321.68a
2332.75a 2169.13b 2264.56ab
2232.26ab
2347.91a
18.24 0.046
Feed conversion ratio
1-10
1.41
1.27
1.37
1.29
1.32
1.35
1.30
0.015 0.110
11-24
1.34
1.25
1.34
1.26
1.40
1.26
1.28
0.020 0.430
25-42
1.84
1.90
1.74
1.81
1.68
1.74
1.73
0.020 0.116
1-42
1.67
1.69
1.61
1.62
1.58
1.59
1.59
0.014 0.201
SR (%)
95.20ab
92.80b
97.60a
95.20ab
97.60a
95.20ab
98.40a
0.47
0.017
EPEF
304.03c
309.33bc
343.08a
309.77bc
339.45ab
324.60abc
352.46a
4.16
0.003
SEM: Standard error of means. Superscripts (a-c) show significant differences per row (P < 0.05). EPEF= European
production efficiency factors, SR= Survival rate

Table 3. Effects of OEO and probiotic on carcass and cut yields weight (%) in broilers at 42 days of age
Groups

Carcass

Breast

Legs

Back

Liver

Gizzard

Heart

Spleen

Bursa

Control
72.98
24.47 18.46 21.62 1.97
2.54bc 0.465 0.088 0.050
Antibiotic
72.84
23.33 18.72 22.67 1.94
2.97a
0.502 0.097 0.063
Encapsulated
c
74.93
24.75 18.90 22.74 2.01
2.45
0.467 0.082 0.053
TEO+OEO
bc
TEO+OEO
74.29
24.93 19.37 22.42 1.96
2.61
0.486 0.086 0.054
0.491 0.093 0.060
Probiotic
73.89
25.05 18.16 22.06 1.98
2.28d
Probiotic+TEO+OEO
73.91
24.47 18.84 22.04 1.91
2.63b
0.503 0.090 0.082
Probiotic+Encapsulated
a
72.34
23.74 18.04 22.93 2.25
2.89
0.533 0.106 0.086
TEO+OEO
SEM
0.437
0.286 0.152 0.206 0.041
0.055
0.853 0.003 0.003
P-value
0.733
0.672 0.256 0.639 0.372
0.008
0.438 0.496 0.274
SEM: Standard error of means. Superscripts (a-c) show significant differences per column (P < 0.05).

Relative weight of visceral tissues
The influences of treatments contain OEO, probiotic
and antibiotic on carcass and cut yields relative

Fat

Intestine

1.13
1.41

5.32
5.30

1.68

4.63

1.34
1.41
1.38

4.54
4.55
4.71

1.48

5.42

0.055
0.269

0.108
0.058

weight of broilers at 42 days of age are shown in
Tables 3. The birds fed diets containing antibiotics,
and probiotic plus encapsulated TEO+OEO had
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significantly higher gizzard weight while the bird
received probiotic had the lowest gizzard weight
compared to other treatments. There was no
significant difference between treatments for other
segments.
Cellular immunity
The data for the effect of treatments contain OEO,

probiotic, and antibiotic on cellular immunity are
presented in Table 4. Our data showed that birds fed
with probiotic plus encapsulated TEO+OEO showed
higher DNCB and PHA after 24 h compared to the
control group (P < 0.05). After 48 h, DNCB was
significantly lower in the control group compared
with other treatments (P < 0.05). It was no significant
difference among groups for PHA after 48 h.

Table 4. Effects of OEO and probiotic on cellular immunity in broilers at 32 days of age
24 h post challenge
48 h post challenge
DNCB24
PHA24
DNCB48
PHA48
(mm)
(mm)
(mm)
(mm)
Control
1.82d
1.87d
0.26b
0.77
Antibiotic
2.11bc
2.20b
0.56a
0.71
Encapsulated TEO+ OEO
2.11bc
2.07bc
0.57a
0.70
TEO+OEO
1.92d
1.96cd
0.59a
0.63
Probiotic
2.05c
2.12b
0.54a
0.62
Probiotic+TEO+OEO
2.18b
2.20b
0.52a
0.66
Probiotic+Encapsulated TEO+OEO
2.44a
2.56a
0.60a
0.61
SEM
0.071
0.21
0.019
0.061
P-value
0.001
0.001
0.001
0.39
SEM: Standard error of means. Superscripts (a-d) show significant differences per column (P < 0.05). DNCB=
Dinitrochlorobenzene, PHA= Phytohemagglutinin
Groups

Humoral immunity
Our findings showed that dietary inclusion of
TEO+OEO in capsulated form plus probiotic
increased IgG1in broiler chicks compared with other
groups (Table 5, P < 0.05). The addition of

TEO+OEO and its encapsulated form with probiotic
resulted in an increase in IgM1, IgG2, and IgM2
compared with other treatments. Heterophil,
lymphocyte and their ratio were not influenced by
experimental treatments.

Table 5. Effects of OEO and probiotic on antibody response to SRBC (log2) and white blood cells differential
count
Groups

7 Day after 1st
SRBC injection
IgG1
IgM1
1.73c
2.50b
1.63c
2.49b
b
1.96
3.22a
1.67c
2.77b
1.73c
2.59b
2.03b
3.08a

7 Day after 2nd
SRBC injection
IgG2
IgM2
2.51b
2.26b
2.47b
2.35b
a
3.05
2.77a
2.58b
2.21b
2.48b
2.24b
3.18a
2.81a

Heterophil

Lymphocyte

Control
17.90
77.70
Antibiotic
18.00
80.10
Encapsulated TEO+OEO
17.10
79.60
TEO+OEO
16.40
78.00
Probiotic
16.60
76.40
Probiotic+TEO+OEO
16.00
78.00
Probiotic+Encapsulated
a
a
a
a
2.19
3.03
3.32
2.84
16.40
76.40
TEO+OEO
SEM
0.12
0.15
0.24
0.15
0.37
1.07
P-value
0.001
0.001
0.001
0.001
0.61
0.102
SEM: Standard error of means. Superscripts (a-d) show significant differences per column (P < 0.05).

Heterophil/
Lymphocyte
0.23
0.22
0.22
0.23
0.23
0.22
0.23
0.013
0.091

Table 6. Effects of OEO and probiotic on jejunum morphology (µm) in broiler chickens
Villus length
Villus width
Crypt depth
Villus length/ Crypt
(µm)
(µm)
(µm)
depth
Control
1489.00b
185.00b
145.30b
10.26a
Antibiotic
1467.00b
181.30b
145.80b
10.06a
Encapsulated TEO+OEO
1767.00a
204.60a
183.80a
9.65b
b
b
a
TEO+OEO
1457.00
182.80
145.20
10.03a
Probiotic
1458.00b
183.50b
144.60b
10.08a
Probiotic+TEO+OEO
1434.00b
183.00b
144.40b
9.93a
a
a
a
Probiotic+Encapsulated TEO+OEO
1775.00
205.80
188.70
9.41b
SEM
87.56
5.24
8.12
0.18
P-value
0.001
0.001
0.001
0.043
SEM: Standard error of means. Superscripts (a-b) show significant differences per column (P < 0.05).
Groups
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Intestinal morphology
Our findings showed that dietary inclusion of
encapsulated EOs with and without probiotic
significantly increased villus length, villus width and
crypt depth in comparison to other groups (P < 0.05)
(Table 6). The results also showed that the villus
length/Crypt depth ratio was significantly lower in
the
encapsulated
TEO+OEO
and
probiotic+encapsulated TEO+OEO groups compared
to other groups (P < 0.05). The highest and lowest
ratios were observed for the control group (10.26)
and probiotic+encapsulated TEO+OEO group (9.41)
respectively.
Discussion
Our findings showed that dietary inclusion of EOs
(encapsulated and non-capsulated) and probiotics did
not have significant effects on FI and FCR.
Pournazari et al. (2017) reported that dietary
inclusion of TEO and probiotic, singly form,
increased FI but only dietary inclusion of probiotic
decreased BWG in broiler chicks. It has been
reported that oral supplementation of OEO did not
improve FI and FCR in broiler chicks (Galal et al.,
2016). It seems that encapsulation of EOs cannot
improve the FI and FCR in broiler chicks.
Encapsulation of the EOs could increase BWG in
comparison with non-capsulated form on days 24 and
42; suggesting that encapsulation can efficiently
increase BWG. Encapsulation of EOs also caused to
increase in the BWG compared with the control
group. It was no observed significant differences
among TEO+OEO (non-capsulated) compared with
the control group. Ragga et al. (2016) showed that
dietary inclusion of TEO could increase BWG in
broiler chicks. Increased BWG can be attributed to
antioxidant properties and phenolic properties of EOs
which decreases the harmful effects of bacteria on the
intestinal system and help to more absorption amino
acids (Lee et al., 2004). EOs compounds not only
help more absorption amino acids but also promote
more
digestive
enzymes
secretion
which
subsequently increases nutrient absorption for more
growth (Lee et al., 2004). Also, intestinal
morphology was significantly improved in the
encapsulated group which can confirm improved
BWG by increasing nutrient absorption. The
intestinal villi are known to have essential roles in
promoting nutrient digestion and absorption because
villi greatly enhance small intestine surface area and
are known as initial tissues in the intestine which
cause contact with nutrients (Gartner and Hiatt,
2001). It seems that encapsulation could increase the
survivability of the EOs during processing and in the
digestive tract. Dietary inclusion of probiotics could
not improve the growth performance compared with
the control group. Pournazari et al. (2017) reported
that dietary inclusion of TEO and probiotic increased
BWG. It has been reported that probiotics improve
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broiler performance by increasing the immune
modulation capacity of broilers (Yang et al., 2012).
The conflicts between our findings and others can be
due to strains of probiotics, dosage, procedures of
preparation, bird age, diet compounds and hygiene
conditions (Zhang et al., 2012). The SR and EPEF
were also better in encapsulated groups which
implicates on better efficiency of encapsulation.
Table 3 shows the effect of EOs, probiotic and
antibiotic on broiler carcass traits. The results
achieved here agreed with other studies that reported
no significant effect of phytogenic additives and
probiotic on the relative weight of carcass and cut
yields of broilers (Toghyani et al., 2010; Falaki et al.,
2010). On the contrary, Jamroz and Kamel (2002)
found higher slaughter percentages of breast muscle
in broilers fed with essential oil.
Our findings showed that all the experimental
treatments had better cellular immunity in
comparison with the control group. Also,
encapsulated groups and TEO+OEO+probiotic (noncapsulated) had better humoral immunity in
comparison with other groups. Hashemipour et al.
(2013) reported that dietary inclusion of
thymol+carvacrol increased the cellular and humoral
immune responses in broilers. Flavonoids and other
phenolic components, present in essential oils,
increase the activity of vitamin C as an immune
stimulator (Manach et al., 1996). Amresh et al.
(2007) have also reported flavonoids and
polyphenolic compounds help the immune system by
their antioxidant activity. It seems that capsulation
help to maintain the active compounds in EOs and
improve the immune responses. A combination of
EOs and probiotic improved humoral immunity;
showing synergism interaction effects between EOs
and probiotic. Probiotics have been known to have
immune-modulatory activities in birds (Paturi et al.,
2007). Probiotics improve the immune system by
modulating in the intestinal system. Thus, a
combination of EOs and probiotics can improve the
immune system. Heterophil, lymphocyte and their
ratio were not influenced by experimental treatments
which were similar to those reported by Attia et al.
(2017).
Our findings showed that capsulation of the EOs
could improve intestinal morphology compared to
other groups. The VL and CD are known as a good
indicator of intestinal health and digestive tract
maintenance (Pluske et al., 1996). It has been
accepted the role of some nutrients as promoter the
morphological development of the small intestine
(Kadam et al., 2009; Yadav et al., 2010). Several in
vivo studies have reported the role of EOs as
promoters for growth in the intestine (Yadav et al.,
2010; Amad et al., 2011). The improved intestinal
morphology can be attributed to the alleviating
effects of EOs on toxins. Bacterial toxins are known
to have negative effects on intestinal morphology
Poultry Science Journal 2020, 8(1): 17-25
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(Samadian et al., 2013). It has been reported that EOs
reduces the production of toxic compounds and
damage to intestinal epithelial cells of broiler chicks
(Yakhkeshi et al., 2011; Samadian et al., 2013). With
regards to probiotics, it has been shown the positive
role of probiotics in increasing the villus length
(Awad et al., 2009; Tsirtsikos et al., 2012). The
addition of encapsulated EOs and probiotic improved
intestinal morphology; however, it was not observed
significant differences with capsulated groups
without probiotic; showing inefficiency the probiotic.
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improved growth performance, immune response and
intestinal morphology in comparison with noncapsulated status. It can be advised to use the
encapsulation form of EOs for increasing the
production efficiency in broiler chickens.

Conclusion
In conclusion, the encapsulation of TEO and OEO
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