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1. Introduction ics in order to improve the productive performance in poul-
try (Simitzis & Deligeorgis, 2011). Essential oils consist of
The use of antibiotics has banned as growth promoter in low molecular weight aliphatic hydrocarbons such as phe-

animal breeding industry, because of the potential health nols, aromatic aldehydes (Dorman & Deans, 2000). EOs is
risks (Simitzis, 2017). The industry is searching to find the volatile secondary metabolite which has been broadly ap-

appropriate alternative for antibiotics. Some probiotics have plied in the cosmetic and food industry. EOs has been also
been commercially applied to supply the requirements (Bai known to have antioxidant properties which could optimize
et al., 2017). Probiotics have been used to develop and stabi- the antioxidant levels in the feed (Simitzis, 2017). Thyme
lize the intestinal flora (Gaggia et al., 2010; Jahromi et al., (Thyme vulgaris L.) is a medicinal herb which has medical
2016). Probiotics have been reported to have beneficial applications and grows in all the Mediterranean regions.
effects on growth performance (Gaggia et al., 2010) and Thyme oils known as a dominant compound in thyme essen-
immune system in broiler chickens (Seidavi et al., 2017). tial oil (Sengul et al., 2008). Beneficial effects of thyme oils
Probiotics not only improve the antioxidant levels in body, on growth performance and immune response of laying hens
but also improve the healthiness in broilers (Tabidi et al., have recently reported (Attia et al., 2017). Oregano (Origa-
2013). It has been suggested the plant derivates, such as num vulgare) is extensively found in the entire Mediterrane-
plant essential oils and extracts, as alternatives for antibiot- an region. Oregano essential oil has been known to have
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main phenols such as carvacrol (Mathlouthiet al., 2012).
Oral supplementation of oregano essential oil improved
growth performance as well as humoral and innate immune
responses in broiler chicks (Galal et al., 2016). It was hy-
pothesized that loading the mixture of thyme and oregano
may efficiently improve growth performance and immune
responses of broilers. Thus, the present study was conducted
to evaluate the effects of adding microcapsules containing
the mixture of thyme and oregano into broiler diet on
growth performance, intestinal morphology and immune
responses.

2. Materials and methods

Birds, Diets and managements

A total of 200 one-day-old Cobb 500 male broiler chicks
were weighed and randomly divided into 20 cages. Chicks
were randomly allocated into four treatments consisting of
five replicates of 10 chicks each. The treatments were as
control groups with no herbal, antibiotic and probiotic sup-
plementations. control groups + virginiamycine antibiotic,
control groups + protexin probiotic, control groups + 2 % of
each thyme and oregano powder supplementation and con-
trol groups + 4 % of each thyme and oregano powder sup-
plementation.

Table 1
The experimental diet used in starter, grower and finisher
period of chicks

Ingredient Starter ~ Grower Finisher
(0-10d) (11-24d) (25-42d)
Corn grain 51.86 58.23 62.24
Soybean meal 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 and Mineral 0.50 0.50 0.50
premix”
DL-Methionine 0.35 0.31 0.25
L-Lysine 0.25 0.15 0.14
L-Threonine 0.10 0.00 0.04
Analyzed composi-
tion
Energy (ME), MJ/kg  12.65 13.20 13.40
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

*and**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 Bs, 600 mg; vitamin Bs,
2,000; vitamin Bi2, 3 mg; folic acid, 200 mg; biotin, 20 mg, cho-
line, 80 g; zinc, 17 g; iron, 10 g; copper, 2 g; manganese, 20 g;
selenium, 40 mg; iodine, 200 mg.

In addition the birds had adlibitum access to water and
feed. The temperature for rearing room was kept at
34 + 5 °C during the first week of the study and then re-
duced to 22.0 °C by the end of the third week and was kept

until the end of the trial. In this trial thyme and oregano
extracts were used. The content of the extracts were as bel-
lows: Thymol (49.70 %), y-Terpinen (19.55 %), p-Cymene
(11.82 %), Carvacrol (4.12 %), a-Terpinene (4.11 %), Myr-
cene (3.64 %), a-Pinene (3.16 %), Limonene (1.73 %) and
Linalool (2.92 %) were the main compounds in thyme pow-
der. Based on obtained information, carvacrol (63.11%), p-
Cymene (10.72%), Linalool (3.42 %) and a-terpineol (1.73)
were main compounds in oregano powder. Protexin® probi-
otic contained the Lactobacillus ruteri, Lactobacillus salivar-
ius and Pediococcu ssp. The basal diet was prepared as rec-
ommended by Cobb 500 catalogue to satisfy the broilers’
requirements. The feed samples were taken and their chemi-
cal- nutritional properties were investigated based on AOAC
(2004) (Table 1).

Performance

The broilers were weighed at 1, 12, 24 and end of the 42
days of age, and body weight gain (BWG; g/bird) per repli-
cate was calculated. Feed intake (FI) was calculated for each
replicate (g/bird) as well as feed conversion ratio (FCR, g
feed/g gain) was calculated. Mortality was considered when
calculating the growth performance.

Immunity

On days 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 left wing venipuncture.
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 challenge (on
days 35), birds were blood taken. Serum samples were eval-
uated for total antibody response including immunoglobulin
(Ig) G and M by the 2-mercaptoethanol (ME) procedure as
explained previously by Lepage et al. (1996). The measured
antibody titers against SRBC were expressed as the log, of
the reciprocal of the highest serum dilution giving complete
agglutination. On days 35, the differential counts of hetero-
phils and lymphocytes were measured using two birds per
replicate cages as explained by Gross and Siegel (1983).

Cellular immunity

For evaluating skin hyper sensitivity reaction, one area,
by 10 cm?, was marked for Dinitrochlorobenzene applica-
tion, at 32 days of age. Before sensitization, skin thickness
was evaluated. The birds were sensitized with Dinitrochlo-
robenzene at a dose of 0.25 mL per cm? area. After two
weeks, the birds were challenged with 0.25 mL Dinitrochlo-
robenzene 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"! ace-
tone 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
were separated and fixed in (10 %) neutral buffer formalin.
The tissue samples were analyzed by auto-processing appa-
ratus, there after the slide sections were prepared by rotary
microtome type (Manubeni, Erma-Tokyo, Japan). The pre-
pared slides (n = 5) from each jejunal segment each broiler
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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 junc-
tion, and crypt depth (CD) was evaluated from the base of

the villus to the sub-mucosa.

Statistical analyses

After data collection, the ANOVA procedure of SAS

3. Results and discussion

Results

The results of treatments on growth performance in ex-
perimental broilers are shown in table 1. Results showed
that dietary inclusion of herbals and probiotic had no signif-
icant effects on FI and FCR of broiler chicks. Birds fed with
probiotic plus thyme+oregano 2 % had significantly higher
BWG compared with those received thyme+oregano and
control group on day 24 and 42.

(2001) software were used to evaluate the studied parame-
ters and data were compared by Duncan (1995) multiple
range test, if were significant.

Table 2
The effects of treatments on growth performance

Thyme+  Thyme+ Probiotic Probiotic

Treatments  control  Antibiotic Oregano  Oregano Probiotic Thyme+ Thyme+ SEM Véﬁ;le
2% 4% Oregano2% Oregano4%

Body weight (gr)

0 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

24 780.16% 819.47* 824.15%  761.19%  788.40%° 752.87¢ 791.37°% 517  0.000

42 2247.04®  2366.00° 2377.44* 2214.25° 2308.20°  2277.30% 2392.80° 18.22  0.046
Feed intake (gr)

0-10 223.04 209.03 220.12 200.00 209.48 207.70 201.30 2.63 0.15
11-24 782.32 768.60 834.13 709.95 823.13 697.18 761.53 1432 0.075
24-42 2693.89°  2977.84° 2692.17% 2589.79% 2558.43>  2644.27° 2773.88° 43.72  0.068
0-42 3699.26™  3955.47°  3744.40°® 3499.75® 3591.04®  3549.16° 3736.69b  37.09 0.089

Body weight gain (gr/period)

1-10 157.14 163.13 160.24 155.18 158.72 153.06 154.89 1.09  0.190
11-24 578.19 612.03 619.21 560.88 585.92 554.76 590.55 494  0.001
25-42 1466.87 1546.53 1553.29  1453.06  1519.92 1524.43 1601.46 17.38  0.224

1-42 2202.20°° 2321.68* 2332.75* 2169.13° 2264.56®  2232.26% 2347.91° 18.24  0.046

FCR

0-10 1.416 1.278 1.377 1.295 1.320 1.357 1.300 0.015 0.110
11-24 1.343 1.259 1.346 1.269 1.400 1.262 1.288 0.020  0.430
25-42 1.846 1.907 1.740 1.812 1.685 1.742 1.733 0.020 0.116

1-42 1.679 1.693 1.610 1.620 1.580 1.590 1.590 0.014  0.201

SEM: Standard error of means. Superscripts (a-c) show significant differences per column (P < 0.05). FI = Feed intake, BWG = Body weight
gain, FCR = Feed conversion ratio

Immunity

The result of treatments on some humeral immunity pa-
rameters of broiler chicks this study showed that dietary
inclusion of thymetoregano and probiotic increased hu-

meral immunity in broiler chicks compared to the control
(P <0.05). Additionally heterophil, lymphocyte and their
ratio were not influenced by experimental treatments
(P >0.05).

Table 3
The effects of treatments on some humeral immunity parameters of broiler chicks
Groups IgG, IgM, IgG, IgM,  Heterophil Lymphocyte H/L
Control 1.73¢ 2.50° 2.51°  2.26° 17.90 77.70 0.23
Antibiotic 1.63¢ 2.49° 2.47°  235° 18.00 80.10 0.22
Thyme +Oregano 2% 1.96° 3.22¢ 3.05* 2777 17.10 79.60 0.22
Thyme +Oregano 4% 1.67° 2.77° 2,58  221° 16.40 78.00 0.23
Probiotic 1.73¢ 2.59° 248> 224 16.60 76.40 0.23
Probiotic+ Thyme +Oregano 2% 2.03° 3.08* 318 2.81° 16.00 78.00 0.22
Probiotic Thyme +Oregano 4% 2.19% 3.032 3320 2842 16.40 76.40 0.23
SEM 0.12 0.15 0.24 0.15 0.37 1.07 0.013
P-value 0.001 0.001 0.001  0.001 0.61 0.102 0.091

SEM: Standard error of means. Superscripts (a-d) show significant differences per column (P < 0.05)
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Intestinal morphology

The effects of treatments on villus length (VL), villus
width (VW), and crypt depth (CD) (um) are shown in ta-
ble 5. Data from this study also showed that dietary inclu-
sion of oregano 4 % significantly increased VW, VL and
CD in comparison to other groups (P < 0.05).

Table 5
The effects of treatments on villus length (VL), villus width
(VW), and crypt depth (CD) (um)

Groups VL VW CD
Control 1489.00° 185.00° 145.30°
Antibiotic 1467.00° 181.30° 145.80°
Thyme +Oregano 2% 1767.00* 204.60° 183.80*
Thyme +Oregano 4% 1457.00° 182.80° 145.20°
Probiotic 1458.00° 183.50° 144.60°
Probiotict+ Thyme b b b
+Oregano 2% 1434.00° 183.00° 144.40
Probiotic Thyme a a a
+Oregano 4% 1775.00* 205.80* 188.70
SEM 87.56 5.24 8.12
P-value 0.001 0.001 0.001

SEM: Standard error of means. Superscripts (a-b) show significant
differences per column (P < 0.05).

Discussion

According to our data the averages means showed that
the dietary inclusion of oregano and probiotic had not signif-
icant effects on FI and FCR. Pournazari et al. (2017) have
reported that dietary inclusion of thyme 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 oregano did not improve FI and
FCR in broiler chicks (Galal et al., 2016). It seems that ore-
gano 4 % cannot improve the FI and FCR in broiler chicks.
Increase the oregano levels could increase BWG in compar-
ison with others form on day 24 and 42; suggested that in-
creaseof herbal levels may efficiently increase BWG. Also
unsing of oregano at 4 % levels also caused to increase the
BWG compared with control group. It was no observed
significant differences among thyme-+oregano 2 % com-
pared with control group. Ragga et al. (2016) showed that
dietary inclusion of thyme could increase BWG in broiler
chicks. Increased BWG can be attributed to antioxidant
properties and phenolic properties of oregano which de-
creases harmful effects of bacteria on intestinal system and
help to more absorption amino acids (Lee et al., 2004). Ore-
ganos compounds not only help more absorption amino
acids but also promote more digestive enzymes secretion
which subsequently increase nutrient absorption for more
growth (Lee et al., 2004). In addition, intestinal morphology
was significantly improved in the encapsulated group which
can confirm improved BWG by increasing nutrient absorp-
tion. The intestinal villi is 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 to contact with
nutrients (Gartner & Hiatt, 2001). Dietary inclusion of pro-
biotic could not improve the growth performance compared
with control group. Pournazari et al. (2017) reported that
dietary inclusion of thyme and probiotic increased BWG. It
has been reported that probiotics improve broiler perfor-
mance by increasing the immune modulation capacity of

broilers (Yang et al., 2012). The conflictions between our
findings and others can be due to strains of probiotics, dos-
age, procedures of preparation, bird age, diet compounds
and hygiene conditions (Zhang et al., 2012). The SR and
PEI were also better in higher levels of herbal using groups
which implicates on better efficiency of their compounds.

In this study thyme+ oregano and probiotic at 2 % levels
had better humoral immunity in comparison with other
groups. Hashemipour et al. (2013) have 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, increases
activity of vitamin C as immune stimulator (Manach et al.
1996). Amresh et al. (2007) have also reported flavonoids
and polyphenolic compounds help immune system by their
antioxidant activity. A combination of oregano and probiotic
improved humoral immunity; showing synergism interaction
effects between oregano and probiotic. Probiotics have been
known to have immune modulatory activities in birds (Pa-
turi et al., 2007). Probiotics improve the immune system by
modulating in intestinal system. Thus, a combination of
oregano and probiotic can improve immune system. Hetero-
phil, lymphocyte and their ratio were not influenced by
experimental treatments which was similar those reported by
Attia et al., (2017).

The usage of oregano powder at level 4 % could improve
intestinal morphology compared other groups. The VL and
CD are known as good indicator for intestinal health and
digestive tract maintenance (Pluske et al., 1996). It has been
accepted the role of some nutrients as promoter the morpho-
logical development of the small intestine (Kadam et al.,
2009; Yadav et al., 2010). Several in vivo studies have re-
ported the role of oregano as promoter for growth the intes-
tine (Yadav et al., 2010; Amad et al., 2013). The improved
intestinal morphology can be attributed to alleviating effects
of oregano on toxins. Bacterial toxins are known to have
negative effects on intestinal morphology (Samadian et al.,
2013). It has been reported that oregano reduces 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 positive
role of probiotics in increasing the villus length (Awad et
al., 2009; Tsirtsikos et al., 2012).

4. Conclusions

In the current study some of beneficial acts toward using
thyme and oregano powders on performance, some immune
parameters and intestinal morphology on broiler chicks were
demonstrated. We also could conclude that it will be possi-
ble that the higher concentration of these herbal may pro-
duce better result in term of weight of studied parameters in
broilers chicks. This improvement may be due to the biolog-
ical functions to improve growth, digestibility and other
activities that found in thyme and oregano compounds. Alt-
hough the beneficial effects on health and growth are be-
lieved to be mediated by effects on gastrointestinal macro-
biotic, the underlying mechanisms remain to be discovered.
Also further researches are needed on the other microbial
and other biochemical parameters and other studies are
needed to more detail explanation.
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