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Abstract This study was conducted in an attempt to evaluate
the impact of thyme powder supplementation on broiler diets
with respect to cytokine and mucin2 gene expressions. It was
also our aim to evaluate the growth performance, blood bio-
chemical and hematological profiles, and economic efficiency
of the diet. A total of 120 1-day old chicks (Cobb 500) were
divided into four groups on the basis of the diet. One group
received a basal diet (control) while the others received a basal
diet supplemented with 2, 5, or 8 g/kg of thyme powder. At
42 days of age, the chickens were weighed and euthanized,
and then blood and tissue samples were collected for the pur-
pose of analysis. Results obtained clearly indicated that thyme
supplementation of the diet, especially at 5 g/kg, resulted in a
significant increase in body weight and caused the increased
body weight gain and feed intake (P < 0.05) as well as aug-
mented WBC and lymphocyte count and IgG and NO levels
(P <0.001). The economic evaluation showed that birds fed
on 8§ g/kg thyme yielded the lowest net revenue and highest
feed cost to produce 1 kg of live weight compared to the other
treatments, while birds fed on 2 and 5 g/kg thyme did not
differ significantly from values obtained for the controls.
The lipid profile of the broilers was affected by thyme supple-
mentation at 2 and 5 g/kg as represented by a significant de-
crease in serum cholesterol levels as well as low density lipo-
protein levels, which is known to be associated with a corre-
sponding increase in high-density lipoprotein (P < 0.001).
Furthermore, supplementation of thyme downregulated the
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pro-inflammatory mediators and increased the expression of
mucin2 mRNA in the jejunum of chickens. It can be conclud-
ed that thyme supplementation in the diet of broilers at 5 g/kg
has the potential to favorably influence productive perfor-
mance via an improvement in the immune status of the broiler.

Keywords Cytokines - Gene expression - Growth - Costs -
Thyme - Broiler

Introduction

Phytogenic feed additives (PFAs) or their products, such as
cold pressed oil, essential oils, and their extracts, are indis-
pensable in the field of animal and poultry production because
of their positive impact with respect to improving live body
weight, body weight gain, feed conversion ratio, immune re-
sponse, antioxidant status, carcass traits, and quality along
with lowered morbidity and mortality rates (Ashour et al.
2014; Farag et al. 2014; Alagawany et al. 2015a, b; Dhama
et al. 2015). Supplementation of herbs in the form of PFA has
the potential to benefit broiler health and performance through
its antioxidant activity (Hoffman-Pennesi and Wu 2010), an-
timicrobial potency (Steiner 2009), and digestion enhance-
ment through stimulation of endogenous enzymes such as
proteases, amylases, and lipases (Al-Khdri 2013).

Thyme (Thymus vulgaris L.) is a popular herb grown pre-
dominantly in the Mediterranean regions. It is a plant that has
recently been receiving a great deal of interest largely due to
its medicinal properties. Thyme is used in poultry nutrition in
the form of herbal feed additive as it is known that its contents,
such as thymol and carvacrol, have a positive impact on broil-
er performance and feed utilization, which in turn results in
enhanced economic profits. This improvement in performance
can be attributed to activation of the digestive system structure
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and function which causes an enhanced absorption and me-
tabolism of the nutrient supplement and its ability to alter the
gut microbiota (Abd El-Hack et al. 2016). Apart from thymol
and carvacrol, essential oil of thyme has also been shown to
possess potent antioxidant (Grigore et al. 2010), antimicrobial
(Windisch et al. 2008), and anti-inflammatory activity
(Fachini-Queiroz et al. 2012).

Cytokines are tiny regulatory proteins that are created by
immune cells; these proteins are known to play an important
role in processes such as differentiation, maturation, and acti-
vation of the immune system. Cytokines can either exert a pro-
inflammatory or an anti-inflammatory effect or both, depend-
ing on the specific local microenvironment. They are also well
established as critical mediators that bridge the innate and
adaptive immune systems (Su et al. 2012). Experimental data
obtained in various animal models suggest that the beneficial
effects of the plant extracts can be mediated through their
effects on the cytokine production system (Rogler and
Andus 1998; Fournout et al. 2000).

The intestinal tract is lined with a mucus layer composed of
mucin glycoproteins secreted by goblet cells. The mucus layer
plays an essential role in protecting the gut against acidic
chyme, digestive enzymes, and pathogens. Also, it acts as
lubricant and facilitates nutrition, transport between the lumi-
nal contents and the epithelial cells (Montagne et al. 2004).
Mucin2 is the major intestinal mucin gene; it was initially
isolated from a human jejunum complementary DNA
(cDNA) library (Sadasivan et al. 2011).

Recently, the inclusion of PFA in livestock species for the
purpose of supplementing gut health and positively impacting
performance has received a great deal of attention and concern
(Ashour et al. 2014). However, reports that investigate or an-
alyze the molecular basis through which herbal plants exert
their effect on immune status and digestion efficiency in the
broiler system are few and far between (Bozkurt et al. 2014).
The current study was conducted in an attempt to fill this
lacuna by evaluating the effects of introducing thyme powder
in broiler diets as defined by changes in the cytokines and the
mucin2 gene expression profile. In addition, it is also
attempting to evaluate the performance, carcass traits, blood
hematological and biochemical parameters, and economic ef-
ficiency of thyme supplementation.

Materials and methods

This study was performed at the Poultry Research Farm,
Faculty of Veterinary Medicine, Zagazig University, Egypt.
All of the experimental procedures were carried out in accor-
dance with the regulations of the Local Experimental Animals
Care Committee and approved by the institutional ethics
committee.

Birds, diets, and management

A total of 120 1-day-old male Cobb 500 chicks (44.61 +1.26 g)
obtained from the United Poultry Company, Egypt, were used
in this study. A mash corn and soybean-based feed was provid-
ed to all groups. The basal corn-soya bean meal diets in both
starter and grower periods (Table 1) were formulated to meet
the broiler requirements as per NRC recommendations (1994).
Feed and water were supplied ad libitum during the entire ex-
perimental period. The chicks were raised in floor pens contain-
ing fresh wood shavings to a depth of 5 cm and exposed to 24 h
of constant light (12 h on day light plus an equivalent amount of
artificial lighting through 100-w bulbs). The environmental
temperature was about 32 °C during the first week, which
was gradually decreased so as to reach 25 °C by day 21 and
thereafter kept constant till the end of the experiment. All chicks
were vaccinated against Gumboro and Newcastle, as per the
vaccine manufacturer’s instructions.

Experimental design

The chicks were indiscriminately divided into four exper-
imental groups of 30 chicks each. Each group was com-
posed of three replicates of ten chicks each. The dietary
treatments included a (1) control group (fed basal diet
with no supplement), (2) basal diet with 2 g/kg of thyme
powder, (3) basal diet with 5 g/kg of thyme powder, and
(4) basal diet with 8 g/kg of thyme powder. The exper-
iment was conducted till the chicks were about 42 days
of age. Thyme powder was obtained as a commercial
product from the Free Trade Company, Egypt, and mixed
with premix during ration formulation.

Analysis of thyme powder components

The essential oils were extracted from thyme powder by
hydrodistillation in a Clevenger-type apparatus for 2 h as de-
scribed in the European Pharmacopoeia (1975). The obtained
oils were analyzed by gas chromatography/mass spectrometry
(GC-MS) using an agilent 6890/5973 GC-MS (Hewlett-
Packard, Palo Alto, CA, USA) according to Vasudeva and
Sharma (2012), while the phenolic compounds were extracted
according to Park et al. (2012) and identified by high perfor-
mance liquid chromatography using an agilent 1100 HPLC
(Hewlett-Packard, CA, USA) according to Ozkan and Ozcan
(2014).

Performance traits
All chicks were weighed individually on day 1 (initial body
weight) and on day 42 (final body weight). The feed intake

(FT) was measured over this period on day 42 per replicate.
The feed was withheld for 2 h before weighing the birds. The
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Table 1
basis)

Ingredients and chemical composition of the basal diet (as fed

Grower
(21 to 42 days)

Starter
(0 to 21 days)

Ingredients %

Yellow corn 54.57 61.08
Soybean meal, 44% 27.00 22.70
Corn gluten, 60% 5.00 5.00
Fish meal, 66% 5.00 3.00
Soybean oil 5.00 5.00
Calcium carbonate 1.40 1.55
Cal. dibasic phosphate 1.20 0.90
Sodium chloride 0.30 0.30
Premix* 0.30 0.30
Anticoccidial 0.02 0.02
Antimycotoxin 0.10 0.10
DL-methionine, 98% 0.11 0.01
L-lysine, 78% 0.00 0.04
Calculated chemical composition”
Metabolizable energy, Kcal/kg 3183 3253
Crude protein, % 22.72 20.10
Ether Extract, % 7.61 7.72
Crude fiber, % 3.20 3.03
Calcium, % 1.01 0.91
Available phosphorus, % 0.46 0.35
Lysine, % 1.17 1.00
Methionine, % 0.55 0.39
Cysteine 0.36 0.33
Methionine + cystine 091 0.73

 Supplied per kg of diet: vitamin A, 12,000 IU; vitamin D3, 2200 IU;
vitamin E, 26 [U; vitamin K3, 6.25 mg; vitamin B1, 3.75 mg; vitamin B2,
6.6 mg; vitamin B6, 1.5 g; pantothenic acid, 18.8 mg; vitamin B12,
0.31 mg; niacin, 30 mg; folic acid, 1.25 mg; biotin, 0.6 mg; Fe, 50 mg;
Mn, 60 mg; Cu, 6 mg; I, 1 mg; Co, 1 mg; Se, 0.20 mg; Zn, 50 mg; choline
chloride, 500 mg

® Calculated according to NRC (1994) tables

body weight gain (BWG) was calculated by subtracting the
final weight from the initial weight of chicks. Feed conversion
rate (FCR) was calculated for each replicate as feed intake
divided by body weight gain (Wanger et al. 1983).

Sample collection and carcass traits

At the end of the experimental period, six birds from each
group with an average body weight for the respective group
were selected for blood sampling and slaughter, before which
they were fasted for 12 h. Blood samples were harvested from
the brachial vein of birds, with one part being used in a gel
activator tube for separation of serum by centrifugation
(3000 rpm; 15 min; 4 °C), and other parts stored in a
vacutainer tube containing EDTA as an anticoagulant.

@ Springer

Chickens were weighed and euthanized prior to being manu-
ally feathered and eviscerated. Giblets (gizzard, liver, and
heart), lymphoid organs (thymus gland and spleen), eviscer-
ated carcass, and breast muscle were weighed and their per-
centages were calculated relative to live body weight. The
jejunum was rapidly excised and flushed with ice-cold phos-
phate-buffered saline (PBS). A 2-cm portion of the jejunum
was snap-frozen in liquid nitrogen for RNA isolation.

Economic efficiency of diet

The economic efficiency of the experimental diet was calcu-
lated from the input-output analysis as per the prevailing mar-
ket price of the experimental diets and broiler live body weight
at the time of the experiment. This was done as mentioned
below:

Total feed cost = total feed intake per bird x cost of 1 kg
diet.

Feed cost/kilogram weight gain = feed conversion x cost
of 1 kg diet (Tag-El-Din et al. 1999).

Net revenue/kilogram gain = revenue/kilogram gain
(price/kilogram meat) — feeding cost/kilogram gain
Economic efficiency = net revenue/feed cost per kilo-
gram gain.

Hematological evaluation

The whole blood sample was used to determine the total red
blood cells (RBCs), hematocrit (HCT), hemoglobin (Hb),
mean cell volume (MCV), mean cell hemoglobin (MCH),
mean corpuscular hemoglobin concentration (MCHC), total
leukocytes, lymphocytes, and heterophils as per the method
previously described by Feldman et al. (2000). A Hema
Screen 18 automated hematology analyzer (Hospitex
Diagnostics, Sesto Fiorentino, Italy) was used for the purpose.
Total leukocyte count was determined using an automated
analyzer while differential leukocyte counts were calculated
using the manual method described by Dacie and Lewis
(1991).

Serum and immunological parameter analysis

Serum total protein, albumin, triglycerides, total cholesterol,
high-density lipoprotein (HDL) cholesterol, low density lipo-
protein (LDL) cholesterol, and immunoglobulin G (IgG)
levels were analyzed using a commercially available diagnos-
tic kit (Spinreact Co., Santa Coloma, Spain). Globulin levels
were calculated by subtracting the albumin value from total
protein value and expressed in grams per deciliter. Serum
concentrations of nitric oxide (NO) were measured using a
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commercially procured ELISA kit as per the manufacturer’s
instructions.

Cytokines and mucin2 gene expression in jejunum
by qReal-Time PCR

Total RNA was extracted from the jejunum using the GeneJET
RNA Purification Kit (Fermantus, UK) as per the manufac-
turer’s protocol. The concentration and purity of total RNA
were estimated through a GeneQuant spectrophotometer
(Pharmacia Biotech, Freiburg, Germany). Total RNA was re-
verse transcribed into cDNA using a Quantitect® Reverse
Transcription kit (Qiagen, Germany) in accordance with the
manufacturer’s instructions. Real-time PCR was performed
using a Rotor-Gene Q instrument (Qiagen, Germany) and
QuantiTect® SYBR® Green PCR kit (Qiagen, Germany)
with glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
acting as the internal control gene. Chicken MUC2,
GAPDH, IL6, TNF-«, IFN-y, and NF-«B P50 were amplified
using gene-specific primer sequences (Table 2).

The qRT-PCR was performed in a reaction volume of
20 pl. The composition of the reaction mix was as follows:
10 ul of SYBR Green PCR master mix (Qiagen, Germany),
1 pl of forward primer (10 uM), 1 pl of reverse primer
(10 uM), 2 ul of cDNA, and 6 pl of ddH20O. The cycling
parameters were as follows: 15 min at 95 °C followed by
40 cycles of 15 s at 95 °C, 15 s at 60 °C, and 15 s at 72 °C.
Melt-curve analysis was performed (from 65 to 95 °C, using
0.5 °C temperature increments with 5 s hold in each step) in
triplicate. Relative fold change in expression of target genes
was calculated using the comparative 2~ method (Livak
and Schmittgen 2001). AACT is the difference between the
mean ACT of the treatment group and that of the control
group where ACT is the distinction between the mean CT of
the gene of interest and the mean CT of the internal control
gene for every sample.

Statistical analysis

Data resultant from the study was analyzed using the SAS
statistical system (SAS Institute 2003). Data were analyzed
using one-way analysis of variance (ANOVA), after verifying
normality using the Kolmogorov-Smirnov test. The model
used for data analysis was as follows: Yj; = 1 + A, + e;;, where
Y; =observed value for a particular character, u = overall
mean, A; = effect of the ith treatment, and e;; = random residual
error term. Tukey’s HSD multiple comparison test was used to
test the significance of the differences between the mean
values. Variability in the data was expressed as the pooled
SEM and the alpha level for determination of significance
was 0.05.

Results
Thyme powder components

The analysis of thyme powder showed that it is very complex
natural mixtures which contain many components of essential
oils at different concentrations. The major essential oils were
thymol (50.48%), y-terpinene (11.03%), P-cymene (9.77%),
and carvacrol (4.30%). The main phenolic acids in thyme
extract were salicylic acid (2450.03 ppm), ellagic acid
(1240.42 ppm), benzoic acid (440.08 ppm), chlorogenic acid
(330.50 ppm), caffeic acid (136.55 ppm), gallic acid
(41.22 ppm), vanillic acid (30.12 ppm), and cinnamic acid
(18.66 ppm), while the main flavonoid compounds were hes-
peridin (35,598.0 ppm), rosmarinic (8650.08 ppm), quercitrin
(4617.73 ppm), narerigin (1850.48 ppm), rutin (233.52 ppm),
quercetin (490.33 ppm), narenginin (210.03 ppm),
kaempferol (950.15 ppm), epicatechin (355.22 ppm), and
luteolin (89.96 ppm).

Table 2 Primer sequences used

for qRT-PCR analysis Target gene Sequences (5 — 3) Size Accession no.

MUC2 F: CTGTTGTGGATGGGCGGATTG 157 XM _421035.2
R: CCAAACTTGCTGTCCAGCTCC

GAPDH F: ACATCATCCCAGCGTCCA 189 NM_204305
R: CATCAGCAGCAGCCTTCAC

IL6 F:GAAATCCCTCCTCGCCAATC 107 NM_204628
R:CCCTCACGGTCTTCTCCATAAAC

TNF-« F:GAAGCAGCGTTTGGGAGTG 203 NM_204267
R:GTTGTGGGACAGGGTAGGG

IFN-y F:GCTGACGGTGGACCTATT 198 NM_205149
R:CACCTTCTTCACGCCATC

NF-kB P50 F:TGCGTCTTATGTTTACTGCCTTTC 145 D13719.1

R:CCGCTGTCCTGTCCATTCTTA

F forward primer, R reverse primer, MUC2 mucin2, GAPDH glyceraldehyde-3-phosphate dehydrogenase, /L
interleukin, 7NF tumor necrosis factor, /F'N interferon, NF-xB nuclear factor kappa B
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Effect of dietary thyme powder on performance traits

As shown in Table 3, broilers fed on a diet that had been
supplemented with 5 g/kg thyme recorded significantly
(P = 0.017) higher body weights at 42 days of age as com-
pared to those of the control group. Birds fed on 2 and 8§ g/kg
thyme did not differ significantly from values obtained for the
controls. At 42 days of age, the highest BWG was attained by
broilers that received thyme powder at 5 g/kg, while birds
receiving 2 and 8 g/kg thyme exhibited a non-significant in-
crease in BWG in comparison with the control birds. The FI of
birds fed on 5 g/kg thyme showed a significant increase
(P =0.034) as compared to the group that received the control
diet (Table 3). It is to be noted that in the case of FCR,
supplementing broiler diet with different concentrations of
thyme powder had no significant effect when compared with
the control group (P > 0.05).

Effect of dietary thyme powder on carcass traits
and relative weights of lymphoid organs

Data regarding characteristics of the carcass and immune or-
gan weights are presented in Table 4. No significant differ-
ences (P > 0.05) were observed between the different treat-
ment groups with respect to the percentages of carcass, breast,
and giblet organs (liver, gizzard, heart). In addition, the results
showed non-significant differences amongst dietary groups in
terms of the relative weight of the spleen. However, a signif-
icant difference (P = 0.001) was observed regarding the thy-
mus gland relative weight, as the birds fed on 5 g/kg thyme
had the highest thymus weight as compared to the other
groups.

Effect of dietary thyme powder on economic efficiency
of diet

Economic calculations revealed that birds fed on diets con-
taining 8 g/kg thyme recorded the highest feed cost to produce
1 kg of live weight as compared to other treatments

(P =0.037, Table 5). Accordingly, birds that received thyme
powder at 8 g/kg thyme showed a significant decrease in net
revenue and economic efficiency as compared with other
treatments, while statistically similar values were observed
in birds fed on diets supplemented with 2 and 5 g/kg thyme
compared with the group on the control diet.

Effect of dietary thyme powder on hematological
parameters

The effect of dietary thyme on blood-based parameters of
broilers is listed in Table 6. Blood constituents were not sig-
nificantly (P > 0.05) influenced by thyme supplementation
except for WBC and lymphocyte counts, which were signifi-
cantly higher (P < 0.001) in the thyme-supplemented dietary
groups, especially in case of the 5 g/kg, as compared with
control.

Effect of dietary thyme powder on serum
and immunological parameters

The influence of thyme on total protein, albumin and globulin
was observed to be less than significant at all levels of dietary
supplementation (P > 0.05). However, the results of the lipid
profile analysis showed a significant decrease in the total cho-
lesterol level for birds fed on 5 g/kg thyme (149.03, P=0.001)
when compared to other treatments. It was also observed that
thyme at levels of 2 and 5 g/kg resulted in a significant in-
crease in HDL-cholesterol concentrations (45.21, 44.67, re-
spectively, P = 0.002) and a significant decrease in LDL-
cholesterol concentrations (90.30, 80.17 respectively,
P < 0.001) as compared to the control group. Besides, no
significant differences were detected in triglyceride concentra-
tion. The IgG value showed a significant increase in birds fed
on thyme-supplemented diets in comparison to control
(P <0.001). NO level exhibited an elevation, which was sta-
tistically significant in the case of birds fed diets supplemented
with 5 g/kg thyme (0.185, P = 0.036) but less than significant
in other thyme dietary groups compared to control (Table 7).

Table 3 Effect of dietary thyme

powder on the performance traits Parameters Control Thyme, g/kg of control diet SEM P value
of broiler chickens
2 5 8
Body weights, g
Initial 44.60 44.65 44.72 44.45 0.126 0.892
Final 2704.9° 2787.8%° 2835.0° 2719.9% 17.47 0.017
Body weight gain, g 2660.3° 2743.1% 2790.2% 2675.4% 18.04 0.032
Feed intake, g 4217.4° 4272.2% 4363.4° 4305.4™ 19.94 0.034
Feed conversion ratio 1.58 1.55 1.56 1.61 0.010 0.156

Different superscript letters within the same row are significantly different (P < 0.05)

SEM standard error of the mean
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Table 4  Effect of dietary thyme powder on the carcass traits and
relative weights of lymphoid organs (% of body weight) of broiler
chickens

Parameters ~ Thyme, g/kg of control diet SEM P value
Control 2 5 8
Carcass, %  77.92 78.09 7755 78.10 0363  0.957
Breast, % 4834 4831 4749 4807 0281 0.726
Liver, % 1.96 197 215 191 0071 0548
Heart, % 0.46 047 046 046 0012 0991
Gizzard, %  1.85 153 1.64 177 0075 0474
Spleen, % 0.13 012 012 013 0004 0804
Thymus, %  0.34° 035" 040 034> 0007 0.001

Different superscript letters within the same row are significantly different
(P <0.05)

SEM standard error of the mean

Effect of dietary thyme powder on cytokine transcripts
and mucin2 genes expression

Relative changes in the messenger RNA (mRNA) transcript
levels for cytokines (IL6, TNF-«, IFN-y, NF-kB P50) as well
as mucin2 gene are presented in Fig. 1. The results clearly
demonstrated that the broilers whose diet was supplemented
with varying amounts of thyme exhibited a decreasing tenden-
cy towards the production of pro-inflammatory cytokines
when compared to the control group. There were no signifi-
cant differences observed in the relative expression levels of
IFN-y and NF-«kB P50 mRNAs within the different thyme
groups though TNF-« showed a distinct downregulation in
the case of broilers supplemented with 5 and 8 g/kg thyme.
In case of IL6 expression, a non-significant downregulation
was seen in broilers whose diet was supplemented with 2 and
5 g/kg thyme while a significant decrease was seen in broilers
supplemented with 8 g/kg. Regarding expression of the mu-
cin2 gene, in comparison to the control group, a significant
tendency towards upregulation was seen in the broilers

supplemented with 5 and 8 g/kg thyme, while a similar but
non-significant trend was observed in broilers supplemented
with just 2 g/kg thyme.

Discussion

There is a developing enthusiasm in the development of herb-
al feed additives as growth promoters in livestock production
because of the prohibition on utilization of certain antibiotics
and harmful residual impacts as well as cost viability. Based
on the results of our study, we propose that birds fed on diet
containing thyme at 5 g/kg demonstrate superior estimates for
BW and BWG. Such amelioration can be ascribed to the fa-
vorable effect of the active principles of thyme on digestion of
feed, the microbial balance of the gut, and stimulation of di-
gestive enzymes (Langhout 2000; Williams and Losa 2001).
In addition, thyme can also participate in enhancing growth
and diminishing the incidences of disease and mortality
through its antioxidant and antibacterial impacts in the intes-
tine (Nascimento et al. 2000). In parallel with our results, a
study conducted by Toghyani et al. (2010) also reported that
broilers receiving 5 g/kg thyme had a significantly higher BW
at day 42 of age, while a report published by Kamali Sangani
et al. (2014) claimed the opposite by demonstrating that no
significant effect was recorded.

Our study also showed that thyme supplementation at 5 g/
kg significantly increased the feed consumption. This positive
effect can be evaluated on the basis of different perspectives as
thyme, in the form of a natural feed additive, is known to
improve diet palatability by influencing the main components
of the thymus that stimulate appetite and the digestive process
(Windisch et al. 2008). These results are in the same line with
the results published by Boliikbasi et al. (2006), Al-Kassie
(2009), and Abid (2013); they showed that chicks fed with
thyme supplement had significantly higher (P < 0.05)
feed intake, and body weight gain compared with the control

Table S Effect of dietary thyme
powder on economic efficiency of
broilers (at 42 days of age)

Parameters Control Thyme, g/kg of control diet SEM P value
2 5 8

Total feed cost/bird, $ 2.15° 2.20° 2.31% 2.37% 0.027 0.000

Feed cost / kg gain, $ 0.81° 0.81° 0.83° 0.89 0.006 0.037

Net revenue / kg gain, $ 0.47% 0.47* 0.45% 0.39° 0.004 0.007

Economic efficiency (EEF) 0.58* 0.58% 0.54% 0.44° 0.014 0.001

Relative economic efficiency* 100.0* 100.0* 93.10* 75.86° 2.962 0.000

Cost kg ™" diet (including herbal cost) = 0.51$ for control, 0.52$ for 2 g/kg thyme, 0.53$ for 5 g/kg thyme, and
0.55$ for 8 g/kg thyme; price kg ' meat = 1.28$. Different superscript letters within the same row are significantly

different (P < 0.05)
SEM standard error of mean

*Assuming that the relative economic efficiency of control diet is equal to 100
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Table 6 Effect of dietary thyme

powder on hematological Parameters Thyme, g/kg of control diet SEM P value
parameters of broiler chickens
Control 2 5 8
RBCs, 10%/ul 253 242 2.54 2.44 0.025 0.213
Hb, g/dl 8.80 8.06 8.53 8.53 0.104 0.081
HCT, % 29.96 27.83 30.06 29.63 0.357 0.082
MCV, fl 11827 114.93 118.60 121.37 1.104 0.198
MCH, pg 3473 3333 33.70 34.96 0.341 0.097
MCHC, g/dl 29.36 29.00 28.40 28.80 0.162 0.208
WBCs, 10%/ul 19.00¢ 21.30° 23.40° 21.00° 0.397 0.000
Lymphocyte, 10*/ul 12.24° 14.42° 15.84° 13.87° 0.307 0.000
Heterophil, 10*/ul 4.63 5.00 5.52 5.17 0.144 0.234
H/L ratio 0.38 0.35 0.35 0.37 0.005 0.110

Different superscript letters within the same row are significantly different (P < 0.05)

SEM standard error of the mean

group. In contrast to our results, some studies have claimed
that the supplementing broiler diet with thyme powder has no
significant effect on feed intake during the entire period of
study (Toghyani et al. 2010; Mansoub and Myandoab 2011,
Ali 2014). The non-significant effect of different dietary
thyme levels on FCR of broilers was in line with findings
reported by Demir et al. (2008) and Kamali Sangani et al.
(2014). On the other hand, Foroughi et al. (2011) and Ali
(2014) found that supplementation of broiler diet with thyme
had a significant positive effect on FCR of broilers. The dif-
ferent responses of growth performance may be due to the
health status of birds, hygienic status of experimental place,
environmental conditions, and diet composition (Hong et al.
2012).

In the current study the obtained data clearly demonstrated
that carcass traits and relative weight of lymphoid organs were
not significantly different for the treatment groups except for the
relative weight of the thymus gland. These results are similar to

those reported by Rahimi et al. (2011), Pourmahmoud et al.
(2013), and El-Faham et al. (2015). However, studies published
by Abdulkarimi et al. (2011a) and Rafiee et al. (2013) have
claimed the contrary and reported significant increases in
carcass yield, breast yield, and relative weight of gizzard in
broilers fed on diets supplemented with thyme extract. Najafi
and Torki (2010) did not observe any statistically significant
effect of thyme supplementation on the relative weight of the
thymus gland in broiler chicks. The results above suggest that
lymphoid compartments differ in their responses to thyme resi-
due inclusion in chicken which may be due to the different roles
in the immune system. The bursas of Fabricius and thymus are
sites of B cell and T cell differentiation, respectively (Abdel-
Fattah et al. 2008).

Economical evaluation of the experimental diets showed a
significant decrease in the net revenue and economic efficien-
cy by dietary thyme supplementation at the level of 8 g/kg. In
addition, in spite of improvement in growth by supplementing

Table 7 Effect of dietary thyme

powder on serum and Parameters Thyme, g/kg of control diet SEM P value

immunological parameters of

broiler chickens Control 2 5 8
Total protein, g/dl 2.85 341 3.36 324 0.081 0.052
Albumin, g/dl 1.37 1.44 1.49 1.46 0.016 0.063
Globulin, g/dl 1.48 1.97 1.87 1.78 0.096 0.298
Cholesterol, mg/dl 171.40° 158.43% 149.03° 170.03* 2.498 0.001
Triglyceride, mg/dl 104.96 107.94 104.31 105.23 1.381 0.821
HDL cholesterol, mg/dl 37.81° 45217 44.67% 41.17%® 0.864 0.002
LDL cholesterol, mg/dl 112.60* 90.30° 80.17° 107.82% 3.048 0.000
IgG, mg/dl 7.20° 8.80° 9.30° 8.71% 0.181 0.000
Nitric oxide 0.148° 0.181%° 0.185* 0.171% 0.005 0.036

Different superscript letters within the same row are significantly different (P < 0.05)

SEM standard error of the mean
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Fig. 1 Effect of dietary thyme
powder on the relative expression
of IL6, IFN-y, TNF-«, NF-xB
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thyme at 5 g/kg diet, there is no significant impact on net
revenue and economic efficiency. This is due to the fact that
improvement in growth occurred along with significant
concurrent increase in the total feed cost. These results are in
disagreement with a report by Osman et al. (2010) who
claimed that the inclusion of thyme feed additives in broiler
diets demonstrated the least cost/kilogram gain and the highest
percentage of economic efficiency when compared with that
of an un-supplemented diet.

Blood parameters are a good benchmark for judging the
health of an animal and are broadly viewed as crucial indica-
tors of the nutritional and physiological status of birds and
animals (Abd El-Hack and Alagawany 2015). The results of
the hematological analysis showed that dietary thyme supple-
mentation in broiler diets at different levels did not induce any
statistically significant effect on RBCs, HCT, Hb, MCYV,
MCH, and MCHC levels. Similar to our results, Toghyani
et al. (2010) have also reported that thyme supplementation
failed to elicit any statistically significant impact on the hema-
tological parameters of broilers. In contrast, studies conducted
by Saleh et al. (2014) and Jameel et al. (2014) found signifi-
cant increases in RBCs, Hb, and PCV levels in birds fed on
diets that were supplemented with thyme powder. With re-
spect to the total and differential leukocyte count, our results
indicated that dietary thyme supplementation at 5 g/kg im-
proved the WBC and lymphocyte count while no such signif-
icant difference was observed for heterophil count and H/L
ratio. This is in agreement with Jameel (2008), Al-Kassie and
Jameel (2009), and Najafi and Torki (2010), who reported that
using thyme in broiler diets resulted in significantly elevated
total leukocyte and lymphocyte count as compared to the
control group. In direct opposition, Toghyani et al. (2011)
claimed that dietary thyme supplementation in broiler diets

did not induce any significant impacts on WBCs and
lymphocyte counts. Souri et al. (2014) concluded that the
addition of 1% thyme extract in drinking water of broilers
significantly increased heterophil percentage as well as the
H/L ratio while reducing the lymphocyte percentage. In for-
mer studies, it was accounted for that medicinal herbs and
their ingredient could activate such immune functions as lym-
phocyte proliferation, phagocytosis, and boost WBC counts
(Hashemipour et al. 2013; Alagawany et al. 2015b).

A strong correlation is known to exist between hematopoi-
etic and immune cells and the ability to guard against foreign
pathogens and stressors. As a result of this, there is a growing
need to induce hematological and immunological improve-
ment by using various immunostimulants. A large number
of plants are known to have immunomodulatory role and have
been used to present an alternative to ordinary chemotherapy
for a wide range of diseases particularly those related to im-
munodeficiency (Kumar et al. 2011; Farag et al. 2014). In the
poultry industry, it is critical to hoist the immune system in
order to decrease or prevent the infectious disease occurrence.
Utilizing immune promoters is a pivotal solution to improve
immune status and reduce the susceptibility to infectious dis-
ease in poultry farms. PFAs that are rich in flavonoids are
known to extend the biological activity of vitamin C, function
as an antioxidant, and have the potential to upgrade immune
function (Acamovic and Brooker 2005). Adding thyme to
broiler diets may improve the immune system by virtue of
elevating the IgG and NO levels.

The use of different levels of thyme did not appear to have
any significant effect on the total protein, albumin, and
globulin values. This is in line with findings published by
Toghyani et al. (2010, 2011) and in direct contradiction to
those reported by Hosseini et al. (2013), who claimed that
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thyme in broiler diets adversely influenced serum protein and
albumin concentrations. Our results regarding the lipid profile
showed that dietary thyme supplementation of broiler diets
decreased the total serum cholesterol and LDL and increased
HDL but did not affect the triglyceride (TG) concentration.
The reduction in cholesterol levels can be attributed to the
negative effect of thymol and carvacrol on 3-hydroxy-3-meth-
yl-glutaryl-CoA reductase (HMG-CoA reductase), an enzyme
that catalyzes the rate limiting enzyme of cholesterol synthesis
(Lee et al. 2003). Thyme contains saponins, which react with
cholesterol in digesta forming insoluble complexes further-
more hinder the intestinal absorption of endogenous and ex-
ogenous cholesterol (Oakenfull and Sidhu 1990). Some stud-
ies reported that dietary thyme supplementation decreases se-
rum cholesterol (Abdulkarimi et al. 2011b; Ali 2014) and
increases HDL cholesterol (Rahimi et al. 2011) in broiler
chickens. In contrast, Najafi and Torki (2010) reported that
plasma total cholesterol, TG, and HDL levels were not affect-
ed by dietary thyme oil inclusion in broiler diets. Boliikbasi
et al. (2006) stated that thyme oil supplementation led to an
increased plasma level of cholesterol, TG, and LDL choles-
terol in broilers fed 200 mg/kg thymol.

Our results revealed that supplementation of thyme down-
regulated the expression of pro-inflammatory mediators in the
jejunum of broilers. These results suggest that thyme has an
anti-inflammatory effect as well as lowers the production of
TNF-a, enterotoxins A and B, and alpha-hemolysin (Qiu et al.
2011). Moreover, thyme is able to modulate transcription fac-
tors such as NF-kB P50 that are known to play critical roles in
processes such as inflammation, immunity, cell proliferation,
differentiation, and survival in both in vitro and in vivo con-
ditions (Paur et al. 2010). In addition, carvacrol is known to
decrease TNF- and IL-1b levels in intoxicated rats through
the suppression of cycloxygensae-2 (COX-2) mRNA and pro-
tein thereby causing a repression of the inflammatory process
(Tsai et al. 2011). This finding is in agreement with other
studies that have stated that thyme extracts significantly
downregulate gene expression as well as production of pro-
inflammatory mediators like TNF-«, IL-1B, and IL-6 and
have a significant opposite effect on anti-inflammatory cyto-
kines such as IL-10 (Paur et al. 2010; Gulec et al. 2013;
Abdel-Aziem et al. 2014; Liang et al. 2014; Abu-Raghif
et al. 2015; Kara et al. 2015). Ocafia and Reglero (2012) an-
alyzed the inflammatory effects of thyme extracts from three
different species on cytokine production and gene expression.
They reported that thyme extracts significantly reduced pro-
duction and gene expression of the pro-inflammatory media-
tors TNF-«, IL-1B, and IL-6 and significantly increased the
production of IL-10. Changes were dose dependent and varied
as per the thyme content of each species.

Supplementation of thyme to basal diets upregulated the
expression of mucin2 in the jejunum of broilers. It may be
attributed to the bioactive substances present in these herbs that
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may affect the concentration of HapA, which is an extracellular
proteinase that promotes secretion and accumulation of mucus
in the digestive system. The bioactive substances may also
perturb the activity of transcription factors that regulate mucin2
gene expressions in chickens (Van der Sluis et al. 2008). This
finding was in line with the results of Kamali Sangani et al.
(2014), who reported that the expression of the mucin2 gene
was reduced in chickens that were fed the condensed diet;
however, the expression was observed to increase upon sup-
plementation with turmeric, thyme, and cinnamon.

In conclusion, our data suggest that thyme supplementation
in broiler diet at the level of 5 g/kg could elicit favorable
influences on growth performance and feed intake through
an enhancement of mucin2 expression. Results also show that
this effect can be achieved without any detrimental impact on
economic profit. Moreover, the results proved that thyme sup-
plementation can elevate the immune status of broilers
through modulation of cytokine gene expression. Further
studies should be conducted in order to accurately assess
and evaluate the efficiency of this dietary thyme level against
the impact of pathogens and other immunosuppressive
stressors.
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