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 This study was aimed at determining the effects of dietary supplementation with thyme 
essential oil (TEO) and rosemary essential oil (REO) on blood parameters, the anti-oxidant 
metabolism in the liver, breast and drumstick muscle tissues, the morphology of the small 
intestine, and the myofibril structure of the superficial pectoral and biceps femoris muscles. For 
this purpose, 400 three-day-old male Ross 308 chicks were used. Five groups, each comprising 
80 broilers, were established. The control group was fed on a basal diet alone and groups thyme-
1, thyme-2, rosemary-1 and rosemary-2 received basal diets supplemented with 0.15 g kg-1 of 
TEO, 0.30 g kg-1 of TEO, 0.10 g kg-1 of REO and 0.20 g kg-1 of REO, respectively. The serum total 
cholesterol and low-density lipoprotein levels were decreased significantly in group thyme-1. 
Dietary TEO and REO significantly increased glutathione levels in all tissues. Drumstick catalase 
activity was significantly increased in groups thyme-1, thyme-2 and rosemary-2. Superoxide 
dismutase activity was significantly increased in the breast muscle of all groups that received 
dietary TEO and REO. Histomorphometrical analyses demonstrated that dietary 
supplementation with TEO and REO increased both crypt depth and villus height in the small 
intestine. In result, the tested doses of dietary TEO and REO were ascertained to improve the 
intestinal morphology and to increase the anti-oxidant metabolism mainly in the breast muscle, 
the drumstick muscle and liver. 

© 2023 Urmia University. All rights reserved. 
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Introduction 
 

Since the prohibition of using of antibiotics as feed 
additives, multiple researches have been conducted on 
alternative non-residual and natural feed additives of plant 
origin that offer the potential of gaining recognition by 
consumers and being readily available at low cost. Some 
literature reports suggest that plant supplements prevent 
the establishment of pathogenic microorganisms in 
digestive tract, induce growth and function of intestinal villi, 
strengthen immunity, reduce stress and improve the 
antioxidant metabolism.1,2 In this context, nowadays, plant 
essential oils and extracts have gained increased popularity 
as feed additives.3 Two significant examples of these 
additives of plant origin are the aromatic plants thyme 
(Thymus vulgaris L.) and rosemary (Rosmarinus officinalis 
L.), both of which belong to the family Lamiaceae.4 

 Two major phenolic compounds found in thyme 
(Thymus vulgaris L.), namely, thymol and carvacrol, have 
various biological and protective effects related to their 
anti-oxidant, antibacterial, anti-inflammatory, immuno-
stimulatory and intestinal morphology-improving 
activities.4,5 Oxidative stressors, such as reactive oxygen 
species (ROS), cause major stress in all organisms. Animals 
have developed complicated intricate processes for 
protection against the toxic effects of ROS. Accordingly, 
endogenous enzymes such as superoxide dismutase 
(SOD), catalase (CAT) and glutathione peroxidase (GPx) 
are involved in the anti-oxidant defense system.3,6 In fact, 
previous studies have reported increased anti-oxidant 
enzyme activity in the serum of broiler chickens,7 and the 
serum and liver of quails, and decreased levels of some lipid 
peroxidation end-products like malondialdehyde (MDA)3 
in response to the use of essential oils. Furthermore, it 
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has been indicated that thyme essential oil significantly 
decreases blood parameters including triglyceride, total 
cholesterol and glucose levels.8 

The main polyphenols found in rosemary 
(Rosmarinus officinalis L.) essential oil are diterpenes, 
carnosic acid, carnosol and rosmarinic acid, and these 
compounds have anti-oxidant, antimicrobial and anti-
inflammatory activities.9,10 Previous studies have 
demonstrated that rosemary essential oil, owing to its 
phenolic content, strongly affects the anti-oxidant 
defense system, scavenges free radicals and provides 
protection against oxidative stress.9 

This study investigated the effects of different doses of 
thyme essential oil (TEO) and rosemary essential oil (REO), 
used as feed additives, on the blood profile, anti-oxidant 
metabolism in the liver, breast and drumstick muscle 
tissues, small intestinal morphology and myofiber 
structure of the superficial pectoral and biceps femoris 
muscles in broilers. 

 
Materials and Methods  
 

Animal material, experimental groups and feed. All 
experimental procedures were approved by the Local 
Ethics Board for Animal Experiments of Sivas Cumhuriyet 
University (Decision Number: 2020/342). Four hundred 3-
day-old male broiler chicks (Ross 308) were randomly 
divided into five groups of 80 animals per treatment. Each 
group had 4 replications with 20 animals each. The control 
group was fed on a basal diet alone, and groups thyme-1, 
thyme-2, rosemary-1 and rosemary-2 received basal diets 
supplemented with 0.15 g kg-1 of TEO, 0.30 g kg-1 of TEO, 
0.10 g kg-1 of REO and 0.20 g kg-1 of REO, respectively. The 
chicks were housed in floor cages measuring 150 × 150 × 
85 cm until 42 days of age in a temperature-controlled 
room with a 23 hr constant light schedule. The ambient 
temperature was gradually decreased from 33.00 ˚C in the 
first week to 22.00 ˚C on day 14 and was kept constant 
afterwards. All animals were fed the same starter diet (from 
day 3 to day 21: crude protein 22.00%, metabolic energy 
12.06 MJ kg-1) and finisher diet (from day 22 to day 42: 
Crude protein 19.82%, metabolic energy 13.23 MJ kg-1). 
The diets were formulated to meet the requirements of the 
NRC.11 The nutritional composition of the diets was 
determined according to the AOAC12. 

Herbal additives. Thyme essential oil (Talya Herbal 
Products, Antalya, Türkiye) was composed of thymol 82.05%, 
carvacrol 5.48%, para-cymene 4.78%, beta-bisabolene 
2.98%, trans-caryophyllene 2.54%, alpha-pinene 1.02%, 
alpha-terpinene 0.85%, beta-myrcene 0.30%. Rosemary 
essential oil (Talya Herbal Products Co. Ltd.) was composed 
of limonene 58.75%, terpinolene 9.53%, para-cymene 
3.90%, 1.40 cineol 3.78%, eucalyptol 2.94%, geraniol 
2.22%, citral 2.08%, Alpha-pinene 1.96%, isopropyl 
myristate 1.68%, gamma-terpinene 1.54%, beta- myrcene 
 

 0.96%, menthonomethene 0.64%, linalool 0.44%, geranyl 
nitrile 0.39%, camphene 0.36%, alpha-terpineol 0.34%, 
dihydromycenol 0.33%, menthone 0.30%, nerli nitrile 
0.29%, alpha-phellandrene 0.27%, para-cymen-8-ol 0.24%, 
isoterpinolene 0.23%, epoxyterpinolene 0.16%, sabinene 
0.13%, other 6.96%. 

Collection of blood, liver, breast and drumstick 
tissue samples. The animals included in this study were 
slaughtered at a slaughterhouse located at a distance of 100 
m to the pens in which they were raised. Thus, transport 
stress was eliminated. It was ensured that both the 
slaughterhouse and the materials used for slaughtering the 
animals were aseptic. Prior to slaughter, the knives used for 
the slaughter of each animal were washed in alcohol and 
passed through a flame for the sterilization of the outer 
surface. At the end of the fattening period, 60 broilers, 
including 12 animals from each group (three broilers per 
repetition) were slaughtered. Prior to slaughter, the 
broilers were fasted for 10 hr. The slaughtered animals 
were bled for 120 sec. Then, 5.00 mL blood samples were 
collected into tubes (Becton Dickinson, Franklin Lakes, 
USA) without an anti-coagulant and were centrifuged at 
4.00 ˚C and 1,792 g for 10 min in a cooled centrifuge 
(Hettich 38R; Hettich, Tuttlingen, Germany). The harvested 
serum samples were stored at – 80.00 ̊ C until use. Liver and 
breast (superficial pectoral muscle) and drumstick (biceps 
femoris) muscle samples were taken from the slaughtered 
animals. After being homogenized, the tissue specimens 
were frozen in liquid nitrogen at – 80.00 ˚C and stored until 
being used for biochemical analyses.  

Determination of serum biochemical parameters. 
Serum glucose, total cholesterol (TC), triglyceride, high-
density lipoprotein (HDL), low-density lipoprotein (LDL), 
uric acid, creatinine, total protein (TP), albumin, calcium 
(Ca+), phosphorus (P) and magnesium (Mg) levels were 
determined with an automatic biochemistry analyzer (BS-
200; Mindray, Shenzhen, China) using commercial test kits 
(Mindray Bio Medical Co. Ltd., Shenzhen, China). 

Determination of anti-oxidant markers. The activities 
of the enzymes SOD and CAT and the levels of glutathione 
(GSH) and MDA in the liver, breast and drumstick muscle 
tissues were determined. To prepare the tissue homo-
genates, the liver samples and breast and drumstick muscle 
tissues were ground in liquid nitrogen using a tissuelyser 
device (Qiagen, Hilden, Germany) at a frequency of 1 sec-1 for 
30 sec. These tissue samples were later used for 
biochemical analyses. All biochemical measurements were 
performed using commercial test kits (Cayman Chemical 
Co., Ann Arbor, USA) in an ELISA reader (μQuant; BioTek, 
Vermont, USA). The SOD, CAT, GSH and MDA measure-
ments were made spectrophotometrically at absorbances 
of 440 - 460, 540, 405 - 414 and 530 - 550 nm, respectively. 
Total anti-oxidant status (TAS) and total oxidative status 
(TOS) measurements were performed using commercial 
test kits (Rel Assay Diagnostics, Gaziantep, Türkiye) in the 
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ELISA reader (BioTek). In tissue samples homogenized 
with appropriate homogenate buffers the following indices 
were measured: SOD (Cayman Chemical Co.), CAT (Cayman 
Chemical Co.), GSH (Cayman Chemical Co.), MDA (Cayman 
Chemical Co.), TAS (Rel Assay Diagnostics), and TOS (Rel 
Assay Diagnostics). 

Histological analysis and tissue preparation. 
Samples of the superficial pectoral and biceps femoris 
muscles were taken from the slaughtered animals and fixed 
in 10.00% formaldehyde solution for 3 days. After fixation, 
the tissue samples were dehydrated in an increasing 
gradient of alcohol concentrations, cleared with xylene and 
embedded in paraffin blocks. The paraffin blocks were cut 
into 5.00-µm-thick transverse sections. For histological 
measurements, the sections taken from each block were 
stained with Crossman’s modified triple stain and 
evaluated under a trinocular light microscope (Zeiss, 
Oberkochen, Germany). For histomorphometrical analyses, 
the height of the villus epithelium, crypt depth and villus 
height were estimated in sections of the duodenum, 
jejunum and ileum (Fig. 1). 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
Fig. 1. Histomorphometrical analysis of the duodenum, jejunum 
and ileum sections of the small intestine for all groups (Crossman’s 
modified triple staining; Bar = 200 µm). 

 

Tissue stereological estimation of muscle trans-
verse area using the nucleator method. The muscle 
sections of each animal were placed on a motor-driven 
stage attached to a microscope and projected onto the 
monitor via a camera at 200× magnification. The trans-
verse areas of the muscle fascicules were estimated for 
each histological tissue section using the Stereo 
Investigator Software (version 9.0; Microbrightfield, 
Williston, USA) based on a previously described method13 
as shown in Figure 2. 

Statistical analyses. The data obtained was assessed 
using the SPSS Software (version 20.0; IBM Corp., Armonk, 
 USA). Differences between the groups were determined 
with the one-way analysis of variance test and Duncan’s 
post-test. The biochemical data were expressed as mean ± 
 

 
 

 standard error of mean (SEM). Histomorpho-metrical and 
stereological data were expressed as mean value ± SD. The 
threshold for establishing significance among the groups 
was set at p < 0.05 and p < 0.01. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 2. Illustration of the myofiber transversal areas of the 
superficial pectoral and biceps femoris muscles of broiler chickens 
using the stereological nucleator method (Crossman’s modified 
triple staining; 200×). 

 
Results 
 

Biochemical findings. The evaluation of the serum 
parameters demonstrated that TC, LDL, creatinine, TP and 
Ca+ levels had significantly decreased in only group thyme-
1 (p < 0.05), and showed statistically insignificant alterations 
in the other groups (p > 0.05; Table 1). No significant 
difference was detected between the study groups for 
serum triglyceride, HDL, glucose, uric acid, albumin, P and 
Mg levels (p > 0.05; Table 1).  When compared to the 
control group, all groups that received TEO and REO 
displayed mathematically higher CAT activity in the liver, 
yet this increase was statistically significant in only group 
rosemary-1 (p < 0.05; Table 2). Comparison to the control 
group revealed that liver SOD activity was significantly 
decreased in groups thyme-2 and rosemary-2 (p < 0.01), 
and GSH levels was significantly increased in groups 
thyme-1, thyme-2, rosemary-1 and rosemary-2 (p < 0.05; 
Table 2). MDA was measured at statistically similar levels 
in all of the groups (p > 0.05; Table 2). The study groups, 
which received dietary TEO and REO, displayed 
mathematically lower total anti-oxidant status (TAS) and 
total oxidant status (TOS) levels (p > 0.05).  All groups that 
received dietary TEO and REO, presented significantly 
increased SOD activity and GSH levels (p < 0.05), and 
decreased MDA levels (p < 0.01) in the breast muscle 
(Table 2). On the other hand, breast muscle CAT activity 
was found to be statistically similar in all of the groups (p 
> 0.05). Moreover, it was ascertained that dietary 
supplementation with TEO and REO increased the 
oxidative stress index (OSI) and TOS levels, and decreased 
the TAS levels (p < 0.05; Table 2). 
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All tested doses of dietary TEO and REO increased the 
level of GSH and decreased the level of MDA in the 
drumstick muscle (p < 0.01; Table 2). Drumstick CAT 
activity was statistically similar in the control group and 
group rosemary-1, and was significantly increased in  
 

 groups thyme-1, thyme-2 and rosemary-2 (p < 0.01; Table 
2). Drumstick SOD activity was significantly decreased in 
group thyme-2 (p < 0.05), however, was similar in the other 
groups (p > 0.05; Table 2). The statistically similar TAS and 
OSI levels were observed in the control group and the 
  

 
 

Table 1. Effects of basal diets supplemented with thyme and and rosemary essential oils on some serum biochemical parameters in broilers 
(n = 12). Data are presented as mean ± SEM. 

Parameters 
Groups 

Control Thyme-1 Thyme-2 Rosemary-1 Rosemary-2 
Glucose (mg dL-1) 256.88 ± 4.87ab 237.89 ± 12.09b 244.44 ± 3.04b 241.40 ± 2.83b 269.33 ± 11.44a 
Cholesterol (mg dL-1) 124.75 ± 6.08a 106.89 ± 7.37b 121.11 ± 2.06ab 115.40 ± 4.55ab 126.22 ± 5.14a 
Triglyceride (mg dL-1) 38.00 ± 5.32 41.44 ± 6.27 37.00 ± 3.09 42.90 ± 2.83 48.33 ± 4.32 
HDL (mg dL-1) 88.00 ± 3.85 76.00 ± 5.03 85.78 ± 1.27 80.70 ± 2.87 86.67 ± 3.37 
LDL (mg dL-1) 54.63 ± 3.43a 43.11 ± 3.60b 50.89 ± 1.36ab 48.20 ± 2.28ab 54.22 ± 2.71a 
Uric acid (mg dL-1) 4.30 ± 0.29 3.80 ± 0.36 4.19 ± 0.32 3.82 ± 0.33 5.53 ± 1.18 
Creatinine (mg dL-1) 0.09 ± 0.03a 0.01 ± 0.01b 0.04 ± 0.02ab 0.05 ± 0.02ab 0.09 ± 0.02a 
Total protein (g L-1) 3.16 ± 0.12a 2.72 ± 0.16b 2.98 ± 0.07ab 3.04 ± 0.09ab 3.24 ± 0.18a 
Albumin g L-1) 1.11 ± 0.05 1.00 ± 0.07 1.03 ± 0.02 1.05 ± 0.03 1.10 ± 0.06 
Calcium (mg dL-1) 10.31 ± 0.36a 9.17 ± 0.37b 9.61 ± 0.18ab 9.86 ± 0.36ab 9.68 ± 0.31ab 
Phosphorus (mg dL-1) 6.11 ± 0.32 5.64 ± 0.11 5.61 ± 0.10 5.85 ± 0.12 5.77 ± 0.09 
Magnesium (mg dL-1) 2.22 ± 0.18 2.11 ± 0.16 2.02 ± 0.05 2.06 ± 0.05 2.23 ± 0.07 
Control: Basal diet alone, Thyme-1: Basal diet+0.15 g kg-1 of thyme essential oil (TEO), Thyme-2: Basal diet+0.30 g kg-1 of TEO, 
Rosemary-1: Basal diet+0.10 g kg-1 of rosemary essential oil (REO), and Rosemary-2: Basal diet+0.20 g kg-1 of REO. HDL: High density 
lipoprotein, LDL: Low density lipoprotein 

ab Superscript letters in each row indicate statistical difference at p < 0.05. 

 
Table 2. Effects of diets supplemented with thyme and rosemary essential oils on antioxidant enzymes in liver, breast and drumstick 
muscles tissues in broiler (n = 12). Data are presented as mean ± SEM. 

Parameters 
Groups 

Control Thyme-1 Thyme-2 Rosemary-1 Rosemary-2 
Liver tissue 
CAT (nmol g-1 protein) 4,905.24 ± 477.81b 5,581.13 ± 269.66ab 6,145.97 ± 650.05ab 6,309.84 ± 387.57a 5,353.46 ± 97.27ab 
SOD (U mg-1 protein) 42.29 ± 1.42A 34.98 ± 2.96AB 26.37 ± 3.41C 35.11 ± 1.69AB 29.04 ± 3.18BC 
MDA (nmol mg-1 protein) 5.23 ± 0.72 5.91 ± 0.68 5.60 ± 0.92 4.83 ± 0.48 5.34 ± 0.49 
GSH (nmol mg-1 protein) 28.44 ± 1.16b 36.41 ± 5.86a 47.26 ± 8.06a 36.53 ± 6.65a 37.01 ± 6.59a 
TAS (mmol g-1 protein) 0.67 ± 0.03 0.63 ± 0.04 0.61 ± 0.06 0.55 ± 0.03 0.55 ± 0.03 
TOS (µmol g-1 protein) 0.64 ± 0.07 0.59 ± 0.04 0.60 ± 0.08 0.65 ± 0.04 0.49 ± 0.03 
OSI 0.09 ± 0.01b 0.10 ± 0.01ab 0.12 ± 0.02ab 0.13 ± 0.01a 0.09 ± 0.01b 
Breast muscle tissue 
CAT (nmol g-1 protein) 1,071.05 ± 128.54 1,187.74 ± 152.24 1,240.46 ± 242.41 1,160.22 ± 367.27 1,254.54 ± 95.66 
SOD (U mg-1 protein) 22.32 ± 3.73b 30.30 ± 0.97a 27.39 ± 1.96a 32.85 ± 1.66a 32.17 ± 2.69a 
MDA (nmol mg-1 protein) 3.27 ± 0.62A 1.03 ± 0.08B 1.10 ± 0.10B 1.45 ± 0.11B 1.38 ± 0.20B 
GSH (nmol mg-1 protein) 6.02 ± 0.47b 9.40 ± 1.01a 13.08 ± 1.32a 11.29 ± 3.60a 9.09 ± 2.95a 
TAS (mmol g-1 protein) 0.10 ± 0.01c 0.12 ± 0.01bc 0.17 ± 0.00a 0.15 ± 0.01ab 0.17 ± 0.03a 
TOS (µmol g-1 protein) 0.34 ± 0.02a 0.26 ± 0.01bc 0.27 ± 0.01bc 0.24 ± 0.02c 0.30 ± 0.02ab 
OSI 0.30 ± 0.02a 0.24 ± 0.01b 0.18 ± 0.01c 0.20 ± 0.01bc 0.17 ± 0.03c 
Drumstick muscle tissue 
CAT (nmol g-1 protein) 1,268.72 ± 88.60b 1,828.17 ± 122.39a 1,833.20 ± 186.43a 1,341.83 ± 65.74b 2,397.08 ± 701.24a 
SOD (U mg-1 protein) 36.49 ± 3.09a 31.42 ± 0.86ab 29.59 ± 0.78b 34.82 ± 1.80ab 36.06 ± 2.55a 
MDA (nmol mg-1 protein) 3.46 ± 0.86A 1.75 ± 0.11B 2.24 ± 0.31B 1.89 ± 0.24B 1.46 ± 0.24B 
GSH (nmol mg-1 protein) 19.87 ± 4.53b 32.21 ± 1.02a 35.38 ± 3.43a 30.08 ± 1.89a 42.44 ± 8.96a 
TAS (mmol g-1 protein) 0.20 ± 0.02ab 0.22 ± 0.02a 0.15 ± 0.02ab 0.13 ± 0.03b 0.15 ± 0.02b 
TOS (µmol g-1 protein) 0.55 ± 0.04a 0.50 ± 0.02ab 0.43 ± 0.05b 0.53 ± 0.03ab 0.47 ± 0.04ab 
OSI 0.27 ± 0.03 0.24 ± 0.03 0.34 ± 0.05 0.36 ± 0.04 0.36 ± 0.06 
Control: Basal diet alone, Thyme-1: Basal diet+0.15 g kg-1 of thyme essential oil (TEO), Thyme-2: Basal diet+0.30 g kg-1 of TEO, 
Rosemary-1: Basal diet+0.10 g kg-1 of rosemary essential oil (REO), and Rosemary-2: Basal diet+0.20 g kg-1 of REO. SOD: Superoxide 
dismutase, CAT: Catalase, GSH: Glutathione, MDA: Malondialdehyde, OSI: Oxidative stress index =TOS/(TAS × 10), TAS: Total 
antioxidant status, TOS: Total oxidative status.  
abc, ABC Superscript lower and uppercase letters in the each row indicate a statistical difference at p < 0.05, and p < 0.01, respectively.  
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groups that received dietary TEO and REO. The TOS levels 
were significantly decreased in group thyme-2 (p < 0.05) 
and was mathematically decreased in the other groups 
(p > 0.05; Table 2). 

Histomorphometrical findings. The histomorpho-
metrical results for the epithelium height, crypt depth and 
villus height of all groups are presented in Table 3 and 
Figure 3. Histomorphometrical analyses demonstrated 
that the epithelium height, crypt depth and villus height of 
the duodenum were not different among the study groups 
(p > 0.05). The jejunal epithelium height were not 
different among the groups either (p > 0.05). However, 
jejunal crypt depths were significantly lower in the groups 
treated with both doses of thyme and rosemary oils 
compared to the control group (p < 0.05). Furthermore, 
the jejunal villus heights of the groups treated with both 
doses of thyme and rosemary oils were significantly 
higher than those of the control group (p < 0.05). The 
epithelium height and crypt depth of the ileum were 
similar in all groups (p > 0.05). However, the ileal villus 
height was significantly higher in the groups treated with 
both doses of thyme and rosemary oils, when compared to 
the control group (p < 0.05).  

Stereological findings. The stereological estimations 
of the myofiber transverse areas of the superficial pectoral 
and biceps femoris muscles of all groups are shown in Table 
4. The stereological estimations of the myofiber transverse 
areas of the superficial pectoral muscle were significantly 
higher in groups thyme-2 and rosemary-2, compared to the 
controls and groups rosemary-1 and thyme-1 (p < 0.05). 
The largest myofiber transverse area of the superficial 
pectoral muscle was determined in group thyme-2 (p < 
0.05). The myofiber transverse area of the biceps femoris 
muscle was not significantly different between groups 
thyme-1 and rosemary-1 and the control group (p > 0.05). 
However, the transverse areas of the biceps femoris muscle 
were significantly larger in groups thyme-2 and rosemary-
2 compared to the other groups (p < 0.05).  
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Table 4. Effect of diets supplemented with thyme and rosemary 
essential oils on estimation of the transverse areas (µm²) of the 
superficial pectoral and biceps femoris muscles by the 
stereological nucleator method in broiler (n = 12). Data are 
presented as mean ± SEM.  

Groups 
Superficial pectoral 

muscle 
Biceps femoris 

muscles  

Control 1,445.11 ± 232.56a 2,462.85 ± 391.36a 
Thyme-1 1,541.93 ± 393.68a 2,372.57 ± 302.78a 
Thyme-2 1,805.93 ± 475.53c 2,747.98 ± 365.86b 
Rosemary-1 1,421.89 ± 266.84a 2,395.38 ± 316.09a 
Rosemary-2 1,655.71 ± 245.82b 2,645.45 ± 356.81b 

Control: Basal diet alone, Thyme-1: Basal diet+0.15 g kg-1 of 
TEO, Thyme-2: Basal diet+0.30 g kg-1 of TEO, Rosemary-1: Basal 
diet+0.10 g kg-1 of REO and Rosemary-2: Basal diet+0.20 g kg-1 
of REO.  
abc Superscript letters in each column indicate statistical 
difference at p < 0.05. 
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Discussion 
 

Today, many countries have banned the use of 
antibiotics in feed, over increased concerns related to 
drug residues and antimicrobial resistance.14 The 
prohibition of the use of antibiotics in poultry rations has 
obliged the search for favorable alternatives including 
phytogenic feed additives. In recent years, owing to their 
metabolic properties, essential oils have been suggested 
to be used for the protection of animal health and the 
increase of animal production. 

Thymol and carvacrol, found in the composition of TEO, 
have a hypocholesterolemic effect which arises from 
reducing the activity of the enzyme 3-hydroxy 3-methyl-
glutaryl coenzyme A (HMG-CoA) reductase involved in the 
synthesis of cholesterol.3 The decreased total cholesterol 
levels detected in group thyme-1, in the present study, was 
in agreement with the literature reports referred to above 
as well as with the data of previous studies carried out in 
quails and broiler chickens.8,15 Furthermore, the blood 
parameters determined in the groups other than group 
thyme-1 were observed to be similar and were also in 
agreement with previous results reported to have been 
obtained with dietary thyme and rosemary supple-
mentation for cholesterol, triglyceride, HDL, LDL, glucose, 
total protein, uric acid, albumin, Ca+ and P levels.15-17 There 
are also reports indicating increased serum triglyceride, 
cholesterol, LDL and HDL levels to be associated with the 
use of rosemary oil.18 In a previous study carried out in 
quails, dietary supplementation with 150.00, 300 and 450 
mg kg-1 of TEO was not affected serum cholesterol, 
triglyceride, HDL, glucose, total protein, Ca+, P and Fe levels, 
however, decreased creatinine and LDL levels and 
increased Mg levels.3 Along with the present study, 
researchers conducted to date showed certain differences 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

which were attributed to environmental conditions, the 
amount of active substances found in plant oils and the 
usage of these oils. 

The phenolic content of plants was indicated to be 
positively correlated with the anti-oxidant activity of plants. 
It is known that plants such as thyme and rosemary prevent 
free radical generation and induce the anti-oxidant system 
by means of the high phenolic compounds they contain (i.e., 
polyphenols).3,19  

The GSH, as an integral component of the anti-oxidant 
defense system, plays an important role in preventing 
damage to several beneficial molecules and components 
and also constitutes the substrate of GSH-dependent 
enzymes including GPx and glutathione S-transferase 
(GST).3 By means of the catalytic effect of GPx, glutathione 
detoxifies lipid peroxides and hydrogen peroxide (H2O2) 
and scavenges singlet oxygen (1O2) and the hydroxyl radical 
(OH).20 Alterations that occur in GSH levels during oxidative 
stress may alter GPx activity, thus, may bring about 
alterations in the scavenging of free radicals and hydro-
peroxides. In a previous study carried out in broiler 
chickens, it was determined that thymol and carvacrol 
prevented decrease and even caused an increase in GPx 
activity during oxidative stress.15 Carvacrol has also been 
reported to be involved in the elevation of GSH levels.21 In a 
study conducted by Hashemipour et al. the results obtained 
for serum and liver GSH-Px activity in broiler chickens were 
attributed to the active substance content of phytogenic 
products and the improvement achieved in the anti-oxidant 
status through increased anti-oxidant enzyme activity 
owing to the antioxidant effects of thymol and carvacrol.22 

In another study carried out in broiler chickens, animals 
supplemented with dietary oregano essential oil were 
determined to display increased serum, duodenal and 
jejunal GSH-Px activity.23 Furthermore, increased anti- 
 

Fig. 3. Histologic illustration for basal diets supplemented with thyme and rosemary essential oils on histometric measurements of intestinal 
sections (Crosman’s modified triple staining; Bars = 100 µm).  
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oxidant activity was determined in the serum of broiler 
chickens given 7.00 g kg-1 of rosemary powder,24 and the 
muscle tissue of broiler chickens given 50.00 - 100 mg kg-1 
of oregano essential oil.25 Another literature report 
indicated that TEO significantly increased liver GSH levels.26 
In agreement with the previous studies referred to above, 
the present study demonstrated that in the groups that 
received dietary TEO and REO, the GSH levels was 
significantly increased in the liver as well as in the breast 
and drumstick muscles. Based on the literature data 
referred to above, it was evident that free radical-
scavenging enzymes such as GPx and GST, did not show any 
activity in the absence of GSH which would lead to the 
cellular accumulation of peroxides and various damages. 
Thus, the incorporation of TEO and REO into rations would 
provide benefits in terms of the prevention of such 
oxidative damages. 

Anti-oxidant enzyme activity and oxidative product 
concentrations are important for the assessment of the 
oxidant status of animals. The SOD which constitutes the 
first line of defense against reactive oxygen species is an 
anti-oxidant enzyme that catalyzes the superoxide radical 
into hydrogen peroxide and molecular oxygen.20 
Subsequently, hydrogen peroxide is scavenged by CAT or 
GPx.27 In a previous study carried out in broiler chickens, 
dietary supplementation with oregano essential oil was 
determined to increase serum, duodenal and jejunal SOD 
activity.23 Furthermore, in another study in broiler 
chickens, Hashemipour et al. attributed the results they 
obtained for serum and liver SOD activity to the active 
substance content of phytogenic products and the 
improvement achieved in the anti-oxidant status of the 
animals through increased anti-oxidant enzyme activity 
induced by the anti-oxidant effects of thymol and 
carvacrol.22 Dietary TEO has been reported to positively 
affect liver SOD activity in quails.3 Positive effects have 
been reported on serum anti-oxidant activity with the use 
of 7.00 g kg-1 of rosemary powder24 and on meat anti-
oxidant activity with the use of 50.00 - 100 mg kg-1 of 
oregano essential oil.25 Similarly, the present study 
demonstrated that breast muscle SOD activity was 
significantly increased with dietary TEO and REO, and this 
suggested that these supplements had positive effects on 
the anti-oxidant metabolism.  

The enzyme catalase is the second line of anti-oxidant 
defense and prevents the accumulation of hydrogen 
peroxide by converting it into water and oxygen.28 An 
increased level of catalase is an indicator of a stimulated 
anti-oxidant system.19 It has been reported that, the dietary 
supplementation of broiler chickens with 100 and 200 mg 
kg-1 of rosemary extract increased serum CAT activity.29 
Furthermore, in a study in quails, doses of 150 and 300 mg 
kg-1 of dietary TEO were determined to significantly 
increase serum and liver CAT activity.3 In agreement with 
these literature reports, the present study showed that 
 

 dietary supplementation with TEO and REO had 
significantly increased CAT activity, in particular in 
drumstick muscles. However, in contrast to these reports, 
Drozd et al. reported that the incorporation of TEO and REO 
into quail rations did not have effect on liver CAT activity.30 

During the initial stage of lipid peroxidation, due to the 
hydroxyl groups in the environment serving as hydrogen 
donors for intermediate radicals, the free radicals 
generated at excessive levels are scavenged by phenolic 
compounds such as thymol and carvacrol found in dietary 
TEO.31 MDA is an end-product of the peroxidation of 
polyunsaturated fatty acids26 and carvacrol has been 
reported to decrease MDA levels.21 In their study in broiler 
chickens, Zidan et al. found that dietary supplementation 
with 200 and 400 mg kg-1 of thymol significantly decreased 
MDA levels in breast meat and drumsticks.32 Another study 
carried out in broiler chickens showed that 100 and 200 mg 
kg-1 of dietary TEO significantly decreased MDA levels in 
breast meat and drumsticks.33 The incorporation of 25.00 g 
kg-1 of rosemary leaves into broiler rations has been 
reported to decrease breast meat MDA levels.34 
Furthermore, the addition of TEO to drinking water has 
been reported to significantly decrease liver MDA levels in 
rabbits.26 In agreement with the literature reports 
referred to above, the present study revealed significantly 
decreased MDA levels in breast and drumstick muscles in 
the groups that received dietary TEO and REO. This 
suggested that dietary TEO and REO protected tissues 
against oxidative damage.  

The morphological measurements of the small intestine 
of the broiler chickens included in the present study are 
presented in Table 3. Histomorphometrical analyses 
showed that, when compared to the control group, all of the 
tested doses of dietary TEO and REO had significantly 
increased crypt depth in the duodenum and the villus 
height in the jejunum and ileum. In agreement with our 
results, previous studies showed that dietary 
supplementation with essential oils increased duodenal 
villus height in laying hens,1 and jejunal villus height in 
broiler chickens.35 Both villus height and crypt depth are 
major indicators of digestive health in poultry and are 
directly related to the absorption capacity of the intestinal 
mucosa.36 Higher villus-crypt ratios point out to higher 
digestion and absorption capacities.37 

Muscle weight is described as the function of the total 
number of fibrils, fibril cross-section and fibril length.13 It 
has been indicated that the high body weight of the 
genetically superior modern poultry breeds raised today 
are related to increased muscle yield, particularly of the 
major pectoral muscle which could be linked to the 
increased size of muscle fibrils.38 In broiler chickens, the 
major pectoral muscle is almost completely composed of 
rapid glycolytic type IIB fibers.39,40 In fast-growing broiler 
chickens with high production yields, type IIb fibers have a 
larger diameter thus, are hypertrophic in comparison with 
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the muscle fibers of slower-growing broiler chickens and 
laying hens.39 A previous study in broiler chickens 
demonstrated that extending the slaughter age from 42 
days to 56 days increased the number of myofibrils in the 
superficial pectoral and biceps femoris muscles.13 In the 
present study, the number of myofibrils in the superficial 
pectoral and biceps femoris muscles were determined to be 
significantly higher in groups thyme-2 and rosemary-2. 
These results suggested that dietary supplementation with 
300 mg kg-1 of TEO and 200 mg kg-1 of REO produced 
positive effects, however, further studies are needed to 
determine the quantitative alterations (volume and 
number of muscle fibers) and qualitative alterations 
(muscle fiber traits) that may occur in muscle tissue. 

In conclusion, the incorporation of TEO and REO into 
broiler rations showed significant effects on the anti-
oxidant metabolism of primarily breast muscle tissue and 
secondarily drumstick muscles and liver, and significantly 
decreased the MDA levels, an indicator of tissue lipid per-
oxidation, in both breast and drumstick muscles. Another 
important finding related to the anti-oxidant defense 
system was the GSH levels, critical to the protection of tissues 
against the detrimental effects of free radicals that was 
increased in all tissues. The significant decrease observed in 
total cholesterol and LDL levels in association with dietary 
supplementation with 0.15 g kg-1 of TEO was interesting 
since a decrease in these parameters was critical to the 
prevention of cardiovascular diseases. It was also observed 
that dietary TEO and REO improved the morphology of the 
small intestine and the transverse sections of breast and 
drumstick muscle myofibrils. Based on these results, it was 
suggested that thyme essential oil (0.15 and 0.30 g kg-1) and 
rosemary essential oil (0.10 and 0.20 g kg-1) could be used 
as feed additives for broiler chickens.  
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