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 Objective: To evaluate the effect of dietary supplementation of essential oils (EOs) of 

thyme, clove, and cinnamon to broiler chickens on growth performance, serum 

metabolites, and tissue lipid peroxidation and antioxidants enzyme activities.  

Design: Randomized controlled study  

Animals: One hundred-eighty, one-day-old Cobb broiler chicks were randomly allocated 

into 4 treatment groups (3 replicates, 15 chicks each). Broilers were reared in deep litter 

system - pens for 6 weeks of age.  

Procedures: The control group was fed on corn-soybean basal control diets (starter, 

grower and finisher) without EOs supplementation. In addition to the basal- control diets, 

the 3 experimental broiler groups were supplemented with thyme oil (2nd group), clove oil 

(3rd group) or cinnamon oil (4th group) at 100 mg/kg. Blood, liver and muscle (breast) 

samples were collected from 3 broilers of each replicate at 40 days of age for measurement 

of serum metabolites, malondialdehyde (MDA), and antioxidant enzyme activities (liver 

catalase (CAT), superoxide dismutase (SOD) and glutathione peroxidase (GSH-Px). 

Results: The broiler chickens fed on the diets supplemented with 100 mg/kg cinnamon oil 

had significantly higher body weight, body weight gain and feed intake, followed by broiler 

chickens fed on the diets supplemented with 100 mg/kg thyme and 100 mg/kg clove oils 

in comparison with control group, which was showed the lowest growth performance. 

Supplementation with EOs significantly improved feed conversion ratio (FCR), with 

increased liver CAT, SOD, GSH-Px activities, as well as serum level of high density 

lipoprotein (HDL) in comparison with control group, also, it induced  a significant decrease 

in serum levels of cholesterol, triglycerides, low density lipoprotein (LDL), as well as both 

liver and muscle tissue lipid peroxidation (MDA). 

Conclusion and clinical relevance: The present results indicate that  dietary 

supplementation of EOs (thyme, clove, and cinnamon) at 100 mg/kg resulted in 

significantly higher body weight, body weight gain, improved FCR, reduced serum 

cholesterol, triglycerides and LDL. Also, reduced lipid peroxidation in liver and muscle, and 

improved antioxidants status of broiler chickens. 
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1. INTRODUCTION 

The excessive use of antibiotics as growth promoters in 
animal production may potentially affect human health. This 
may result in the residues, with subsequent proliferation of 
antibiotics-insensitive bacteria [1]. Essential oils recently have 
been used as an alternatives to antibiotics in animal production 
for improving growing performance parameters and the quality 
characteristics of the derived products including meat, milk and 
eggs [2]. Essential oils derived mainly from spices and herbs and 
their pure compounds have been shown to have antimicrobial 

activity, antioxidants, hypocholesterolemic, and digesting 
effects [3,4] . The supplementation of essential oils to poultry 
diets have shown to stimulate the production of endogenous 
enzymes and thus enhances feed utilization  [4]. It has been also 
shown that the dietary incorporation of herbs and their 
associated essential oils may provide beneficial effects on 
poultry performance and health due to the antimicrobial 
activity of their phytochemical components [5]. However, other 
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studies have not found positive effects of herbs and their 
related essential oils [6]. 

Oxidation of lipids and free radicals’ production are natural 
processes that destroy the membrane structure, disturb 
transport processes and cause losses in the function of the cell 
organelles [7]. Synthetic antioxidants as (butylated 
hydroxyanisole (BHA), butylated hydroxytoluene (BHT) are 
traditionally used for preventing lipid peroxidation but during 
the last decades, there is interesting in  employing antioxidants 
from natural sources due to  consumer preference for natural 
occurring ingredients and concerns about the possible toxic 
effects of synthetic antioxidants [8]. Essential oils are rich 
sources of natural antioxidants, such as the phenolic 
compounds and due their high redox properties and chemical 
structure have the ability to neutralize free radicals, chelate 
transitional metals and quench singlet and triplet oxygen by 
delocalization or decomposition of peroxides [9].  

Thymol is the main constituent of thyme's volatile oils 
which form 20-55% of its extract. The major derived 
components of thyme (Thymus  vulgaris L.) plant are thymol 
and carvacrol, the phenolic compounds which have shown 
antioxidant, anticoccidial and antifungal activities [10]. It had 
been shown that dietary supplementation of thyme oil (1g/kg 
diet) had positive effects on broiler chickens performance [11]. 
Also, Several studies have reported the beneficial effects of 
thyme in poultry nutrition [12,13, 14]. 

Clove (Syzygium arimaticum), and its essential oil, is one of 
the plant extracts that has been found to be effective in 
improving poultry growth performance, control some intestinal 
pathogens, antiseptic activity and as digestion stimulation. It 
also provides strong antimicrobial antifungal, anti-
inflammatory, anesthetic, anti-carcinogenic, antiparasitic and 
antioxidant effects [15]. Also, cinnamon (Cinnamomum 
zeylanicum), one of the oldest medicinal plants, can provide 
similar effects as Clove [16]. 

Therefore, the present study was delineated to evaluate 
the effect of dietary supplementation of thyme, clove, or 
cinnamon oils on growth performance, serum metabolites, lipid 
peroxidation and antioxidants activities in broiler chickens. 

2. MATERIALS AND METHODS 

2.1. Experimental birds and management 

A total of one hundred eighty Cobb broiler chicks (Cobb 
500) of one-day old were obtained from commercial hatchery 
((El Dakahlia Poultry Company) and randomly allocated into 
four equal groups (each has three replicates,15 chicks/ 
replicate). During the first 3 days of the age, the brooding 
temperature was maintained at 35 to 32 ˚C with a constant 
lighting (24 hours/day) then the room temperature was 
decreased by 1-2˚C every 2 days to be 22-25 ̊ C by the beginning 
of the third week of age. Then after, during the 4th to the 6th 

week of age, the pens were naturally exposed to the 
atmospheric ambient temperature and ventilation and at night 
the light was continuously maintained. 

2.2. Experimental diets 

Diets were formulated to meet the nutrient requirements 
of Cobb broiler chickens. Feed ingredients, chemical 
composition and nutrition value of the diets are presented in 
(Table 1).The control group, broiler chicks were fed on corn-
soybean meal basal control diets (starter, grower and finisher). 
However, essential oils (thyme, clove and cinnamon) were 
supplemented at 100 mg/kg diet for the second, third and 
fourth experimental group, respectively. Diets and water were 
provided ad libitum during whole experimental period. 

2.3. Growth performance 

The broiler chicks were weighed individually at the 
beginning of the experimental period (initial body weight (IBW), 
weekly, and at day 40 of age (Final body weight, FBW) to 
calculate body weight gain (BWG). Feed conversion ratio (FCR) 
was also calculated as kg feed per kg BWG.  

2.4. Samples collection 

At the end of the experiment (day 40 of age), three broiler 
chickens from each replicate were randomly selected for 
sampling. The blood samples were drawn from wing vein into 
plain test tubes and kept at room temperature for 20 min to 
allow clotting, and then left in the refrigerator for 4 h. carefully 
the clear serum was then separated by centrifugation at 3000 
rpm for 10 min and stored at −20 °C until further selected 
biochemical parameters measurement. After blood sampling 
birds were slaughtered, and one gram samples from the liver 
and breast muscle were excised, washed in an ice-cold saline 
buffer (20 mM Tris-HCl, 0.14 M NaCl buffer, pH 7.4) and 
homogenized in ice-cold phosphate buffered saline (PBS) (pH 
7.4). The homogenates were centrifuged at 4 °C for 15 min at 
3000 rpm. The supernatants were then carefully collected and 
stored at −20 °C for estimation of oxidative stress and 
antioxidant biomarkers [17]. 

2.5. Serum biochemical analysis 

The serum samples were analysed spectrophotometrically 
(5010 photometer, BM Co., Berlin, Germany) for determination 
of alanine aminotransferase (ALT) and aspartate 
aminotransferase (AST) activities. Serum total protein (TP) and 
albumin (Alb) were evaluated using Stanbio Laboratory 
(Boerne, TX, USA) kits. Globulin (Glob) concentration in serum 
was calculated by subtracting albumin from total proteins. The 
creatine was assayed by using commercial test kits (Spinreact, 
Sant Esteve d’en Bas, Spain). The kits manufactured by 
Spinreact (Sant Esteve d’en Bas, Spain) were also used for the 
determination of cholesterol, triglycerides (TG) and high-
density lipoprotein cholesterol (HDL-C) concentrations. 
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2.6. Oxidative stress and antioxidant markers in tissue 
homogenates 

The malondialdehyde (MDA), reduced glutathione (GSH) 
contents, catalase (CAT) and superoxide dismutase (SOD) 
activities were determined in liver and muscle homogenates 
spectrophotometrically by enzymatic colorimetric method 
using commercial Bio-diagnostic (Giza, Egypt) kits, according to 
the supplier’s instructions. 

2.7. Statistical Analysis 

The data were subjected to statistical analysis of variance 
(ANOVA) using one way test to evaluate the influence of dietary 
supplementation of essential oils from either thyme, clove or 
cinnamon on growth performance, serum metabolites, and 
tissue lipid peroxidation and antioxidants enzyme activities of 
broiler chickens (Cobb 500). Data were analyzed using 
statistical SPSS v20 (SPSS Inc., Chicago, IL, USA). Differences 
among dietary treatments were compared using Duncan’s test 
and significant was declared at (p< 0.05).  

3. RESULTS 

The results showed a significant (p<0.05) increase in final 
body weight (FBW), body weight gain (BWG), feed intake, and 
improvement of feed conversion ratio (FCR) of broiler chickens 
fed diet supplemented with EOs of thyme, clove and cinnamon 
at 100 mg/kg diet when compared to control group (Table 2). 
The best significant performance (p<0.05) parameters were 
demonstrated in the broiler chickens fed diet supplemented 
with cinnamon oil as compared to those supplemented with 
thyme or clove oils . 

The influence of dietary supplementation of EOs of thyme, 
clove, and cinnamon on serum metabolites parameters are 
summarized in (Table 3). There were significantly decreased in 
serum level of ALT, AST, cholesterol, triglycerides, and LDL of 
the broiler chickens fed diets supplemented with EOs in 
comparison with control group. Also, serum level of HDL and 
total protein are significantly increased in the broiler chickens 
fed the diet supplemented with EOs especially cinnamon oil 
compared to control group. 

Table 4 indicates the effect of dietary supplementation of 
EOs on liver and muscle lipid peroxidation and antioxidant 
enzyme activities. MDA values as indicator for lipid 
peroxidation in both liver and muscle tissue of broiler chickens 
fed diets supplemented with EOs significantly decreased in 
comparison with control group. Regarding to antioxidant 
enzymes activity in liver and muscle tissue, there was no 
significant difference of liver CAT activity between the 
experimental groups. However, muscle tissue CAT activity was 
higher in the chickens group supplemented with cinnamon oil 
group. There were no significant differences in the activity of 
SOD, CAT and GSH enzyme activities in liver tissue between the 
control group and chicken groups fed diets supplemented with 
EOs of thyme or clove. Also, in muscle tissue enzyme activity of 
SOD and CAT were similar. The data showed that EOs 
supplementation with thyme, clove or cinnamon (at 100 mg/kg) 
significantly increased GSH activity in muscle tissue, which 
would indicate improved muscle quality. Clearly dietary 
supplementation with cinnamon oil significantly decrease lipid 
peroxidation and increased activity of antioxidant enzymes in 
both liver muscle tissues (Table 4). 

Table 1. Ingredient composition percentage and nutritive value of experimental diets. 

Experimental diets 

Ingredients (%) Starter Grower Finisher 

Corn, yellow 59.39 63.41 69.17 
Soybean meal 48% CP 30.00 26.83 18.92 
Corn gluten 60% CP 4.53 3 6.30 
Soybean oil 2.60 3.4 2.60 
Lime stone 1.90 1.83 1.74 
Dicalcium phosphate 0.41 0.33 0.20 
Common salts 0.30 0.30 0.30 
Min.& Vit. Premix** 0.25 0.25 0.25 
DL Lysine HCL 0.39 0.35 0.38 
DL Methionine 0.13 0.15 0.08 
L-threonine 0.08 0.08 0.06 
L-Valine 0.02 0.02 0 
Chemical Composition (%)    
Calculated CP 21.50 19.50 18.50 
Calculated ME (Kcal/kg) 3034 3107 3180 
Analyzed CP* 21.32 19.40 18.41 
Analyzed EE* 5.40 5.82 5.80 
Analyzed Ash* 5.97 6.36 5.00 
Ca 0.9 0.84 0.76 
Available P 0.46 0.43 0.38 

*According to AOAC (2005); 
**

Minerals and vitamins premix used to cover the required vitamins and minerals per each kilogram diet (Vit. A, 12000 I.U.; Vit. D3, 2500 I.U.; Vit. E, 10 mg; Vit. K3, 2 mg; Vit. B1, 2 mg; Vit. B2, 5 mg; Vit. B6, 3 mg; Vit. B12, 

0.01 mg; Niacin, 27 mg; Folic acid, 1 mg; Biotin, 0.05 mg; Pantothenic acid, 10 mg; Mn, 60 mg;  Zn, 50 mg; Cu, 10 mg; I, 0.1 mg;  Se,  0.1 mg; Co, 0.1 mg; Fe, 50 mg). 
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Table 2. Effect of dietary supplementation of essential oils (thyme, clove, cinnamon) on growth performance of broiler chickens (6 

wks period) (Means ± standard error). 

 
Parameters 

                                                  Experimental diets1 

   
Control                               Thyme oil                       Clove oil                      Cinnamon oil 

 IW, g 43.00±1.50 42.67±2.00 43.44±2.7 43.00±3.16 

FBW, g 2083±15.94b 2257.5±15.24a 2342±29.22a 2412±35.61a 

BWG, g 2040±15.94b 2214.83±15.24a 2298.56±29.22a 2369±35.61a 

Feed consumption, g 3713±100b 3765.2±98.5b 3930.54±112.5a 3908.85±90.67a 

FCR 1.8±0.026a 1.68±0.015b 1.76±0.02b 1.68±0.04b 

1experimental diets were corn-soybean based diet supply nutrients to meet Cobb requirement, control group without supplementation of essential oils, 
other experimental groups supplemented with either 100 mg/kg of thyme, clove, or cinnamon oils. 
abc Means in the row with different letters are significantly different at (p< 0.05) 

Table 3. Effect of dietary supplementation of essential oils (thyme, clove, cinnamon) on serum metabolites of broiler chickens at the 

end of the experimental period (40 days) (Means ± standard error). 

 
Parameters 

                                                           Experimental diets1 

 
Control                                Thyme  oil                   Clove   oil                  Cinnamon oil 

ALT (U/l) 40.33±1.7a 31.00±2.6b 29.00±3.6b 26.00±2.5b 

AST (U/l) 66.33±5.45a 29.00±2.8b 37.00±2.3b 28.33±2.02b 

Total protein (g/dl) 6.90±0.45b 7.50±0.72ab 7.00±0.30b 8.50±0.55a 
Albumin (g/dl) 4.20±0.26 4.50±0.32 4.40±0.50 4.90±0.10 
Globulin (g/dl) 2.70±0.20a 3.00±0.17a 2.60±0.46ab 3.60±0.28a 
Creatine (mg/dl) 1.00±0.05a 1.03±0.088a 1.06±0.12a 0.73±0.033b 
Cholesterol (mg/dl) 170.66±19.59a 135.00±3.78b 141.00±4.35b 117.00±5.13b 
Triglycerides (mg/dl) 90.33±4.05a 80.00±1.52a 78.00±2.5ab 48.00±3.21c 
HDL-C (mg/dl) 57.66±5.23b 65.00±3.78a 59.00±2.08ab 70.66±5.04a 
LDL-C (mg/dl) 107.66±5.89a 53.33±5.84b 66.00±3.05b 39.66±3.84c 

1experimental diets were corn-soybean based diet supply nutrients to meet Cobb requirement, control group without supplementation of essential oils, 
other experimental groups supplemented with either 100 mg/kg of thyme, clove, or cinnamon oils. 
abc Means in the row with different letters are significantly different at (p< 0.05). 

Table 4. Effect of dietary supplementation of essential oils of thyme, clove and cinnamon on muscle and liver tissue lipid peroxidation 
and antioxidant enzymes activity of broiler chickens (Means ± standard error). 

 
Parameters 

                                                           Experimental diets1 
 

Control                             Thyme oil                      Clove oil                 Cinnamon oil 
Liver tissue 
MDA (nmol/g) 37.03±4.38a 34.50±3.68a 25.56±4.48ab 18.03±1.08b 
SOD (u/g) 371.00±24.00b 471.00±41.29ab 415.00±27.61b 529.33±28.42a 
CAT (u/g) 9.60±1.24b 12.20±0.81a 9.43±1.20b 12.06±0.99a 
GSH (mg/g) 2.20±0.23b 2.76±0.37b 2.10±0.17b 4.26±0.52a 
Muscle tissue 
MDA (nmol/g) 40.36±1.33a 27.13±3.90b 23.96±5.00b 20.90±1.40b 
SOD (u/g) 399.00±17.67b 466.33±25.11b 407.00±19.75b 555.33±37.47a 
CAT (u/g) 8.10±1.05b 9.83±1.29ab 9.76±0.89ab 11.83±1.24a 
GSH (mg/g) 2.46±0.47c 3.83±0.18b 3.86±0.28b 5.23±0.43a 

1experimental diets were corn-soybean based diet supply nutrients to meet Cobb requirement, control group without supplementation of essential oils, 
other experimental groups supplemented with either 100 mg/kg of thyme, clove, or cinnamon oils. 
abc Means in the row with different letters are significantly different at (p< 0.05) 
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4. DISCUSSION 

In the present study, the growth performance parameters 
are significantly improved in the broiler chickens fed diets 
supplemented with EOs. These results were consistent with the 
results of [5] who found that cinnamon supplementation  to the 
diet of broilers improved their growth performance. Moreover, 
Ebrahimi et al. [18] found that the body weight of the broilers 
was significantly higher on feeding a diet supplemented with 
cinnamon oil. Also, our results are in agreement with that of 
other researchers [19-23].  

Regarding the dietary thyme oil supplementation, our 
results are in agreement with Wade et al. [24] who showed that 
dietary supplementation of  thyme oil  at level of 100 mg/kg of 
diet of broiler chicken diets significantly increased (p<0.05) BW, 
BWG and improved FCR. Also, these results are consistent with 
other studies [12-14]. Even more, it had been shown that 
dietary supplementation of 100 and 200 mg/kg of clove oil for 
broiler chickens had the greater performance values compared 
to broilers fed un supplemented diet [25]. With the same 
concept, clove oil has been found to be effective in improving 
broiler chicken growth performance in previous experiments 
[14, 26-28]. The positive effect of clove oil on growth 
performance could be due to the  active materials in clove 
(ugeonol) that are considered as digestion stimulatory factors, 
in addition to their antimicrobial activity against bacteria found 
in intestine [29]. Also, it has been reported that clove oil 
improve of  trace minerals necessary for protein and 
carbohydrate metabolism, and the synthesis of fatty acid and 
cholesterol and contain in lesser amounts, omega3 fatty acid so 
these could be improve broiler performance [30]. The 
improvement of growth performance (BWG and FCR) of the 
broiler chickens due to dietary supplementation with thyme oil 
and cinnamon oil could be attributed to stimulation of secretion 
of digestive enzymes, Lee et al. [5] reported that thymol and 
cinnamaldehyde at the level of 100 ppm stimulate secretion of 
pancreatic enzyme such as amylase, lipase, trypsin and 
chymotrypsin in broiler chickens and induce to increase their 
performance. Moreover, the improvement of BWG and FCR 
could be due to the active materials (Cinnamaldehyde and 
ugenol) found in cinnamon which causing greater efficiency in 
the utilization of feed, resulting in enhanced growth [21]. Also, 
positive effect of cinnamon oil on growth performance may be 
due to antimicrobial effects on the pathogenic bacteria and 
fungi in digestive systems [31]. In addition, the positive effect 
of thyme oil is attributed to the increase of digestive enzymes 
and improve nutrients utilization through the enhanced liver 
function [32].  Moreover, it has been reported that essential oils 
blocked effect of pathogens in the digestive system, improved 
feed intake, and feed conversion ratio [33]. However, other 
authors did not find positive effect of body weight gain or feed 

efficiency with application of EOs or its main components [11, 
34-36]. 

The dietary supplementation of EOs to the broiler chickens 
significantly decreased serum cholesterol level. The 
cholesterol-lowering property of EOs constituents has been 
attributed to suppressing of 3-hydroxy-3methylglutaryl 
coenzyme A reductase, the enzyme that is considered to be rate 
limiting in cholesterol synthesis [37]. On contrary to our result, 
dietary clove oil supplementation has not affected serum levels 
of cholesterol, triglyceride, HDL, LDL and VLDL of broilers [38]. 
Also, it has been shown that plasma total cholesterol, 
triglycerides and HDL were not affected by dietary EOs (thyme, 
clove, cinnamon) inclusion to broilers diets [14]. Moreover, Lee 
et al. [6] did not find  any hypocholesterolemic effects for the 
active items as thymol, cinnamaldehyde. 

 The liver plays an important role in metabolic processes, 
and the metabolic activities of the liver are important for the 
normal functioning of cellular events. Serum AST and ALT are 
indicators of normal liver function [39]. With the same concept 
of our results, Faix et al. [16] reported that ALT was significantly 
reduced in chickens fed diets supplemented with 0.05% and 
0.025% of cinnamon oil. Also, dietary supplementation of 
different levels of thyme oil to broiler chickens diets 
significantly decreased the plasma AST [40]. 

It has been reported that plasma total protein and albumin 
are the main transport proteins in avian species, and they 
reflect the avian nutritional condition [41]. The increase in 
serum content of protein suggested the capacity of EOs to 
improve digestion and absorption of proteins as previously 
reported by Bento et al. [42, 43] allowing a better use of protein 
in broiler chicken and thus an improvement of the weight gain. 

In the present study, malondialdehyde (MDA) levels, an 
indicator of lipid peroxidation and oxidative damage were 
significantly decreased in liver and muscle tissue of broiler 
chickens fed on EOs supplementation diets. The activities of the 
antioxidant enzymes CAT (catalase) and SOD (superoxide 
dismutase), which protect tissues against oxidation, and the 
enzyme GSH-Px (reduced glutathione), which protects 
intracellular lipids against peroxidation increased with dietary 
supplementation of EOs (Table 4). In accordance with our 
results, increased concentration of glutathione peroxidase 
(GSH-Px) and a reduced level of MDA of broiler chickens fed diet 
supplemented with cinnamon oil had been reported [44]. The 
antioxidant properties of cinnamon oil and its action could be 
mainly attributed to cinnamaldehyde and eugenol, substances 
that react with lipid and hydroxyl radicals converting them into 
stable products through their hydrogen donating ability [45]. In 
addition, it has been shown that the thymol and carvacrol 
contents of thyme oil significantly reduces lipid peroxidation in 
tissues [46]. Similarly, dietary supplementation of thyme oil 
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significantly increased liver CAT, SOD and GSH-Px activities and 
serum CAT and GSH-Px activities, and significantly reduced both 
liver and serum lipid peroxidation (MDA levels) of broiler 
chickens [47]. Also, Fki et al. [48] reported that Phenolic 
compounds of EOs increased the activity of CAT, which in turn 
detoxifies hydrogen peroxide and converts lipid 
hydroperoxides to nontoxic substances. In addition, Hsu and Liu 
[49] postulated that the protective role of EOs could be 
attributed to  its antioxidative defense mechanism through the 
induction of antioxidant enzyme activities. Furthermore, 
Petrovic et al. [50]  reported that cloves essential oil had 
strongest antioxidant activity among herb extracts. 

Conclusion 

Collectively, from the results of the present study it could 
be concluded that supplementation of broiler diets with EOs of 
thyme, clove and cinnamon at 100 mg/kg could improve growth 
performance, as well as decrease lipid peroxidation of liver and 
muscle tissue. They could also improve the activity of 
antioxidant enzymes (SOD, CAT and GSH) in liver and muscle 
tissue with reducing of cholesterol, triglycerides and LDL. 
However, cinnamon oil supplementation appears the most 
effective among the tested EOs. 
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