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Introduction

After the ban of the use of antibiotic as growth-
promoting agents in animal feeds, the search for alternative 
feed supplements in animal production was stimulated. 
In addition to prebiotics, probiotics, and organic acids, 
products containing volatile oils are also commonly used for 
this purpose. As a result, new commercial additives derived 
from plants, including aromatic plant extracts and their 
purified constituents (phytogenics) have been examined. 
Such products have several advantages over commercially 

used antibiotics because they are generally recognized as 
safe and are commonly used in the food industry [47]. 
These phytogenic additives may have more than one mode 
of action, including improving feed intake and flavour; 
stimulating the secretion of digestive enzymes; increasing 
gastric and intestinal motility; stimulating endocrine, 
antimicrobial, anti-viral, anthelminthic and coccidiostat 
activities; stimulating immune, anti-inflammatory and anti-
oxidative activity; and promoting pigmentation [28, 30, 32, 
33].

SUMMARY

Essential oils (herbal volatile oils) as alternatives to antibiotics are considered 
the most powerful natural feed additives. The aim of this study was to 
determine the effects of volatile oils and their mixtures (VOM) dietary 
supplementation on the performance, serum and tibia characteristics of 
broilers. A total of 800 male Ross 308 broiler chicks were equally divided 
into 8 groups of 100 chicks (10 replicates of 10 chicks each). The study 
included a control (NC) and diets supplemented with oils according to the 
following 7 treatments: 200 mg alpha-tocopherol acetate/kg (PC); 100 mg 
oregano oil /kg (OVO); 100 mg rosemary oil /kg (RVO); 100 mg fennel oil 
(FVO); oregano oil + rosemary oil + fennel oil - equally mixed - (100, 200, 
and 400 mg/kg, VOM-1, VOM-2 and VOM-3, respectively). The experiment 
was conducted for 42 d.
At the end of the experiment, no significant differences were observed in 
feed intake and carcass yield. Dietary supplementation with mixed volatile 
oils (VOM-2 and VOM-3) and OVO improved the final body weight. Dietary 
treatments significantly influenced the feed conversion ratio (FCR) and 
bone ash (P<0.001). Furthermore, the hot carcass weights of the OVO and 
RVO group and the volatile oil mixture group (VOM-2 and VOM-3) were 
significantly higher than for the NC group. FVO and VOM supplementation 
at both inclusion levels (VOM-2 and VOM-3) in the broiler diet significantly 
increased the bone Ca level compared with the other groups (p<0.001). 
Moreover, the bone phosphorus percentage of the same groups (FVO, 
VOM-2 and VOM-3) were also significantly enhanced (p<0.001) compared 
to the control groups (NC and PC). In conclusion, the results of this study 
showed encouraging improvement in performance and in tibia Ca levels in 
broilers when their diets were supplemented with VOM-3.    

Keywords: Broiler, Fennel, Oregano, Rosemary, Volatile 
essential oil.

RÉSUMÉ

Effets des huiles essentielles sur la croissance, les performances de 
carcasse et les concentrations en  calcium et phosphore dans le sérum et 
les os de poulets de chair

Les huiles essentielles (huiles volatiles à base de plantes) comme alternatives 
aux antibiotiques sont considérées comme des ingrédients naturels les 
plus puissants. Cette étude a été réalisée pour évaluer les effets de la 
supplémentation alimentaire les huiles essentielles et leurs mélanges sur les 
performances, le sang et les caractéristiques du tibia chez les poulets de chair. 
Un total de 800 poulets mâles (Ross 308) a été reparti également en 8 groupes 
de 100 poulets. L’étude comprenait un groupe témoin (NC) et 7 groupes avec 
supplémentation alimentaire en huile essentielle de la manière suivante 
: 200 mg d’alpha-tocophérol acétate / kg (PC); 100 mg d’huile essentielle 
d’origan / kg (OVO); 100 mg d’huile essentielle de Romarin (RVO), 100 mg 
d’huile essentielle de Fenouil (FVO); un mélange en quantité égale d’huile 
essentielle d’Origan, de Romarin et de Fenouil à raison de (100, 200 et 400 
mg/kg, respectivement VOM-1, VOM-2  et  VOM-3). A la fin de l’expérience, 
aucune différence significative n’a été observée dans la consommation 
alimentaire et le rendement en carcasse. La supplémentation alimentaire 
en mélange d’huiles essentielles (VOM-2 et VOM-3) et le traitement OVO 
ont  amélioré le poids des poulets. Les traitements alimentaires ont eu un 
effet significatif sur l’indice de consommation alimentaire et sur la teneur 
des os en cendres (P<0.001). En plus, les poids de carcasse chaude dans 
le groupe OVO et RVO et dans le groupe de mélange d’huiles essentielles 
(VOM-2 et VOM-3) étaient significativement plus élevés que dans ceux du 
groupe témoin. Le traitement FVO et les traitements de supplémentation 
alimentaire (VOM-2 and VOM-3) ont augmenté de manière significative (p 
<0,001) la teneur en calcium des os dans leurs groupes correspondant par 
rapport aux autres. Et ont aussi augmenté la teneur en phosphore des os 
par rapport aux régimes témoins (NC et PC). En conclusion, les résultats de 
cette étude ont montré une amélioration encourageante des performances 
et de la teneur en calcium chez les poulets de chair lorsqu’ils ont reçu une 
supplémentation alimentaire en VOM-3. 

Mots-clés: Poulet de chair, Fenouil, Origan, Romarin, 
Huile essentielle volatile.
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The beneficial effects of volatile oils on animal nutrition 
include appetite stimulation as well as an improvement 
in endogenous digestive enzyme secretion and immune 
response activation [8, 23, 24]. Many studies have been 
reported on the supplementation of poultry diets with some 
volatile oils that enhanced weight gain, improved carcass 
quality and reduced mortality rates [48]. Additionally, 
several studies have shown that herbal volatile oils combining 
volatile oils and acids generate antibacterial activities in gut 
lumen and act as a growth promoter in the early life of pigs 
and broilers [34, 18].  Moreover, scientists recently discovered 
that volatile oils have a stimulating effect on animal digestive 
systems. They postulated that these effects could be due to the 
increased production of digestive enzymes and the improved 
utilization of digestive products through enhanced liver 
functions [29, 48]. That is, volatile oils provide more benefits 
when combined than when administered individually. 
Therefore, specific volatile oils and combinations of them 
provide a totally new approach to improving feed digestion. 
The use of volatile oils in animal production may, therefore, 
have a promising potential as growth promoters without 
the adverse effects of antibiotics. Although volatile oils are 
reported to be beneficially affecting performance parameters 
in animals, the bioavailability of mineral remains a 
complicated issue. Several studies showed that plasma or ileal 
calcium (Ca) and phosphorus (P) contents were not altered 
using herb and volatile oil treated dietary in pigs [32] and 
broilers [10, 37]. Amad et al. [3] reported that the apparent 
ileal digestibility of Ca and P showed a linear increase when 
the diets were supplemented with thyme and anise oils. 
However, the value of these oils in poultry production has 
not yet been well investigated. Consequently, investigating 
the potential synergistic or additive benefits of combining 
volatile oils, particularly in antibiotic growth promoter-free 
feeding assays, is of far higher importance than investigating 
the individual effects of each volatile oil. 

Therefore, the objectives of this study were to evaluate the 
individual and combined effects of three dietary volatile oils 
- oregano, fennel and rosemary - on the performance, tibia 
and serum mineral characteristics of broilers when used as a 
feed supplement.

Material and Methods

ANIMALS, DIETS AND EXPERIMENTAL DESIGN 

Uludag University Local Board of Ethics Committee for 
Animal Experiments has approved the study protocol of 
this research (HADYEK decision no: 2012/139). This study 
was carried out using a total of 800 Ross 308 male broiler 
chicks. One-day-old chicks were obtained from a local 
hatchery and divided into 8 groups of 100 birds each. Chicks 
were individually weighed and distributed into 80 floor 
pens with 10 chicks per pen. Each 1.2x1.2m floor pen was 
furnished with wood shaving litter. The ambient temperature 
was maintained at 32°C during the first three days and 
was gradually decreased from 32°C on day four to 23°C 

on day 21. Chicks were exposed to natural environmental 
conditions thereafter. The ambient temperature ranged from 
20°C to 22°C throughout the growth period (days 22 to 42). 
Fluorescent lamps provided 23 hours of continuous light 
per day. Chickens were vaccinated against infectious bursal 
disease and Newcastle disease (B1- Hitchner, Lasota) at 14 
days of age and against Gumboro disease at 17 days of age. 
The experiment lasted for 42 days. 

Volatile oil dosages added to diets were chosen based 
on information from the literature and from the effective 
dosage from a previous study [19, 49]. Additionally, specific 
gravity values were measured for calculating the amount of 
rosemary, oregano and fennel oil to add to the diets. The 
specific gravity value of each plant oils was determined by 
the suppliers (Semieterik Oil Co., Mersin, Turkey; NBT 
Company, Alanya, Turkey). A basal diet including a basic 
level of vitamin E (as alpha-tocopherol acetate 80 mg/
kg, derived from a premix (BASF, Germany)) was given to 
broiler chicks in the NC group. A positive control group (PC) 
supplemented with vitamin E (alpha-tocopherol acetate) 
was used in this study to compare the effects of a feed-grade 
source to that of volatile oil. 

The feed additive procedures applied in this study were 
as follows:

NC: A commercial corn-soybean diet- the basal diet 
(negative control) 

PC: The basal diet supplemented with alpha-tocopherol 
acetate (200 mg/kg)

OVO: The basal diet supplemented with an oregano 
volatile oil (100 mg/kg)

RVO: The basal diet supplemented with a rosemary 
volatile oil (100 mg/kg)

FVO: The basal diet supplemented with a fennel volatile 
oil (100 mg/kg)

VOM-1: The basal diet supplemented with a volatile oil 
mixture* (100 mg/kg)

VOM-2: The basal diet supplemented with a volatile oil 
mixture* (200 mg/kg)

VOM-3: The basal diet supplemented with a volatile oil 
mixture* (400 mg/kg)

* Volatile oil mixture is a mix of OVO, RVO and FVO 
(equally mixed).

Formulations were adjusted according to phase-feeding 
practices as chickens advanced in age and weight, as 
recommended by the breeder (Ross 308, 2014): starter (d 
0 to 10), grower (d 11 to 21), and finisher (d 22 to 42). All 
diets were isocaloric and isonitrogenous. Feeds and water 
were provided for ad libitum consumption. The ingredients 
and chemical composition of the basal diets are presented in 
Table I. All diets were prepared weekly and stored in airtight 
containers. No antibiotics or growth promoters were added 
to any of the treatment diets, and the basal diet contained 
a basic concentration of alpha-tocopherol acetate (Table I). 
Experimental diets were chemically analysed according to 
the Association of Official Analytical Chemists [5] methods. 
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Metabolizable energy (ME) concentrations of the diets were 
estimated using the equation by CARPENTER and CLEGG 
[11]: ME (in kJ/kg) = 4.1868 (53 + 38 [(crude protein, %) + 
(2.25 × ether extract, %) + (1.1 × starch, %) + (1.05 × sugar, 
%)]).

The body weight (BW) of broilers in each pen was 
measured individually on days 1, 21 and 42. The body weight 
gains (BWG) from day 1 to 21, 22 to 42 and 1 to 42 were 
determined as pen basis. Feed intake (FI) per pen was also 
recorded on days 21 and 42. On the same days, the FCR 
was calculated as the amount of feed consumed per unit of 
body weight gain, for each pen. Mortality was recorded daily. 
Mortality for chickens in control groups was not different 
from that for chickens in other groups (under 1.0%). Autopsy 
findings revealed that deaths were related to non-infectious 
causes.

At the ends of the trial ten birds were randomly selected 
from each treatment group and slaughtered to determine 
carcass characteristics. All birds were fasted for 12 h prior to 
slaughter, then weighed. Thereafter, birds were subjected to 
standard commercial evisceration procedures. 

DETERMINATION OF SERUM AND BONE BIOCHEMICAL 
VALUES

At the end of the sixth week of experiment, 10 birds from 
each pen were selected randomly and the serum samples 
were taken from the neck vein by puncture and drawn into 
vacutainer tubes. The blood samples were then centrifuged 
at 3000 rpm for 10 min. Serum Ca and serum P levels 
were immediately measured by means of commercial kits 
(TECO Diagnostics kit, Calcium reagent set, Cat no: C 503-
480, USA; TECO Diagnostics kit, Phosphorus reagent set, 
Cat. No I515-480, USA). Concentrations of serum Ca and 
P were determined by measuring the color change using a 
spectrophotometer (Schimadzu UV 1601, Kyoto, Japan). For 
estrogen determination blood serum samples were frozen at 
-20°C till analysis. This test was conducted using (Hangzhou 
Eastbiopharm Co. Ltd.) chicken eastradiol (E2) elisa kit 
(Room 15 A12, Building 1, Blue Ocean International Times 
Mansion, No: 39 Yile Road, Cat. No.CK-E90704). This Elisa 
kit is based on the principle of double-antibody sandwich 
technique to detect Chicken Estradiol (E2).

To determine the bone ash, ten left tibiotarsi from each 
group were analysed according to the technique described 

Ingredients               Starter          Grower             Finisher
                g/kg

Corn, grain 484.9 530.6 559.6
Soybean meal 281.5 171.1 107.2
Wheat 75.0 75.0 100.0
Full fat soybean 50.0 66.4 77.8
Corn Gluten 47.1 100.0 100.0
Vegetable oil 20.0 20.0 20.0
Limestone 14.7 12.5 12.1
Dicalcium phosphate 9.8 8.2 7.3
Sodium chloride 2.9 3.0 3.0
L-Lysin HCl 4.2 4.5 4.1
DL-Methionine 2.4 1.2 0.7
Phytase 1.0 1.0 1.0
Cholin chloride %70 1.5 1.5 2.2
Sodium bicarbonate 1.0 1.0 1.0
Vitamin premixa 3.0 3.0 3.0
Mineral premixb 1.0 1.0 1.0

Analysed concentration, g/kg
Metabolisable energy c, MJ/kg 12.65 13.19 13.39
Crude protein 220.0 210.0 190.0
Ether extract 47.3 52.1 54.8
Ash 64.8 62.0 58.4
Dry matter 881.1 882.2 881..8
Calcium 10.5 9.0 8.5
Total Phosphorus 7.9 7.3 7.0

a Provides (per kg diet): Vitamin A (retinol), 11000 IU; vitamin D3 (cholecalciferol), 5000 IU; vitamin E (α-tocopherol acetate), 80 IU; vitamin B1 (thiamin), 3 
mg; vitamin B2 (riboflavin), 8 mg; vitamin B6 (pyridoxal), 4 mg;  vitamin B12 (cobalamin), 0.016 mg; vitamin B3 (niacin), 60 mg; vitamin B5 (pantothenic), 15 mg; 
vitamin B9 (folic acid), 2 mg; and vitamin B7 (biotin), 0.15 mg;

b Provides (per kg diet): Mn, 120 mg; Fe, 40 mg; Zn, 100 mg; Cu, 16 mg; I, 1.25 mg; and Se, 0.3 mg.  
c Metabolizable energy content of diets was estimated using the equation devised by Carpenter and Clegg [11].

Table I: Ingredients (g/kg) and chemical composition of the basal diet
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by the ASSOCIATION of OFFICIAL AGRICULTURAL 
CHEMISTS [4]. The bones were carefully separated from the 
surrounding flesh and cartilage tissues and placed in boiling 
water to eliminate any resting meat particles. Thereafter, the 
bones were treated with ethanol and anhydrous ether for 24 
h, dried and weighed before being held at 5500C for 6 h. Bone 
Ca was determined photometrically, and the P level was 
determined according to GERICKE and KURMIES [20].

DETERMINATION OF VOLATILE OILS
 
Rosemary and oregano volatile oils were obtained from a 

local commercial company (Sesim Health Products Ankara, 
Turkey). Fennel volatile oil (density: 0.961 at 20°C) was 
obtained from another local company (Duzey Laboratory 
Products Istanbul, Turkey).

The pure volatile oils of oregano (density: 0.959 at 20°C, 
GC-MS tested, steam distillation extraction) and rosemary 
(density: 0.895 at 20°C, GC-MS tested, hydro-distillation 
extraction) were obtained from a volatile oil company. 
Hydro-distillation is a simple form of steam distillation. 
High-pressure steam is forced through crushed plant, 
extracting the oil. The vapour containing the oil is then 
condensed, producing a liquid containing a mixture of water 
and the plant oil. The oil is then separated from the water. 
Gas chromatography analyses were performed using MS 
(Mass Spectrometry-Thermo Polaris Q GC-Thermo Trace 

GC, Thermo Fisher Inc., MA, USA) ultra-fitted with a fused 
HP5-MS capillary column (Thermo Fisher Inc., MA, USA) 
(30 m x 0.25 x film thickness 0.5 μm). The temperature was 
programmed to rise from 95oC to 240oC at 4oC/min. The 
injection was performed at 250°C in the split mode. Helium 
gas was used as a carrier at 1.3610 atm. The detection was 
performed by FID (flame ionization detection) at 250°C, 
with a sample injection volume of 0.1 μl. Chromatograms 
were determined using MS (mass spectrometer) or MS/MS. 
The data were determined using internal standards [40]. 

STATISTICAL ANALYSIS

The data obtained from this study were statistically 
analysed as a one-way ANOVA using the General Linear 
Models procedure of the IBM SPSS Statistics (22.0)® statistic 
package [44]. When the effect was significant, the differences 
between the treatment means were separated using the Tukey 
test. Results are presented as least square means and standard 
error of the means. Statements of statistical significance are 
based on P <0.05 [15].

Results

Volatile oil compositions of rosemary and oregano plants 
are shown in Table II. α-pinene (69.03%) and terpinene 
(10.20%) were determined to be the main active components 
for rosemary oil, and carvacrol (74.09%) was the main 

Components  (%)
Rosemary oil                                   Oregano oil                                            Fennel oil

α-Pinene  69.03 Thymol 4.04 3-methylbutanol 0.20
Borneol  4.00 Carvacrol  74.09 α -pinene 0.59
Camphor  4.80 α -pinene 0.82 Β -pinene 0.30
Cineol  2.20 o-cymene 4.14     β -Myrcene 1.30
Cymen 1.80 Myrecene 1.00    P-Cymene 1.32
Verbenone 1.90 α -Terpineol 0.20    1,8- Cineole 3.20
Terpinene  10.20 Terpinolene 0.42    γ-Terpinene 2.30
Mirsene 2.12 α -Thujene 0.35    Fenchone  10.50
β-pinene 1.20 β-(Z)-Ocimene 5.54    Linalool 1.30
Terpinolen 0.85 Borneol 0.76    Camphor 0.40
Limonene 0.83 Limonene 0.60    Terpinen-4-0I 0.30
γ-Terpinene 0.62 γ-Terpinene 3.08    α -Terpinol    0.40
α –sedrene 0.45 Camphene 0.10    Fenchyl acetate     0.30

β-Pinene 0.30    Cuminal     0.50
Terpinene-4-ol 0.80    Cis-Anethole     0.40
Carvone 0.41    P-Anisaldehyde     0.40
β-Caryophyllene 0.58    Trans-Anethole   70.58
Copaene 0.32    Thymol     0.20
α -Guaiene 0.16    α-Copaene     0.20
α -Bisabolene 1.95    Estragole     5.01
γ-Cadinene 0.12    β-Caryophyllene     0.30
Caryophyllene oxide 0.22

Table II: Volatile oil components of rosemary (Rosmarinus officinalis), oregano (Origanum vulgare) and fennel (Foeniculum vulgare L.) 



Revue  Méd. Vét., 2016, 167, 7-8? 230-239

CENGIZ (S. S.) AND COLLABORATORS234

component for oregano oil. The specific gravity results of 
rosemary and oregano volatile oils are given in Table III. 
Specific gravities of rosemary and fennel volatile oil were 
0.895 g/ml and 0.961 g/ml, respectively, whereas specific 
gravity was 0.959 g/ml for the oregano volatile oil. In this 
study, the volumes of volatile oils added to the broiler diets 
were calculated using the specific gravities of volatile oils 
to determine the weight of the dose. Thus, dosage process 
was performed according to the purity of volatile oil. In this 
study, as distinct from previous studies [6, 26, 46] that used 
additives directly on the basis of weight/weight or volume/
weight, the specific gravity values of volatile oils were used to 
calculate the weight of volatile oil dosage added to the diets. 

Influences of different feed additive regimens on live 
weight gain, feed intake and feed conversion rate between the 
days 0-21, 21-42 and 0-42 of the experiment are presented 
in Table IV. The lowest live weight gains were obtained in 
the NC and VOM-1 groups for comparison with the other 
experimental groups (P<0.001) at 0-21 days. At 0-42 days, 
birds fed VOM-3 were considerable heavier live weight 
gain than NC and VOM-1 groups (P<0.05). No significant 
differences in feed intake were observed among the different 
treatment groups between 1 to 21, 22 to 42 and 1 to 42 days 
of age (P>0.05). Additionally, no significant differences were 
obtained in FCR between the 1st and 21st days of treatment. 
However, dietary treatments significantly influenced FCR 
between the 21st and 42nd days of treatment, as well as between 
the 1st and 42nd days of treatment (P<0.001).

Source Specific gravitya NC PC OVO RVO FVO VOM-1 VOM-2 VOM-3
Oregano

100 kgb 0.959 g/ml
- - 100 mg/kg 33.3 mg/kg 66.7 mg/kg 133 mg/kg
- - (0.104 ml) 0.035 ml 0.070 ml 0.139 ml
- - 10.4 ml 3.47 ml 6.95 ml 13.9 ml

Rosemary

100 kgb 0.895 g/ml
- - 100 mg/kg 33.3 mg/kg 66.7 mg/kg 133 mg/kg
- - (0.110 ml) 0.037 ml 0.075ml 0.149 ml
- - 11.0 ml 3.72 ml 7.45 ml 14.9 ml

Fennel

100 kgb 0.961 g/ml
- - 100 mg/kg 33.3 mg/kg 66.7 mg/kg 133 mg/kg
- - (0.104 ml) 0.035 ml 0.069 ml 0.139 ml
- - 10.4 ml 3.46 ml 6.94 ml 13.9 ml

a Specific gravity values were considered for the calculation of oregano, rosemary and fennel volatile oils added to the diets.
b Diets were prepared weekly in 100 kg portions according to the given formula

Table III: Specific gravities and dosages of oregano, rosemary and fennel volatile oils

NC PC OVO RVO FVO VOM-1 VOM-2 VOM-3 P value
Live Weight Gain (g/chick) n=100
0-21 d    899 b 960 a 946 a 948 a 964a 890 b 944 a 961 a ***

S       9,62 9,99 8,55 10,33 9,32 11,44 10,00 10,59
21-42 d    1927 1894 1934 1915 1915 1937 1925 2060 n.s.

S       34,8 35,7 43,9 36,3 39,3 49,7 47,4 30,5
0-42 d    2826 b 2853ab 2883ab 2867ab 2884ab 2832b 2872 ab 3021a *

S       33,5 36,3 43,1 36,1 37,8 49,1 48,3 28,2
Feed Intake (g chick) n=10
0-21 d    1474 1517 1515 1490 1574 1459 1519 1478 n.s.

S       31,8 41,8 22,3 41,9 36,8 35,3 51,3 37,7
21-42 d    3619 3550 3657 3526 3534 3532 3484 3477 n.s.

S       96,2 87,8 105,3 90,7 60,1 84,6 117,8 46,1
0-42 d    5115 5093 5197 5039 5126 5008 5021 4970 n.s.

S       96,5 91,6 106,5 93,6 63,6 78,8 112 32,8
Feed conversion rate (g/g) n=10
0-21 d    1,64 1,58 1,60 1,58 1,63 1,63 1,61 1,54  n.s.

S       0,040 0,050 0,040 0,050 0,040 0,030 0,070 0,030
21-42 d    1,87 a 1,81 a 1,89 a 1,84 a 1,85 a 1,83 a 1,81 a 1,69 b ***

S       0,030 0,020 0,040 0,020 0,020 0,040 0,020 0,010
0-42 d    1,80 a 1,79 a 1,80 a 1,76 ab 1,78 a 1,77 a 1,75 ab 1,65 b ***

S       0,020 0,020 0,040 0,020 0,020 0,030 0,010 0,010
a, b, c: Different superscripts in each row shows the significant difference between the groups   *P<0,05    **P<0,01    ***P≤0,001  
 n.s. not significant 

Table IV: Effects of different volatile oil mixtures on live weight gain, feed intake and feed conversion rate in broiler chicks
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The effects of dietary supplementation with volatile oils 
and both volatile oil combination on final body weight, hot 
and cold carcass weight and carcass yield are presented in 
Table V. Dietary supplementation with mixed volatile oils 
(VOM-2 and VOM-3) and OVO improved the final body 
weight compared to the unsupplemented NC treatment 
(p<0.01). At the end of the experiment the hot carcass weights 
of the OVO and RVO group and the volatile oil mixture 
groups (VOM-2 and VOM-3) were significantly higher than 
for the NC group. Moreover, the cold carcass weight of the 
VOM-3 group was significantly higher than for both control 
groups NC; PC. The carcass yield of the broilers did not differ 
significantly among the different treatment groups (P>0.05). 

The effects of dietary supplementation with volatile oils 
and the volatile oil combination on bone ash, Ca, and P and 
serum Ca and P content of the broilers during the experiment 
are presented in Table VI. Bone ash was significantly affected 
by dietary treatment (p<0.001). Comparing all of the 
treatment groups, bone ash of the broilers fed VOM-3 was the 
highest. RVO and VOM supplementation at both inclusion 
levels (VOM-2 and VOM-3) in the broiler diet significantly 
increased the bone Ca level compared with the other groups 
(p<0.001), but were only higher than control (NC and PC) 
groups with regard to the bone phosphorus (p<0.001).

The highest serum Ca and serum estrogen levels were 
obtained in the groups of broilers fed with the FVO and 

NC PC OVO RVO FVO VOM-1 VOM-2 VOM-3 P value
Final Body Weight (g)

 2681b 2811ab 2982a 2834ab 2876ab 2941ab 2969a 3019a **
S 87,6 44,1 42,1 52,3 35,6 51,6 97,5 67,2

Hot Carcass Weight (g)
 2047b 2150ab 2342a 2302a 2270ab 2283ab 2335a 2383a ***

S 67,2 56,1 37,7 40,9 32,4 37,1 59,2 91,1
Cold Carcass Weight (g)

 2018c 2118bc 2313ab 2275ab 2250abc 2263ab 2316ab 2363a ***
S 65,2 54,7 37,6 40,6 32,4 37,4 57,9 89,9

Carcass Yield (%)
 75,27 75,36 77,63 80,62 78,24 76,96 79,54 76,69 n.s.

S 1,5 1,6 1,2 2,4 0,8 1,3 1,5 1,4
a, b, c: Different superscripts in each row shows the significant difference between the groups   *P<0,05    **P<0,01    ***P≤0,001  
 n.s. not significant n=10

Table V: Carcass characteristics of broilers fed on diets containing different mixtures of volatile oil

NC PC OVO RVO FVO VOM-1 VOM-2 VOM-3 P value
Tibia Ash, %

   53,8c 54,2bc 54,1bc 54,6bc 55,2b 54,3bc 54,3bc 56,6a ***
S       0,26 0,15 0,27 0,35 0,21 0,25 0,17 0,43

Tibia Ca, %
   20,2c 20,7c 21,6b 20,3c 22,4a 21,4b 22,5a 22,7a ***
S       0,04 0,12 0,11 0,11 0,12 0,23 0,10 0,16

Tibia P, %
   11,4c 11,5bc 12,1abc 12,1abc 12,5a 12,1abc 12,6a 12,7a ***
S       0,08 0,16 0,31 0,17 0,12 0,07 0,07 0,05

Serum Ca, mmol/L
   2,16b 2,09 b 2,65 ab 2,36 ab 2,80a 2,31 ab 2,65 ab 2,80 a

***
S       0,088 0,151 0,176 0,066 0,083 0,159 0,129 0,160

Serum P, mmol/L
   1,73 1,82 1,84 1,65 1,86 1,86 1,70 1,75 n.s.
S       0,110 0,060 0,080 0,070 0,120 0,090 0,060 0,100

Serum Estrogen, pmol/L
   932,43 b 939,61b 998,99ab 1148,18ab 1180,69 a 1026,80 ab 1023,72 ab 1232,88 a ***
S       145,470 112,900 151,690 156,870 84,800 257,020 163,970 60,960

a, b, c: Different superscripts in each column shows the significant difference between the groups  ***P≤0,001 
n.s. not significant     n=10

Table VI: Effects of different volatile oil mixtures on bone ash, bone Ca, bone P rate, serum Ca, P and estrogen levels in broiler chicks
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VOM-3. Whereas the serum Ca and serum estrogen levels 
were lowest for both control groups. No significant differences 
were observed in the serum P levels for the experimental 
treatments.   

Discussion

Dietary supplementation with alpha-tocopherol acetate 
at 200 mg/kg, OVO, RVO, FVO and two different dosages 
of VOM (2-3) significantly improved the BWG of broilers 
between days 1 and 21. Furthermore, supplementation with 
the volatile oil mixture to a dosage of 400 mg/kg increased 
the BWG between days 1 and 42 compared to NC and VOM-
1 groups. Our results are in agreement with those reported 
in earlier works, which revealed that supplementing broiler 
diets with volatile oils significantly improves broiler BWG 
[1, 2, 13, 43]. In contrast, LEE et al. [32] reported that diet 
supplementation with an essential oil preparation did not 
improve the growth performance of broiler chickens, whilst 
BOTSOGLOU et al. [9] and PAPAGEORGIOU et al. [41] 
reported that dietary supplementation of oregano essential 
oil at levels of 50 or 100 mg/kg in chickens, and at levels of 
100 or 200 mg/kg in turkeys, respectively, had no beneficial 
effect on growth performance.

No significant differences were observed among the 
groups with respect to feed intake at the end of the 6-week 
experimental period. Our findings are in agreement with 
those of other authors [2, 13, 50]. At 21-42 days, birds fed 
VOM-3 showed considerably more improvement in the FCR 
than the other groups. Furthermore, between the 1st and 42nd 
day of treatment, the VOM-3 group showed enhanced FCR 
compared with the NC, PC, OVO, FVO and VOM-1 groups 
(P<0.001). Previous studies have shown that supplementing 
broiler diets with essential oils improves the FCR [1, 21, 23]. 
Additionally, HERNANDEZ et al. [22] observed that the 
effect of different additives containing thymol and carvacrol, 
pepper volatile oils (200 mg/ kg) or sage and rosemary 
extracts (5,000 mg/kg) improved the broiler performance. 
However, it was reported that the incorporation of oregano 
essential oil at 50 and 100 mg/kg in normal broiler diets 
had no effect on overall body weight and feed conversion 
ratio, and the results did not differ from the controls or 
from a group supplemented with 200 mg alpha-tocopherol 
acetate [31]. As a matter of fact, other reports on volatile oil 
dietary supplementation have shown inconsistent effects on 
broiler performance. This may be due to differences in the 
supplemental doses and active components of the volatile 
oils administered and to the supplementation procedures 
(e.g., administering oils individually or in combination). 
Additionally, these controversial results can be explained 
because well-nourished healthy poultry reared under 
clean and ideal conditions, such as those used in animal 
experiments, often do not respond to performance-
promoting supplements. Furthermore, the results of the 
experiments vary widely and depend on a number of factors, 
including plant oil type and density, composition of the oil 
and the rations [30]. Additionally, factors such as species 

and subspecies, geographical location, harvest time, plant 
part used and the method of isolation all affect chemical 
composition of the crude material separated from the plant 
[14, 17, 25, 35]. In addition to having well-demonstrated 
antimicrobial effects, volatile oils have been suggested to 
improve feed digestion by stimulating the digestive enzyme 
activities of intestinal mucosa and the pancreas [7, 23]. 

No significant difference in carcass yield was observed 
at the end of the experiment. In contrast, cold carcass 
weights were reduced in the NC and PC groups, but the 
only differences with VOM-3 were statistically significant. 
Hot carcass weights of the OVO, RVO, VOM-2 and VOM-
3 groups were significantly enhanced compared to the NC 
group. Studies by other researchers on the use of volatile oils 
or oil mixtures have obtained different results on the carcass 
characteristics. The carcass characteristics are generally 
positively affected by the addition of aromatic herbs and 
their extracts into diets, but in support of the findings of our 
experiment, essential oil supplementation to the broiler diet 
has been reported not to affect the carcass yield of broilers 
[6]. Moreover, ALCICEK et al. [1] examined the effects of 
2500 mg/kg organic acid, 1000 mg/kg probiotic and either 
36 mg/kg or 48 mg/kg volatile oil on hot and cold carcass 
yield values after 42 d of feeding. The carcass yield value was 
reported to be increased in the group receiving a probiotic 
and volatile oil.

Tibia concentrations of calcium in the FVO and both 
volatile oil mixture groups (VOM-2; VOM-3) were different 
from the other groups. In addition, tibia phosphorus contents 
of the same groups were significantly different from control 
groups (NC; PC). Chicks supplemented with 100 mg/kg 
FVO and 400 mg/kg volatile oil mixture had significantly 
higher serum calcium and estrogen levels compared to NC; 
PC. In addition, tibia ash concentrations were significantly 
increased in the VOM-3 groups compared with the other 
groups. No difference in phosphorus concentration of serum 
was observed among the 8 groups. Phytoestrogens are 
thought to protect from bone loss mainly through estrogen 
dependent mechanisms as phytoestrogens seemed to directly 
increase estrogen levels, as seen in the present study and in 
other investigations [42]. KHAKSAR et al. [27] reported that 
additional 1 g/kg thyme essential oil to the quail diet had no 
effect on serum Ca and P level. ELKOMY and ELSAID [16] 
reported that feeding diets supplemented with herbs (sage, 
rosemary and thyme) exhibited positive effects on bone 
mineral density. The obtained results were in agreement with 
the findings of MUHLBAUER et al. [38], who found that 
bone resorption was inhibited by the essential oils extracted 
from these herbs. 

Phytoestrogens are structurally similar to endogenous 
estrogen and have affinity to estrogen receptors. Both 
infusions and essential oils obtained from the fruits and the 
aerial parts of the fennel, in fact, are included in the herbalist 
armamentarium for their relaxant, estrogenic, analgesic, and 
anti-inflammatory properties [39]. 
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An organic component called trans-anethole, which is 
present in fennel essential oil, boosts the production of the 
estrogen hormone.  Anethole, from the fennel oil, has been 
shown to have estrogenic activity in rats [51]. On the other 
hand, there is a direct relation between calcium and estrogen. 
Therefore, estrogens are important for maintaining skeletal 
structure [12]. Both rosemary and fennel oil stimulate the 
activity of estrogen [36, 45]. In general, volatile oils have 
positive effects, but the knowledge of their use in animal 
nutrition is still limited and requires further research to clarify 
its mode of action, as well as the exact supplementation level 
and duration for a more efficacious outcome.

The results of this study showed encouraging 
improvement in performance and in tibia Ca levels in 
broilers when their diets were supplemented with VOM-
3. Additionally, a synergistic effect possibly exists between 
the oregano, rosemary and fennel volatile oils in the VOM-
3 group. Further studies on the mode of action of certain 
combinations of volatile oils on bone quality are clearly 
needed to expand the knowledge on usage of such natural 
additives in broiler industry.

In conclusion, a volatile oil containing a mixture of 
oregano, rosemary and fennel oils could be a potential natural 
growth promoter for broilers, depending on the plants from 
which the volatile oils were extracted, the dosage and the 
synergetic effects of the mixture.
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