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Abstract: This study was conducted to investigate the effects of dietary inclusion of different levels of
rosemary and garlic essential oils on performance, hematological, biochemical and immunological parameters
of broilers. Seventy five one day-old commercial Ross 208 broiler chicks were assigned to one of five dietary
groups (15 birds each). The control group received the basal diet. In addition to the basal diet, the four
experimental diets included 100 mg rosemary oil /kg (R100), 200 mg rosemary oil /kg (R200), 100 mg garlic oil /kg
(G100) or 200 mg garlic oil /kg (G200). The data of growth performance indicated that supplementation of broiler
diets with rosemary oil had no growth-promoting effects. Garlic oil at 100 mg/kg exhibited the best performance.
The data of hematological parameters implied a significant increase in packed cell volume in rosemary-treated
groupswhile the mean values of hemoglobin demonstrated a significant increase in all treated groups.
Significant increase in total leukocytic count was detected in all treated-groups with a marked increase in
lymphocytic percent was seen in groups R200 and G200. The main changes in blood biochemistry included a
significant decreased in serum activity of AST in garlic treated groups. Rosemary and garlic oils
supplementation also led to increased serum levels of triglycerides, total cholesterol, low densitylipoprotein (LDL) and high-density lipoprotein (HDL) in broilers. Immunologically, there was a significant
increase in phagocytic activity and phagocytic index in all treated groups but all dietary treatments failed to
induce any significant effect on antibody titers at any age. Based on the results of this study, it could be
concluded that garlic at a level of 100 mg/kg is recommended to be the best dietary treatment throughout
improvement of performance of broilers and stimulation of innate immunity by increasing phagocytic capacity
of heterophils.
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substances could lead to the development of antibiotic
resistant bacteria which are harmful to human health
and could be a major contributors to higher feed cost
[2].
For this reason, medicinal plants have gained
interest in alternative feed strategies for the future [3].
The consumption and demand for these plants and their
products including plant extracts or essential oils in
poultry rations have been adopted in many countries
because of low cost, easy availability and diversified
functions in improving growth performance in birds [4].

Addition of certain antibiotics fed at sub-therapeutic
dosages for an extended period of time have been used
extensively as growth promoters in livestock feeds for
many years and provided economic benefits by increasing
growth rate, weight gain and improving feed efficiency of
poultry and other livestock [1]. But, recently the use of
antibiotics in the poultry industry has been seriously
criticized by governmental policy makers and consumers
because of the fear that the continuous use of these
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Furthermore, plant essential oils have been also proven
to control pathogens due to their immunostimulant,
antimicrobial and antioxidant activities [5-8].
Rosemary (Rosemarinus afficinalis) is an aromatic
plant and one of the medicinal plants that is commonly
used in the popularity prescription as a spice and a
flavoring agent in food processing [9]. The most
important constituents of rosemary are carnosal, carnosic
acid, caffeic acid and its derivatives such as rosmarinic
acid. Rosemary and its constituents were known to have
powerful antioxidant activity and thus a therapeutic
potential in treating many disease conditions [10, 11].
Garlic(Allium sativum) is considered by herbalists to
be one of the most essential and useful herbs grown in
many areas throughout the world and used for medicinal
purposes[12]. The plant has been used for many years to
prevent health problems and has been proven to treat
various fungal, viral and bacterial infections in addition to
the intestinal parasites[13, 14].
The informations about the effects of rosemary and
garlic essential oils as growth promoters in certain aspects
such as hematologic, biochemical and immunological
changes are still not clarified, thus the objective of this
study was to investigate the effects of using different
levels of rosemary and garlic essential oils on growth
performance of broiler chickens with particular
emphasis was placed on hematological, biochemical
and immunological changes associated with their use in
these birds.

Table 1: Composition of the basal experimental ration
Ingredient
Crude protein%
Digestible energy Kcal / kg of diet
Calcium%
Phosphorus%
Lysine%
Methionine and cysteine%

Amount
22.06
3079
1.2
0.44
0.95
0.82

experimental treatments consisted of a control (C) which
received the basal diet, basal diet + 100 mg/kg rosemary
oil (R100), basal diet + 200 mg/kg rosemary oil (R200), basal
diet + 100 mg/kg garlic oil (G100) and basal diet + 200 mg/kg
garlic oil (G200). The treatments were added daily to ration
till the end of experiment (42 days). All groups were kept
under observation and were vaccinated against Newcastle
disease (ND) at 8th, 18th and 32th days of age and Infectious
Bursal disease (IBD) at 14th and 24th days of age.
Samples: Blood samples were collected at the end of the
experiment and were classified into three parts. The first
part was collected on disodium ethylene diamine tetracetic
acid (EDTA) for hematological assays. The second part
was collected on heparin (20 IU/ml) for evaluating the
phagocytic activity of heterophils. The third part was
placed in plain centrifuge tubes, left to clot then
centrifuged for separation of serum. Serum samples were
stored at -20°C until assayed for the rest biochemical
parameters. Another blood samples were collected at 21,
28, 35 and 42 days of age and serum samples were
separated and stored for measuring antibody titer against
ND and IBD viruses.

MATERIALS AND METHODS

Evaluated Parameters
Growth Performance Parameters: Birds were weighed at
first day of age as one day-old weight and then live body
weights (LBW) (gm) were recorded at 42 days of age.
Feed residues and thus average feed intake (FI) (gm) were
recorded daily. The average daily body weight gain
(BWG) (gm) and feed conversion rate (FCR) were
calculated over this period (42 days). The body weight
gain was determined as the difference between the
weights of birds at the beginning and end of experiment.
Feed conversion rate was determined as FI divided by
BWG [15].

Plant Essential Oils: Essential oils of rosemary and garlic
were considered 100% pure. The oils were purchased from
a local commercial market (Haraz Company for Medicinal
plants), Cairo, Egypt.
Birds: This study was carried out on 75 one day-old
commercial Ross 208 broiler chicks obtained from a local
company for chicken production (El Sadat City, Menofiya,
Egypt). Upon arrival, birds were weighed and kept under
good hygienic measures on floors pens covered with
wood shavings that were unused when the experiments
started and fed a balanced commercial ration till the end of
experiment (Table 1). Fresh tap water was supplied ad
libitum.

Hematological Parameters: Hematological parameters
such as packed cell volume (PCV), hemoglobin (Hb), red
blood cell count (RBCs) and total white blood cell (WBCs)
and differential leukocytic counts were assessed
according to the routine hematological procedures for
avian [16].

Experimental Protocol: Birds were randomly assigned
into 5 equal experimental groups of 15 chicks each based
on a c ompletely randomized design. The five dietary
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Blood Biochemical Parameters: Serum samples were
analyzed for total protein (TP), albumin (Alb), uric acid
(UA), serum enzymatic activities of alanine amino
transferase (ALT) and aspartate amino transferase (AST),
triglycerides (TG), total cholesterol (TC), low-density
lipoprotein (LDL) and high-density lipoprotein (HDL).
All
these
parameters
were
assayed
using
spectrophotometer and commercial test kits of Randox
(Antrim, UK) and following the manufacturer's
instructions. Globulin concentration (Glob) in serum was
computed by subtracting albumin concentration from total
proteinand consequently albumin to globulin ratio (A/G)
was calculated.

Statistical Analysis: The data were presented as mean±
standard error (SE) and were subjected to statistical
analysis using one-way analysis of variance (ANOVA)
according to Snedecorand Cochran [19] followed by a
multiple comparison Duncan test. Differences at p 0.05
were considered significant.
RESULTS
Growth Performance: The data of the effects of dietary
supplementation of rosemary and garlic essential oils on
performance of broilers shown in Table 2 revealed that
there was a significant increase (P 0.05) in live body
weight and body weight gain in group G100 but these
values were significantly (P 0.05) decreased in group
R 200. Feed intake increased in groups R100, R200 and
G100. Significantly (P 0.05) higher values of FCR were
recorded in rosemary groups while group G100 exhibited a
significant (P 0.05) decrease.

Immunological Parameters: Phagocytic activity (PA) of
polymorphnuclear cells using Candida albicans and
phagocytic index (PI) were performed according to the
method described by Kawahara et al. [17]. Humoral
immune response was investigated by detecting serum
antibody titers against ND and IBD viruses by
hemagglutination inhibition test (HIT) according to the
method described by King and Seal [18]. Lymphoid
organs (bursa of Fabricius and spleen) were collected
from slaughtered chickens at the end of the experiment
and their relative weights as two immune indexes were
determined.

Hematology: With respect to hematological parameters,
the data shown in Table 3 clarified that a significant
0.05) increase in PCV percent was observed in
(P
rosemary-treated groups and in Hb values in all treatedgroups while red cell count did not show significant
changes. Both rosemary and garlic treated-groups

Table 2: The effect of dietary supplementation of rosemary and garlic oils on performance parameters of broilers (Values are means±SE)
Dietary treatments
--------------------------------------------------------------------------------------------------------------------------------------------------------------Parameter

C

R100

R200

G100

G200

LBW (gm)

1969.67±6.90b

1962.40±4.4b

1678.27±2.38d

2113.33±16.60 a

1946.2±2.54 bc

BWG (gm)

45.51±0.55b

45.67±1.15b

38.92±0.68c

49.27±1.96a

45.29±1.87 b

FI (gm)

98.89± 3.10d

122.83±5.47a

105.10± 3.11b

101.62± 6.17c

99.73±4.03 d

FCR

2.21±0.29b

2.69±0.17a

2.70±0.36a

2.04±0.43c

2.20±0.22b

Means within rows with different superscripts differ at P

0.05

Table 3: The effect of dietary supplementation of rosemary and garlic oils on hematological parameters of broilers (Values are means±SE)
Dietary treatments
------------------------------------------------------------------------------------------------------------------------------------------------------Parameter

C

R100

R200

G100

G200

RBCs (x106/ µl)

2.54±0.16

2.55±0.11

2.54±0.30

2.48±0.11

2.49± 0.36

PCV (%)

24.60±0.55c

27.40±0.89b

29.60±2.07a

25.60±1.52bc

24.00±1.58 c

Hb (g/dl)

7.68±0.15b

10.90±0.47a

12.04±2.04a

10.01±1.16a

11.69±2.99 a

WBCs (x103/ µl)

19.20±1.09c

26.00±2.00b

32.40±1.7a

27.20±2.28 b

28.40±1.67 b

Heterophil (%)

8.00±0.71

8.80±1.64

8.90±1.41

9.40±2.07

9.50±3.11

Lymphocyte (%)

72.60±0.89bc

73.00±1.22bc

76.40±2.07a

72.20±1.48c

75.00±3.00 a

H/L ratio

0.10±0.01

0.12±0.03

0.11±0.02

0.13±0.03

0.13±0.05

Monocyte (%)

17.00±1.00a

15.60±0.55a

12.40±1.81b

16.20±0.84 a

12.80±0.45 b

Eosinophil (%)

2.40±0.55

2.60±1.14

2.20±0.45

2.00±0.71

2.40±0.89

Means within rows with different superscripts differ at P

0.05
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Table 4: Serum biochemical parameters of broilers fed rosemary and garlic essential oils (Values are means±SE)
Dietary treatments
------------------------------------------------------------------------------------------------------------------------------------------------------Parameter
C
R100
R200
G100
G200
T P (gm/dL)
4.12± 0.52
4.39±0.39
4.84±0.88
4.17±0.53
4.46±0.76
Alb (gm/dL)
2.22± 0.54
2.05±0.89
2.03±0.63
1.84±0.58
1.72±0.35
Glob (gm/dL)
1.90± 0.45
2.34±0.32
2.81±0.60
2.32±0.51
2.74± 0.40
A/G
1.62± 0.78
0.97±0.46
1.02±0.55
1.13±0.71
0.67 ±0.20
ALT (U/L)
65.56±2.56
64.11±2.53
65.01±2.82
63.92±2.71
63.81±2.76
AST (U/L)
378.93±12.07ab
356.69±3.67bc
362.27±10.88abc
333.65±12.76d
354.25±2.63cd
UA (mg/dl)
9.76±0.05
8.62±1.62
9.71±0.88
8.71±0.40
9.22±0.50
TG (mg/dl)
45.59±2.60 e
55.89±4.22c
61.77±4.56b
49.48±3.70 d
77.98±4.77 a
TC (mg/dl)
93.36±6.73d
125.78±6.69a
94.11±6.74d
107.35±7.32 c
120.52±8.75 b
LDL (mg/dl)
69.69±3.87c
94.61±4.19b
73.57±4.87c
93.16±4.59b
102.91±3.91a
HDL (mg/dl)
28.68±2.21e
69.80±7.85a
43.30±4.57c
39.51±2.66d
61.48±.8.29 b
Means within rows with different superscripts differ at P 0.05
Table 5: The effect of dietary supplementation of rosemary and garlic oils on phagocytic activity (PA) and phagocytic index (PI) of broilers (Values are
means±SE)
Dietary treatments
-----------------------------------------------------------------------------------------------------------------------------------------------------------Parameter
C
R100
R200
G100
G200
PA (%)
71.60± 4.72c
81.00±1.58b
89.00± 3.16a
80.20±3.96b
87.60± 4.56 a
PI
3.72±0.44c
4.39±0.42b
5.06±0.30a
4.38±0.41b
4.61±0.54ab
Means within rows with different superscripts differ at P 0.05
Table 6:The effect of dietary supplementation of rosemary and garlic oils on antibody titers against ND and IBD viruses by HIT (Values are means±SE)
Dietary treatments
------------------------------------------------------------------------------------------------------------------------------------------------------------------Day
C
R100
R200
G100
G200
21
2.00±1.00
2.40±0.54
2.60±0.89
2.00±0.70
2.20±0.83
28
3.20±1.30
3.40±0.54
3.80±0.83
3.00±0.70
3.60±1.14
35
4.20±0.83
4.20±0.44
4.60±1.14
4.40±0.54
4.00±1.58
42
4.40±0.54
5.20±1.30
5.60±01.14
4.80±0.83
5.20±1.30
Table 7: The effect of dietary supplementation of rosemary and garlic oils on weight of bursa and spleen of broilers (Values are means±SE)
Dietary treatments
-----------------------------------------------------------------------------------------------------------------------------------------------------------------Organ
C
R100
R200
G100
G200
Bursa
0.11±0.03
0.11± 0.02
0.13±0.05
0.12±0.03
0.13±0.04
Spleen
0.05±0.01
0.06±0.01
0.07±0.02
0.06±0.02
0.06±0.02

showed a significant (P
0.05) increase in total
leukocytic count (Table 3). Groups R200 and G200 exhibited
a significant (P 0.05) increase in lymphocytic percent
and a significant decrease in monocytic percent while no
significant differences were observed in heterophilic and
eosinophilic percents in all groups (Table 3).

In respect to the effects of rosemary and garlic oils on
serum lipid profile, the results obtained from Table 4
clarified that serum concentrations of triglycerides and
HDL were significantly (P 0.05) increased in all treated
groups but the increases in total cholesterol and
LDL were more pronounced in groups R100, G100 and G200
(Table 4).

Serum Biochemical Parameters: The effects of the
rosemary and garlic essential oils on selected biochemical
parameters presented in Table 4 implied that compared
to control group, serum levels of TP, Alb, Glob, UA and
A/G ratio did not exhibit significant changes.
Evaluation of serum enzymatic activities showed a
0.05) decrease in serum activity of AST
significant (P
in garlic-treated-groups while serum ALT activity did not
demonstrate significant changes.

Immunity: Tables 5 and 6 summarize data of the effects of
rosemary and garlic essential oils on some immunological
0.05) from
parameters. Significant differences (P
respective control values were detected in phagocytic
activity and phagocytic index in both rosemary and garlic
groups (Table 5). On the other hand, based on HIT all
treated groups elicited no significant differences in
antibody titers against ND and IBD viruses at any age
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(Table 6). Data of the weights of bursa and spleen
summarized in Table 7 showed that, dietary treatment of
broilers with different dosages of rosemary and garlic oils
did not result in any significant changes in the relative
weights of these lymphoid organs in all groups.

intestinal flora thereby enhance digestion [27].
Additionally, Williams and Losa [1] and Langhout [28]
suggested that the improved digestibility of the nutrients
leads to a more balanced gut flora with the potential to
reduce the proportion of pathogenic bacteria. There is
also evidence in the literature that garlic significantly
enhances villus and goblet cell numbers in the duodenum,
jejunum and ileum of birds and thus activates the entire
absorptive process of nutrients [29, 30].
On contrary, Ademola et al. [31] concluded that garlic
oil supplemented at 100 mg /kg diet in laying hens
resulted in increased feed intake and poor feed
conversion. Others reported insignificant differences in
the feed consumption and feed efficiency in laying hens
fed sun-dried garlic [32]. The benefits of the garlic
essential oil as growth promoter were not also observed
in broiler chickens fedgarlic essential oil at 10, 20 and 40
mg/kg by stomach tube [33]. This contradiction between
studies could be possibly due to the difference in form,
source and concentration of plant, diets, management and
environmental conditions. In the present work,
performance decrease with increasing concentration of
the rosemary and garlic oils in the respective recipes.
This might be attributed to that the higher concentration
of the herbs may have an adverse effect on some
beneficial microbial populations preventing the plants
from exhibiting its positive influence on performance and
resulting in a poorer FCR [31, 34].
The data of hematological parameters obtained from
this study implied that the addition of rosemary or garlic
essential oils to broilers diets did not significantly affect
RBC count as they were all similar to those of the control
group. Packed cell volume showed a significant increase
in rosemary-treated groups while the mean values of Hb
content demonstrated a significant increase in all
supplemented ones.
The hematological effects of dietary inclusion of
herbal plants in broiler and animal rations have been
extensively evaluated and were proved in many cases to
be positive. Some reported an increase in RBC count for
birds fed diets supplemented with garlic extract [35].
Administration of garlic plus ginger also induced a
significant increase in Hb content when they added at 10
ml/liter water three days a week [36]. In laying hens,
Esonu et al. observed a significant increase in Hb
level while feeding herbal plant neem to them [37].
These changes could be attributed either to a direct
stimulating effect of these herbs on the hematopoietic
tissue or to the production of specific or non-specific
antibodies against different antigens [38]. On the other

DISCUSSION
Withdrawal of antibiotics from poultry foods created
need for replacements methods which would influence
improvement of health and production traits of broiler
chickens. In this respect, considerable attention has been
paid to herbal plants as favorable alternatives to antibiotic
growth promoters in livestock production to improve the
growth feed conversion efficiency and reduce the cost of
feed [20]. The main advantage of these compounds over
antibiotics is that they do usually not bear any risk
regarding bacterial resistance or undesired residues in
animal products [21].
Rosemary and garlic are among the plants which in
some cases, demonstrated positive effect on health and
performance of broiler chickens [10, 11, 22, 23]. But reports
about the value of the inclusion of these plants as growth
promoters in poultry nutrition are limited and many of
researches still under study about the ideal percentage
that is used single of it.
In this study, dietary supplementation of different
levels of rosemary and garlic essential oils were evaluated
for their effects on performance of broilers in addition to
other hematological, biochemical and immunological
parameters. In respect to performance parameters, the
present results showed that supplementation of broiler
diets with rosemary essential oil for 42 days had no
growth-promoting effects. Similarly, Hernandez et al.
found no significant differences in body weight gain of
broilers when a blend of extracts of sage, thyme and
rosemary were added to diets [24]. Additionally,
Farhad et al. reported that blends of medicinal plants
including; garlic, cinnamon, thyme, rosemary and anise
induced a significant decrease in the live body weight and
daily weight gain at both 21 and 42 days as compared to
control birds [25].
Concerning the garlic-treated groups, the data of this
study implicated that birds fed garlic essential oil at a level
of 100 mg/kg exhibited the best performance which
included increased feed intake, increased body gain
weight and improved FCR [22, 23, 26]. The possible
explanation for this positive growth promoting effect
could be attributed to allicin, an organosulfur compound
contained in garlic that promotes the performances of the
20
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hand, others stated that incorporation of rosemary and
garlic into the ration of broilers did not affect the normal
haematological integrity of the birds [10, 23].
The findings of the current study in respect to total
and differential leukocytic count showed that significant
increase in total leukocytic count was detected in all
treated-groups with the highest values were recorded
in group R200 followed by group G200 probably due to
the significant lymphocytosis seen in the two groups.
These results are consistent with some studies which
reported that dietary garlic oil at 200 mg/kg induced a
significant increase in WBCs count in laying hens [31].
Although, almost no available literatures to explain the
effect of rosemary and garlic essential oils on white blood
cell differentiation, these effects could be explained by the
stimulatory effects of these oils on immune functions and
improved immuno-competence of the birds [39].
Evaluation of serum biochemical parameters inthis
investigation revealed that dietary supplementation of
rosemary and garlic essential oils resulted in asignificant
decrease in serum activity of AST in garlic treated-groups
while serum levels of totalprotein, globulin, albumin,uric
acidand serum ALT activity did not show significant
changes.Although we do not have explanation for the
decrease in AST activity in garlic treated-groups, these
results indicate at least that rosemary and garlic essential
oils did not have any deleterious effects on liver and
kidney functions.These results are supported by some
previous reports which implemented that feeding broiler
rosemary at levels of 0.5 and 1gm/kg did not significantly
affect total protein, albumin, globulin, creatinine and
AST and ALT activities [10]. Also this assumption is in
line with the conclusion of some researchers who stated
that administration of garlic and ginger essential oils at 10,
20 and 40 mg/kg did not induce significant effects in the
activities of serum AST and ALT or in blood creatinine
level [33]. Furthermore, some herbal plants have been
shown to be hepatoprotective and capable of inducing an
endogenous interferon [40].
The effects of rosemary and garlic essential oils on
lipid profile clarified that with the exception of group R200
for TC and LDL, all treated groups exhibited a significant
increase in serum concentrations of TG, TC, LDL and
HDL. Conversely, some authors observed that dietary
rosemary did not significantly affect cholesterol level in
broilers [10]. Further, feeding broilers dried garlic powder
reduced serum cholesterol levels [23]. The effects of
herbal plants on blood lipid profile have been shown to be
controversial. Hyperlipidemic effects were seen with some
plants [34, 41] and hypolipidemia was reported with others

[42]. The discrepancies between studies might be
attributed to the differences in herbal plant used, doses,
form of plant, route of administration as well as
experimental conditions.
A large number of medicinal plants have been claimed
to possess immunomodulatory activities and were used to
provide
alternative
potential
to
conventional
chemotherapy for a variety of diseases, especially in
relation to host defense mechanism [43]. Immune
responses can be classified either as reactions of innate
immunity (nonspecific) and reactions of adaptive
immunity (specific) mediated by T and B lymphocytes
[44]. The most important cells involved in innate immunity
include, natural killer cells and the phagocytic cells
including macrophages and neutrophils. Phagocytes are
known to play an important role in resistance to infection
because of their ability to engulf and degrade invading
microorganisms and kill them intracellularly [44].
The current findings of the effects of different levels
of rosemary and garlic essential oils on innate immune
response implied a significant increase in phagocytic
activity and phagocytic index in all treated groups with
the highest values were observed in R200 and G200 groups.
Similar effects were reported with other medicinal plants.
Soltan et al. found that dietary anise seeds
supplementation at different concentration increase
phagocytic activity, index and lymphocytes in broilers
[45]. Awaad et al. observedthat essential oils of
peppermint and eucalyptus significantly increased
phagocytic activity of macrophages in chickens [46].
The components of the herbal plants which are
responsible for the immune stimulation are not well
known. Guo suggested that the mechanism of medicinal
plants components may include improving the physical
conditions of gut ecosystem and enhancing function of
immune system of chicks [47]. The antioxidant nature of
medicinal plants also has been suggested to alleviate
the negative influence of environmental stressors and
improve immune function to combat different types of
diseases [7, 10, 11]. Others identified a carbohydrate in the
garlic extract that appeared to be responsible for the
antitumor immunity [48].
Concerning the effect of rosemary and garlic oils on
humoral immune response, the analysis of variance of the
data of HIT showed that all dietary treatments used in this
study failed to induce any significant effect on antibody
titers against ND and IBD viruses at any age.
Contradictory findings have been reported by some
authors who declared that blends of medicinal plants
including; garlic, cinnamon, thyme, rosemary and anise
21
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increased antibody titer against ND at day 33 [25].
However, these findings can be supported by the work of
Waihenya et al. who reported no change in antibody
titers against ND in chickens fed crude extract of aloe
secundiflora [49].
Data of relative weights of bursa and spleen in this
study showed that dietary supplementation of rosemary
and garlic essential oils did not significantly affect the
relative weights of these organs. In accordance with these
results, Dieumou et al. recorded that all organs expressed
as a proportion of body weight of birds were not affected
by treatment with garlic essential oil at 10, 20 and 40mg/kg
[33]. On contrary, others found that relative weights of
bursa and spleen were significantly heavier when
rosemary was supplied at a level of 1gm/ kg than those of
control. However the author in the last study used much
larger dose of the rosemary oil [10].
Based on the results obtained from this study it could
be concluded that supplementing broilers diet with
rosemary oil at levels of 100 and 200 mg/kg and garlic oil
at a level of 200 mg/kg did not improve performance of
broilers but garlic oil at a level of 100 mg /kg exhibited the
best performance parameters. Both oils were not
associated with any adverse impacts on hematological
and biochemical parameters however they resulted in
hyperlipidemic effects indicated by hypertriglyceridemic
and hypercholesterolemic effects. Immunologically the
two herbs appeared to have immunomodulatory effects
particularly on innate immune response indicated by the
significant increase in phagocytic activity and index of
heterophils but both of them at the tested doses had no
effect on humoral immune response and antibody
production.
Accordingly, among the dietary treatments used in
this study, garlic oil at a level of 100 mg/kg is
recommended to be the best treatment throughout
improvement of performance of broilers and stimulation of
innate immunity by increasing phagocytic capacity of
heterophils.
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