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Abstract

Background: Herbal antioxidants have beneficial effects on health and performance. Meanwhile, medicinal plants and their deriva-
tions are utilized as growth and immunity promoter.
Objectives: This research aimed to evaluate the effects of garlic powder and Satureja Khuzestanica essential oil (SKEO) on broiler
performance, blood lipid profile, immune responses, intestinal microflora, and morphology.
Methods: In total, 400 male chickens were randomly divided into five groups. Treatments included garlic powder (2 and 4%) and
SKEO (400 and 500 mg/kg). Those in the control group received no intervention. On the 35th day of the experiment, the immune
system of subjects was investigated, and at the end of the study, performance and blood lipid profile were analyzed. Also, the jejunal
and ileal contents were separated to investigate the intestinal morphology and microflora.
Results: Administration of herbal extracts was associated with improved performance, such as feed intake, BWG, and FCR (P < 0.05).
Treatments could diminish the serum concentrations of lipid profile, including cholesterol, triglycerides, and LDL (P < 0.05). Mean-
while, the number of harmful intestinal bacteria was reduced by garlic (4% of diet) and SKEO (500 mg/kg) treatments (P < 0.05).
Also, morphological characteristics of the intestine were improved (P < 0.05). Herbal plant supplement remarkably increased the
villus length, villus length to crypt depth, and villus area (P < 0.05), but did not affect the immune responses (P > 0.05).
Conclusions: This study demonstrated that dietary inclusion of herbal extracts is potentially an effective strategy for improving
health and performance in broiler chickens.
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1. Background

Increased human population has caused enhanced de-
mand for animal products. Hence, poultry breeders are
looking for alternative dietary energy and protein to be
used in human food and animal feed (1, 2). Meanwhile, re-
garding the recent concerns about the limitations of using
synthetic antibiotics for increasing the growth and immu-
nity modulation in chicken breeding, there is a growing
interest in reducing antibiotic resistance using the herbal
additive. Herbal plant supplements are of main economic
significance for poultry breeders. Thus, the use of herbals
and their derivatives may be an appropriate strategy for
improving the health and performance of poultry.

Garlic (Allium sativum L.) is a medicinal plant belonging
to the versatile herbs with numerous applications in the
food and drug industries. Basically, plant derivatives (from

garlic) are usually utilized in bird feeding as a growth pro-
moter, because of their antioxidant, antimicrobial, and di-
gestion properties (3-5). Further, Puvača et al. (6) showed
that dietary inclusion of spice herbs (garlic, black pepper,
and hot red pepper) leads to higher production levels and
much better blood lipid profile conditions.

Satureja Khuzestanica is a medicinal herb belonging
to the Lamiaceae family, which is mainly cultivated for
culinary uses and medical all around the world. Sat-
ureja Khuzestanica Jamzad (SKEO), also known as Marzeh-
e-Khuzestani in Persian, is an endemic plant and native
to southern parts of Iran. The main constituents of the
SKEO are carvacrol (more than 90%), followed by flavones,
triterpenoids, tannins, and steroids (7). Recent studies re-
ported that SKEO may have economic benefits in broiler
flocks under heat stress through improved feed conver-
sion ratio (FCR) and efficiency factor (8) by promoting the
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digestion process (9). In addition, some studies revealed
that SKEO into diet resulted in beneficial actions on antiox-
idant properties (10-12). Further, Nasimi et al. (7) showed
that SKEO could prevent oxidative changes created via reac-
tive oxygen species (ROS) by lipid peroxidation inhibition
and radical scavenging, as well as their total phenolic com-
pounds.

2. Objectives

The current study aimed to test whether garlic pow-
der and SKEO can protect the health and performance of
broiler chickens via modifying lipid profile and microflora
state.

3. Methods

3.1. Preparation of Extracts

The garlic powder and SKEO used in this study were
purchased from the Known Technology Pharmaceuticals
Co. (Tehran, Iran). The volume of extracts was measured
by the Folin-Ciocalteu reagent (13). SKEO contained 24.5%
p-Cymene and 39.74% carvacrol phenolic compounds.

3.2. Birds and Experimental Procedure

In the present study, 400 one-day-old male chickens
(42 ± 3.0 g) were obtained from a commercial hatchery
(Toyoorbarekat Co. Tehran, Iran). Then, chickens were ran-
domly divided into 5 groups. Treatments included garlic
powder (2 and 4%) and SKEO (400 and 500 mg/kg). Those
in the control group did not receive any intervention. Di-
ets and water were available ad libitum during the exper-
iment. For meeting their nutritional needs, three dietary
formulations were used during growth periods, as recom-
mended by National Research Council (NRC) NRC (14) (Ta-
ble 1). The control group did not receive any feed addi-
tives, whereas in diets containing levels of SKEO, this ad-
ditive was administered to birds at two levels of 400 and
500 mg/kg mixed with the basal diet (Table 1), and the other
groups received 2% and 4% of garlic powder (Table 2). A
sample of the diets was analyzed according to the method
proposed by Hadian et al. (9). The composition of SKEO
is provided in Table 3. The study protocol was performed
in compliance with the guidelines for handling farm ani-
mals, which was approved by the Ethics Committee of the
Islamic Azad University, Arak Branch, Iran (code: 98-02-32-
51985).

3.3. Growth Performance

The chickens were weighed at the beginning of the
study and at the end, and the body weight gain (BWG) per
replicate was analyzed. Feed intake (FI) index was recorded
for each replicate, and the FCR was calculated.

3.4. Blood Analysis

Two chickens were randomly selected from each pen
for blood sample analyses at 42 days of age. The serum was
separated by centrifugation (15 min at 4°C and 2500×g),
kept at -20°C for later analyses. Concentrations of serum
lipids, including cholesterol, triglycerides, and other lipid
factors in the blood such as low-density lipoprotein (LDL)
and high-density lipoprotein (HDL), were evaluated using
atomic absorption spectrophotometer (Perkin-Elmer, AA-
600, USA). Standard commercial kits were used for analysis
(Pars Azmoon Co. Tehran, Iran).

3.5. Immune Responses

After 28 days of the experiment, 2 birds were selected
for injecting sheep red blood cells (SRBC). The anti-SRBC an-
tibody titers were measured using the method proposed
by Qureshi and Havanstein (15). Antibody data are pre-
sented as log2 of the reciprocal of the highest dilution
yielding visible agglutination.

3.6. Intestinal Morphometry

At the end of the study, 2 chickens were killed for in-
testinal studies. For this aim, 1.5 cm of the jejunum was
sampled and washed with 85% saline for 24 h and were
placed in formalin (10%). Routine histological laboratory
methods were used. Six micrometer thick sections were
stained with Hematoxilin-Eosin and were observed under a
microscope. After preparing the samples, intestinal perfor-
mances such as villus length and width, villus length-crypt
depth ratio (VH/CD), and crypt depth were measured using
Iji et al. (16) methods, by a light microscope (Olympus Co.
Tokyo, Japan). Calculations were determined by the follow-
ing formula: [2π × (W/2) × L], where W = villus width, L =
villus length.

3.7. Ileal Bacterial Study

At the end of the experiment, 1 gram of ileal content
obtained from two chicks was collected and transferred to
9 mL (NaCl, 9 g L-1). All procedures for ileal bacterial were
performed according to Mookiah et al. (17). Agar (Oxoid)
for total aerobic bacteria, plates inoculated for enumera-
tion incubated anaerobically at 37°C for 48 h in anaerobic
jars (Oxoid) with anaeroGen GasPak (Oxoid), and plates for
E. coli and total aerobes were incubated aerobically at 37°C
for 24 h, after which total numbers of bacterial colonies
were counted. Bacterial populations were expressed as
log10 colony forming units (cfu) g-1 caecal content. All pro-
cedures were performed in duplicate (17).
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Table 1. Composition of Experimental Diets in The Different Periods (As-Fed Basis) a

Ingredients (%)
Periods

Starter (0 - 10 Days) Grower (11 - 24 Days) Finisher (25 - 42 Days)

Corn (8.5% CP) 54.32 58 66

Soybean meal (44% CP) 39.80 35.22 29.00

Soybean oil 2.15 3.30 2.00

Oyster shell 0.8 0.70 0.65

Di-calcium phosphate 1.75 1.65 1.30

Vitamin and Mineral premix 0.50 0.50 0.50

Salt 0.23 0.23 0.20

DL-methionine and L-Lysine 0.45 0.40 0.35

Chemical component

Metabonlizable energy (kcal/kg) 2980 3100 3150

Protein (%) 23.00 21.24 19.08

Methionine + Lysine (%) 1.80 1.73 1.51

Methionine + cysteine (%) 0.95 0.81 0.76

Calcium + Phosphorus (%) 1.44 1.34 1.13

aIn diets containing levels of SKEO, this additive was administered to birds at two levels 400 and 500 mg/kg mixed with the basal diet.

Table 2. Composition of Experimental Diets Containing Garlic Powder in The Different Periods (As-Fed Basis)

Ingredients (%)

Periods

Starter (0 - 10 Days) Grower (11 - 24 Days) Finisher (25 - 42 Days)

Garlic Powder Levels

2% 4% 2% 4% 2% 4%

Corn (8.5% CP) 54 53 58 87 59.7 58

Soybean meal (44% CP) 38.3 38.3 33.6 32 31 31

Galic Powder 2 4 2 4 2 4

Soya oil 2 2 3 3 4 4

Oyster shell 0.8 0.8 0.61 0.61 0.61 0.61

Di-calcium phosphate 1.75 1.75 1.65 1.65 1.65 1.4

Vitamin and Mineral premix 0.50 0.50 0.50 0.50 0.50 0.50

Salt 0.23 0.23 0.23 0.23 0.23 0.23

DL-methionine and L-Lysine 0.45 0.45 0.33 0.33 0.33 0.26

Chemical analysis

Metabolizable energy (kcal/kg) 2920 2870 3030 2980 3110 3050

Crude protein (%) 22.41 22 20.6 20 19.5 19.5

Methionine + Lysine (%) 1.88 1.84 1.63 1.58 1.57 1.52

Methionine + cysteine (%) 0.91 0.9 0.77 0.75 0.75 0.71

Calcium + Phosphorus (%) 1.44 1.44 1.31 1.31 1.09 1.17
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Table 3. Composition of Satureja Khuzestanica Essential Oil

Chemical Compound Composition (%)

Carvacrol 92.16

(Z)-β-ocimene 0.54

Myrcene 0.26

α-pinene 0.15

α-terpinene 0.24

α-thujene 0.24

P-cymene 1.26

Limonene 0.13

γ-terienene 0.74

trans-sabinene hydrate 0.17

α-terpinolene 0.42

β-caryophyllene 0.16

Trans-β-bisabolene 0.10

3.8. Statistical Analysis

The effects of medical plants were evaluated by a com-
pletely randomized design. Data were analyzed by ANOVA
using the GLM procedure of SAS (2005). Treatments were
compared by Duncan’s test, and the differences were sepa-
rated at the statistical level of P < 0.05 (18).

4. Results

4.1. Growth Performance

The results related to chickens’ performance are pre-
sented in Table 4. Data indicated that herbal plant supple-
ments could significantly promote BWG, FI, and FCR (P <
0.05), but no difference was observed concerning the mor-
tality rate (P > 0.05).

4.2. Blood Analysis

The blood lipid profile of each group is provided in
Figure 1. Chickens treated with garlic (4% of diet) and
SKEO (500 mg/kg) showed lower serum concentrations of
cholesterol, triglycerides, and LDL compared to other birds
(P < 0.05). No significant difference was observed between
the two groups concerning serum concentrations of HDL
(P > 0.05).

4.3. Immune Responses

The effects of dietary supplementation with garlic
powder and SKEO on humoral immunity are provided in
Table 5. According to the findings of the present study, ex-
perimental diets did not affect the immune responses of
broiler chickens (P > 0.05).

4.4. Ileal Bacterial Populations

Table 6 shows the effects of diets on the intestinal mi-
crobial and morphology. A significantly lower illeal con-
tent of Coliform bacteria, E. coli, and total aerobic bacteria
was found in the treatment groups (P < 0.05) compared
to the controls. The experimental diets presented higher
villus length, VH/CD, and villus area compared to unchal-
lenged birds (Figure 2). At the same time, our findings
showed that diets affected the depth and villus width (P >
0.05).

5. Discussion

Recently more attention is paid to improving the per-
formance of poultry using medical plant extract supple-
mentations. Meanwhile, the use of medicinal herbs, as
a growth promoter, has considerably increased, due to
the several benefits including their natural constituents,
and low price, safety, and availability (3-5). In the present
study, the difference in performance, blood lipid profile,
immune responses, intestinal microflora, and morphol-
ogy between the control and treated groups can be at-
tributed to differences in daily content of the diet and sta-
ble general condition of the birds. It means that changing
the diet could affect the health and performance subjects,
which consequently changed the quality of chicken’s prod-
ucts.

The present study proved that dietary inclusion of
medical plant supplements could improve BWG and FCR
of the broiler chickens (Table 4). Our observations showed
the development of poultry breeders, both in productive
and herbal extract, because natural products do not gener-
ate harmful residues in food and often do not cause prob-
lems such as antibacterial resistance (19). Previous studies
reported that supplementation of garlic powder improved
the performance of broilers when added at rates of 1% (20)
and 3% (21, 22) to broiler’s diets. Thus, it can be an alterna-
tive for antibiotic growth promoters. In the same vein, Lee
et al. (23) reported that an increase in BWG of chickens af-
ter using 0.2 g/kg carvacrol. In contrast to these results, the
latest studies have shown that dietary inclusion of garlic
essential oils did not have any beneficial effect on BWG, FI,
and FCR (24, 25). Khosravinia et al. (9) indicated that the
performance parameters were not affected after SKEO sup-
plementation in drinking water, which is not in line with
the findings of the present study. This difference can be at-
tributed to the associated and variability of new feed ad-
ditives levels as well as environmental conditions (23) and
physiological status (9). Additionally, the inconsistency in
the results of the present study with other research can be
attributed to the fact that in the current study, SKEO sup-
plementation was added to the diet, while Khosravinia et
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Table 4. Effects of Dietary Inclusion of Garlic Powder and Satureja Khuzestanica Essential Oil (SKEO) on Feed Intake (FI; G/Chick), BWG (G/Chick), FCR (G Feed/G BWG), And
Mortality (%) Of Broiler Chickens a , b

Groups FI BWG FCR Mortality

Control 3901.00 ± 141.40c 1753.00 ± 58.45d 2.23 ± 0.09a 5.32 ± 4.91

Garlic 2% 3944.00 ± 128.10c 1771.00 ± 82.16d 2.19 ± 0.09a 6.67 ± 5.16

Garlic 4% 4297.00 ± 66.46b 2368.00 ± 40.82b 1.76 ± 0.03c 5.00 ± 5.47

SKEO (400 mg/kg) 4019.00 ± 75.28c 2102.00 ± 111.40c 1.95 ± 0.08b 4.98 ± 4.66

SKEO (500 mg/kg) 4718.00 ± 75.28a 2602.00 ± 91.74a 1.75 ± 0.04c 6.21 ± 5.35

P Value 0.001 0.001 0.001 0.66

SEM 56.23 64.05 0.037 0.78

Abbreviation: SEM, Standard Error of Means.
aValues are expressed as mean ± SD (n = 20).
bDifferent capital letters in superscript show significant differences among groups per column.
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Figure 1. Effects of dietary inclusion of garlic powder and Satureja Khuzestanica essential oil (SKEO) on blood lipid profile (mg/dL) of broiler

Table 5. Effects of Dietary Inclusion of Garlic Powder and Satureja Khuzestanica Essential Oil (SKEO) on SRBC Antibody Titer (Log10) of Broiler Chickens

Trait
Treatments Statistical Parameters

Control Garlic 2% Garlic 4% SKEO (400
mg/kg)

SKEO (500
mg/kg)

P Value SEM

SRBC antibody titer 5.51 5.03 4.52 6.21 7.23 0.37 0.76

al. (9) have used drinking water. It seems that herbal ex-
tract supplementations increased the appetite of subjects.
Besides, there was a direct association between the trend
of FI and the level of garlic powder and SKEO in the diet. In
addition, some studies showed that improved growth per-
formance indexes in high levels of garlic powder and SKEO

can be due to antioxidant properties. Also, phenolic com-
ponents of garlic and SKEO supplements not only can re-
duce the effects of pathogens on the intestinal system but
also are useful for absorbing amino acids in the small in-
testinal (5, 11, 12).

Because the chickens treated with garlic (4% of diet)
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Table 6. Effects of Dietary Inclusion of Garlic Powder and Satureja Khuzestanica Essential Oil (SKEO) on Intestinal Microflora and Morphology of Broiler Chickens a , b

Traits
Treatments Statistical Parameters

Control Garlic 2% Garlic 4% SKEO (400
mg/kg)

SKEO (500
mg/kg)

SEM P-Value

Intestinal microflora
log10 (CFU/g)

E. coli 3.93A 3.43A 2.73B 3.63A 1.87C 0.14 0.03

Total of aerobic bacteria 11.29A 9.43A 7.95B 8.47AB 6.21C 0.37 0.04

Coliform bacteria 7.42A 2.22C 4.68B 4.79B 2.16C 0.54 0.01

Morphology

Villus length (µm) 1142.00C 1287.6B 1321.4AB 1231.6AB 1303.2A 28.85 0.001

Villus width (µm) 118.32 110.31 112.81 105.29 117.48 4.93 0.349

Crypt depth (µm) 125.00 121.23 117.31 113.62 128.67 6.60 0.512

VH/CD 9.39B 11.18A 11.95A 10.00A 11.65A 0.376 0.011

Villus area (mm2) 0.435B 0.429AB 0.485AB 0.483AB 0.509A 0.025 0.024

Abbreviations: Villus length to crypt depth; SEM, Standard Error of Mean.
aValues are expressed as mean ± SD (n = 20).
bIn each row different capital letters in superscript show significant difference at the level P < 0.05.

Figure 2. The part of a jeojenom tissue of broilers A: Broiler received 500mg/kg SKEO, B: Control treatment with no feed additives. In the control group, the villus structures
are short and thickened compared to the birds fed with 500 mg/kg SKEO. CD = Crypt depth, VH = Villi height. Hematoxylin and eosin staining.

and SKEO (500 mg/kg) had lower serum concentrations
of cholesterol, triglycerides, and LDL, accordingly using
herbal plant extracts could improve the chickens’ health
and productivity by regulating lipid profiles. The lat-
est studies showed that dietary inclusion of garlic pow-
der (6, 26) or SKEO (9) stimulates a better lipid profile in
broiler chickens, which might be attributed to their fura-
nocoumarins and flavonoids properties. Moreover, adding
small amounts of tellurium to garlic powder can decrease
endogenous cholesterol production via inhibition of hep-
atic squalene epoxidase (27). Also, carvacrol, as a monophe-
nolic molecule, can affect LDL and/or HDL metabolism via

extrahepatic metabolic paths (28). Garlic, as an effective
antioxidant, could reduce cholesterol content by affect-
ing hepatic 3-hydroxy-3-methyl glutaryl coenzyme A reduc-
tase, which in turn reduces cholesterol biosynthesis en-
zymes (27). On the other hand, based on the results re-
lated to blood lipid profile, decreased cholesterol synthe-
sis following supplementation with garlic powder or SKEO
in diet, may be responsible for decreased LDL synthesis, be-
cause cholesterol is one of the precursors for LDL synthe-
sis. Cholesterol in birds is often in the form of HDL (α-
2globulin fraction) and LDL (β-2globulin fraction) (29).

Some researchers reported that garlic powder (30) and
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SKEO (31) exhibited significant hypocholesterolemic and
hypolipidemic actions in broiler chickens, which is con-
sistent with our results. Medical plant extracts can alter
the immune function by dynamic regulation of molecules
like cytokines and chemokines (30). In the current study,
herbal extracts did not affect the SRBC antibody titer. Fur-
thermore, some studies reported that phytogenics supple-
mentation did not affect total antibody titer, which is con-
sistent with the findings of the present study (32). Amresh
et al. (33) showed that flavonoids and polyphenolic com-
pounds in herbal plants could strengthen the immune sys-
tem because of their antioxidant properties. Additionally,
previous studies have shown that dietary inclusion of gar-
lic powder increased cellular and humoral immune sys-
tems of broiler chickens (22, 34), which might be impu-
tated to its amount in furanocoumarins and flavonoids.
The immune response of chickens to phytogenic essential
oils might be affected by the animal’s age and gender, hy-
giene, environmental factors, the composition of the feed,
and quality of products (35, 36).

Controlling the growth and numbers of harmful bac-
teria is a vital objective for the poultry industry. In the
present study, adding herbal plant extracts to experimen-
tal diets could improve poultry health and product perfor-
mance by compilation of intestinal microbial flora. The
latest studies reported that some herbal antioxidants can
increase the number of beneficial bacteria and suppress
pathogenic bacteria colonization (25, 37). Sharifi-Rad et al.
(38) reported slight antibacterial activities of SKEO against
intestinal microbes. The antibacterial properties of the es-
sential oils are because fat can pierce the bacterial mem-
brane and expels the cell components (37). It worth noting
that the antibacterial properties of essential oils in poul-
try may be changed by interfering with diet and altering
environmental conditions (25). In short, adding medical
plant extracts to the poultry diet is an economical way to
increase the intestinal microbial population.

Our morphology findings indicated that herbal ex-
tracts exposure was associated with increased villus
length, VH/CD, and villus in the male chickens, which
in turn causes better absorption of nutrients in the gut.
These findings are consistent with the results of other
studies, which reported that adding herbal plant extracts
could increase the villus length (26, 32) and VH/CD ratio
(37, 38). In addition, Amad et al. (39) showed that supple-
mentation of herbal plant additive to poultry diet could
change jejunal tissue, which is useful for better absorbing
nutrients and improving functions such as FCR. Mean-
while, according to Viveros et al. (40), phenolic derivatives
can alter the intestinal microbial ecology in poultry and
cause positive changes in broiler intestinal bacteria.

5.1. Conclusions

In summary, this study demonstrated that using gar-
lic powder and SKEO compounds is potentially an effec-
tive strategy for modifying the blood lipid profile and sup-
pressing bacterial populations at the broiler chickens via
antioxidant functions. However, a full understanding of
the mechanism by which these herbal plant extracts func-
tion is still lacking.
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