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Abstract This study was carried out to evaluate the effects of Satureja khuzistanica essential oils
(SKEO) on performance, serum metabolites and differential counts of white blood cells in broiler
chickens. A total of 280 one-day-old straight-run Cobb 500 broiler chickens were allocated into seven
treatment groups with four replicates of 10 birds each from day 1 to 42 of age. The birds were con-
tinuously given drinking water supplemented with 0 (Control~), 100, 200, 300, 400 and 500 mg/L
SKEO or 1,000 mg/L Tween-80 (control™) as seven experimental treatments. During overall period
(1 to 42 days) of the study, broilers received water supplemented with 300, 400 and 500 mg/L SKEO
consumed less (P < 0.05) feed compared with those given water supplemented with 100 mg/L SKEO.
However, feed intake for the control broilers was intermediate and was not statistically different (P
> 0.05) from either of the groups. Broilers received water supplemented with 300 mg/kg SKEO had
lower (P < 0.05) weight gain compared with the control broilers, while feed conversion ratio was
higher (P < 0.05) in broilers received water supplemented with 100 mg/kg SKEO compared with the
control broilers. The serum concentrations of glucose, triglycerides, and total cholesterol were not
affected (P > 0.05) by treatments at days 21 and 42 of age. Similarly, water supplementation with
SKEO had no effect on differential counts of white blood cells and heterophil to lymphocyte (H/L)
ratio at days 21 and 42 of age. Overall, results of the present study showed that drinking water sup-
plementation with SKEO had no beneficial effect on growth performance, serum metabolite concen-
trations and differential counts of white blood cells in broiler chickens and water supplementation
with 100 and 300 mg/L SKEOQ decreased broiler growth performance.
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Introduction

The use of in-feed antibiotics was banned to prevent
the risk of developing pathogens resistant to antibiotics
and to satisfy consumer demand for a food chain free of
drugs in the European Union since January 2006 (da
Costa et al., 2010). The same policy is being considered
in other parts of the world. As a result, poultry industry
seeks alternatives for antibiotics as growth promoters.
In recent years, the use of phytogenic compounds has
gained momentum for their potential role as natural al-
ternatives to antibiotic growth promoters in poultry nu-
trition (Wallace et al., 2010; Hashemi and Davoodi,
2012).

The genus Satureja (Lamiaceae, tribe Mentheae)
consists of more than 200 species of aromatic herbs and
shrubs, widely diffused in Mediterranean region (Ghan-
nadi et al., 2000). This genus is represented in the flora
of Iran by 12 species, eight of them being endemic and
exclusive of Iran (Ghannadi, 2002). Satureja khuzistan-
ica Jamzad is widely distributed in the southern and
western parts of Iran (Jamzad, 1994). It is famous for its
therapeutic value as an analgesic and antiseptic in Ira-
nian traditional medicine (Zargari, 1990).

The Satureja khuzistanica essential oils (SKEO)
have been reported to have a wide range of effects; they
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are anti-inflammatory and anti-nociceptive (Amanlou et
al., 2005), antioxidant and antihyperlipidemic (Abdol-
lahi et al., 2003). It was also reported that SKEO exerts
stimulatory effect on male rat fertility (Haeri et al.,
2006), and lowers blood glucose and triglycerides levels
in diabetic rats (Abdollahi et al., 2003). Previous works
reported carvacrol the main component of SKEO (Far-
sam et al., 2004; Hadian et al., 2011; Khosravinia et al.,
2013), ranging from 92.2 to 93.9% , along with p-cy-
mene (0.6 to 1.3%) and thymol (0.2 to 0.6%).

A previous study examining five concentrations
(500, 1,000, 1,500, 2,000 or 2,500 mg/L) of SKEO in
drinking water of broilers reported that water supple-
mentation with SKEO suppressed the productive perfor-
mance of the chickens (Khosravinia et al., 2013). Parvar
et al. (2013a) tested four concentrations (200, 300, 400
or 500 mg/L) of SKEO through drinking water of broiler
chickens and found that water supplementation with 400
mg/L SKEO improved breast weight of broilers under a
tropical climate. Details on production performance
were, however, not reported. Moreover, the effects of
SKEO supplementation on the physiological responses
of broilers have not been well documented. Khosravinia
et al. (2015) reported that water supplementation with
SKEO has a potential to affect the serum lipid profile in
broiler chickens because serum concentration of estradi-

ol and the weight of abdominal fat were decreased by
SKEO supplementation (500 or 1,000 mg/L). In addi-
tion, there is some evidence that Satureja khuzistanica
ethanolic extract (Souri et al., 2015) or selected SKEO
components, carvacrol and thymol (Major et al., 2011;
Machado Junior et al., 2014), have immunomodulatory
effects in broiler chickens. Therefore, this study was
carried out to evaluate the effects of water supplemen-
tation with SKEO on performance, serum biochemical
parameters and differential counts of white blood cells
in broiler chickens.

Materials and methods
Birds, management and experimental design

A total of 280 one-day-old straight-run Cobb 500 broiler
chickens were obtained from a commercial hatchery.
The chickens were weighed and randomly allocated to
seven treatments in a completely randomized design.
Each treatment consisted of four replicates (battery
cage) of 10 birds each. Seven experimental treatments
were based on supplementing drinking water with 0
(control?), 100, 200, 300, 400 or 500 mg/L SKEO and
1,000 mg/L Tween-80 (control®). Tween-80 (Sigma,
Munich, Germany) is an emulsifier which was used to
dissolve SKEO in water at a 2: 1 ratio (v: v). The SKEO

Table 1. Ingredient and calculated nutrients composition of basal diets (g/kg, unless stated

otherwise)

Period Starter Grower Finisher

Age 1to 11 days 12 to 28 days 29 to 42 days

Ingredients
Corn 558.8 605.6 616.4
Soybean meal (440 g CP/kg) 374.9 329.7 312.5
Soybean oil 19.7 25.0
Oyster shell 14.7 13.9
Dicalcium phosphate 18.0 16.6
Salt 2.9 2.6
Sodium bicarbonate 1.2 5.0
Mineral-vitamin premix* 5.0 5.0
DL-methionine 2.3 2.3
Lysine-HCI 0.9 0.7

Calculated nutrients composition
Metabolizable energy (MJ/kg) 12.13 12.34 12.55
Crude protein 210.0 190.0 180.0
Calcium 9.8 9.0
Available phosphorous 4.6 45
Lysine 11.0 10.5
Methionine 44 4.3
Methionine + Cysteine 8.4 8.2

! Mineral-vitamin premix provided the following per kg of diet: vitamin A, 9,000 1U; vitamin Ds, 2,100
1U; vitamin E, 30 mg; nicotinic acid, 30 mg; vitamin B12, 0.12 mg; calcium pantothenate, 10 mg; vitamin
Ks, 5 mg; thiamine, 1.1 mg; riboflavin, 4.5 mg; vitamin Bs, 2.0 mg; folic acid, 0.5 mg; biotin, 0.5 mg; Fe,
50 mg; Cu, 10 mg; Mn, 70 mg; Zn, 50 mg; Co, 0.2 mg; I, 1.0 mg; Se, 0.3 mg.



was prepared according to the methods previously de-
scribed (Hadian et al., 2011). Broilers had ad libitum ac-
cess to water and feed (in mash form) according to a
three-phase feeding program on a starter, grower and
finisher diet during the periods of 1 to 11, 12 to 28 and
29 to 42 days of age, respectively. All the diets (Table
1) were formulated to meet or exceed Cobb 500 strain
nutrient requirements (Cobb, 2008). The ambient tem-
perature was set at 32°C for the first week and 30°C for
the second week, which was further decreased to 21°C
until the end of the study. A 23: 1 lighting: darkness pro-
gram was followed throughout the experimental period.

Growth performance

Feed intake and body weights were recorded by repli-
cate at days 21 and 42 of age, whereas mortality was
recorded daily. From these data, average feed intake and
body weight gain and feed conversion ratio were calcu-
lated per pen for each period.

Serum biochemical parameters and leukocyte
profile

Blood samples were collected from the wing vein of
four randomly selected chickens per treatment (one
chickens per replicate) at days 21 and 42 of age. Blood
samples for serum metabolites were collected into tubes
containing no anti-coagulant and then centrifuged (15
min, 3,000 rpm). The sera were removed and stored at —
20°C until further analysis. Serum concentrations of
glucose, triglycerides and total cholesterol were meas-
ured using the diagnostic kit (Pars Azmun, Tehran,
Iran), and enzymatic methods. Blood samples for differ-
ential counts of white blood cells (leukocyte profile)
were collected into tubes pretreated with heparin, as
anti-coagulant. Briefly, two drops of blood were placed
on a slide, spin prepared, and stained with May—Gr{in-
wald-Giemsa stain. One hundred leukocytes, including
granular (heterophils, eosinophils, and basophils) and
nongranular (lymphocytes and monocytes), were
counted on one slide using a light microscope (Olympus
CX31, Tokyo, Japan), and the heterophil to lymphocyte
(H/L) ratio was calculated (Gross and Siegel, 1983).

Statistical analysis

Data were subjected to analysis of variance (ANOVA)
using the general linear model (GLM) procedure of the
SAS software (SAS Institute, 2003). Tukey’s test was
used to compare and separate treatment means. All
statements of significance were based on a probability
of less than 0.05.

Effect of Satureja khuzistanica on broiler chicken

Results

The effects of treatments on broiler growth performance
are presented in Table 2. Broilers received water sup-
plemented with 400 or 500 mg/L SKEO consumed less
(P < 0.05) feed compared with the control broilers dur-
ing 1 to 21 days of age. However, body weight gain and
feed conversion ratio were not affected (P > 0.05) by
treatments during this period of age. Broilers received
water supplemented with 400 or 500 mg/L SKEO con-
sumed less (P < 0.05) feed compared with those re-
ceived water supplemented with 100 mg/L SKEO dur-
ing 22 to 42 days of age. However, feed intake for the
control broilers was not statistically different (P > 0.05)
from either of groups. Nevertheless, broilers received
water supplemented with 300 or 500 mg/kg SKEO had
lower (P < 0.05) weight gain compared with the control
broilers during this period of age. Meanwhile, feed con-
version ratio was higher (P < 0.05) in broilers given wa-
ter supplemented with 100 or 300 mg/kg SKEO com-
pared with the control broilers. During the overall pe-
riod (1 to 42 days), broilers received water supple-
mented with 300, 400 or 500 mg/L SKEO consumed
less (P < 0.05) feed compared with those given water
supplemented with 100 mg/L SKEO. However, feed in-
take for the control broilers was not statistically differ-
ent (P > 0.05) from either of groups. Broilers received
water supplemented with 300 mg/kg SKEO had lower
(P < 0.05) weight gain compared with the control broil-
ers during this period of age. At the same time, feed con-
version ratio was higher (P < 0.05) in broilers given wa-
ter supplemented with 100 mg/kg SKEO compared with
the control. No effect (P > 0.05) of Tween-80 supple-
mented water (Control™) was found on performance cri-
teria thought day 42 of experiment.

Serum concentrations of glucose, triglycerides, and
total cholesterol were not affected (P > 0.05) by treat-
ments at days 21 and 42 of age (Table 3). Similarly, wa-
ter supplementation with SKEO had no effect (P > 0.05)
on differential counts of white blood cells and H/L ratio
at days 21 and 42 of age (Table 4).

Discussion

The results of the present study indicated that drinking
water supplementation with SKEO at 300 or 500 mg/L
adversely affected body weight gain in broiler chickens
from 22 to 42 days of age. Broilers received water sup-
plemented with 300 mg/L SKEO also exhibited lower
body weight gain during the overall period (1 to 42
days) of the study. These findings are similar to those of
Khosravinia et al. (2013), who showed that body weight
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gain in broilers was reduced by continual supplementa-
tion with SKEO into the drinking water (500 to 2,500
mg/L) and attributed this effect to lower water intake by
the broilers received treated water. The SKEO consists
of a wide range of volatile lipophilic compounds, in-
cluding carvacrol, which comprises more than 92% of
the entire extract (Farsam et al., 2004; Hadian et al.,
2011; Khosravinia et al., 2013). This monoterpenoid
phenol is bitter-tasting and pungent, which obviously
changed the flavor of water and caused significant re-
duction in water intake in broilers (Khosravinia et al.,
2013). It is well known that water intake has strong cor-
relation with feed intake, so that when water intake
drop, the feed intake will decrease. In the present study,
water intake was not measured, however, except for the
group given 100 mg/L SKEOQ, the overall feed intake in
broilers kept on SKEO-supplemented water were lower
(about 3.5 to 10%) compared with the control broilers,
although these were not statistically different. In an
overview on feeding phytogenic compounds, Windisch
et al. (2008) reported that the majority of experimental
results indicate reduced feed intake at largely un-
changed body weight gain or final body weight, leading
to an improved feed conversion ratio. Therefore, the re-
sults of the present study are in agreement with the con-
clusion drawn by Windisch et al. (2008), and support
the statement that it is generally not justified to assume
that phytogenic extracts improve the palatability of
feed. Moreover, in the present study water supplemen-
tation with SKEO significantly affected the feed conver-
sion ratio. It was higher in broilers received water sup-
plemented with 100 mg/L SKEO than in the control
broilers. The SKEO effect on feed conversion ratio
could relate to altered gut function or altered carcass
composition. However, these were not examined in the
present study, and, thus, no plausible interpretation can
be given. This topic clearly merits further study.

No significant effect of treatments was found on se-
rum concentrations of glucose, triglycerides and total
cholesterol. These results are in accordance with those
of Khosravinia (2015), who demonstrated no significant
difference in serum concentrations of triglycerides and
total cholesterol between broilers given SKEO—supple-
mented water (500 to 2,500 mg/L) and broilers from the
control group. Similarly, Goodarzi et al. (2014) ob-
served no significant differences in serum concentra-
tions of glucose, triglycerides, total cholesterol, LDL-
cholesterol and HDL-cholesterol in broiler chickens due
to dietary supplementation with 500 mg/kg SKEO.
Souri et al. (2015) also found that the serum concentra-
tions of glucose, triglycerides, total cholesterol, LDL-
cholesterol and HDL-cholesterol in broiler chickens

Effect of Satureja khuzistanica on broiler chicken

were not changed by dietary supplementation with 10 or
20 g/kg Satureja khuzistanica ethanolic extract. How-
ever, studies in other animal models and humans, sug-
gest that SKEO may have a benefit in reducing serum
levels of glucose, triglycerides and cholesterol. Abdol-
lahi et al. (2003) who evaluated the effects of SKEO
(1,000 mg/L of drinking water) on rats, reported no sig-
nificant effects of treatment on serum total cholesterol
levels; however, average concentration of serum glu-
cose and triglycerides were reduced by 20.6 and 17.4%
in rats given SKEO-treated water, respectively. Similar
results were reported by Nazari et al. (2005) who added
SKEO to diets (250 mg/kg) of male Wistar rats and
Shahsavari et al. (2009) who administered SKEO orally
at different doses (50 and 100 mg/kg/day) to normal and
diabetic rats. Conversely, Vosough-Ghanbari et al.
(2010), working with 21 hyperlipidemic patients with
type 2 diabetes mellitus, observed no differences in se-
rum concentrations of glucose and triglycerides, while
serum concentrations of total cholesterol showed signif-
icant decrease in patients received Satureja khuzistanica
(tablets contain 250 mg dried leaves). The lack of agree-
ment among these studies may be, in part, explained by
both the route and dosage of administration. Neverthe-
less, these results also suggest that there may be inherent
differences among species with regard to their response
to SKEO, or other similar additives.

Leucocytes are known to increase sharply when in-
fection occurs because they are one of the first lines of
defense in the body (Sahu et al., 2007). In the present
study, differential counts of white blood cells and H/L
ratio were not influenced by water supplementation with
SKEO. These results are in general agreement with
those of Parvar et al. (2013b), who reported that the
count of heterophils and lymphocytes and H/L ratio
were not affected by water supplementation with SKEO
(200 to 500 mg/L). Similarly, Souri et al. (2015) ob-
served no significant differences in differential counts
of white blood cells and H/L ratio in broiler chickens
due to dietary supplementation with 10 or 20 mg/kg
Satureja khuzistanica ethanolic extract. Also, Hashemi-
pour et al. (2013) were not able to demonstrate a bene-
ficial effect from carvacrol on white blood cells counts.
However, Boskabady and Jalali (2013) showed that sup-
plementation of 80 mg/L SKEO was able to reduce total
and differential counts of white blood cells in guinea
pigs. The reasons for these differences are not clear;
however, several factors may affect the efficacy of an
herbal essential oil application, as indicated previously.

Conclusions

The results of the present study showed that water supp-
7
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lementation with SKEO had an adverse effect growth
performance of broilers, as their body weight gain was
decreased by supplementation with SKEO at 300 or 500
mg/L and their feed conversion ratio was increased by
supplementation with SKEO at 100 mg/L when com-
pared with the control broilers throughout the study. The
mechanisms associated with the negative effects of
SKEO on broiler growth performance need to be eluci-
dated.
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