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Effect of sage extract (Salvia officinalis) on growth performance, blood
parameters, oxidative stress and DNA damage in partridges
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Abstract
This study was performed to evaluate the effect of different doses of sage extract on the growth and
blood parameters, oxidative stress and DNA damage in partridges. In total, 252 day-old partridges (Alectoris
chukar) were used. The birds were divided into four groups: 0.1% flavomycin was included in the diet of the
control group (I) while 2.5, 5.0 and 7.5 mL sage extract/kg were included in the diets of treatment groups II,
III and IV, respectively. At the end of the experiment no significant differences between treatments were
observed in live weight, live weight gain, feed consumption, feed conversion ratio, carcass weight and
survival rate. In addition, blood analyses indicated that the differences between groups in the amounts of
plasma cholesterol, triglyceride high density lipoprotein (HDL), very low density lipoprotein (VLDL) and
alkaline phosphates (ALP) were not significantly different. Furthermore, treatments did not affect total
sulphydryl (SH) and lipid hydroperoxide (LOOH) concentrations, total antioxidant response or the total
oxidant status (TOS). However, sage extract significantly decreased DNA damage in a linear, dosedependent manner whilst the antibiotic, flavomycin, elevated the oxidative stress index (OSI) and resulted in
DNA damage. It was concluded that supplementing sage extract in the partridge diet at the doses studied
does not lead to a negative effect on the growth performance of these birds.
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Introduction
The use of antibiotics as growth promoters in poultry diets has been prohibited by the European Union
in 2002 due to the risk of residues, side effects and the promotion of bacterial resistance to antibiotics. This
has lead to a reduction in their use in poultry diet in other countries (Hinton, 1988; Narayanankuti et al.,
1992; Ceylan et al., 2003). Consequently, research has been focused on the inclusion of natural plant extracts
in diets of birds as alternatives to antibiotics to combat disease and enhance the performance of the birds.
Positive results have been reported (Jamroz & Kamel, 2002; Parlat et al., 2005).
Sage plants belong to the Lamiaceae family and are known to be inhibitors of inflammation,
suppressors of blood glucose levels and strong antioxidants. Salvia officinalis L. is a native aromatic and
medicinal plant, and grows in countries bordering the Mediterranean Sea (Cuvelier et al., 1994; Miliauskas
et al., 2004). Rosmarinic and carnosic acids, which have antioxidant properties, are present at high
concentrations in the extract of sage plants (Cuvelier et al., 1994). Studies on the leaves, roots and/or water
soluble extractions of S. officinalis L. have shown that they contain 1 - 2.5% volatile fatty acids, saponins,
diterpenes, flavonoids, phenolic acids, salviatannins, resin and oestrogenic substances (Dogan, 2004;
Slamenova et al., 2004; Lima et al., 2005). Experiments examining the effect of the essential oil from this
species on rats have been done, but little information is available on their effects in poultry (Lima et al.,
2004). The use of higher doses of S. officinalis L. is not recommended because its essential oil contains
tannins, toxic thujone and eugenol compounds (Cuppet & Hall, 1998; Dogan, 2004; Lima et al., 2004).
However, the dietary level at which sage extract becomes toxic to poultry has not been established.
The use of antibiotics and exposure to synthetic materials may result in the release of free radicals in
the body and that can cause cancer. Free radicals occur due to metabolic processes in body tissues and their
abundance can be controlled by ensuring an optimal antioxidative status of the body. However, under some
conditions such as poor hygiene and disease, oxidative stress cannot be controlled by the body. Under these
conditions, DNA damage can lead to changes in the genetic code in cells, mutation and cell death (Floyd,
1990). According to Vujosevic & Blagojevic (2005) the essential oil of sage and its fractions contain
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substances with antimutagenic potential against ultraviolet-induced and possibly spontaneous mutations. For
this reason, sage extracts have the capacity to help an organism's antioxidant systems, and prevent diseases.
In this role, plant extracts could be used as a natural and alternative means of preventing oxidation.
The objective was to determine the effects of including sage extract in the diet of growing partridges
on their growth, survival, blood parameters, oxidative stress and DNA damage.

Materials and Methods
Dried sage was ground in a knife mill to particle sizes of 1 - 3 mm, and was separated into size
fractions using sieves. A hydroalcoholic extract was prepared using food grade ethanol and deionised water
(96 and 4%, respectively). The mixture was placed in a sealed glass vial in a heated water-bath shaker for
extraction. After extraction the glass vial was removed and left to cool for 10 min. The mixture was vacuum
filtered and the solid residue and hydroalcoholic extract collected. Evaporation of the hydroalcoholic solvent
under reduced pressure gave an extract of 15% dry sage which contained 7% rosmarinic acid, 10.6%
carnosic compounds and 1.73% essential oil.
A study was conducted using 252 partridges (Alectoris chukar) consisting of equal numbers of males
and females. They were kept together in mixed-sex pens during the experiment. Day-old partridges were
weighed and divided into groups on a weight basis to form four treatment groups (n = 63), each with three
replications (cages) of 21 chicks per cage. Body weights were equated and divided into groups at the
beginning of the experiment.
Table 1 Ingredients of the experimental diets during different stages of the study and their calculated nutrient
content (g/kg of feed)
Feeding stages
0 to 4 wk
Ingredients
Maize
Wheat
Soyabean meal- 47
Sunflower meal-35
Fish meal- 65
Plant oil
Limestone
Dicalcium phosphate
Vitamin and mineral mix
Salt
Lysine
DL-methionine
Nutrient content (calculated)
CP, g/kg
ME, MJ/kg
Crude fibre, g/kg
Ether extracts, g/kg
Calcium, g/kg
Phosphorus, g/kg
Lysine, g/kg
Methionine, g/kg

5 to 8 wk

9 to 13 wk

300
248
286
100
30
6
10
12
2.50*
2.50
1
1

370
258
206
100
15
14
12
14
2.50**
2.50
4
1

460
250
127
100
0
20
12
16
2.50**
2.50
7
2

240
11.7
45.9
29.0
9.2
7.2
14.4
5.2

200
12.1
44.4
37.9
9.7
6.8
14.3
4.5

160
12.6
43.0
45.3
9.4
6.7
14.3
4.8

* Contains the following per kg of starter diet: 12000 IU vit. A, 3000 IU vit. D3, 35 mg vit. E, 5 mg vit. K3, 3 mg vit.
B1, 6 mg vit. B2, 5 mg vit. B6, 30 mg vit. B12, 40 mg niacin, 10 mg d- pantothenic acid, 450 mg cholin chloride, 1 mg
folic acid, 75 mg biotin, 80 mg Mn, 40 mg Fe, 60 mg Zn, 5 mg Cu, 5 mg I, 0.5 mg Co, 0.15 mg Se.
** Contains the following per kg of grower diet: 10000 IU vit. A, 2000 IU vit. D3, 20 mg vit. E, 3 mg vit. K3, 2 mg vit.
B1, 6 mg vit. B2, 4 mg vit. B6, 15 mg vit. B12, 25 mg Niacin, 5 mg d-pantothenic acid, 300 mg cholin chloride, 0.8 mg
folic acid, 80 mg Mn, 40 mg Fe, 60 mg Zn, 5 mg Cu, 2 mg I, 0.5 mg Co, 0.15 mg Se.
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The experiment lasted three months, between May and June. During the first week of life, the birds
were reared in brooders before being placed in floor pens with wood shaving as litter. The light program was
23.5 h light until seven days of age and then 18 h light : 6 h dark. The treatment diets were fed ad libitum and
the birds had free access to water. Feed formulation and calculated analysis are presented in Table 1.
The control group received the basal diet with 0.1% flavomycin whilst treatment groups II, III and IV
received the basal diet with the inclusion of 2.5, 5.0 or 7.5 mL sage extract/kg, respectively. Information on
the effects of sage extract on poultry performance is limited, but Galobart et al. (2000) found that low levels
of the oil (2 mL/kg diet or less) had only a small effect on animal performance. Consequently, higher doses
were selected in the present study. Treatment diets were prepared by adding one kg/ton of pre-diluted sage
extract to the basal diet. Live weight (LW) and feed consumption (FC) of the partridges were recorded
weekly for the first month and then every second week until the end of the experiment. At the end of the
trial, 27 birds from each group were slaughtered to determine carcass weight (CW). These birds were also
used for the collection of blood samples which were harvested and analyzed in the biochemistry laboratory
of the University of Harran.
After overnight fasting, peripheral blood samples (total 6 mL) were collected from the antecubital vein
into heparinised tubes, stored at 10 ºC in the dark to prevent further DNA damage and processed within 2 h.
Mononuclear leukocyte isolation for the comet assay was performed, using Histopaque 1077 (Sigma). The
remaining blood was centrifuged at 1500 × g for 10 min to obtain plasma. The separated plasma was stored
at -80 ºC until further analysis of lipid and other oxidative stress parameters.
The comet assay was performed as described by Singh et al. (1988), with the following modifications:
The images of randomly chosen nuclei (50 nuclei from each of two replicate slides) were analyzed visually
for each subject. Each image was classified according to the intensity of the fluorescence in the comet tail
and was given a value of 0, 1, 2, 3 or 4 (from undamaged DNA, class 0, to maximally damaged DNA, class
4), so that the total score of a slide could be between 0 and 400 arbitrary units (AU).
Plasma lipid hydroperoxides (LOOH) were evaluated by an automated xylenol orange method based
on that described by Jiang et al. (1991) in which an acidic medium, Fe++, is oxidized to Fe+++ by lipid
hydroperoxides. The resulting values were measured in µmol/L.
The measurement of total antioxidant response (TAR) reflects the antioxidative status of the plasma.
The TAR of the plasma was determined using a novel automated measurement method, developed by Erel
(2005). In this assay a standardized solution of Fe2+-o-dianisidine complex reacts with a standard solution of
hydrogen peroxide via a Fenton-type reaction, producing hyroxyl radicals. This potently reactive oxygen
oxidizes the reduced colourless o-dianisidine to yellow-brown coloured dianisidyl at low pH values. The
results of this procedure were expressed as mmol Trolox equivalent/L. Total peroxide concentrations were
determined using the “FOX2” method (Miyazawa, 1989) with minor modifications. The FOX2 test system is
based on the oxidation of a ferrous ion to ferric by various types of peroxides contained within the plasma
samples, to produce a coloured ferric-xylenol orange complex whose absorbance can be measured. The
results were expressed as mmol H2O2/L Trolox equivalent/L. The oxidative stress index (OSI) was
determined by dividing TAR by the total oxidant status (TOS) (TAR/TOS; Erel, 2005).
The enzymatic activity of caeruloplasmin was measured according to the method published by Erel
(1998) in which ferrous ions are oxidized to ferric ions via caeruloplasmin ferroxidase activity. The oxidized
ion amount is related to the enzymatic activity and the values are expressed in U/L. Free sulphydryl groups
(–SH) in the serum samples were assayed according to the method of Ellman (1959) as modified by Hu et al.
(1993). The levels of triglyceride (TG), total cholesterol (TC), high density lipoprotein (HDL), low density
lipoprotein (LDL) and alkaline phosphate (ALP) were determined using commercially available assay kits
(Abbott, Chicago, IL, USA) with an Abbott Aeroset auto-analyzer (Chicago, IL, USA).
Data were analyzed with one-way analyses of variance and significant differences between means
were determined by the Duncan’s multiple range test (SPSS, 1999). When the F-test was significant, single
degree of freedom orthogonal contrasts were used to determine linear, quadratic and cubic effects of the level
of sage extract. Because no biologically significant cubic effects were detected, only the results of linear and
quadratic contrasts are reported in Table 2, and again, since no biologically significant quadratic and cubic
effects were detected, only the results of linear contrasts are reported in Tables 3 and 4.
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Results
The LW, CW, live weight gain (LWG), FC, feed conversion ratio (FCR) and survival rate of
partridges during the experiment are presented in Table 2.
Table 2 Growth performance parameters of partridges at different growth stages
Traits
Live weight, g
0 wk
4 wk
8 wk
12 wk
Carcass weight, g
Live weight gain, g
wk 0-4
wk 5-8
wk 9-12
wk 0-12
Feed consumption, g
wk 0-4
wk 5-8
wk 9-12
wk 0-12
FCR, g/g
wk 0-4
wk 5-8
wk 9-12
wk 0-12
Survival rate, %
wk 0-12

Sex

I

Treatments
II

III

IV

P

Contrasts
L
Q

M
F
M
F
M
F
M
F
M
F

12.4 ± 0.4
12.6 ± 0.3
115.6 ± 5.1
103.6 ± 3.1
287.8 ± 8.4
252.0 ± 5.2
406.7 ±10.8
366.1 ± 6.2
297.7 ± 10.6
256.0 ± 8.2

13.0 ± 0.3
13.1 ± 0.3
100.3 ± 4.1
98.9 ± 3.8
278.1 ± 6.9
241.3 ± 5.9
411.3 ± 8.2
366.7 ± 7.1
302.7 ± 10.6
261.2 ± 8.2

12.9 ± 0.3
13.1 ± 0.3
107.6 ± 3.9
103.5 ± 3.9
272.2 ± 6.6
241.4 ± 6.8
407.7 ± 7.8
365.3 ± 8.2
302.0 ± 9.2
258.3 ± 9.2

13.2 ± 0.3
13.0 ± 0.4
108.1 ± 3.5
104.0 ± 4.5
279.6 ± 5.9
252.2 ± 7.5
421.3 ± 7.1
349.1 ± 9.0
312.8 ± 9.2
254.5 ± 9.2

NS
NS
NS
NS
NS
NS
NS
NS
NS
NS

NS
NS
NS
NS
NS
NS
NS
NS
NS
NS

NS
NS
NS
NS
NS
NS
NS
NS
NS
NS

M+F
M+F
M+F
M+F

87.1 ± 3.0
155.0 ± 4.0
124.6 ± 4.8
363.9 ± 6.3

86.6 ± 2.8
159.4 ± 3.9
129.3 ± 4.4
376.1 ± 5.8

89.6 ± 2.8
154.1 ± 3.9
129.6 ± 4.4
373.4 ± 5.8

92.9 ± 2.9
162.7 ± 3.9
129.8 ± 4.6
372.1 ± 5.8

NS
NS
NS
NS

NS
NS
NS
NS

NS
NS
NS
NS

190 a ± 3.3
456 ± 8.7
611 a ± 7.6
1261 ± 16.9

176 b ± 3.1
456 ± 8.2
601 ab ± 7.4
1233 ± 16.1

194 a ± 3.1
467 ± 8.2
598 ab ± 7.6
1259 ± 16.4

198 a ± 3.2
467 ± 8.3
581 b ± 7.5
1247 ± 16.3

*
NS
*
NS

*
NS
*
NS

*
NS
NS
NS

2.2 ± 0.08
2.9 ± 0.10
4.9 ± 0.30
3.5 ± 0.08

2.1 ± 0.07
3.0 ± 0.10
4.7 ± 0.30
3.3 ± 0.07

2.2 ± 0.07
3.1 ± 0.12
4.7 ± 0.31
3.4 ± 0.08

2.2 ± 0.07
2.9 ± 0.12
4.5 ± 0.32
3.4 ± 0.08

NS
NS
NS
NS

NS
NS
NS
NS

NS
NS
NS
NS

83.6 ± 2.07

84.3 ± 2.06

81.0 ± 2.07

78.0 ± 2.06

NS

NS

NS

Treatments: I - 0.1% flavomycin; II - 2.5 mL/kg; III - 5.0 mL/kg; IV - 7.5 mL/kg of sage extract.
a, b
Means ± s.e. (standard error) within the same row with no common superscripts differ significantly.
* P <0.05; NS - Non-significant; L – Linear; Q – Quadratic; M – Male; F – Female; M+F – Male + Female.

The live weights and carcass weights data from male and female birds were analyzed separately, but
data from the sexes were combined for the analysis of live weight gains. There were no significant
differences between the treatments in LW, LWG, CW, FC, FCR and survival rate. However, feed
consumption was reduced (P <0.05) in a linear, dose dependent manner by the inclusion of sage extract
between weeks 9 - 12 of age.
Live weights were not significantly affected by the treatments and remained similar at the end of the
trial period, ranging from 406.7 to 421.3 g for males and 349.1 to 366.7 g for females. The different sage
extract doses also did not significantly affect LWG during the period 0 - 12 weeks of age. The lowest and
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highest LWG in the treatment groups were 363.9 and 376.1 g, respectively. The CW of male and female
partridges were not significantly different at the end of the treatment period.
Mean FC differed (P <0.05) between weeks 0 - 4 and 9 - 12 but was similar between weeks 5 - 8 and 0
- 12. The mean FC ranged from 1233 to 1261 g. No significant treatment effects on FCR were observed
which ranged from 3.3 to 3.5 during the full experimental period (weeks 0 - 12 wk; Table 2). The level of
sage extract also did not affect the survival rate which was recorded as 83.6, 84.3, 81.0 and 78.0% during
weeks 0 - 12 in groups I, II, III and IV, respectively. Treatment and sex did not significantly interact to affect
LW, LWG, FC or FCR.
The blood analyses showed that the treatment imposed, did not significantly affect the levels of
triglyceride, total cholesterol, HDL, VLDL or ALP. However, the LDL rate was lower (P <0.05) in the
treatment groups than in the control group (P <0.05), and, within the supplemented groups, the level of LDL
declined linearly with stepwise increases in extract dose. The values of some blood parameters are shown in
the Table 3.
Table 3 The values of blood parameters in the different experimental groups
Parameters

I

Triglyceride,mg/dL 130.7 ± 7.7
T. Chol, mg/dL
128.5 ± 2.1
HDL, mg/dL
67.8 ± 1.7
LDL, mg/dL
36.0 b ± 2.3
VLDL, mg/dL
29.0 ± 1.2
ALP, mg/dL
1339.2 ± 49.3

II

Treatments
III

129.0 ± 5.50
134.0 ± 5.6
66.0 ± 5.3
35.0 b ± 3.0
27.0 ± 1.0
1362.5 ± 21.5

IV

132.3 ± 10.7
123.5 ± 4.6
61.8 ± 3.4
30.4 ab ± 3.2
28.1 ± 0.5
1299.5 ± 61.5

136.4 ± 3.5
129.7 ± 5.5
64.6 ± 3.2
26.7 a ± 2.0
27.8 ± 0.9
1215.0 ± 67.9

P

Contrasts
L

NS
NS
NS
*
NS
NS

NS
NS
NS
*
NS
NS

Treatments: I - 0.1% flavomycin; II - 2.5 mL/kg; III - 5.0 mL/kg; IV - 7.5 mL/kg of sage extract.
HDL - High density lipoprotein; LDL - Low density lipoprotein; VLDL - Very low density lipoprotein;
ALP - Alkaline phosphates.
a, b
Means ± s.e. (standard error) within the same row with no common superscripts differ significantly.
* P <0.05; L – Linear; NS – Non-significant.

Table 4 Oxidative stress parameters and DNA damage (n = 108)
Parameters
SH (sulphydryl), mmol/L
LOOH (lipid hydroperoxides), µM
Ceruloplasmin activity, U/L
Total antioxidant response),
µmol Trolox equiv./L
TOS (total oxidant status),
µmol H2O2/L
OSI (oxidative stress index)
Mononuclear leukocyte DNA
damage (arbitrary units), AU

I

II

Treatments
III

IV

P

Contrasts
L

84.7 ± 3.2
18.1 ± 0.4
360.0 ± 11.3
98.4 ± 8.6

87.4 ± 3.6
21.7 ± 3.4
338.6 ± 8.6
121.9 ± 12.5

89.7 ± 3.2
20.3 ± 0.8
356.3 ± 13.2
127.2 ± 4.9

91.5 ± 2.5
20.7 ± 0.9
356.7 ± 10.5
119.1 ± 6.5

NS
NS
NS
NS

NS
NS
NS
NS

30.9 ± 1.3

29.7 ± 1.4

30.3 ± 1.4

30.5 ± 0.9

NS

NS

3.2 b ± 0.2
45.3 b ± 4.6

2.6 ab ± 0.3
2.4 a ± 0.1
23.6 ab ± 13.1 15.4 a ± 7.4

2.6 ab ± 0.2
9.6 a ± 5.6

*
**

*
**

Treatments: I - 0.1% flavomycin; II - 2.5 mL/kg; III - 5.0 mL/kg; IV - 7.5 mL/kg of sage extract.
a, b
– Means ± s.e. (standard error) within the same row with no common superscripts differ significantly.
* P <0.05; ** P <0.01; NS – Non-significant; L – Linear.
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Figure 1 DNA damage in each of the four treatment groups (I: 0.1% flavomycin, II: 2.5 mL/kg, III:
5.0 mL/kg, IV: 7.5 mL/kg of sage extract).
No significant differences between treatments were observed in SH, LOOH, caeruloplasmin activity,
TAR or TOS as oxidative stress parameters. However, OSI values were reduced significantly. Although not
significant, the lowest TAR value was observed in the antibiotic supplemented group. The highest level of
DNA damage was also detected in this group (Table 4), whilst significant decreases in DNA damage were
suggested to occur as a result of supplementation with the extract. The higher the dose of extract, the greater
was the beneficial effect of its inclusion (P <0.01, Figure 1).

Discussion
Information on the effects of sage extract on poultry is limited and no advice is available regarding
suitable dose levels. The minimum inhibitory concentration (MIC) value of sage oil is ≥ 7.5 µL/mL for many
bacteria (Schwiertz et al., 2006). The reason for using sage extract doses of greater than 2 mL/kg was to
eliminate bacterial action and to allow the expression of the antioxidant properties of this supplement. The
doses used in this study did not significantly affect the performance of the partridges. As such there were no
treatment effects on LW, LWG, CW, FC, FCR or survival rate during weeks 0 - 12 of age. A significant and
linear reduction in FC due to sage extract occurred in weeks 9 to 12. This may have been due to the strong
smell and bitter taste of the extract since these are properties known to characterize antioxidants in sage
plants. However, these characteristics did not significantly affect the performance of the birds.
The results from this study indicated that sage extract had a positive effect on antioxidant status in the
body, as confirmed by the reduction in OSI value, an indicator of oxidative stress. Kuzmenko et al. (1999)
have previously reported that a diet supplement with 6% carnosic acid resulted in a significant reduction in
lipid peroxide in the liver.
In the present study it appears that the sizeable antioxidant effect of sage extract did not originate from
protein oxidation and reduced lipid peroxidation since the concentration of thiol groups (SH) and lipid
peroxide (LOOH), their indicator, were unaffected by the extract. In addition, the level of fat (30 - 40 g/kg)
in the diet fed to the groups was not high enough to absorb a high level of lipids. Furthermore, there were no
significant differences between groups in caeruloplasmin activity. The mechanism driving the absorption of
phenolic compounds in sage and/or other plant extracts has not yet been adequately determined in either
poultry or mammals. However, it has been suggested that the process operates through affecting antioxidant
enzymes, especially in the liver. Lima et al. (2005) speculated that supplemented sage extract in the diet of
rats caused significant increases in the activity of glutathione-S-transferase and glutathione reductase
antioxidant enzymes in the liver. In vivo and in vitro observations of liver cells support these findings.
Researchers underlined that the impact of sage extract is derived from compounds in its essential oil. LopezBote et al. (1998) indicated that supplemented sage extract in the diet of the broilers prevented lipid
oxidation in the carcass for a prolonged period of time, and so it helped to extend the shelf-life of meat.
Synthetic antioxidants have thus far been preferred as they are effective and inexpensive, but recently
it has been shown that they can cause cancer. Using tocopherols as natural antioxidants instead of synthetics
The South African Journal of Animal Science is available online at http://www.sasas.co.za/sajas.asp

South African Journal of Animal Science 2008, 38 (2)
© South African Society for Animal Science

151

has not proved popular since their action is short-lived (Akgül, 1989; Akgül & Ayar, 1993). In the current
study the weak plasma antioxidant effect of sage extract tended to reduce DNA damage in supplemented
birds, where one of the main causes of DNA damage is oxidative stress. Other reasons for DNA damage are
different chemical compounds and medicines. Partridges may offer a good model in which to observe the
plasma antioxidant effect of sage extract if they are under significant stress. The linear dose-response
relationship in which a reduction in DNA damage resulted from the use of sage oil indicates that the extract
thus has the potential to reduce oxidation, DNA damage and, through this, cancer.
The most important anti-pathogenic effects of antibiotics as growth factor are to destroy bacterial
DNA. However, they are also known to destroy the DNA of the host. For instance, it has been determined
that penicillin, used widely, and part of the biggest antibiotic group, causes a 50% increase in DNA damage
in lymphocytes, which are the defence system in children (Dündaröz et al., 2001). In addition, it has been
reported that some antibiotics inhibit the action of the products of cell DNA polymerase enzymes (Huynh et
al., 1987; Neftel et al., 1987). Observing the highest DNA damage in the group supplemented with
flavomycin in the present study is an indicator of this effect (Figure 1). Additionally, it was observed that the
antioxidative defence system was weakened in the antibiotic group. Similarly, Sirvydis et al. (2003) reported
that broilers supplemented with plant extracts instead of flavomycin had a better performance. However,
even though antioxidant effects of the sage extract were observed, hypocholesterolemic effects were not.

Conclusion
In conclusion, the present study shows that sage extract included as a growth factor in the diet of
partridges does not lead to negative effects on performance. The extract significantly reduced DNA damage
in leukocyte cells, but did not affect lipid profiles or oxidative stress parameters. The levels of sage extract
used in this experiment were not toxic, but using higher levels of sage extract could be toxic.
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