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Introduction: Ascites is one of the most common metabolic syndromes in today's fast-growing broilers and is
associated with rapidly growing tissues and characterized by accumulation of lymph fluid in the peritoneal spaces.
Effective factors in the occurrence of ascites syndrome include free radicals in the body such as superoxide,
hydroxide, and hydrogen peroxide. By reducing the capacity of the body's antioxidant systems, free radicals make
the bird susceptible to various diseases. Free radicals produced in the body by damaging the cell membrane lead
to cell death and ultimately tissue damage. Therefore, by increasing cell protection from such injuries, one of the
common causes of ascites and heart failure abnormalities can be prevented. In addition, free radicals from oxygen
derivatives reduce the half-life of nitric oxide (vasodilating agent), causing a decrease in the ability of vasodilation
and providing the basis for the occurrence of ascites. Therefore, it is suggested that the use of antioxidants can
prevent ascites and improve performance in broilers. Medicinal plants are among the rich sources of natural
antioxidants that do not have the harmful effects of antibiotics and synthetic antioxidants. For this reason, the use
of medicinal plant extracts is an important step in animal nutrition to increase the immunity of poultry. The
mentioned extracts have strong antioxidant, antibacterial, and digestive properties. Probably, the positive effects
of medicinal plants are due to the active compounds found in plant extracts such as menthol, thymol, and carvacrol.
This study aimed to investigate the effects of ethanolic extract of sage on the performance, antioxidant status, and
blood parameters of broiler chickens under induced ascites.

Materials and methods: A total of 450 one-day-old chickens (Ross 308) were reared in the form of a completely
randomized design with six treatments and five replications (15 chickens in each replication). Experimental
treatments include 1. Positive control group (without inducing ascites and fed with basic diet), 2. Negative control
group (inducing ascites and fed with basic diet), 3 and 4. Vitamin C group (inducing ascites with levels of 1000
and 2000 ppm vitamin C), 5 and 6- Sage group (ascites induction with 1000 and 2000 ppm of sage extract). To
induce ascites, water containing 1200 mg of sodium (three grams per liter of sodium salt) was provided to the
chickens from the 15" day of the experiment. Growth performance parameters including feed intake, weight gain,
and feed conversion ratio were calculated for the total period. On the last day of the experiment (42 d), two birds
were randomly selected from each cage and after sampling from the wing vein, killed and the ascites index was
calculated as the ratio of the weight of the right ventricle to the total ventricles. The mortalities were collected as
soon as they were observed and after weighing to correct the feed conversion ratio, were necropsied to investigate
the cause of death. Blood and biochemical parameters such as the number of red and white blood cells,
hemoglobin, hematocrit, heterophil and lymphocyte, serum triglyceride, and cholesterol, as well as serum
antioxidant parameters including the level of malondialdehyde and the activity of antioxidant enzymes including
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glutathione peroxidase, superoxide dismutase, and catalase were measured. In addition, liver enzymes present in
the serum including alanine aminotransferase (ALT), aspartate aminotransferase (AST), gamma-glutamyl
transferase (GGT), and alkaline phosphatase (ALP) were also measured.

Results and discussion: The results showed that induction of ascites increased the ratio of the right ventricle to
total ventricles, mortality due to ascites, feed consumption, feed conversion ratio, and body weight loss (P<0.05).
Administering sage extract improved the mentioned traits and vitamin C also reduced the ratio of right ventricle
to total ventricles, losses due to ascites (P<0.05). Sage extract and vitamin C moderated the increasing effects of
ascites induction on heterophiles, triglyceride, and cholesterol and increased red blood cells, hematocrit, and
hemoglobin compared to the negative control treatment (P<0.05). In addition, the induction of ascites decreased
the activity of glutathione peroxidase, superoxide dismutase, and catalase enzymes and increased serum
malondialdehyde, experimental treatments, especially sage extract, improved the antioxidant status compared to
the negative control treatment (P<0.05). Also, the induction of ascites increased the serum levels of aspartate
aminotransferase, alanine aminotransferase, gammaglutaryl transferase, and alkaline phosphatase enzymes. The
addition of experimental supplements, especially sage, decreased the serum level of the mentioned enzymes
(P<0.05).

Conclusions: The results of this research showed that the use of sage extract compared to vitamin C has better
results on performance, increasing antioxidant power, and reducing stress of broilers with ascites.
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Table 1. Ingredients and chemical compositions of experimental diets
(1-42 days old)

Starter Grower Finisher
(0-10 d) (11-24 d) (25-42 d)
Ingredients (%)
Mize, 8% CP 47.53 51.63 32.35
Soybean meal, 44%CP 42.35 37.99 32.35
Soybean oil, 9000 kcal/kg 5.54 6.24 6.29
Limestone, 38% Ca 1.20 1.12 1.05
Di-calcium phosphate, 21%Ca 1.79 1.56 1.34
Vitamin premix® 0.25 0.25 0.25
Mineral premix” 0.25 0.25 0.25
NaCl 0.40 0.40 0.40
DL-Methionine, 99% 0.37 0.32 0.28
Lysine, 78% 0.28 0.22 0.22
Threonine, 98.5% 0.05 0.02 0.00
Calculated values

Metabolizable energy, kCal/kg 2990 3082 3218
Crude protein, % 23 21.3 19.3
Calcium (Ca), % 0.96 0.87 0.79
Available phosphorus, % 0.456 0.409 0.361
Sodium (Na), % 0.16 0.16 0.16
Methionine, % 0.71 0.64 0.58
Methioninecysteine, % 1.07 0.89 0.89
Lysine, % 1.46 1.30 1.17
Arginine, % 1.56 1.45 1.30
Threonine, % 0.96 0.87 0.78
Tryptophan, % 0.35 0.32 0.29

Vitamin concentration per kilogram of diet: retinol, 13.50 mg; cholecalciferol, 4.15 mg; tocopherol acetate, 32.00 mg; vitamin
K3, 2 mg; thiamin, 2 mg; riboflavin, 6.00 mg; biotin, 0.1 mg; cobalamin, 0.015 mg; pyroxidine, 3 mg; niacin, 11.00 mg; d-
pantothenic acid, 25.0; menadione sodium bisulphate, 1.10; folic acid, 1.02; choline chloride, 250 mg; nicotinamide, 5 mg.
bMineral concentrations per kilogram of diet:calcium pantothenate, 25 mg; Fe (from ferrous sulphate), 35 mg; Cu (from copper
sulphate), 3.5 mg; Mn (from manganese sulphate), 60 mg; Zn (from zinc sulphate), 35 mg; I (from calcium iodate), 0.6 mg;
Se (from sodium selenite), 0.3 mg.
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Table 3. Effect of different experimental treatments on the performance and ascites index of broiler
chickens at the age of 42 days

Treatments BW (g  Fi(g) FCR RV/TV M‘;rsf‘llt‘g (‘f,‘/:)‘; to
PC 2486° 3878° 156 0.22° 2.66°

NC 2100¢ 38858 1.85 0.30° 14.66°
VC-1 2150¢ 4063° 1.89% 0.25° 10.66°
VC-2 2110¢ 37550 1.79% 0.26" 12.00°
SO-1 2040¢ 3447¢ 1.69 0.25" 6.66°
S0-2 2210° 3757 1.70b 0.22¢ 8.00¢
SEM 5) 130 0.09 0.02 1.95
P-value 0.010 0.01 0.022 0.01 0.01

*d Means with different superscripts in the same column are significantly different (P<0.05).

BW: Body weight; FI: Feed intake; FCR: Feed conversion ratio; RV/TV: Right ventricle/total ventricle; PC: Positive control
(without induction ascites and fed basal diet); NC: Negative control (with induction ascites and fed basal diet); VC-1 and
VC-2 indicate the supplementation vitamin C at the rate of 1000 and 2000 ppm, respectively; SO-1 and SO-2 indicate the
supplementation of Salvia officinalis ethanolic extract at the rate of 1000 and 2000 ppm, respectively.
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Table 4. Effect of different experimental treatments on blood and biochemical parameters of broilers

WBC

3 RBC HGB HCT  Lymphocyte Heterophil Heterophil/  Triglyceride Cholesterol
Treatments (x10°/ 3 o 3 3
ul) (x10°/uL) (g/dL) (%) (x10°/uL) (x10°/uL)  Lymphocyte (mg/dL) (mg/dL)
PC 196.8 2.71¢ 13.9° 35.5° 125.2 50.9¢ 0.40° 31.73¢ 79.20°
NC 196.2 2.88° 15.21®  37.51° 126.5 94.5* 0.75* 62.78" 253.5%
VC-1 175.5 2.79° 14.8° 37.5° 117.0 65.2° 0.55° 38.1¢ 115.3¢
V(-2 195.2 3210 159® 4210 1135 65.3" 0.57° 58.2° 186.2°
SO-1 190.2 3.07* 16.41*  41.10* 115.2 65.5° 0.57° 50.71° 148.1¢
SO-2 188.9 3.02* 16.3* 40.12* 121.3 65.3° 0.54° 43.23¢ 118.0¢
SEM 25.5 0.65 2.90 3.52 9.50 9.20 0.04 6.50 5.5
P-value 0.12 0.01 0.00 0.01 0.01 0.01 0.01 0.01 0.01

*¢Means with different superscripts in the same column are significantly different (£<0.05).

PC: Positive control (without induction ascites and fed basal diet); NC: Negative control (with induction ascites and fed basal diet); VC-
1 and VC-2 indicate the supplementation vitamin C at the rate of 1000 and 2000 ppm, respectively; SO-1 and SO-2 indicate the
supplementation Salvia officinalis ethanolic extract at the rate of 1000 and 2000 ppm, respectively; WBC: White blood cell; RBC: Red

blood cell; HGB: Hemoglobin HCT: Hematocrit.

Rowghani et al., 2007; ool o > slaaawl g JgmudS
.(Al-Kassi, 2009; Pascariu et al., 2017)

s sleamials py cilizme piyloil slojleg il
2 bl slalos 556 @ bgyye gl oo ST
b sl o Sanns] T sloanid b
ols lid zlis .l ool a1 O Jgaz 50 (S35, TV oo
Sl o (gl gime jbday caw] W a5 Jl> o
3 CAT SDO GPx loeus! 51 slae 5l colled
pro 3> MDA) wd gealinSsn mhw GRl58)
olas ghu 33 0 (P<1-0) b 35T slharg
(i 2ol Jle b awslie ;0 C eling 5 (Se s
sals g oSt T glags 3T e ol o
(P<+[+0) Sas HE% 5 oy 9 MDA b,

S8 ez 95 pr S Ol el
Sl dolas Jol Wil oo oalS (laolas b ooy 4y
ri e esle iz (Serawjiew)  (2IBIES oo
il T o 95z ge laaalSIT 5 Lo gJSUT o sigdli
e b 2> LS )0 d92 g0 sladagn 5 cnl n odle
5 JordsS cdale o sae palS el A-HMG (o 5]

Wedoo omlb kF S b sleesnsed
S5 4 ool s ogdle (Nasiroleslami and Torki, 2010)

Al Saols b ag)b HlS ojlac l eolaiul oy o
Blo 4zt 13 9 Glo S Slanyzr 43 Ble (gl
J95519)5 5 Jseed G2 iload (55 o ol s o]
2 J“"b oy 3l Cwl S (55 sloogd relS o
calo o Jeds oS claeyl culed 5 coles

595 Saazgz e GhaenST (T 0 Shes p ialel Gl lajlas 310 Jgor
Table 5. Effect of different experimental treatments on serum antioxidant function of broiler chickens

Treatments GPx SOD CAT MDA
(Mu/mL) (U/mL) nmol/min/mL (n mol/mL)
PC 1490.0* 301.7* 71.80* 10.44°
NC 1121.9° 270.5° 26.60° 14.85%
VC-1 1389.2° 283.8° 35.25° 10.33°
VC-2 1392.5° 286.0° 69.29* 8.50°
SO-1 1381.6° 302.1* 71.80* 10.91°
SO-2 1376.2° 281.1° 69.62* 11.74°
SEM 85.5 10.20 7.10 1.52
P-value 0.00 0.00 0.00 0.00

a¢Means with different superscripts in the same column are significantly different (P<0.05).

PC: Positive control (without induction ascites and fed basal diet); NC: Negative control (with induction ascites and fed
basal diet); VC-1 and VC-2 indicate the supplementation of vitamin C at the rate of 1000 and 2000 ppm, respectively; SO-
1 and SO-2 indicate the supplementation of Salvia officinalis ethanolic extract at the rate of 1000 and 2000 ppm,
respectively; GPx: Glutathione peroxidase; SOD: Superoxide dismutase; CAT: Catalase; MDA: Malondialdehyde.
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Table 6. Effect of different experimental treatments on the activity of serum enzymes

Treatments ALT (U/L) AST (U/L) GGT (U/L) ALP (IU/)
PC 4.10¢ 151.0% 14.87¢ 354.74
NC 7.80° 195.9 23.50° 708.6*
VC-1 7.78 195.2¢ 22.52* 581.4°
VC-2 6.01° 174.9%® 20.9* 565.9°
SO-1 4.10¢ 155.0% 16.52° 402.5¢
SO-2 6.83" 174.5%® 18.69° 576.2°
SEM 0.85 20.5 1.50 35.0

P-value 0.00 0.00 0.00 0.00

»dMeans with different superscripts in the same column are significantly different (P<0.05).

PC: Positive control (without induction ascites and fed basal diet); NC: Negative control (with induction ascites and fed
basal diet); VC-1 and VC-2: indicate the supplementation of vitamin C at the rate of 1000 and 2000 ppm respectively; SO-
1 and SO-2: indicate the supplementation Salvia officinalis ethanolic extract at the rate of 1000 and 2000 ppm respectively;
ALT: Alanine transaminase; AST: Aspartate transaminase; GGT: Gamma-glutamyl transferase; ALP: Alkaline
phosphatase.
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