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Introduction: Increasing the growth rate has made broilers susceptible to environmental stresses and has reduced
the bird's ability to confront oxidative stresses and has increased the incidence of metabolic diseases, especially
ascites syndrome. Oxidative stress is caused by an imbalance between the production of free radicals in the body
and antioxidant defense mechanisms and it is one of the effective factors in increased pulmonary blood pressure.
Peppermint with the scientific name of Mentha piperita stimulates growth and immune response and in addition
to antibacterial and antifungal effects, it has antioxidant properties. The most important constituents of this plant
are menthol, menthone, and methyl acetate, which in low concentrations, dilate blood vessels and reduce the
production of malondialdehyde. This experiment was performed to evaluate the effects of adding peppermint
powder on the performance, immune response, and blood parameters of broilers under ascites induction
conditions.

Materials and methods: After preparing the dry powder of the peppermint plant, the amount of essential oils
was extracted using a Clevenger apparatus, and the active substances, volatile and phenolic compounds were
measured using a GC-Mass spectrometry. 600 male Ross broilers were used in a completely randomized design
with six treatments, five replications, and 20 chicks per experimental unit from 10 to 42 days of age. Diets were
adjusted based on the nutritional needs of the Ross strain. Experimental treatments were included: 1) positive
control (without induction of ascites and without adding the antioxidant), 2) negative control (induction of ascites
without adding the antioxidant), 3) vitamin C (induction of ascites with 400 mg/kg diet), 4) vitamin E (induction
of ascites with 200 mg/kg diet), 5) and 6) levels of one and two percentages of peppermint powder with induction
of ascites, respectively. To induce ascites, chickens were given water containing 1,200 mg/L sodium (3 g/L. NaCl)
from day 15 of the experiment. During the experimental period, performance traits (body weight and feed intake)
were recorded and on day 38 of the experiment, two blood samples from each replication were taken to measure
blood parameters (glucose, total protein, albumin, cholesterol, triglyceride, high-density lipoprotein (HDL) and
low-density lipoprotein (LDL)). At the end of the experiment, two chicks of each replication were slaughtered to
measure immune organs. The ratio of the right ventricle to the total ventricle (RV / TV) was also considered to be
an anatomical indicator of ascites. To measure the humoral immune response, 10 % SRBC suspension solution
was injected intravenously, and to measure the cellular immune response, 0.1 mL of phytohemagglutinin was
injected between the toes of the bird's right toes.
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Results and discussion: Laboratory analysis of peppermint powder showed that the most active compounds and
substances included menthol with 46.21 % and dihydrocarole acetate with 16.19 %. The total essential oil content
of peppermint was measured as 1.1 %. Results showed that body weight gain and feed conversion ratio decreased
significantly under the ascites induction (P<0.05). The use of antioxidant compounds of vitamin C and vitamin
E, as well as peppermint powder at the level of one percent, led to their improvement (£<0.05). Feed intake was
not affected by experimental treatments. The weight of the spleen and bursa of Fabricius as a percentage of live
weight was not affected by experimental treatments. The ratio of the right ventricle to the total ventricle (ascites
index) showed a significant tendency (P = 0.08) and the ascites index was relatively improved as a result of using
antioxidant vitamins and peppermint powder. Blood parameters were not affected by experimental treatments.
Induction of ascites decreased cellular immune response (PHA) (P<0.05), and antioxidant treatments, especially
vitamin C, improved it. Humoral immune response was not affected by experimental treatments. The role of plant
compounds as natural growth stimulants in broiler feed has been proven, although their growth stimulation
mechanisms are still unclear. Medicinal plants have active aromatic compounds and they have beneficial effects
on gastrointestinal health and bird performance. The effect of antioxidants on reducing the incidence of ascites is
due to the elimination of free radicals, reduced blood density, and reduced resistance to pulmonary blood flow.
Many of the active substances in medicinal plants prevent lipid peroxidation and improve bird performance by
scavenging free radicals or by activating antioxidant enzymes, such as superoxide dismutase, catalase, glutathione
peroxidase, and glutathione reductase. The effectiveness of plant materials used in feeding broilers depends on
factors such as the composition and level of plant material added to the diet, bird genetics, diet composition, and
farm management.

Conclusions: In general, the results of this study showed that the use of antioxidant compounds, especially
vitamin C has a more effective role in improving performance, and the level of one percent peppermint powder
in the diet can be used as an effective antioxidant compound in ascites syndrome.
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Table 1. Results of Mentha Piperrita essential oil analysis using GC/MS

Row Composition R.I" Percent
1 a-pinene 946 0.81
2 Sabinen 975 0.57
3 f-pienene 978 0.22
4 p-mentha-1(7),8-diene 1007 1.52
5 2-heptyl acetate 1041 0.16
6 (E)-p-ocimene 1046 0.14
7 Isopentyl butanoate 1055 2.27
8 -terpineney 1063 6.31
9 Camphenilone 1081 0.29
10 Linalool 1097 0.72
11 2,6~-dimethyl phenol 1108 0.22
12 1,3,8-p-menthatriene 1111 0.19
13 Heptyl acetate 1117 0.15
14 Terpin-4ol 1177 1.22
15 -terpineoly 1202 8.92
16 Trans-p-menthan-2-one 1205 4.27
17 2-isopropyl-5-methylcyclohexanol (menthol) 1216 46.21
18 Cis- sabiene hydrate acetate 1222 0.61
19 Cis-pulegol 1230 2.22
20 pulegone 1235 0.14
21 p-menth-1-en-9-ol 1295 0.70
22 Carvacrol 1300 0.29
23 Dihydro carveol acetate 1309 16.19
24 Iso-dihydro carveol acetate 1329 1.10
25 piperonal 1333 0.22
26 -copaenef3 1431 0.29
27 Dehydro-aromadendrene 1464 0.35
28 Isobornyl n-butanoate 1476 1.89
29 Trans-calamenene 1531 1.40
30 n-tetradecanol 1607 0.27

* Retention Index
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Table 2. Ingredients and chemical composition of the diet (1-42 days old)
Ingredient Stater Grower Finisher
(0-10 days old) (11-24 days old) (25-42 days old)
Mentha Piperita 0 0 1 2 0 1 2
Corn 54.23 60.32 58.23 56.15 65.54 6346 61.27
Soybean meal 39.6 43.35 34.75 35.14 29.11  29.51 29.90
Soybean oil 2.00 1.42 2.11 2.81 1.81 250  3.19
Calcium carbonate 1.25 1.19 1.19 1.18 1.09 1.09 1.08
Dicalcium phosphate 1.73 1.56 1.57 1.58 1.35 1.35 1.36
Salt(Iodized) 0.35 0.31 0.31 0.31 0.29 029  0.29
Vitamin premix ! 0.25 0.25 0.25 0.25 0.25 025 0.25
Mineral premix 2 0.25 0.25 0.25 0.25 0.25 025 025
DL-Methionine 0.19 0.16 0.16 0.16 0.11 0.11 0.11
L-lysine 0.15 0.19 0.18 0.17 1.20 0.19  0.20
Sum 100 100 100 100 100 100 100
Analysed composition
Metabolizable energy 2900 2908 2908 2908 3000 3000 3000
(Kcal’kg)
Crude protein (%) 22 20.1 20.1 20.1 18.3 18.3 18.3
Calcium (%) 1 0.9 0.9 0.9 0.8 0.8 0.8
Available Phosphorus (%) 0.5 0.45 0.45 0.45 0.4 0.4 0.4
Sodium (%) 0.19 0.18 0.18 0.18 0.17 0.17  0.17
Lysine (%) 1.4 1.29 1.29 1.29 1.16 1.16 1.16
Methionin ((%) 0.55 .50 .50 .50 0.43 0.43 043
Methionin +Cyst(e)ine (%) 1 0.93 0.93 0.93 0.83 0.83 0.83
Thronin (%) 0.93 0.86 0.86 0.85 0.78 0.78  0.78
Arginine (%) 1.54 1.4 1.4 1.4 1.28 1.28 1.28

! Supplied per kg of diet : all-trans retinyl acetate, 3.7mg; cholecalciferol, 0.06 mg; DL-o-tocopheryl acetate, 16.4 mg;
menadione (as menadion sodium bisulphate), 2.4 mg; thiamine (as thiamine hydrochloride), 2 mg; riboflavin, 7.9 mg; niacin,
11.7 mg; pantothenic, 35.6 mg; pyridoxine, 3.5 mg; folic acid, 1.2 mg; biotin, 0.12 mg; cyanocobalamin, 0.02 mg; choline

choloride, 300 mg; antioxidant, 1.2 mg.

2 Supplied per kg of diet: Mn, 48 mg; Zn, 48 mg; Fe, 24 mg; Cu, 7 mg; I, 0.6 mg; Se, 0.15 mg.
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Table 3. Effect of different experimental treatments on performance of broilers (11 to 42 days)

Variable BW (g) BWG (g) FI(g) FCR
PC 2519.3® 2202.7% 4130.0 1.88°
NC 2322.7° 1983.6¢ 4167.3 2.10*
NC+Vit C (400 mg/kg) 2477.5%® 2272.6* 4284.3 1.89°
NC+Vit E (200 mg/kg) 2450.8 2161.3 ¢ 4209.0 1.95%
NC+ MP (1%) 2349.5% 2036.8°° 4040.3 1.98 %
NC+ MP (2%) 2267.5° 1947.1¢ 4101.5 2.11°
SEM 64.49 67.53 132.36 0.6
P-value 0.08 0.02 0.83 0.05
Orthogonal contrasts P-value

NC vs. PC 0.03 0.03 0.85 0.02
NC vs. Vits 0.08 0.01 0.63 0.03
NC vs. MP 0.76 0.92 0.56 0.46
Vit E vs. Vit C 0.73 0.26 0.69 0.46
Vits vs. MP 0.03 0.004 0.20 0.06

a¢Means with different superscripts in the same column are significantly different (P<0.05).
BW: Body weight; BWG: Body weight gain; FI: Feed intake; FCR: Feed conversion ratio.
PC: Positive control (without induction of ascites and without adding the antioxidant); NC: Negative control (induction of

ascites without adding the antioxidant); Vit C: Vitamin C; Vit E: Vitamin E; MP: Mentha Piperita.



Yo

(YY-YAY VE ) Lol sl oot ol Jlol ool oy ligios

Sl Gl Lyl po (2565 loazgz jo Lol (a3 li 5 (el (slaplail  (ctaloj] alises (glojlos I -F oo
Table 4. Effect of different experimental treatments on immune organs and ascites index in broilers under ascites

induction conditions

Variable Spleen Bursa of Fabricius Heart RV/TV
% BW

PC 0.130 0.135 0.50 0.21
NC 0.125 0.162 0.58 0.27
NC+Vit C (400 mg/kg) 0.130 0.195 0.56 0.23
NC+Vit E (200 mg/kg) 0.125 0.117 0.52 0.25
NC+MP (1%) 0.125 0.132 0.50 0.24
NC+ M P (2%) 0.122 0.142 0.54 0.23
SEM 0.02 0.03 0.04 0.02
P-value 0.99 0.51 0.50 0.17
Orthogonal contrasts P-value

NC vs. PC 0.84 0.52 0.24 0.08
NC vs. Vits 0.91 0.86 0.66 0.29
NC vs. MP 0.95 0.50 091 0.17
Vit E vs. Vit C 0.84 0.08 0.35 0.54
Vits vs. MP 0.82 0.52 0.68 0.70

BW: Body weight; RV/TV: Right ventricular/total ventricular.

PC: Positive control (without induction of ascites and without adding the antioxidant); NC: Negative control (induction of
ascites without adding the antioxidant); Vit C: Vitamin C; Vit E: Vitamin E; MP: Mentha Piperita.
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Table 5. Effect of different experimental treatments on blood parameters of broilers under ascites induction

conditions
Variable Glucose Albumin Globulin TP TG UA
(mg/dL) (g/dL) (g/dL) (g/dL) (mg/dL)  (mg/dL)

PC 184.8 1.77 1.79 3.56 100.5 5.63
NC 211.2 1.92 1.64 3.55 115.0 4.80
NC+Vit C (400 mg/kg) 186.8 1.80 1.63 343 87.8 4.03
NC+Vit E (200 mg/kg) 2114 2.02 2.02 4.05 107.0 4.09
NC+M P (1%) 186.6 1.83 1.91 3.74 97.25 4.11
NC+ M P (2%) 183.8 1.94 1.81 3.75 91.40 3.63
SEM 15.45 0.13 0.16 0.17 10.57 0.77
P-value 0.59 0.73 0.46 0.20 0.43 0.56
Orthogonal contrasts P-value

NCvs. PC 0.24 0.42 0.49 0.97 0.33 0.49
NC vs. Vits 0.53 0.96 0.33 0.40 0.17 0.43
NC vs. MP 0.18 0.83 0.26 0.39 0.10 0.32
Vit E vs. Vit C 0.27 0.24 0.08 0.02 0.24 0.95
Vits vs. MP 0.38 0.84 0.84 0.97 0.78 0.80

TP: Total protein; TG: Triglyceride; UA: Uric acid.

PC: Positive control (without induction of ascites and without adding the antioxidant); NC: Negative control (induction of
ascites without adding the antioxidant); Vit C: Vitamin C; Vit E: Vitamin E; MP: Mentha Piperita.
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Table 6. Effect of different experimental treatments on humoral and cellular immune responses of broilers under
ascites induction conditions

Variable IgG IgM SRBC CBH (cm)
PC 2.0 2.5 4.5 0.972®
NC 1.5 1.75 3.25 0.57°
NC+Vit C (400 mg/kg) 25 2.5 5.0 1.14°
NC+Vit E (200 mg/kg) 2.0 1.5 3.5 1212
NC+MP (1%) 1.25 25 3.75 0.80®
NC+MP (2%) 1.25 2.25 3.5 0.82°
SEM 0.618 0.637 0.626 0.12
P-value 0.66 0.47 0.15 0.03
Orthogonal contrasts P-value

NC vs. PC 0.57 0.11 0.04 0.06
NC vs. Vits 0.33 0.75 0.21 0.01
NC vs. MP 0.74 0.43 0.63 0.09
Vit E vs. Vit C 0.57 0.28 0.11 0.71
Vits vs. MP 0.12 0.56 0.33 0.25

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

SRBC: Sheep red blood cell; CBH: Cutaneous Basophil Hypersensitivity.

PC: Positive control (without induction of ascites and without adding the antioxidant); NC: Negative control (induction of
ascites without adding the antioxidant); Vit C: Vitamin C; Vit E: Vitamin E; MP: Mentha Piperita.
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