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Introduction: Soybean meal (SBM) is the main protein source in diets for poultry due to its high protein and
excellent amino acid quality and profile, in addition to its high availability of amino acids. However, in some
countries, other protein sources are available at lower prices and can be included in least-cost formulations instead
of SBM. Rapeseed meal (RM) is the second most important oil-producing crop after soybean. Recently, there has
been increasing interest in rapeseed production in countries around the world including Iran. Although RM has a
good amino acid profile, its crude protein content (36% to 39%) is lower than that of SBM (44% to 48%). Despite
higher levels of methionine and cysteine in RM, its lysine content is lower than SBM. The use of RM has been
limited by its low available protein and energy contents relative to SBM. The main factor affecting the levels of
available crude protein and energy content is the fibrous hull of RM. RM also contains non-starch polysaccharides
and glucosinolates. Excessive levels of RM and thus high dietary glucosinolate content could lead to abnormalities
in thyroid function activities and consequently a retardation in growth performance. Therefore, the objectives of
the current study were to determine the effects of dietary selenium (Se) and levothyroxine (LT) supplementation
on performance, carcass characteristics, and thyroid hormone concentration in broiler chickens fed diets
containing RM.

Materials and methods: This experiment was performed to evaluate the effect of dietary Se and LT
supplementation on performance, carcass characteristics, weight of internal organs, and thyroid hormone
concentration in broiler chickens of commercial strain Ross 308. The experimental treatments were: 1) diet based
on SBM and corn grain (positive control), 2) diet with 10% RM (negative control 1, NG1), 3) diet with 20% RM
(negative control 2, NG2), 4) NG1+ 0.3 mg Se/kg diet, 5) NG2+ 0.3 mg Se/kg diet, 6) NG1+ 80 pg LT/kg diet,
7) NG2+ 80 pg LT/kg diet, 8) NG1+ 0.3 mg Se and 80 png LT/kg diet, and 9) NG2+ 0.3 mg Se and 80 pg LT/kg
diet. Nine dietary treatments with four replications and 15 chickens in each replication were allocated to the
experimental pens in a completely randomized design. During the experimental period (1 to 42 days), average
feed intake, body weight gain, and feed conversion ratio were measured. At day 38, two birds from each pen were
selected and blood was taken from their axillary vein for measuring thyroid hormones. At the end of the
experiment (day 42), two birds from each replicate were selected, weighed, and slaughtered for carcass and
internal organs weight determination.

Results and discussion: The results showed that there were no significant differences between the treatments
receiving RM and the positive control treatment in terms of growth performance. The percentage of abdominal
fat and the relative weight of the internal organs, except the gizzard, were not significant between the dietary
treatments. The treatment of 10% RM supplemented with Se and LT had the highest relative weight of the thymus.
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The treatment with 20% RM had the highest and the treatment with 10% RM + LT and 10% RM + LT and SE
had the lowest relative weight of bursa Fabricius. The relative weight of the spleen was not affected by the
experimental treatments. The treatment containing 20% RM showed the lowest carcass weight and the positive
control treatment had the highest percentage of breast muscle. The use of RM at 20% caused a significant increase
in thyroid weight compared to the positive control group (group without RM). The thyroid weight was reduced
by SE and LT supplementation to diets containing RM. Rapeseed meal had no significant effect on T4 hormone
levels, but treatments supplemented with SE increased and treatments supplemented with LT decreased T
hormone levels. Also, the level of TSH hormone in the treatments receiving RM was lower than that in the
treatments without RM. Chickens receiving RM with SE and LT had the highest levels of antioxidant enzymes of
glutathione peroxidase and superoxide dismutase.

Conclusions: According to the results of the present experiment, supplementing RM with SE and LT decreased
the weight of the thyroid gland and increased the level of antioxidant enzymes, which suggests the positive effects
of the use of these compounds in the diet based on RM on the function of the thyroid gland.
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Table 1. Ingredients and chemical composition of the experimental diets during starter period (0-10 d)

Ingredients (%) SBM 10%RM 20%RM Calculated analysis SBM 10%RM  20%RM
‘ 55.65 542 4748 ~ Metabolizable energy 2900 2900 2900
Corn grain (kcal/kg)
Soybean meal 37.83 28.56 23.11 Crude protein (%) 22.23 22.23 22.23
Rapeseed meal 0 10 20 Methionine (%) 0.53 0.53 0.53
Soybean oil 2 2.5 3.8 Methionine + Cysteine (o) 1.04 1.04 1.04
Calcium carbonate 1.06 1 0.90 Lysine (%) 1.39 1.39 1.39
Dicalcium phosphate 1.79 1.99 2 Threonine (%) 0.94 0.94 0.94
Common salt 0.29 0.29 0.30 Arginine (%) 1.41 1.40 1.40
Sodium bicarbonate 0.15 0.15 0.15 Tryptophan (%) 0.22 0.24 0.28
DL-Methionine 99% 0.21 0.24 0.22 Calcium (%) 0.93 0.94 0.93
L-Lysine HCI 78% 0.29 0.37 0.35 Available P (%) 0.46 0.47 0.46
L-Threonine 99% 0.13 0.10 0.09 Sodium (%) 0.17 0.17 0.17
Vitamin premix! 0.25 0.25 0.25
Mineral premix? 0.25 0.25 0.25
Choline CI 60% 0.10 0.10 0.10

1. Vitamin premix provided the following per kilogram of diet: vitamin (trans-retinyl acetate), 10000 IU; vitamin D3 (cholecalciferol), 2000
1U; vitamin E (DL-alpha-tocopherol acetate), 45 IU; vitamin K3 (bisulfate menadionecomplex), 3 mg; thiamine (thiaminemononitrate), 3
mg; riboflavin, 9 mg; nicotinic acid, 30 mg; pantothenic acid (D-calcium pantothenate), 10 mg; vitamin B6, 4mg; d-biotin, 0.1 mg; folic
acid, 2 mg; vitamin B12 (cyanocobalamin), 0.02 mg and choline (choline chloride), 500 mg.

2. Mineral premix provided the following per kilogram of diet: iron (FeSO4¢7H20), 55 mg; iodine (Ca (I03)2), 1.3 mg; manganese
(MnS0O4+H20), 100 mg; zinc (ZnO), 85 mg; copper (CuSO4+5H20), 13 mg; selenium (Na2SeO3), 0.2 mg.

SBM: Diet based on soybean meal and corn grain, 10%RM: Diet with 10% rapeseed meal, 20%RM: Diet with 20% rapeseed meal.
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Table 2. Ingredients and chemical composition of the experimental diets during grower period (11-24 d)

Ingredients (%) SBM 10%RM 20%RM  Calculated analysis SBM 10%RM  20%RM
‘ 64.63 59.58 5549  Metabolizable energy 2950 2950 2950

Corn grain (kcal/kg)

Soybean meal 28.73 22.71 15.71 Crude protein (%) 20.45 20.45 20.45

Rapeseed meal 0 10 20 Methionine (%) 0.51 0.51 0.51

Soybean oil 1.20 2.33 3.50 Methionine + Cysteine (%) 0.94 0.94 0.94

Calcium carbonate 1.03 0.90 0.74 Lysine (%) 1.29 1.29 1.29

Dicalcium phosphate 1.71 1.73 1.77 Threonine (%) 0.84 0.84 0.84

Common salt 0.30 0.30 0.30 Arginine (%) 1.32 1.32 1.32

Sodium bicarbonate 0.15 0.15 0.15 Tryptophan (%) 0.27 0.26 0.24

DL-Methionine 99% 0.23 0.21 0.21 Calcium (%) 0.84 0.84 0.84

L-Lysine HC1 78% 0.39 0.40 0.43 Available P (%) 0.42 0.42 0.42

L-Threonine 99% 0.03 0.05 0.05 Sodium (%) 0.17 0.17 0.17

Vitamin premix’ 0.25 0.25 0.25

Mineral premix? 0.25 0.25 0.25

Choline CI 60% 0.10 0.10 0.10

L-Arginine 0 0.04 0.05

Zeolite 1 1 1

1. Vitamin premix provided the following per kilogram of diet: vitamin (trans-retinyl acetate), 10000 IU; vitamin D3
(cholecalciferol), 2000 IU; vitamin E (DL-alpha-tocopherol acetate), 45 IU; vitamin K3 (bisulfate menadione complex), 3 mg;
thiamine (thiaminemononitrate), 3 mg; riboflavin, 9 mg; nicotinic acid, 30 mg; pantothenic acid (D-calcium pantothenate), 10 mg;
vitamin B6, 4mg; d-biotin, 0.1 mg; folic acid, 2 mg; vitamin B12 (cyanocobalamin), 0.02 mg and choline (choline chloride), 500 mg.
2. Mineral premix provided the following per kilogram of diet: iron (FeSO4¢7H20), 55 mg; iodine (Ca (103)2), 1.3 mg; manganese

(MnS0O4+H20), 100 mg; zinc (ZnO), 85 mg; copper (CuSO4+5H20), 13 mg; selenium (Na2Se03), 0.2 mg.

SBM: Diet based on soybean meal and corn grain, 10%RM: Diet with 10% rapeseed meal, 20%RM: Diet with 20% rapeseed meal.
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Table 3. Ingredients and chemical composition of the experimental diets during finisher period (25-41 d)

Ingredients (%) SBM 10%RM 20%RM  Calculated analysis SBM 10%RM  20%RM
. 67.34 62.17 s9.q1  Metabolizable enerey 3000 3000 3000

Corn grain (kcal/kg)

Soybean meal 25.72 19.69 12.09 Crude protein (%) 18.80 18.80 18.80

Rapeseed meal 0 10 20 Methionine (%) 0.45 0.45 0.45

Soybean oil 1.85 2.8 3.95 Methionine + Cysteine (%) 0.88 0.88 0.88

Calcium carbonate 0.94 0.84 0.74 Lysine (%) 1.12 1.12 1.12

Dicalcium phosphate 1.5 2.8 1.43 Threonine (%) 0.76 0.76 0.76

Common salt 0.32 0.32 0.32 Arginine (%) 1.19 1.18 1.18

Sodium bicarbonate 0.15 0.15 0.15 Tryptophan (%) 0.25 0.23 0.22

DL-Methionine 99% 0.18 0.17 0.17 Calcium (%) 0.78 0.78 0.78

L-Lysine HC1 78% 0.27 0.27 0.31 Available P (%) 0.38 0.38 0.38

L-Threonine 99% 0.02 0.02 0.02 Sodium (%) 0.18 0.18 0.18

Vitamin premix! 0.25 0.25 0.25

Mineral premix? 0.25 0.25 0.25

Choline CI 60% 0.10 0.10 0.10

L-Arginine 0 0 0.11

Zeolite 0.96 0 0.77

Potacium carbonat 0.15 0.17 0.23

1. Vitamin premix provided the following per kilogram of diet: vitamin (trans-retinyl acetate), 10000 IU; vitamin D3
(cholecalciferol), 2000 IU; vitamin E (DL-alpha-tocopherol acetate), 45 IU; vitamin K3 (bisulfate menadionecomplex), 3 mg;
thiamine (thiaminemononitrate), 3 mg; riboflavin, 9 mg; nicotinic acid, 30 mg; pantothenic acid (D-calcium pantothenate), 10 mg;
vitamin B6, 4mg; d-biotin, 0.1 mg; folic acid, 2 mg; vitamin B12 (cyanocobalamin), 0.02 mg and choline (choline chloride), 500 mg.
2. Mineral premix provided the following per kilogram of diet: iron (FeSO4¢7H20), 55 mg; iodine (Ca (103)2), 1.3 mg; manganese

(MnS0O4+H20), 100 mg; zinc (ZnO), 85 mg; copper (CuSO4+5H20), 13 mg; selenium (Na2Se03), 0.2 mg.

SBM: Diet based on soybean meal and corn grain, 10%RM: Diet with 10% rapeseed meal, 20%RM: Diet with 20% rapeseed meal.
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Table 4. Effect of experimental treatments on daily feed intacke (FI), weight gain (BWG), and feed conversion
ratio (FCR) of broiler chickens during the whole experimental period

Treatments'

Item 1 2 3 4 5

7 8 9 SEM  P-value

FI 1155 111.8 1120 111.8 113.9
BWG 66.3 62.7 64.6 64.8 65.8
FCR 1.74 1.78 1.74 1.72 1.73

1127 1163 1141 112.1  0.679 0.694
66.7 68.1 66.6 64.6  0.463 0.244
1.70 1.71 1.72 1.73  0.007 0.308

! Treatments included: 1) Diet based on soybean meal and corn grain, 2) Diet with 10% rapeseed meal, 3) Diet with 20%
rapeseed meal, 4) 10% rapeseed meal + 0.3 mg Se/kg diet, 5) 20% rapeseed meal + 0.3 mg Se/kg diet, 6) 10% rapeseed meal
+ 80 pg Levothyroxine/kg diet, 7) 20% rapeseed meal + 80 pg Levothyroxine /kg diet, 8) 10% rapeseed meal + 0.3 mg Se and
80 pg Levothyroxine /kg diet, and 9) 20% rapeseed meal + 0.3 mg Se and 80 pg Levothyroxine /kg diet
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Table 5. Effect of experimental treatments on relative yield of carcass (percentage of live weight), relative
weight of carcass components (percentage of carcass weight), relative weight of internal organs (percentage of

live weight), and thyroid gland weight (mg/kg live weight) of broilers

Treatments'
Item 1 2 3 4 5 6 7 8 9 SEM  P-value
Carcass yield 63.88°  64.03 62.30° 62.45® 64.80* 65.88* 62.29> 64.08®°  62.89* 0.262 0.035
Breast 4230 41.88® 38.18° 42.36* 42.14® 41.84® 39.07% 40.96%¢ 41.34%c (.277 0.001
Thigh 28.79°  28.68° 30.47® 29.06> 29.22° 29.66® 31.67° 29.54% 28.63  0.201 0.002
Liver 2.29 2.29 2.37 2.18 227 243 2.37 2.36 2.40 0.024 0.083
Gizard 1.23° 1.39% 1.36® 1.44%® 1.35% 1.57* 1.47* 1.41% 1.39%  0.018 0.007
Heart 0.42 0.44 0.44 0.44 0.46 0.44 043 0.42 0.47 0.008 0.828
Proventriculus 0.36 0.33 0.31 0.33 0.31 0.35 0.35 0.34 0.36 0.005 0.305
Abdominal fat 0.99 0.70 0.72 0.70 0.64 0.43 0.92 0.74 0.88 0.037 0.083
Pancreas 0.22 0.23 0.22 0.23 0.20 0.24 0.22 0.22 0.24 0.004 0.615
Thyroid gland  87.78" 88.62® 89.91° 88.45® 88.96"® 88.92%° 88.92® 88.66® 88.92® 1.911 0.047

! Treatments included: 1) Diet based on soybean meal and corn grain, 2) Diet with 10% rapeseed meal, 3) Diet with 20% rapeseed
meal, 4) 10% rapeseed meal + 0.3 mg Se/kg diet, 5) 20% rapeseed meal + 0.3 mg Se/kg diet, 6) 10% rapeseed meal + 80 pg
Levothyroxine/kg diet, 7) 20% rapeseed meal + 80 nug Levothyroxine /kg diet, 8) 10% rapeseed meal + 0.3 mg Se and 80 pg
Levothyroxine /kg diet, and 9) 20% rapeseed meal + 0.3 mg Se and 80 pg Levothyroxine /kg diet
a¢ Means within the same row with different superscripts differ significantly (P<0.05).
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Table 6. Effect of different experimental treatments on the level of thyroid hormones and antioxidant enzymes
in broilers

Treatments'
Item 1 2 3 4 5 6 7 8 9 SEM  P-value
T3 (ng/mL) 1.97¢ 2.62% 2.17%¢ 2.70* 2.61%® 2.39abe 2.20%¢ 2 12b¢ 2.06° 0.042 0.0003
T4 (ug/dL) 5.48 593 5.77 6.13 6.03 5.84 5.65 5.48 5.43 0.065 0.22
TSH (piu/mL) 2.46* 2.24% 1.98% 2.13% 2.00® 1.77% 1.59° 1.74% 1.72®  0.055 0.02
T3:Ts 0.36 0.44 0.38 0.46 0.43 0.41 0.40 0.39 0.380 0.007 0.233
GPX (nmol/mL) 144.1°  157.9%¢ 168.3%¢ 170.7®¢ 179.0*¢ 186.9% 193.2%  187.6®® 198.9* 3.06 0.001
SOD (U/mL) 117.3°  130.5% 138.4%%¢ 141.6% 150.2¢% 159.4%° 167.9® 175.3% 176.4* 2.79 0.0001

! Treatments included: 1) Diet based on soybean meal and corn grain, 2) Diet with 10% rapeseed meal, 3) Diet with 20% rapeseed
meal, 4) 10% rapeseed meal + 0.3 mg Se/kg diet, 5) 20% rapeseed meal + 0.3 mg Se/kg diet, 6) 10% rapeseed meal + 80 pg
Levothyroxine/kg diet, 7) 20% rapeseed meal + 80 pg Levothyroxine /kg diet, 8) 10% rapeseed meal + 0.3 mg Se and 80 pg
Levothyroxine /kg diet, and 9) 20% rapeseed meal + 0.3 mg Se and 80 pug Levothyroxine /kg diet

a¢ Means within the same row with different superscripts differ significantly (P<0.05).
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