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Introduction: Oxidative stress is inevitable in broiler chicken production, and it affects the physiological,
behavioral, and biochemical status of growing chicken which ultimately deteriorates meat quality. The imbalance
among free radicals and antioxidant enzymes within living cells or tissues leads to the oxidation of lipids, proteins,
and nucleic acids and is a fundamental cause of oxidative stress. When the antioxidant mechanism within living
cells weakens, the production of free radicals increases under physiological oxygen metabolism, and reactive
species (i.e., reactive oxygen species and reactive nitrogen species) are needed in cells in small quantities because
they function as signaling molecules during homeostasis. However, excessive production of these species leads
to oxidative stress. There is a mechanism in living cells to reduce the number of oxidative species through
physiological scavenging. Numerous reactive oxygen species such assuperoxide and hydrogen peroxide are
produced during oxygen metabolism. In addition, some reports showed that after the occurrence of oxidative
stress, there are severe inflammatory reactions in the cells involved, which can lead to greater tissue damage and
activate tissue apoptosis. Oxidative stress plays an essential role in the emergence of a number of chronic disorders
such as diabetes and cancer by inducing inflammation. To protect against free radicals, living organisms have a
combined antioxidant defense system including enzymatic system (such as glutathione peroxidase, superoxide
dismutase, and catalase enzymes in the cytosol and cell membrane structure) and a non-enzymatic system (such
as glutathione, polyphenol, carotenoids, special dipeptides, proteins containing thiol group, polyamines,
ubiquinol, flavonoids, bilirubin, uric acid, vitamin E with selenium, and vitamin C) in tissues. Black cumin seeds
(Nigella sativa) have been used as alternative medicine for more than 2000 years due to their multisystemic
positive effects. Many active components of black cumin have been identified, including dithymoquinone,
thymoquinone, nigellone, thymohydroquinone, nigilline, melanthin, nigelamine, damascenone, pinene, and p-
cymene. Black cumin contains minerals such as calcium, magnesium, potassium, iron, phosphorus, cobalt, zinc,
and manganese, and vitamins A, B, C, D, and E. Moreover, black cumin is rich in essential oils, proteins, alkaloids,
saponins, flavonoids, and polyphenols. The black cumin has anti-inflammatory, analgesic, anthelmintic,
hypocholesteremia, appetite stimulant, antidiarrheal, diuretic, antiulcer, spasmolytic and bronchodilatory,
antimicrobial, antihypertensive, antidiabetic, anticancer, hepatoprotective, and renal protective activities and has
antioxidant properties. This study was conducted to investigate the effects of black cumin on growth performance,
antioxidant status, inflammatory responses, and biochemical and hematological changes in broilers under
oxidative stress induced by hydrogen peroxide.
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Materials and methods: A total of 200 one-day-old chickens (Ross 308) were reared in the form of a completely
randomized design with four treatments and five replications (10 chickens per replicate). Experimental treatments
included: 1. Control group (fed with basic diet), and groups 2, 3, and 4 had levels of 50, 100, and 150 g of black
seed per kg of diet. To induce oxidative stress, all birds received 1% hydrogen peroxide per liter of drinking water
from 14 to 42 days of age. At 42 d, two birds were randomly selected from each cage and after blood sampling
from the wing vein, were killed and dissected for liver and spleen tissue sampling. Growth performance, 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 (MDA) and the activity of antioxidant enzymes including glutathione peroxidase, superoxide
dismutase, and catalase, were determined. In addition, liver enzymes present in the serum including alanine
aminotransferase (ALT), aspartate aminotransferase (AST), and alkaline phosphatase (ALP) were measured.
Also, to evaluate the effect of black cumin on the inflammatory response of broiler chickens under induced
oxidative stress, serum interleukins including IL-10, IL-6, and TNF-o were measured.

Results and discussion: The results showed that black seed supplementation in chickens under induced oxidative
stress significantly improved the growth performance, increased the activity of antioxidant enzymes, and
decreased MDA in serum, liver tissue, and spleen (P<0.05). Black seed supplementation significantly decreased
serum levels of inflammatory cytokines of IL-6 and TNF-a, and increased anti-inflammatory cytokine of IL-10
(P<0.05). Also, black seed supplementation did not affect red blood cells, hematocrit, or hemoglobin, but
increased white blood cells, lymphocytes, and decreased blood heterophils (P<0.05). Serum levels of
triglycerides, cholesterol, ALT, AST, and ALP also decreased significantly under the influence of black seed.
Conclusions: Based on the results of this experiment, it appears that black cumin (Nigella sativa) seed supplement
can improve the growth performance of broiler chickens due to its antioxidant and anti-inflammatory effects.
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Table 1. The ingredients and composition of the basal diets

ltem Starter Grower Finisher
(0-10 d) (11-24 d) (25-42 d)
Ingredients (%)
Corn, 8% CP 47.53 51.63 57.35
Soybean meal, 44%CP 42.35 37.99 32.35
Soybean oil, 5.54 6.24 6.29
Limestone, 1.20 1.12 1.05
Di-calcium phosphate 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, % 0.96 0.87 0.79
Available phosphorus, % 0.456 0.409 0.361
Sodium, % 0.16 0.16 0.16
Potassium, % 0.98 0.87 0.80
Chlorine, % 0.35 0.29 0.31
Methionine, % 0.71 0.64 0.58
Cysteine+Methionine 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 concentrations 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.

2 Mineral 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), 40 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 2. Approximate analysis of black seed

Ingredients (%)
Moisture 53
Dry matter 94.7
Crude protein 24.5
Crude fat 34.1
Ash 52
Crude fiber 8.3
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Table 3. Effect of different levels of black seed (Nigella sativa) powder on growth performance and mortality
of broilers under induced oxidative stress

Treatments FI (g) BWG (g) FCR Mortality (%)
Control 4683 2543¢ 1.84% 0.16*
0.5% N.S 4621 2740° 1.66° 0.12°
1% N.S 4669 28307 1.65° 0.06°
1.5% N.S 4681 2890 1.62° 0.04°
SEM 93.02 45.82 0.02 0.02
P-value 0.47 0.01 0.00 0.00

&-¢ Mean values in the same column with different superscript letters are significantly different (P<0.05).
BWG: Body weight gain; FCR: Feed conversion ratio; FI: Feed intake; N.S: Nigella Sativa
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Table 4. Effect of different levels of black seed (Nigella sativa) powder on antioxidant capacity in serum
of broilers under induced oxidative stress

Treatments GPX SOD CAT. MDA
(Mu/mL) (U/mL) (nmol/min/mL) (nmol/mL)

Control 465.60° 254.15° 65.98 19.73%
0.5%N.S 499.34¢ 236.98° 66.23 17.19°
1% N.S 744.10° 260.44* 66.80 17.39°
1.5% N.S 1134.41° 269.31° 70.03 17.45°
SEM 88.10 4.72 1.14 0.32

P-value <0.01 <0.01 0.18 <0.01

¢ Mean values in the same column with different superscript letters are significantly different (£<0.05).
N.S: Nigella sativa; GPX: Glutathione peroxidase; SOD: Superoxide dismutase; CA: Catalase; MDA: Malondialdehyde
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Table 5. Effect of different levels of black seed (Nigella sativa) powder on antioxidant capacity in liver
of broilers under induced oxidative stress

Treatments GPX SOD CAT. MDA
(Mu/mL) (U/mL) (nmol/min/mL) (nmol/mL)

Control 853¢ 187.94° 73.55° 18.27%
0.5% N.S 1775.67° 192.36° 89.75° 16.15°
1% N.S 1538.91° 198.51° 88.65° 16.57°
1.5% N.S 2431.76 211.332 92.48* 16.15°
SEM 194.89 3.94 2.29 0.26

P-value <0.01 <0.01 <0.01 <0.01

¢ Mean values in the same column with different superscript letters are significantly different (P<0.05).
N.S: Nigella sativa; GPX: Glutathione peroxidase; SOD: Superoxide dismutase; CA: Catalase; MDA: Malondialdehyde
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Table 6. Effect of different levels of black seed (Nigella sativa) powder on antioxidant capacity in spleen
of broilers under induced oxidative stress

Treatments GPX SOD CAT MDA
(Mu/mL) (U/mL) (nmol/min/mL) (nmol/mL)
Control 1120.72¢ 188.10° 52.83° 16.64
0.5% N.S 1506.14° 180.84° 53.75° 16.41
1% N.S 1424.30° 174.17° 54.43° 16.28
1.5% N.S 2211.81° 201.60* 58.61* 16.25
SEM 153.69 4.13 0.87 0.09
P-value <0.01 <0.01 <0.01 0.29

¢ Mean values in the same column with different superscript letters are significantly different (£<0.05).
N.S: Nigella sativa; GPX: Glutathione peroxidase; SOD: Superoxide dismutase; CAT: Catalase; MDA: Malondialdehyde
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Table 7. Effect of different levels of black seed (Nigella sativa) powder on serum cytokines of broilers
under induced oxidative stress

Treatments
Parameters Control 05%NS 1%NS 15%Ns oM P-value
IL-10 (ug/mL) 15.97° 16.53 18.65° 19.80°  0.80 <0.01
IL-6 (ug/mL) 17.07° 15.10 13.95¢ 10.85¢  0.96 <0.01
TNF- (ug/mL) 18.28¢ 17.40° 14.90 12.25¢ 095 <0.01

¢ Mean values in the same column with different superscript letters are significantly different (P<0.05). N.S: Nigella sativa;
IL-10: Interleukin-10; IL-6: Interleukin-6; TNF-a: Tumor necrosis factor- o
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Table 8. Effect of different levels of black seed (Nigella sativa) powder on hematological parameters of
broilers under induced oxidative stress

WBC RBC HGB Hetro L ho H/L
Treatments oLy (<0%ul)  (gdry  HCTOR o Gl (%)
Control 18.75% 2.62 12.45 33.00 33.75%2 60.18¢ 0.55°
0.5% N.S 18.45 2.29 11.40 29.15 20.96° 72.82b 0.29°
1% N.S 18.75% 2.64 13.00 32.25 20.65° 70.37° 0.31°
1.5% N.S 19.352 2.96 15.05 37.15 18.31° 79.732 0.29°
SEM 1.76 0.11 1.54 3.23 3.50 6.40 0.03
P-value <0.01 0.39 0.25 0.11 <0.01 <0.01 <0.01

¢ Mean values in the same column with different superscript letters are significantly different (P<0.05). N.S: Nigella
sativa; WBC: White blood cell; RBC: Red blood cell; Hetro: Heterophile; Lympho: Lymphocyte; H/L: Heterophile/
lymphocyte.
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Table 9. Effect of different levels of black seed (Nigella sativa) powder on biochemical parameters of
broilers under induced oxidative stress

Treatments ALT AST ALP TG Cho
(U/L) (U/L) (IU/L) (mg/dL) ( mg/dL)
Control 39.87* 174.68* 296.49* 107.32% 505.35%
0.5% N.S 20.25¢ 123.63° 222.84° 117.36* 455.36°
1% N.S 28.57° 167.22 257.60° 108.46* 498.21°
1.5% N.S 36.89? 164.85% 293.20° 84.06° 357.13¢
SEM 5.39 14.38 16.06 11.06 25.31
P-value <0.01 <0.01 <0.01 <0.01 <0.01

3¢ Mean values in the same column with different superscript letters are significantly different (P<0.05).
N.S: Nigella sativa; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; ALP: Alkaline phosphatase; TG:
Triglyceride; Cho: Cholesterol.
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