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Improving antioxidant function, inflammatory responses, growth performance,
and mortality by supplementing black cumin (/Nigella Sativa) seed in broiler
chickens exposed to low ambient temperature
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ABSTRACT: This study was done to investigate the effects of black cumin (Nigella sativa) seed powder (BCP) on
oxidative stress, inflammation cytokines, hematological and biochemical change and growth performance of broilers
under low ambient temperature. 7otal of 375 one -day-old male Ross 308 broilers were randomly allocated into five
treatments with five replicationpens (with 15 broilers per pen). A total of 75 birds were reared in a thermoneutral (TN
group) environment, and the rest of the birds (300 birds in four groups) were exposed to cold stress (CS).On d 14, CS
birds’ groups were fed a control diet and three levels of BCP at rates of 5, 10, and 15 g/kg (BCP-5,BCP-10, and BCP-
15, respectively). The blood and heart samples were collected. On day 42, two birds per cage (n = 10/treatment) were
slaughtered, and were collected samples for blood and tissues (heart and liver).Dietary BCP modulated cold-induced
effects on growth performance parameters, relative weight of heart weight, right ventricle / total ventricle ratio, right
ventricle /body weight and mortality. The activities of superoxide dismutase, catalase, and glutathione peroxidase in se-
rum and liver were enhanced, and malondialdehyde was reduced by BCP supplementation compared to the CS group.
The cold stress-induced effect on serum and liver levels of TNF-a and interleukin-6 were reduced, and interleukin-10
was enhanced by dietary BCP supplementation. Moreover, supplementing of diets with BCP alleviated the adverse
effect of cold stress as reflected by a reduction in alanine transaminase, aspartate transaminase, alkaline phosphatase,
triglyceride, and cholesterolcompared totheCS group. In conclusion, BCP supplementation during cold stress may be
used to alleviate cold stress- related changes in broiler chickens.
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INTRODUCTION
Genetic selection to maximize the rate of growth
today’s broiler chickens has led to a considerable
increase in the growth rate of these birds. The organs
in the cardiovascular system in birds, have not yet
grown to the same extent as this increase in growth
rate. In addition, these birds are susceptible to various
types of environmental stress, including cold stress.
(Rahmani et al., 2018).1t has been accepted that birds
increase thyroid hormone secretion in order to deal
with cold stress by increasing the body metabolism
and heat production. Increasing of basal metabolic
rates caused to increasing of tissue necessity for oxy-
gen in a situation that cannot be prepared by immature
cardiopulmonary systems of broilers (Nemati et al.,
2017). The lack of balance between oxygen require-
ment and oxygen supply, it will be result in hypox-
emia (Hassanzadeh, 2010). During hypoxemia, the
heart rate to increased compensate for hypoxemia,
and subsequently, these cascading actions will be hy-
pertrophy of the heart, increased pulmonary hyper-
tension syndrome (PHS) , and right ventricle ineffi-
ciency. Finally, death occurs due to heart failure and
increased pulmonary blood pressure) Wideman et al.,
2010).

Moreover, it is argued that hypoxemia in all types of
tissues, especially the involved tissues such as lungs, heart,
and liver, can lead to the generation of free radicals - es-
pecially reactive oxygen species (Shao et al., 2022; Fathi
et al., 2022). Overwhelming accumulation of reactive
oxygen species (ROS) leading to diverse disorders rep-
resents distress (Wang et al., 2020) , while levels of ROS
necessary for physiological redox signaling important for
proper cellular/tissue/organism functioning (Acaroz et
al., 2019; Jaganjac et al., 2022). So that one of the lead-
ing causes of PHS is the occurrence of lung cell damage
(Fathi et al., 2022). In addition, free radicals from oxygen
derivatives decrease the half-life of nitric oxide (a vaso-
dilator agent) , causing a decrease in the ability of blood
vessels to expand and provide the basis for the occurrence
of PHS (Lorenzoni and Ruiz- Feria. 2006).

There are also some reports show that following
the occurrence of oxidative stress, severe inflamma-
tory reactions occur in the involved cells, which lead
to more severe tissue damage and can activate tissue
apoptosis (Jiang et al. 2018; Sun and Karin 2013). Ox-
idative stress plays an essential role in the emergence
of a number of chronic disorders such as diabetes and
cancer by inducing inflammation (Acaroz et al., 2019;
Jaganjac et al., 2022).

To protect against free radicals, living organ-
isms have a combined antioxidant defense system
including enzyme system (including, glutathione
peroxidase, superoxide dismutase and, catalase en-
zymes in the cytosol and, cell membrane structure)
and a non-enzymatic system (including glutathione,
polyphenol, carotenoids, special dipeptides, proteins
containing thiol group, polyamines, ubiquinol, flavo-
noids, bilirubin, uric acid, vitamin E with selenium
and, vitamin C in serum and tissues (Nemati et al.,
2017; Ramazani et al., 2023).

Black cumin (Nigella sativa) seed have been used
as an alternative medicine due to its multi-system-
ic beneficial actions for more than 2000 years. It is
commonly known as black cumin seed and is the
seed of an annual herb that belongs to the botanical
family Ranunculaceaec (Adam et al., 2016). Many
active components of black cumin have been identi-
fied, including dithymoquinone, thymoquinone, nig-
ellone, thymohydroquinone, nigilline, melanthin, ni-
gelamine, damascenone, pinene and p-cymene. Black
cumin contains minerals such as, calcium, magne-
sium, potassium, iron, phosphorus, cobalt, zinc and
manganese and vitamins A, B, C, D and E (Guler et
al., 2006; Cheikh-Rouhou et al., 2007; Khan et al.,
2012). Moreover, black cumin is rich in both stable
and essential oils, proteins, alkaloids, saponins, flavo-
noids, and polyphenols. The seeds have anti-inflam-
matory, analgesic, anthelmintic, hypocholesteremia,
appetite and digestive stimulant, antidiarrheal, diuret-
ic, antiulcer, spasmolytic and bronchodilatory, anti-
microbial, antihypertensive, antidiabetic, anticancer,
hepatoprotective and renal protective activities and
possess antioxidant properties, including free radical
scavenging (Guler et al., 2006; Adam et al., 2016).

As a result, the purpose of this study was to deter-
mine effects of black cumin powder (BCP) supple-
mentation on growth performance, antioxidant status,
inflammation response, and mortality of broilers un-
der cold stress-induced.

MATERIALS AND METHODS
All experimental protocols used in this re-
search were approved by the Animal Ethics Com-

mittee of Payam Noor University, Tehran, Iran
(P.L.N:1401.30.11).

Birds, treatments, and experimental design
The experiment was carried out between Jan-
vary 1, and February 12, at Gorgan-Iran. A
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total of 375 day-old broiler chicken (Ross, 308) with
approximately 424.0+2g body weight was assigned
randomly into 5 treatments, included 5 replicates of
15 birds per pen. A group of 75 birds were reared in
a thermoneutral environment (TN group) , and rest
of the birds (300 birds in four groups) were treated in
condition of cold stress (CS). The birds were raised
at 320C, for the first 3 days, and the temperature was
gradually reduced by 29C at 3 days’ intervals until
240C. Birds in the control group (TN) were housed in
an environmentally controlled room at 22+1 °C and
fed the basal diet. On d 14, CS birds’ groups were fed
with a control diet and three levels of BCPatrates of
5, 10 and, 15 g/kg (BCP-5BCP-10 and, BCP-15, re-
spectively) until to 42 days of age. Black cumin seeds

Table 1. The ingredients and composition of the basal diet

were obtained from a local market and used in the
diets after grinding. A sample of the BCP was then
analysed to determine the chemical composition and
phytochemical composition (Table 2).

The temperature of both environment was set at
32°C during the first week and in the following re-
duced to 29°C during the second week. The thermo-
neutral temperature (TN) was gradually decreased by
approximately 0.5°C every other day. Decreasing of
temperature occurs from day of 14 until it reached
22°C on 28 days of age and after that remained con-
stant. The temperature of cold stress (CS) condition,
gradually dropped to 15°C at day 14 and does not
change between 13 and 15°C (Rahmani et al., 2018).

Starter Grower Finisher
(0-10 d) (11-24 d) (25-42 d)

Ingredients (%)

Mize, 8% CP 47.53 51.63 57.56
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, 1.34
21%Ca 1.79 1.56

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, 3218
kCal/ke 2990 3082

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
Methioninécysteine, % 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;

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) , 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 2. The chemical composition and phytochemical constituents of Nigella sativa seeds

Chemical composition Contents (%)
Dry matter 93.40
Ethereal extract 25.35
Crude protein 23.34

Phytochemical constituents Contents

p-Hydroxybenzoic acid (ng/g) 69.685
Catechin (ng/g) 32.824
Chlorogenic acid (ug/g) 2.554
Ferulic acid (pg/g) 6.628
Sinapic acid (ng/g) 21.979
p-Coumaric (ng/g) 45.147
Kaempferol (ng/g) 1.277
Total phenols (mg GAE/g) 2.077
Total flavonoids (mg CE/g) 0.565
DPPH (mg TE/g) 1.367

A continuous exposure of lighting program was
set at 23L:1D throughout the duration of experiment.
For each cage of under experiment was used spherical
pen feeders and drinkers, So the size of each one was
150 x 100 cm. Vaccinated against New Castle disease
and other infectious diseases regularly. A diet base on
corn and soybean puree was formulated according to
Ross 308 nutrient recommendations, so these diet was
used for starter (1-10) , grower (11-24) , and finisher
(25-42) periods (Aviagen, 2014; Table 1).Diets and
freshwater were provided adlibitum.

Performance traits

During the research, parameters as body weight
gain (BWG) , feed intake (FI) , and feed conversion
ratio (FCR) were evaluated for the experiment period
(42 days). The FCR was calculated as FI/BWG.

Sampling for biochemistry indices

On day 42, two birds that were treated in each cage
were randomly selected, So, whole blood samples
(approximately 2.5 mL) were collected by venipunc-
ture. Blood was centrifuged and the plasma samples
stored at -20°C for later analysis (Fathi et al., 2022).

Heart weight and mortality due to PHS'
Mortalities in the level of chickens was recorded
daily, and autopsy were performed in order to specify
related death of mortalities from d 14 onward. Birds
that died with an RV/TV? ratio above 0.25 or obser-
vation of fluid in the ventricular or pericardium of the
heart were included in the PHS mortality (Table 3)

2 Right ventricle / total ventricle

(Shao et al., 2018, 2022). On the last day of the as-
sessment, it means day 42, Two of ten birds that were
under treatment were dissected. By doing these dis-
section, hearts of birds were weighed, and the atria,
pericardium, major vessels, and fat were trimmed off.
Separations of left and right ventricles was done, So,
their weights were measured on an analytical balance
(Scaltec SBA41, Goettingen, Germany; precision
1073 g) , and the RV/TV and RV/BW ratio were cal-
culated (Fathi et al., 2022).

Biochemical indices

Enzymes activities alanine aminotransferase
(ALT) , aspartate aminotransferase (AST) , and alka-
line phosphatase (ALP) , cholesterol and triglyceride
(TG) were considered by Vitros 350 autoanalyser
(Alcyon 300, USA) and commercialkits (ParsAzmun
Co,Tehran, Iran).Determination of glutathione per-
oxidase (GPx) , catalase (CAT) , and superoxide dis-
mutase (SOD) activity were measured by commercial
kits (Randox, Randox, Co. Antrim, United Kingdom).
The level of malondialdehyde (MDA) in serum and
liver tissue, as an indicator of lipid peroxidation, was
performed according to the methodology described
by Fathi et al. (2022). Pro-Inflammatory cytokines
such astumor necrosis factor-o (TNF-0) , interleu-
kin-6 (IL-6) , andanti-inflammatory cytokinessuch
asinterleukin-10 (IL-10) concentrations in serum and
liver tissue were determined by using ELISA kits
which was prepared from Pars Azmoon, Tehran, Iran,
according to the manufacturer’s instructions.

Statistical Analysis
Data were subjected to an analysis of variance (ANO-
VA) using the General Linear Model (GLM) command
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in the SAS statistical package (SAS Inst. Inc., Cary, NC,
US (SAS 2001).The pen was used as the experimental
unit for the growth performance and blood parame-
ters data. The significant difference between treatment
means was determined by the Duncan test (P<.01). Mor-
tality analyses were performed based on Chi-Square.

RESULTS

Heart weight and mortality due to PHS

As shown in Table3, The heart and RV weights
was shown as percentages of BW, the RV:TV ratios,
and mortality due to PHS were worthy of attention
higher in CS group broilers compared to the TN group
(P<0.01). Supplementing of diet with BCP improved
cardiac parameters and reduced mortality due to PHS
for all levels of BCP than the CS group (P< 0.05).
There was no significant difference between different
levels of black seed powder (P> 0.05).

Bird’s performance traits
BWG and FI significantly reduced and FCR in-
creased by cold stress (P<0.05) (Table 4). The highest

value of feed consumption and body weight belongs to
chickens of BCP-10, and BCP-15 compared to CS broil-
ers (P < 0.01). The birds of the TN and alllevel of BCP
in compared to the CS group birds showed the best feed
conversion ratio with lowest number (P <0.01).

Antioxidant status in serum and liver

Cold stress significantly reduced activities of GPx,
SOD and, CAT in serum (Table 5) and in liver (Ta-
ble 6) (P <0.01). Values for MDA in serum and liver
for CS regimen also increased in compared with the
TN regimen (P < 0.01). The supplementation ofB-
CP, especially in the level of BCP-15, significantly
improved the antioxidant status in serum, liver and
spleen (P< 0.01).

Inflammation response

The results of treatments on pro-Inflammatory cyto-
kines such astumor necrosis factor-a. (TNF-a) , interleu-
kin-6 (IL-6) , andanti-inflammatory cytokinessuch asin-
terleukin-10 (IL-10) concentrations in serum and liver
tissue of birdsare summarized in Table 7, 8.Birds under
cold stress (CS group) had significantly high concentra-

Table 3: Effects of black cumin (Nigella sativa) seed powder supplementation on organ relative weight and mortality rate due to ascites

of broilers in thermoneutral and cold stress conditions

Groups Heart RV/BW RV/TV Mortality
TN control 0.614 0.061d 0.20¢ 2.500
CS control 0.762 0.091a 0312 10.002

BCP-5 0.72b 0.081b 0.24b 2.50b
BCP-10 0.66¢ 0.078¢ 0.24b 2.50b
BCP-15 0.65¢ 0.076¢ 0.25b 2.50b

SEM 0.02 0.001 0.02 0.007
P Value <0.01 <0.01 0.01> 0.01>

a, b, ¢ Mean values in the same columnwith different superscript letters were significantly different (n=10).

RV/BW, Right ventricular to body weight ratio; RV/TV, right ventricle/total ventricle; PHS, pulmonary hypertension syndrome; TN,
thermoneutral; CS, cold stress, BCP-5, BCP-10, and BCP-15; chicken in these groups were kept in the cold environment and fed a
basal diet supplemented with 5, 10, and 15 g/kg black cumin (Nigella sativa) seed powder respectively.

Table 4: Effects of black cumin (Nigella sativa) seed powder supplementation on performance of broilers in thermoneutral and cold

stress conditions at day 42

Groups (@) BWG (g) FCR
TN control 49700 31862 1.56¢
CS control 57602 2642¢ 2.18a

BCP-5 4737¢ 2850b 1.66b
BCP-10 5152b 30522 1.68b
BCP-15 5155b 30052 1.71b
SEM 92.79 34.04 0.05
P Value <0.01 <0.01 <0.01

a, b, ¢ Mean values in the same columnwith different superscript letters were significantly different (n=10).
BWG, body weight gain; FI, feed intake; FCR, feed conversion ratio; TN; thermoneutral, CS; cold stress, BCP-5, BCP-10, and BCP-
15; chicken in these groups were kept in the cold environment and fed a basal diet supplemented with 5, 10, and 15 g/kg black cumin

(Nigella sativa) seed powder respectively.
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tions of cytokines such asTNF-o and IL-6and reduced
IL-10 in serum (Table 7) and liver (Table 8) compared to
those under thermoneutral condition (TN group). Birds
m BCP-10 and 15 had lower serum TNF-o, 1L-6,and
higherIL-10than CS group birds (P<0.01). Meanwhile,
Supplementation of all levels of BCP had no significant
effect on TNF-a, IL-6 levels of liver, BCP-15 signifi-
cantly increased the IL-10 level (P<0.01).

Biochemical parameters

Cold stress significantly increased the serum’s en-
zyme contents of ALT, AST, ALP, TG, and cholester-
ol in CS group birds than the TN group birds (Table
8) (P<0.01). Supplementation of BCP in all levels
caused a significant decrease in these biochemical pa-
rameters in serum (P<0.01).

Table S: Effects of black cumin (Nigella sativa) seed powdersupplementation on serum antioxidant capacity of broilers in thermoneu-

tral and cold stress conditions

GPx SOD CAT MDA
groups (U/g Hb) (U/g Hb) (Nmol/min/mL) (Nmol/L)
TN control 1409.02 301.572 71.80a 10.44¢
CS control 505d 248¢ 61.91b 17.182
BCP-5 838b 260bc 67.81a 17.142
BCP-10 730¢ 267bc 67.542 17.162
BCP-15 893b 276b 68.634 16.84b
SEM 52 19 3.9 0.34
P Value 0.01> 0.01> 0.73 0.01>

a, b, ¢ Mean values in the same columnwith different superscript letters were significantly different (n=10).

GPx, glutathione peroxidase; SOD, superoxide dismutase; CAT, catalase; MDA ,malondialdehyde; TN; thermoneutral, CS; cold
stress, BCP-5, BCP-10, and BCP-15; chicken in these groups were kept in the cold environment and fed a basal diet supplemented
with 5, 10, and 15 g/kg black cumin (Nigella sativa) seed powder respectively.

Table 6: Effects of black cumin seed (Nigella sativa) powder supplementation on liver antioxidant capacity of broilers in thermoneutral

and cold stress conditions

GPx SOD CAT MDA
groups (U/mg protein) (U/mg protein) (U/mg protein)  (nmol/mg protein)

TN control 18502 320.12 124.1a 14.50¢
CS control 1285¢ 214b 81.70¢ 17.012
BCP-5 1231¢ 196b 80.07¢ 16.812

BCP-10 1538b 200b 88.00b 16.972

BCP-15 17782 189b 89.24b 16.45b

SEM 85 21 4.15 0.21
P Value 0.01> 0.31 0.38 0.01>

a, b, ¢ Mean values in the same columnwith different superscript letters were significantly different (n=10).

GPx, glutathione peroxidase; SOD, superoxide dismutase; CAT, catalase; MDA ,malondialdehyde; TN; thermoneutral, CS; cold
stress, BCP-5, BCP-10, and BCP-15; Chicken in these groups were kept in the cold environment and fed a basal diet supplemented
with 5, 10, and 15 g/kg black cumin (Nigella sativa) seed powder respectively.

Table 7: Effects of black cumin (Nigella sativa) seed powder supplementation on serum cytokines levels of broilers in thermoneutral

and cold stress conditions

groups IL-10 (ug/mL) 1L-6 (ug/mL) TNF-a (ug/mL)
TN control 57.254 9.10d 5.20d
CS control 14.18d 15.272 17.432
BCP-5 15.92d 15.292 16.322
BCP-10 16.09¢ 13.8b 14.26b
BCP-15 18.95b 11.20¢ 10.21¢
SEM 1.02 0.98 1.5
P Value 0.01> 0.01> 0.01>

a, b, ¢ Mean values in the same columnwith different superscript letters were significantly different (n=10).
IL-10, interleukin-10; IL-6, interleukin-6; TNF-o, tumor necrosis factor-alpha.; TN; thermoneutral, CS; cold stress, BCP-5, BCP-10,
and BCP-15; chicken in these groups were kept in the cold environment and fed a basal diet supplemented with 5, 10, and 15 g/kg

black cumin (Nigella sativa) seed powder respectively.
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Table 8: Effects of black cumin (Nigella sativa) seedsupplementaion on liver cytokines levels of broilers in thermoneutral and cold

stress conditions

IL-6 TNF-a

groups IL-10 (ug/mL) (ug/mL) (ug/mL)
TN control 20.22a 1.31b 11.210
CS control 10.20¢ 2.808 29.502
BCP-5 10.90¢ 2.758 28.302
BCP-10 14.10bc 2714 29.37a
BCP-15 15.40b 2.72a 28.202

SEM 1.95 0.28 2.80

P Value 0.01> 0.01> 0.01>

a, b, ¢ Mean values in the same column with different superscript letters were significantly different (n=10).
IL-10, interleukin-10; IL-6, interleukin-6; TNF-o, tumor necrosis factor-alpha.; TN; thermoneutral, CS; cold stress, BCP-5, BCP-10,
and BCP-15; chicken in these groups were kept in the cold environment and fed a basal diet supplemented with 5, 10, and 15 g/kg

black cumin (Nigellasativa) seedpowder respectively.

Table 9: Effects of black cumin (Nigella sativa) seed supplementaion on serum biochemical parameters of broilers in thermoneutral

and cold stress conditions

aroups ALT AST ALP TG Cholesterol

(U/L) (U/L) (U/L) (mg/dl) (mg/dl)

TN control 5.36¢ 58.8C 159.4¢ 31.25¢ 79.2¢
CS control 18.502 154.82 223.02 194.22 706.52
BCP-5 14.02b 127.5b 215.2b 123.7b 398.2b

BCP-10 15.25b 128.0b 215.3b 121.5b 387.2b

BCP-15 15.12b 131.3b 216.1b 125.2b 392.2b

SEM 1.95 8.25 3.5 4.1 25.5
P Value 0.01> 0.01> 0.01> 0.01> 0.01>

a, b, ¢ Mean values in the same column with different superscript letters were significantly different (n=10).

ALT: Alanine transaminase; AST: Aspartate transaminase; ALP: Alkaline phosphatase; TG: Triglyceride; TN; thermoneutral,
CS; cold stress, BCP-5, BCP-10, and BCP-15; Chicken in these groups were kept in the cold environment and fed a basal diet
supplemented with 5, 10, and 15 g/kg black cumin (Nigella sativa) seed powder respectively.

DISCUSSION

Maintain the broilers’ health status, improve pro-
duction performance and immune response was the
main goal of broiler production (Abdel-Wareth et al.,
2019). In this research, by experimentally inducing
cold stress, we investigated the hematological, bio-
chemical, and anatomical changes of the heart due
to cold stress, and, simultaneously, the effects of sup-
plementing black cumin at different levels on these
changes. In this regard, 10% of the birds in the cold
induction group showed signs and symptoms of PHS
syndrome and died. In dead chickens after necropsy,
it was observed that the right ventricle to the total
ventricles ratio and the relative weight of the heart
were much higher compared to the TN group birds.
Previously, many researchers reported that cold stress
induces PHS syndrome, so they suggested that an

increase in the relative weight of the right ventricle,
heart hypertrophy, and mortality (Shao et al., 2022;
Fathi et al., 2016, 2022; Arab et al., 2006; Nemati
et al., 2017; Wang et al., 2020; Hassanzadeh, 2010;
Wideman et al., 2010).These researchers suggested
that one of the most important causes of PHS mor-
tality is related to the occurrence of oxidative stress
during cold stress caused by hypoxemia. Therefore,
they suggested that antioxidant therapy in birds in-
volved with oxidative stress caused by induced PHS
can effectively reduce mortality caused by PHS. In
our experiment, PHS mortality in supplemented with
BCP groups was reduced to comparable CS group,
Probably due to the antioxidant effects of BCP (Burits
and Bucar, 2000; Mansour et al., 2001; Mabrouk et
al.,2002; Badary et al., 2003; Ozogurlu et al., 2005;11-
han et al., 2005; Guler et al., 2007).
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The addition of BCPin this research significantly
improved the growth performance of chickens sub-
jected to cold stress, which indicates the improving
effect of BCP on the undesirable effects of cold stress.
Similar to the present results, there are reports of the
positive effects of adding black cuminon the growth
quality of broiler chickens. BCP supplementation in
diet increased the digestive enzyme production in-
cluding lipase and protease, improving the digestibil-
ity and finally, led to the improvement of the growth
performance in broilers (Khan et al. 2012; Salam et
al., 2013; Rahman and Kim, 2016; El-Hack et al.,
2018). Improvement in broiler performance due to
black cumin may related to high essential oils levels in
black seed as they increased the digesta retention time
in the gizzard (Gonzalez-Alvarado et al., 2007). The
main active constituent thymoquinone (approximate-
ly 60%) and other components (anethole, carvone,
4-terpineol, and carvacrol) of black cumin essential
oil have such biological functions that they may serve
not only as antioxidants and antibacterials effects, but
also as stimulants of digestive enzymes in the pancre-
as and intestinal mucosa. This improves the nutrients
digestibility and feed efficiency, thus increasing the
growth performance (Guler et al., 2007; Abu-Dieyeh
and Abu-Darwish, 2008; Abdou and Rasher, 2015).

Moreover, the inclusion of active components
(anethole) and essential oil, which promote the pro-
duction of digestive enzymes and bile acid, may
explain the enhanced feed intake in the BCP sup-
plemented groups (Amin and Hosseinzadeh, 2016).
Microbial balance of the cecum and reducing patho-
genic bacteria caused by black seed supplementation
can strengthen the immune system in the intestines
and subsequently improve the mechanisms of diges-
tion and absorption in the small intestine. (Mahmud et
al., 2014; Asghar et al., 2022).

In the current study, all BCP groups significantly
reduced mortality compared to CS group broiler (Ta-
ble 3). Antibacterial effects of black cumin reduced
the pathogenic bacteria and improve immunity by in-
creasing the production of immunoglobulins (Guler et
al., 2007; Abu-Dieyeh and Abu-Darwish, 2008; Khan
etal., 2012).

Exposure to cold stress is a result of overproduc-
tion of free radicals and equilibrium distribution be-
tween ROS production and antioxidant defense sys-
tem, eventually contributing to oxidative stress and
damage (Yang et al., 2011; Rahmani et al., 2018; Fathi
et al., 2016, 2022).In this study, cold stress induced a

significant increased MDA levels in serum, liver and
spleen of cold-stressed broilers and oxidative stress
developed which is consistent with the previous study
(Yang et al., 2011; Rahmani et al., 2018; Fathi et al.,
2016, 2022) who reported exposure to heat stress re-
sulted in reactive ROS radicals overproduction and
disturbing the balance between antioxidant defense
system and ROS production via increasing lipid per-
oxidation and depletion of intracellular antioxidant
system reserves, eventually contributed to oxidative
stress and multiple tissue damage such as heart, liver
and lung tissue. The MDA, the end product of lipid
peroxidation, served as the marker of oxidative stress
(Cheng et al., 2019a). Previous studies indicated that
antioxidant enzymes were decreased and MDA levels
was increased in cold-stressed broilers (Fathi et al.,
2016, 2022).

The results of the present study clearly revealed
that supplementing the diet with 1% and 2% BCP,
along with increasing the activity of antioxidant en-
zymes (SOD, GPx, and CAT) , significantly reduced
MDA levels in the serum, liver, and spleen of broilers
under heat stress. Antioxidant effects exerted by black
seed in this research, could be due to the main ac-
tive constituent thymoquinone and other components:
anethole, carvacrol, and 4-terpinol. Black cumin seeds
contain about 0.5-1.6% essential oil and approximate-
ly 60-80% of it is thymoquinone. Thymoquinone and
other components; anethole,4-terpineol, and carvac-
rol have strong antioxidant potentials through the
scavenging ability of different free radicals (Burits
and Bucar, 2000; Mansour et al., 2001; Badary et al.,
2003; Guler et al., 2007). Similarly, Ilhan et al. (2005)
revealed that black seed oil increased superoxide dis-
mutase and glutathione peroxidase activities and re-
duced MDA levels in mice. Also, they revealed that
black seed oil may by decreasing xanthine oxidase
and adenosine deaminase activities, which are major
potential source of oxygen free radicals, prevent ATP
degradation in cell. Our results are consistent with
previous reports who indicated that black cumin seeds
and its extracts were shown to effective antioxidant
and reduce MDA levels in rat (Mabrouk et al., 2002)
, in brain and medulla spinals tissues (Ozogurlu et al.,
2005) and in A549 cells (Farah et al., 2005).

Cold stress also induced inflammatory response
(Fathi et al., 2023b). Former studies indicated that the
pro-inflammatory cytokines production was associat-
ed with the overproduction of ROS under heat stress
(Jangetal.,2014; Ohtsu et al., 2015; Wang et al. 2018)
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, physiological stress (Fathi et al., 2023a) and cold
stress (Fathi et al., 2023b). Moreover, it has been sug-
gested that mRNA expression for pro-inflammatory
cytokines is increased during heat stress, and leads to
inflammatory response which may lead to serum and
liver inflammation (Kawai and Akira, 2010; Bharati
et al., 2017). Also, evidence demonstrated that during
heat stress period, the increased cytokines such as tu-
mor necrosis factor alpha (TNF-a) and interleukins
(ILs) regulate perturbation of intercellular tight junc-
tions, leading to enhanced cellular permeability and
lead to cell damage (Yi et al., 2016).

In the present study, BCP played a beneficial role
in alleviating the inflammatory response of cold-
stressed broilers, so that, in serum and liver, the in-
creased I1-6 and TNF-a and decreased IL-10 of cold-
stressed broilers were attenuated by BCP inclusion,
which may indicate that proteins and gene expression
levels of pro-inflammatory cytokines are changing in
the same way. Agree with our results, Ojueromi et al.
(2022) reported that supplementing the diet of mice
suffering from malaria significantly decreased the
inflammatory IL-6 and TNF-o and increased the an-
ti-inflammatory IL- 10 in the serum. Since the antiox-
idant effects of black seeds have been proven in many
reports of researchers and the present research, it is
possible that the anti-inflammatory effects of black
seeds are also due to its antioxidant effects. There are
already reports that indicate that the supplementation
of antioxidant compounds such as chitosan oligosac-
charide can significantly increase the level of IL-10
cytokine and decrease IL-1Band TNF-ain broilers un-
der cold stress (Fathi et al., 2023b) and in rats that
subjected to heat stress (Lan et al., 2020).

Cold stress was known to induce liver damage and
increased serum AST and ALT levels and simultane-
ous increase in serum cholesterol and triglycerides in
broiler chickens (Arab et al., 2006; Fathi et al. 2016,
2022, 2023a,2023b). In present study, dietary BCP
supplementation alleviated liver damage by decreas-
ing serum ALT and AST levels due to its antioxidant
effects in birds under cold stress. Other studies also
reported that dietary antioxidant supplementation de-
creased ALT and AST levels in in serum of broiler
under various stress (Huang et al., 2018; Cheng et al.
2019a; Lan et al., 2020; Fathi et al., 2022). So there is
a possibility that the BCP, through its antioxidant ef-
fects, has caused a decrease in the serum level of liver
enzymes in birds under cold stress. The reduction in
serum triglyceride and cholesterol due to BCP supple-

mentaion, may be attributed to the lowering effect of
monosaturated fatty acids and thymoquinone on the
synthesis of cholesterol by hepatocytes or the fraction-
al reabsorption from the small intestine. Moreover,
BCP also contain an appreciable amount of sterols,
especially B-sitosterol, that has the ability to inhibit
the absorption of dietary cholesterol (Brunton, 1999).
Reducing in cholesterol by antioxidant compounds
is by inhibiting biosynthesis of cholesterol, because
cholesterol synthesis is applied at the beginning of its
biosynthesispathway, namely hydroxyl methyl gluta-
thionecoenzyme a reductase (HMG-COA). The reac-
tion of HMG-COA conversion to mevalonate is done
under nicotinamide adenine dinucleotide phosphate
(NADPH) and HMG-COA reductase. It has been
shown that antioxidantcom pounds by reducing the
activity of HMG-COA, decrease production of me-
valonate. Phenolic compounds of medical plant can
increase serum HDL-C levels and decrease LDL-C
oxidation (Weinbrenner et al., 2004). In addition, it
has revealed that antioxidant compounds can reduce
serum triglyceride levels by increasing the flow of
triglycerides from the blood into the cells, and by
decreasing the production of pancreatic lipase (Ah-
madipour et al., 2015).Studies have shown that an-
thocyanins and flavonoids can prevent atherosclerosis
and chronic cardiovascular disease by trapping free
radicals, inhibiting LDL-C oxidation, and lower-
ing cholesterol and triglyceride levels in the blood
(Ustundag and Ozdogan, 2015).

CONCLUSIONS

In conclusion, the results of this experiment
showed that cold stress causes an increase in basal
metabolism, consequence, hypoxemia, and the oc-
currence of PHS. The PHS significantly induces ox-
idative stress, followed by inflammation in broilers.
Decreased growth performance and increased hy-
pertrophy of the right ventricle and heart, as well as
decreased growth performance, are the consequences
of oxidative stress and inflammation caused by PHS.
Meanwhile, black cumin (Nigella Sativa) seeds pow-
der (BCP) supplementation significantly moderated
the related adverse effects. In general, the best posi-
tive effect was related to the level 10 g/kg BCP of diet.
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