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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.

" Corresponding author: Mokhtarfathi@pnu.ac.ir




Fathi et al.: Improvement of antioxidant status, inflammatory responses... 34

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-a 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.
Keywords: Antioxidant, Inflammatory responses, Broilers, Blood parameters, Black seed

Contflicts of interest: The authors declare no conflicts of interest.

Funding: The authors received no specific funding for this project.




5“”‘“‘% 9% Al

9 s bronign (95 Gazmiulyd (Ll gl (oS LT Cordg Sguy
bylpl j0 ShgS sas g 40 (Nigella sativa) 4156baw (6 j3lw oS b & Sloc
WS 592 328 guilagms| (s
" 50150 plowbus T b 5l e 7 (8 lie

Ol 0l 535 ol o2 ol e e o otils -

Ol el 35 ol oSl plid Ty 05,5 ¢ lails -

Sl el o5 ply ol8aiS (sl Cans ) 03,5 ¢ comdigmy o)l cuslicds IS aisgal iils =Y

OF X BIYY a0y 2,5 = VEeY /Y 1o S5k a5 — VE- YN0 sl s 4 )

ouuS>

“Sal.:.o.o...u}..s u‘f..:.u ‘AS’LQ"” ‘_S‘Lbc.ml.: ssb‘%ms“sui u‘?.i 9 A...u) Q)S.Lo.c » 4.;‘.)0[.:.....1 )99 )Lv—| ey )5.|a...a4.: axdlas (.J"‘
dzgz dxdad Voo olaws ol pbxl (59,00 oSy b Sl sslonS] i byl g0 288 sleazs> 0 (ghlglen
oPlatSl 0)5)So azgz Vo (shlo JS5 g 50 st 8 e ez 4 (ol Ll ik o 3 YA Gy g 168
oaiS il 0w i -F o VOV sl led g (Al 0 b ool adx) vl jlas - Juls c5"""lL")—‘ Slew Hlez s ools
59, VY g, 5l B0, de auslanST 55 Sl 6l aings dlsoliw j09y oy VO gV /D Zslaw ogdleas 44l 0,
25 srazgx 8 dilsolw (siloJoSe sl lis zls ais S 2l 0 HaO2 vs o S (g9l G;.:.;.AL.Z’\ ol (bl FY
GRS 5 ST 5T sl 5T elled Gralidl a5 Shas S5eg Sl 55 sinn bty s ldll 5laneST 5 Ll
ALP § AST ALT (slog 51 5 JoymalS et oS5 5 (5000 rbans (P<0140) 03 (355 Jedg i woy0 (S g Copmsgict]
Wloolow loslawl ol Hlis Bdod cpl mls o IS jsbay (P<+/-0 ) c8l rals dilsolew 13U Cov (5,1 fxe joboay 55

2y (sS glaaz gz 3 Slas i s sl lageoly 5 (SaenST T Ol 5ete o 51 s oo

aloolew ¢ S>> (slvasinl g ‘«5”“‘“534 Sazs> ¢ olpdl slagnly (lans] G’J.:T goalS soily

Mokhtarfathi@pnu.ac.ir :Jsime bdiows o :

doi: 10.22124/ar.2024.26665.1813



SYAIVY (oSgpm duo 0 Yo=YV lughb, as o O/
a—o, YIVW-Y/IAF (sl ) aoye YA
Ll Olaeg S ooy YY/Y-YVIA. 5 s S
qoaedS wle Suse 0lge (ol wldolw (yizren
5 55K g gy DS Giad ol el et
alsols el ol ol B 9D C B A loyoliys
botisn «usre 5 Sk oy, Sl L
el sl s basssdls dasbsle daa ST
oxalS (p,Sas w oas (ldlas ples slls wloolew
w5 sl Jaed 0 Lzl 5 e oy s
B o> LS A (0950 MS (g canSalas
Talha ef ) Cewl adS 5 oS Ladlre g ylb yus 35 ol

(al., 2010, Adam et al., 2016; Yavari et al., 2022
Slge gl doaid (oo dex 5l 60 ol s
00 oodlive ailoolw ;o 5 o JIIT 5 (sousgiog]
wloolew ye5, a5 Cawl ool (5,155 (ol p ogdle ]
Seilgl s Slsd (Sl oz slase! sl
J5l il 5 s 5 «Jod 92395 3005 <3519,
(owsle Jolis aloolw ;o 050 dlge plo ol
(P sladsrl st s Gl aelslaa
Sl et el Ssdannl S50 Ol
5 ol GluS 5 davlgas Bowe dilsolws Slawns]
JsS1,5 Jgers abox 3l (5900 Sy, 5 Slsd

Ziaee ) Cul 5y 5 =¥ g Syl Guil 5 095555 5005
(et al., 2012

7 OglienST AalS s ailoliw wiedgw ol
Burtis and Bucar, ) ¢l oals (5155 55 oldé olge
@ildolow a5 Cuwl ol aine (e (2000
cdled ulidl ol 5l g eols pals 1) o] gewlanns]
Kanter ) 095 o0 0y Gl e go ¢jlannS Ty (958515
>l ple g y9S gaus (et al., 2005; Sogut et al., 2008
“ S s Jstines F 5 U5l (J3STs,lS alax
OgelonnSTy aile) calize ol3l o SIS0l (g5l
b (50 VoY ol conl @ atls sag5s,5e (s
Jodlty (JomS 5,000 JS0l, 5 ilyaee oSy P
axJllas .(Badary et al., 2003) &)l (598 SlansS| sl
30 O5S ged cdale (YL maw a5 ob gl 60
5 ool sl mhw pals cel alsolew
Mo fao Ty lpsisedd 2 ) pmelinnST

doddo

50 Ay ey il GiSlas 4 6l Sy bl
2 stz $ FB Gl e 6590l (b5 slaaz g
(Fathi et al., 2023) ¢l oals (Baiy cpl o, e o
e Dilgs o X cpl o Yb oy Cae s o0l 0dle
OieeST Jlb gladisS o594, 5 ol Sl JISGsl, adsi 4
] 4 a5 0gi (ROS, reactive oxygen species)
Sl sk slo i gleil @ (B (nl (b s
«a> 81 (Fathi et al., 2022) cwl golonS| i ales
slite Die 9n @ e ROS 008 gos
ROS ;| J8las xlaw S (Wang et al., 2020) 595 oo
Sl oY ek clie (Sigglnnsed lao fSes sl
Acaroz et al., 2019; Ornatowski et al., 2020;)
ol b u)l55 H omizen (Jaganjac et al., 2022
slaasSly gilanaST 15 g58g Jlis 4 &5 e o
@ e &S W30 £ 15 50 Sladeke )3 wad Sl
odl gryaeliy Sy wales yo g wad (8L ol
L golawst s (Jiang et al., 2018) sed oo Johw
asle cpojye OS5 golaws olag jo Gleadl ol
Acaroz et al., 2019; ) o,ls cwlsl 315 oyl s g Cobio
- &Gl ol o cldadlxe (gly .(Jaganjac ef al., 2022
oS 5 EBS ps SO (6110 005 Slogage 3T sla
Gy 0sbslS Joli) o3l ShagsT ]
5 Jisi > YOE glampl 5 SUsemssacnslysm
Jols it i 5o 5 (oo slié sl
iy oty oAby lS (Bl (sbsls
IS s ol (b s 05,5 sl slognisy
poekes B ralus oSyl sl (g, (i bpodsigdls
Nemati ef al., ) s L3l g pyuw ;0 C sl g

(2017; Ramazani et al., 2023
oy als leiea Yw &S (Nigella sativa) &lsolew
Sl as cwl dl SG olS G vgd o aslid ol
cwl Ranunculaceae oslgl> 4 3l wliiolS
5l ailsolew Jled sliz! 5l 6 lews (Adam et al., 2016)
a5 el 0ads plelid e o 5 i G gSamlold
MO ol aS e e lis aildoliw oo, oleonds



YV

TY-F)NVF Y 5ublpgw o )lodfpas s Jlf ols Slades Slaass

Widgs Shhygm 10 dilsolw ;05 0o )3 VB ¢\ /D Zolaws
ol Aoyl Slaliz! e ulel @leé sleo >
Oslge UFFDA - Jl53le 55l oslawl b g (NRC, 1994)
G35 g dd 85 adhaie lalsolw () Jgaz) wins
ils ol p3¥ polie Slw] 5l am (Y Jgoz) o paeges;
a5kl sl 5 W05 58 5wl shalejl slao ez
oley b g ondinn ;) olew lacSioidy jo wolud

LA Lg)b.e‘i} ol g Sl gl e o oolazul
s 59y sl 9xly po 0 (2855 sleazgr
B, 5 18 ose VY s & sien) o 5 Loy
39y A 0 Al 0ol Bien 3g, TV Gaed e S
Okl b ol 5ham 5 o alS' (555500 5l b5 (2l
sobas 8 o ol o eolatwl s (gy950] 5l ey
A et e S Ve a0 O 35 S alSlos

Houghton et al., 1995; Mahmoud and Mansour, )
o)l e BT an g5 b pol> udios opl pl (2000
OFSE aSl 4 axg b risren g dldolw Sl end
-5l Candg 5 0 Slas p dilsolias 36 5 50 50 (ko
EEE U VU PEU [P NV {
b plol sl 438,85 &y g3l (25 b o5 0
L rgy 9 dlgo

0395y azgr ashd Voo sl (Gudod cnl el (6l
2 e TVEY (59 (oSl LYHA ) dgm (065
S5 g estalejl s oz 4 (dslas LS £ )b B8
elail (cialesl axlg) IS5 ja )3 4z g axkad ) -
0999 sl jles (1 s els cilesl sl jles o wols
ooy arly o> i T o VUV lales (509!

b 2l Gloo > oS 5 g izl ) Jgoo
Table 1. The ingredients and composition of the basal diets

Item 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 5.2
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

3¢ 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 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 (P<0.05).
N.S: Nigella sativa; GPX: Glutathione peroxidase; SOD: Superoxide dismutase; CAT: Catalase; MDA: Malondialdehyde



Al

FY-F2)NVF Y 5ublpguw o)ledf e Jlul ols Slodyy olados

s lopelS sl l5H el hge 3 el
» alolew wollas ,GT (Zaoui ef al., 2002) o g5
rgazn (Jld dlse ey Cle 4 Wl o Sielsilen
698 ST T olg L (555 g0am g0 § (55 gaud
(siisgS srdzax oAf 0, ay aildoliw 44331 b il
Pish Jang, ) il jialS Cawgad 4 fdgyip Cowd
2012

loazinlp p ailsolw j09 Giliss rolaw 35U @lbs
ALP 5 ALT AAST slaey 551 zrlans ol p pos  sslonigus
a5z )3 pye JoyedS 5 % peddS 6 5 la rioren
A Jgoz o LWl gilonnsT i Llyd jo oiS sla
032 Sl eSo a5 0ls L s el ool eols L
—a dilsolw do s /0w b oie8 slaas e olie
Slmpl o gl 2 o zs JB 5k
s 20,5 V[0 v «opien 5 ALP 5 AST (ALT
6P s sad slbaziulp g LB els
S (A5 5 B ) D e g edS g o el
e o 3550 355 ROS Sljl o JSel, ol
g 00 o obo slad ;0 09290 sladed gamlannSy
L oys wlys o)y 1550 slaplasl 4 sa> slacaw]
ST 5 0l 2 50 Wl oo 0 8L Sl @ 4z g
5 AST @yl oYU polie Yl ol ply sl ;15,0
Bt blwgla o8 4 barpe pyw o ALT
bl 58, VL b oS (5,5ba e o1 sla IS0,
S o0l 2ol 55 Lo 5T ol e ol (T
(Arab et al., 2006)

—olw a0 VF e W08 5138 Talebi et al. (2021)
FB sba 355 larsr olié opz 4 ab
ALP slag il sopw mhw pals cel glaba>d
sl adls o mhw (yuzes 0l ALT 4 AST
“JaSa L LDL 5 Jy S ey poelSis 5 Jols oz
cily ials dlalisdle LB jsbay alseles (gile
.(Pourbakhsh et al., 2014; Al-Saleh et al., 2018)

2 ot G YLt (92 g STl Cllad
Yildiz et al., ) syl oS 5 ailoolw cladle idv 5
5o dilsolw g2 (Gadod pl @S L ogwwen (2008

oo gobe (Rl o gbgne jsba b ise
(Al-Saleh et al., 2014) ui AST g ALP (slag, 3]

Ly o 8585 Gbazer pw GlaceS s gl
-olew calies Zolaw b oads i Sl sslas| s
ol lid mls cwnl suls oy (i Vo Jeax jo alls
oo bz BB jebay aildolw wo )0 VA ) Zghaw
p oy IL-6 s TNF-0 o lo gme 2ol g IL-10 ]33]
L ol sslanast s llyd o (2565 laazrs>
Gl 9 eS8 (P2 0) 0 (39 00 9T
B oldllas o )b e b (Sop bl ol
Slo] s Wilgs o gilonST 15 S conl oalls 3,155
5 TNF-o bl slacnS g (13D el &by
Song ) ogi SbsS slo azg> 0 (IL-6 & (S o) 2]
O529 b wilgy go ailoolow stuny codlad (et al, 2017
5 el Sl o JeAel) Je olS s
ol 5 8 Al ad ol oS 5T 45 (e isS
Farhana, ) ail lag e w)ls 0y )0 Sesl 0aisS yows
LS 5 (2021; Gupta et al., 2021; Zhang et al., 2017
36 5SleaXs jabay ailg co diloolew ;0 39250 Joid
5 el s olss el sloalanly cl ki o,
Rathee et al., 2009; Rahman et al., ) sas ;Lis 34>
IL-6 § TNF-0 Jolis oyl oy (sbocsaS s (2021
S5 e s g 25 9 1505 5len Jelse b 0 y55 0 D j50 50
ey ol Jelse cnl @8) & )90 50 mSally 5 Wgl 0
ol elS eplple (Opeyemi et al., 2022) aiS oo
Sl Iy ailsolw Bpae 31 Sl iy sle Slas
Caowild bad e 15 lge 5 &8, 50 aldelw Codie JUT 4y
w8 a8 sladelS Jled) idgles Dl s
Sowgddd g 89 0o (sl gen (liae o S gilen
Gl ol | ol (Smpiid & Jubs i S 5
5laeST G5 Lagly 5o (1555 slaam gz o s elow
ols Hlis zls ol oals sols HLas A Jgom jo !
O wald 05,3 L awslie jo wlsolew wo o VO mlaw
e 5 o Seilen doys eB Jo k5 el n 256
s Sl J3rlS 0,5 s i Sl o sl pm
Jedgre S g Jdg e wo)s hals g laesgiid

(P<e1+0) o (G895 sloaz gz ;0 Comgdd] &
o 55101 5 g A5 oS Sl oad B )5E
05> Sladd e 5 dnbe slaelS S slaas LSl
Luger et al., 2003;) cewl onds isS (sloazg>
bl (Olkowski et al., 2005; Druyan et al., 2009



Colled oldl cow 35S sleazgx o allsolew -3 yae GBage it sl o jlaSly, eslbsls
OgoloanSly maw galS g SlonST ST et S 2ol 05,5 a4 o ] Sl b ailvelw s0ssS
{(Tuluce, 2009) ois o] 3 eolazwl .(Mahmoud et al., 2000) ool ouls 35,158

el gslonnsT s Lol s o 5865 sbazg> prw oS s 5 diloolw ;05 it Zolaw S1-V Jgoo

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° 15.10b 13.95¢ 10.85¢  0.96 <0.01
TNF-0 (ug/mL) 18.28° 17.40° 14.90° 1225 0.95 <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 (10%uL)  (x105L) (gL HCTOD o G (%)
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

a¢ 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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