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Table 1. Ingredient and nutrient composition of experimental diets (dry matter bases).

(s 33) Ol e (h33) & pm (Sl
Amount (%) Ingredient of diets (%)
30 S i
Alfalfa hay
10 A5 8
Wheat straw
10 b S
Soybean meal
20 >
Barely
6 pS e
Wheat bran
20 slals &yl
Corn grain
1 e Sl S o
Bicarbonate sodium
1 oyl
Urea
0.25 S
Salt
0.75 S el 2
Di calcium phosphat
ks 5 e JoSe
: Vitamin and Mineral *
wlherd LS 5
Chemical composition
2.57 e S 3
ME Mcal/kg
16.2 P S
CP %
15.6 o‘;}l“" °).}'iJ
NDF %
58 Srd b Dodr s S
% NFC
3.75 g
Ether extract %
7.00 Sals
Ash %
53 =S
% Ca
3.8 S
P %

¢ SAS 2 TU 0 vvn Al ) s ol (Dami mix) il s 5 as JoSo oS 5 5 A3 0Ll wl oy 0 p S V0 s s sl il
YA mgkg o o mgkg 55, X mgkg al Yoo mghkg 35 SAS 53 TU NV E el o S5hS 55 TU Vee v Dy el
mg/kg jiui 5 Vaoess mgkg oS 00 mgkg waw A mgkg SIS O mgkg el e mgkg s A mgkg

FTCTRRR

"The daily ration was increased to 10 grams per animal. vitamin and mineral composition included (Unit/Kg): vit A (500000 IU),
vit D3 (100000 IU), vit E (100 IU), Mn (2000 mg), Fe (3000 mg), Zn (3000 mg), Cu (280 mg), I (100 mg), Mg (20000 mg), Se
(1 mg), Co (100 mg), Na (55000 mg), Ca (195000 mg), P (90000 mg).
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Table 2. Mean daily gain, feed intake and feed conversion ratio during the experimental period.

J s “s S Sb2 () 135 055 SL31 o
Feed coaygr%on ratio ' (5] }LS ) Daily weight gain Treatment
Daily feed intake (g/d) (gram)
12.64+2.53* 138:20.093 106.64+22.24° Control dall
11.3241.47° 1572+0.139* 138.92+12.52° Black seed +Zn-Met (g5 +4ls ol
8.55+0.650° 1392+0.040° 163.56£13.64° Black seed +Cr-Met ¢ 5 +4ls ol
0.008 0.004 0.001 P-value
0.617 0.034 7.40 SEM

il e (P<e/00) s gme OMal (glyls S mie b s = b Ostw s sla,Sle”
* Means with different superscript are significantly different (P<0.05).

2000
1800 a .
1600
5 1400
2 1200
1000
800
600
400
200

(1‘)/f)" )by Slyus

Dry ma

bl (gla azia

Week of experiment
~Control =»Lz Black seed+ Zn-Met s+ <ilaslis wBlack seed+ Cr-Met »; 8 +«ilaali

JB 5 Jom el 0533 dsb 53 s Sy Ol p bajles 1) JS
Figure 1. The effect of treatments on feed intake during the transportation stress.
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Table 3. Mean glucose, cortisol, urea, total protein, albumin, globulin, and albumin / globulin

concentrations of lambs during the transportation stress.

poS +ails ol S5 Fails ol sl S s o Gl
SEM P-value Black seed + Black seed + Control Blood Blood
Cr-Met Zn-Met sampling Parameters
1.08 0.472 67.51%1.50 65.1+4.73 64.20+5.49 BT _
4.92 0.001 78.4049.31° 52.005.70° 93.16£8.21° AT, 5
1.69 0.765 66.20+5.35 65.75+9.33 63.20+5.26 AT,"” Glucose
(mg/dl)
0.029 0371 0.4620.05 0.54%0.05 0.44%0.18 BT ]
0.161 0.001 1.9440.054 1.4740.044°¢ 2.8840.277° AT, Joso S
0.097 0.001 1.4420.089" 1.3420.089" 1.90+£0.001° AT, Cortisol
(ngrdl)
1.22 0.685 32.76+2.98 30.00+7.07 31.20+3.83 BT
1.57 0.329 35.60+9.07 36.25+3.56 30.80+3.70 AT, 23
1.37 0.136 34.184+2.80 32.80+7.39 27.80+2.94 AT, Urea
(mg/dl)
0.052 0.601 7.66%0.194 75240303 7.56£0.040 BT L
0.039 0.183 7.63%0.164 7.60+£0.167 7.7740.079 AT, tb ofon
0.075 0.507 7.36%0.260 7.42+0.277 7.58+0.349 AT, Totezlg/pdrgtein
0.014 0.531 3.2240.083 3.17£0.054 3.20£0.001 BT _
0.025 0.001 2.954+0.045° 3.00£0.001*° 2.9140.016° AT, e
0.021 0.164 3.2040.001 3.24+0.134 3.304£0.001 AT, A}‘; df;ﬂ)i“
0.050 0.763 4.44%0.181 4.35+0.303 4.36+0.040 BT _
0.033 0.458 4.4340.164 4.36+0.133 4.47+0.079 AT, oS
0.078 0.343 4.400.262 44240277 4.66£0.355 AT, GEZ}?dull)i“
0.009 0.945 0.726+0.036 0.733£0.056 0.733%0.006 BT a0 el
0.007 0.561 0.722+0.026 0.742+0.042 0.737+0.013 AT, e
0.012 0.175 0.6710.041 0.6800.042 0.6260.050 AT, oAk
(Albumin
/globulin)

Al e (P</00) Sls s Dl gl)ls S zie b s = Loyss a5 o s sla Sl ®

Al J8 5 Jom ool Sl dey Cola YE 5 18 5 oo sl S ey JB 5 Jam il 1S 6 S0 slass,™
* Means with different superscript are significantly different (P<0.05).
** BT =before transportation, AT,=after transportation and AT, = 24 h after transportation.
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Table 4. Mean blood parameters of lambs during the transportation stress.

)JS 42503 ol G+l ol Jals 6}:1')" 280 J}" éu’A’-"‘“‘"}
SEM  P-value f ) Black seed + Blood Blood
Black seed +Cr-Met Zn-Met Control sampling Parameters
196 0277 52.00+8.77 45.60+£8.26 44.80%£4.20 BT
138 0.039 50.20+7.19° 43.00+1.58° 50.00+2.12° AT,” Jo puds
171 0.058 49.00£7.90° 39.80+4.32° 47.004£3.93% AT,” Cholesterol
(mg/dl)
2.1 0.588 134.6049.76 139.40+8.26 139.567.17 BT e
598  0.095 144.20+10.82 133.40+10.58°  164.20+£32.19° AT, T
336 0.510 124.13£0.180 123.7042.76 132.60+22.85 AT, Sl o]
AST (IU/L)
0.872  0.484 10.00£0.001 7.80£4.49 10.25+3.89 BT
0.321  0.953 13.80£2.16 14.00+0.001 13.75+0.829 AT, Sl 5 sl VT
0.777  0.299 9.25+0.825 9.50+1.11 12.00+4.89 AT, ALT (IU/l)
31,52 0.119 944.60+127.29 977.00£14121  1094.60+21.25 BT
4371 0.001 985.60+143.36 988.67+3.58"  1288.00+65.86" AT, U5, SY
33.85  0.001 914.60+£99.79° 925.12+33.25°  1145.00+82.50° AT, LDH (1IU/1)
0.039  0.736 1.43%0.083 1.3620.181 1.36£0.194 BT
0.043  0.765 1.3620.151 1.38+0.130 1.30+0.234 AT, e
0.016  0.162 1.34+0.054 1.41£0.052 1.3540.070 AT, T3 (ng/dl)
0.093  0.531 8.60£0.452 8.86+0.415 8.66+0.194 BT
0.041  0.001 5.42+0.048"° 5.76+0.114° 5.53+0.044° AT, S
0.055  0.696 7.58+0.238 7.70+0.187 7.66+0.240 AT, T4(ug/dl)
0.003  0.947 0.166£0.015 0.164£0.015 0.164=0.009 BT 5
0.007  0.747 0.247+0.025 0.232+0.021 0.231£0.043 AT, L
0.002  0.306 0.176+0.005 0.183+0.009 0.185£0.010 AT, ook
(T3 /T4) oS 5,5

Ll o (P<4/00) Jls me SNl (glyls S e o Cog e Lioyss oo s s sla Sl ™

A2l JB 5 Jom el S e el YE 5 B Jo el S dn JB 5 Jo il 51 5 16055 slas,™
* Means with different superscript are significantly different (P<0.05).
** BT =before transportation, AT =after transportation and AT, = 24 h after transportation.
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Table 5. Mean malondialdehyde (MDA) and total antioxidant capacity (TAC) during the transportation stress.

L 528 slaamal 3
. +ald o . _ _
SEM P-value f5 +b el Bljc)l: seed -;Zn- -~ S sl
Black seed +Cr-Met Met Control Blood Antioxidant
sampling parameters
0.031 0.980 1.49+0.196 1.51£0.074 1.49+0.087 BT _
0.065  0.030 1.20+0.070° 1.384+0.216® 1.60+0.273° AT,” Al g3 O e
0.048 0.108 0.980+0.216 1.16+0.089 1.22+0.178 AT,”™ MDA
(nanomol/ml)
0.011 0.157 0.700+0.073 0.726+0.008 0.67020.001 BT ]
0.010 0.284 0.652+0.045 0.650+0.045 0.61440.027 AT b st ST e b
0.012 0.719 0.670+0.001 0.682+0.081 0.656+0.030 AT,”  TAC(micromole/ml)

A3l o (P<e/00) s gms OVl (lyls S iie 6 Gy, Lioyss s e s b Kl

A3l JB 5 Jam el Sl de Cela Y8 5 B 5 Jam o il Sl e (JE 5 Jam ozl 5l S 16,8055 glass)™
* Means with different superscript are significantly different (P<0.05).
** BT =before transportation, AT,=after transportation and AT, = 24 h after transportation.

AL



OlSeR g (Jnre (Sagod0xe

d:\bol_ﬁfédﬁ)d&}o)}bd)))_]ojbkoj}
35 s 2 by e 5L LoKa ol 31 eslic
Sloslr & 5 Lo 51 oy b o slaceel 28

35 Ao
S ols OLE bl i ) ol IS e

—6_5}5@.,\_&« J\)_Al_zA_;\bOL:M Jale)\ oalaul

ey i e pg S+ il ol Sl eslizal e Ol alS s S e — gy L o pte
JH&L_.N‘J]‘S_ALAeJ_:JJJ_EJ}Ja}w)LN‘

éuwch_.uuj_lbﬁnxj)l_ﬁefﬁjgkﬁ
(aj..w)l_:j}).l.:.hb CJL:S‘Y Lwﬁ‘yﬂad_}]ﬁ)js LJS‘)K

Olien 5 sl eS| ol 2alS s ol

s sseie Jlesl dsb s asWies e

&l

1.Abdel-Magid, S., El-Kady, R., Gad, S.M., and Awadalla, I. 2007. Using cheep and local non-
conventional protein meal (Nigella sativa) as least cost rations formula on performance of
crossbreed calves. International Journal of Agriculture and Biology. 9: 877-880.

2.Abou-Zeina, H.A., Nasr, S.M., Abdel-Aziem, S.H., Nassar, S.A., and Mohamed, A.M. 2015.
Effect of Different Dietary Supplementation with Antioxidants on Gene Expression and
Blood Antioxidant Markers as Well as Thyroid Hormones Status in Goat Kids. Middle-East
Journal of Scientific Research. 23: 993-1004.

3.Al-Beitawi, N.A., EI-Ghousein, S.S., and Nofal, A.H. 2009. Replacing bacitracin methylene
disalicylate by crushed Nigella sativa seeds in broiler rations and its effects on growth, blood
constituents and immunity. Journal of Livestock Science. 125: 304-307.

4.Al-Saiady, M., Al-Shaikh, M., Al-Mufarrej, S., Al-Showeimi, T., Mogawer, H., and Dirrar, A.
2004. Effect of chelated chromium supplementation on lactation performance and blood
parameters of Holstein cows under heat stress. Journal of Animal Feed Science and
Technology. 117: 223-233.

5.Astrup, A., Grunwald, G., Melanson, E., Saris, W., and Hill, J. 2000. The role of low-fat diets
in body weight control: a meta-analysis of ad libitum dietary intervention studies.
International Journal of Obesity. 24: 1545-1552.

6.Averos, X., Martin, S., Riu, M., Serratosa, J., and Gosalvez, L. 2008. Stress response of
extensively reared young bulls being transported to growing-finishing farms under Spanish
summer commercial conditions. Journal of Livestock Science. 119: 174-182.

7.Badary, 0O.A., Taha, R.A., Gamal-el-Din, A.M., and Abdel-Wahab, M.H. 2003.
Thymogquinone is a potent superoxide anion scavenger. Drug Chemistry Toxicology. 26: 87-
98.

8.Brunton, L.L. 1996. Agents affecting gastrointestinal water flux and motility; emesis and
antiemetics; bile acids and pancreatic enzymes. In: J. Hardman, A. Gilman, L. Limbird
(Eds.) Goodman and Gilman's The pharmacological basis of therapeutics. McGraw-Hill,
New York. 1996: 917-937.

9.Burton, J., Mallard, B., and Mowat, D. 1993. Effects of supplemental chromium on immune
responses of periparturient and early lactation dairy cows. Journal of Animal Science. 71:
1532-1539.

10.Cooper-Capetini, V., de Vasconcelos, D.A.A., Martins, A.R., Hirabara, S.M., Donato Jr, J.,
Carpinelli, A.R., and Abdulkader, F. 2017. Zinc Supplementation Improves Glucose
Homeostasis in High Fat-Fed Mice by Enhancing Pancreatic $-Cell Function. Nutrients. 10:
1150-1161.

11.D¢bski, B., Zalewski, W., Gralak, M.A., and Kosla, T. 2004. Chromium-yeast
supplementation of chicken broilers in an industrial farming system. Journal of Trace
Elements in Medicine and Biology. 18: 47-51.

12.Dominguez-Vara, 1., Gonzalez-Mufioz, S., Pinos-Rodriguez, J., Bérquez-Gastelum, J.,
Barcena-Gama, R., Mendoza-Martinez, G., Zapata, L., and Landois-Palencia, L. 2009.

0



Effects of feeding selenium-yeast and chromium-yeast to finishing lambs on growth, carcass
characteristics, and blood hormones and metabolites. Journal of Animal Feed Science and
Technology. 152: 42-49.

13.El-Far, A., Bazh, E.K., and Moharam, M. 2014. Antioxidant and Antinematodal Effects of
Nigella Sativa and Zingiber Officinale Supplementations in Ewes. International journal of
Pharm Science Research. 26: 222-227.

14.El-Rahman, H.A., Abedo, A., Salman, F.M., Mohamed, M., and Shoukry, M. 2011. Partial
substitution of cumin seed meal by Jatropha meal as a potential protein source for feed.
African Journal of Biotechnology. 10: 15456-15461.

15.Esteghamati, A., Dosti, M., and Zarban, A. 2001. Evaluation of antioxidant status and
oxidative stress indices in patients with type 2 diabetes mellitus. Iran Endocrine and
Metabolism Journal. 4: 239-245.

16.Garg, A.K., Mudgal, V., and Dass, R.S. 2008. Effect of organic zinc supplementation on
growth, nutrient utilization and mineral profile in lambs. Journal of Animal Feed Science
Technology. 144: 82-96.

17.Griffin, J.F.T. 1989. Stress and immunity: a unifying concept. Veterinary Immunology and
Immunopathology. 20: 263-312.

18.Guler, T., Ertas, O., Kizil, M., Dalkilic, B., and Ciftci, M. 2007. Effect of dietary
supplemental black cumin seeds on antioxidant activity in broilers. Medycyna
Weterynaryjna. 63: 1060-1063.

19.Jamroz, D., and Kamel, C. 2002. Plant extracts enhance broiler performance. In non-
ruminant nutrition: Antimicrobial agents and plant extracts on immunity, health and
performance. Journal of Animal Science. 80: 41-46.

20.Kannan, G., Terrill, T., Kouakou, B., Gazal, O., Gelaye, S., Amoah, E., and Samake, S.
2000. Transportation of goats: effects on physiological stress responses and live weight loss.
Journal of Animal Science. 78: 1450-1457.

21.Kegley, E., and Spears, J. 1995. Immune response and performance of sheep fed
supplemental zinc as zinc oxide or zinc methionine. Sheep and Goat Research Journal. 11:
127-131.

22 Khattab, H., El-Basiony, A., Hamdy, S., and Marwan, A. 2011. Immune response and
productive performance of dairy buffaloes and their offspring supplemented with black seed
oil. Iranian Journal of Applied Animal Science. 1: 227-234.

23.Lewis, J.J. 1980. Lewis’s pharmacology, fifth ed. Churchill Livingstone, London.

24 Lindemann, M., Cromwell, G., Monegue, H. and Purser, K. 2008. Effect of chromium source
on tissue concentration of chromium in pigs. Journal of Animal Science. 86: 2971-2978.

25.Luseba, D. 2006. The effect of selenium and chromium on stress level, growth performance,
selected carcass characteristics and mineral status of feedlot cattle. National Research
Fundation. http://nrfnexus.nrf.ac.za’/handle/20.500.11892/174857.

26.Mathew, B.B., Tiwari, A., and Jatawa, S.K. 2011. Free radicals and antioxidants: a review.
Journal of Pharmacy Research. 4: 4340-4343.

27.Mohamed, I. 2007. Evaluation of growth performance for growing Maghraby camel fed on
un-conventional feed. International of Agriculture Biologycal. 9: 18-21.

28.Mousaie, A., Valizadeh, R., Naserian, A.A., Heidarpour, M., and Mehrjerdi, H.K. 2014.
Impacts of feeding selenium-methionine and chromium-methionine on performance, serum
components, antioxidant status, and physiological responses to transportation stress of
baluchi ewe lambs. Biological Trace Element Research. 162: 113-123.

29.NRC. 2007. Nutrient Requirements of Small Ruminants: Sheep, Goats, Cervids and New
World Camellias. National Research Council. National Academies Press. Washington. USA.

30.Prasad, A.S., Bao, B., Beck, F.W., Kucuk, O., and Sarkar, F.H. 2004. Antioxidant effect of
zinc in humans. Free Radical Biology and Medicine. 37: 1182-1190.

a1



OlSeR g (Jnre (Sagod0xe

31.Rajion, M., Saat, .M., Zulkifli, 1., and Goh, Y. 2001. The effects of road transportation on
some physiological stress measures in goats. Asian-Australasian Journal of Animal Sciences.
14: 1250-1252.

32.Raum, J.C., Soleimanpour, S.A., Groff, D.N., Coré, N., Fasano, L., Garratt, A.N., Dai, C.,
Powers, A.C., and Stoffers, D.A. 2015. Tshzl regulates pancreatic P-cell maturation.
Diabetes. 64: 2905-2914.

33.Sahin, K., Sahin, N., Kucuk, O., Hayirli, A., and Prasad, A. 2009. Role of dietary zinc in
heat-stressed poultry: A review. Poultry Science. 88: 2176-2183.

34.Salem, M.L. 2005. Immunomodulatory and therapeutic properties of the Nigella sativa L.
seed. International Immunopharmacology. 5: 1749-1770.

35.Soltan, M. 2010. Effect of dietary chromium supplementation on productive and
reproductive performance of early lactating dairy cows under heat stress. Journal of Animal
Physiology and Animal Nutrition. 94: 264-272.

36.SPSS. 2007. The SPSS base 16.0. User’s guide. Chicago, IL: SPSS Inc.

37.Swanson, K., Harmon, D., Jacques, K., Larson, B., Richards, C., Bohnert, D., and Paton, S.
2000. Efficacy of chromium-yeast supplementation for growing beef steers. Journal of
Animal Feed Science and Technology. 86: 95-105.

38.Tadich, N., Gallo, C., Bustamante, H., Schwerter, M., and Van Schaik, G. 2005. Effects of
transport and lairage time on some blood constituents of Friesian-cross steers in Chile.
Journal of Livestock Production Science. 93: 223-233.

39.Takruri, H.R., and Dameh, M.A. 1998. Study of the nutritional value of black cumin seeds
(Nigella sativa L.). Journal of the Science of Food and Agriculture. 76: 404-410.

40.Tang, X.-h., and Shay, N.F. 2001. Zinc has an insulin-like effect on glucose transport
mediated by phosphoinositol-3-kinase and Akt in 3T3-L1 fibroblasts and adipocytes. The
Journal of Nutrition. 131: 1414-1420.

41.Tom Dieck, H., Déring, F., Fuchs, D., Roth, H.-P., and Daniel, H. 2005. Transcriptome and
proteome analysis identifies the pathways that increase hepatic lipid accumulation in zinc-
deficient rats. Journal of Nutrition.135: 199-205.

42.Tousson, E., El-Moghazy, M., and El-Atrsh, E. 2011. The possible effect of diets containing
Nigella sativa and Thymus vulgaris on blood parameters and some organs structure in rabbit.
Toxicology and Industrial Health. 27: 107-116.

43.Vincent, J.B. 2001. The bioinorganic chemistry of chromium (III). Polyhedron. 20: 1-26.

44 Zanouny, A., Abd-El Moty, A., El-Barody, M., Sallam, M., and El-Hakeam, A.A. 2013.
Effect of supplementation with Nigella sativa seeds on some blood metabolites and
reproductive performance of Ossimi male lambs. Egyptian Journal of Sheep and Goat
Sciences. 8: 47-56.

45.Zargari, A. 1990. Herbal Medicinal. Tehran University Press. 4: 4-43.

v



i

Gorgan University of Agricultural
Sciences and Natural Resourt

J. of Ruminant Research, Vol. 6(1), 2018
http://ejrr.gau.ac.ir

The effect of black seed with chromium-methionine or zinc-methionine on the
blood parameters, antioxidant capacity and performance of Sanjabi lambs under
transport stress

*M.M. Moeini', S. Kaki Soumar?, F. Hozhabri' and Z. Nikousefat’
' Associate Prof., and *Ph.D Student, Dept. of Animal Science, Faculty of Agriculture, Razi University,
Kermanshah, *Assistant Prof., Dept. of Clinical Sciences, Razi University, Kermanshah
Received: 12/26/2017; Accepted: 05/15/2017

Abstract

Background and objectives: The importance of stress assessment in ruminants is in
maintaining health and increasing their productive capacity. Stress in livestock is characterized
by changes in physiological and functional parameters. Long periods of transportation with
vehicles, especially in unfavorable weather conditions, or congestion of livestock in trucks are a
source of fatigue, discomfort, weight loss and an increased incidence of infectious diseases. Due
to this, different stress conditions increase the production of free radicals and thus oxidative
stress. Diets containing appropriate levels of antioxidants, by inhibiting free radicals, resulting
in improved harmful effects of stress. Studies have shown that the use of minerals and medicinal
plants with antioxidant properties in livestock feeding improves the physiological status of the
livestock and prevents decline in production capacity of the animals by modifying prooxidants-
antioxidants. The purpose of this study was to assess the effect of mixture of black seed with
chromium methionine or zinc methionine on the prevention of stress and livestock performance
improvement.

Materials and methods: Eighteen Sanjabi male lambs (24-26 weeks of age) with an initial
weight of 32 + 2 kg for 30 days were randomly divided into three groups of six in each and were
kept, individually. Treatments were included: group 1: control (basic diet); group 2: basic feed +
30 grams of black seed, kg dry matter of diet + 1 mg chromium- methionine, kg dry matter and
group 3: basic feed + 30 grams of black seed, kg dry matter of diet + 50 mg of zinc-methionine,
kg dry matter of diet. During the experimental period, performance and blood parameters were
evaluated. Lambs were transported after two weeks of starting the experiment for 3 hrs. Blood
samples (10 ml) were taken via jugular vein before transportation (BT), immediately after
transportation (AT1), as well as 24 hrs after transportation (AT2), to determine blood
parameters and antioxidant status. Blood samples were placed on ice at once after collection and
centrifuged at 3500 x g for 15 min at 4°C for serum harvesting. The serum was maintained at -
20°C until analysis.

Results: The effect of experimental treatments on daily gain was significant (P<0.05). Feed
intake in lambs fed on the diet containing black seed + zinc methionine was higher than other
treatments. While in the group receiving black seed + chrome methionine feed conversion ratio
improved than the control group (P<0.05). Stress increased the level of cortisol in the control
group from 0.44 to 2.88 pg/dl immediately after transportation, while this amount was lower in
treatments with mixture of black seed and minerals in comparison to the control group (P<
0.05). The effect of experimental diets on the amount of urea, total protein and globulin was not
significant, whereas, the level of glucose, albumin, and lactate dehydrogenase of serum was
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changed during the period of transportation stress (P<0.05). Adding black seed + chromium
methionine to the diet of lambs had a positive effect on the level of malondialdehyde (P<0.05).

Conclusion: The results of this experiment showed that the addition of the mixture of black
seed and chrome-methionine or zinc methionine as a herbal-mineral supplement to lambs diet

two weeks before livestock transportation improved the performance and reduced stress during
transportation.

Keywords: Antioxidant, Cortisol, Malondialdehyde, Medicinal plant, Minerals
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