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ABSTRACT

In order to assess the effects of different lesktsaanola meal (CM at proportion of 0, 10 and 20 &ay copper (fed
at three levels of 0, 125 and 250 mg/kg) on peréorce, susceptibility to ascites syndrome and plasnmymes
activity of broiler chickens, an experiment wasfpaned from d 1 to 21. A total of 495 male broil@Ross 308)
were used in completely randomized design with 8 8ctorial arrangement with 5 replicates (11 birder
replicate). Feed consumption was not significaafiiected by treatments in an experimental perioelO(B5). The
BW gain and feed conversion ratio was significaimtipaired (P<0.05) when 20% CM was added in thasgileut
supplementation of copper was not significant ¢fen BW gain and feed conversion ratio (P>0.05plRcing
soybean meal by CM significantly increased (P<0.0&) proportion of heart weight and right ventriauleight:
total ventricular weight ratio (P<0.05). However,admoglobin concentration, packed cell volume anilto
erythrocyte count were not affected by treatmelt(05). Concentrations of plasma enzymes and tbpgption
of liver weight were similar among the treatmer®s@.05). This finding indicate that when canola tesed in
young broiler diets, the level of this ingredientthe formulation should be considered, because lneaynpaired
young broilers growth performance.
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INTRODUCTION

Canola is an offspring of rapeseed that was brelaat@ low levels erucic acid (<2%) in the oil portiand low
levels of glucosinolates (<30 pumol/g) in the meattion [1]. Canola meal (CM) is a widely used pintsource
with a good balance of amino acids but with a loamstino acid digestibility than soybean meal [1]eTutritive
value of canola meal also is limited by the presemf several antinutritive factors, including tams)i
glucosinolates, phytic acid and indigestible nort$tgolysaccharides [2-1]. CM has been associaidd reduced
feed intake and reduced growth rate in broilers Mh et al. (2009) reported that feed intake andybweight gain
declined dramatically with the increasing inclusafrCM during 1 to 18 d [1].

Copper is an essential mineral required for prdpere growth and development as well as enzyme iam¢§4].
Copper is often added to poultry diets at propHidasoncentrations for its growth promoting effefd The most
commonly used copper for supplementation in anidiet is inorganic copper in the form of copper atdf
pentahydrate (CuS®BH,O) due to cost and commercial availability [6]. Cdéntains some secondary plant
metabolites called glucosinolates that are commomapeseed meal and othignassica Glucosinolates are known
for a long to reduce the intake, induce iodine aeficy, hypertrophy of liver and thyroid, decregsewth and
production [7]. In general, young animal are moeasitive to glucosinolates than adult and oldemats [7].
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Various treatments methods and or supplementatiene valso tired to overcome glucosinolates-assatiate
deleterious effects on animal health and productiietary copper supplementation can affect theitnug value
and potential toxic effects of rapeseed meal [fje Topper sulfate supplementation may redirectoginolates
breakdown products, may react to form complex with, to produce secondary breakdown products by
rearrangement reactions [7]. Pekel et al. (20099nted that birds fed the camelina meal, which iseanber of the
brassica family like canola responded to coppdatisupplementation with improve live performaacel carcass
characteristics [8].

Modern strains of broiler are able to achieve mamkeight in 60% less time than broilers of 40 yeago.

Nevertheless, the pulmonary and cardiac capacitgarfern broilers is very similar to the old broitgrains, which
forces their cardiopulmonary system to work vergsel to its physiological limit [9]. Pulmonary hypamsion

occurs whenever the relatively inelastic pulmonaagculature bed of susceptible birds cannot accatatearapid
increase in cardiac output [10]. Despite the faet tCM is a particularly rich source of sulfur-caining amino
acids, the Arg content of canola meal approximatety-thirds that of soy bean meal (2.08 vs. 3.14%o&ding to
NRC, 1994) as well as having a lower Arg digestipitompared to soybean meal [11]. Arg is the salbstfrom

which the powerful vasodilator nitric oxide is pumeéd by vascular endothelial cells [10]. Arg wastfshown by
wideman et al. (1995) to prevent pulmonary hypesitam syndrome in broiler challenge with metaboljpdxemia
resulting from fast growth and cool temperature] [Brds are unable to synthesize Arg [13]. As asaguence,
feeding CM to broiler instead of soybean meal may provide sufficient Arg to fully support the pnaection of

nitric oxide by the pulmonary vascular endotheliidr8].

Hence, the present study was designed to 1) comiherecffect of dietary CM and soybean meal on bird
performance, 2) to determine effects of copperaselfsupplementation on broiler performance, 3) vtaluate
whether such effects can be normalized with thetiatidof prophylactic levels (125 & 250 mg/kg) obmper, and

4) to study any effects of substitution of CM meadtead of soybean meal on susceptibility to asditeyoung
broilers chickens.

MATERIALS AND METHODS

The experiment was conducted in the experimentditfaof Urmia University in Urmia (Iran). The Cadlitions and
standards of care used in this study were apprbydde committee of Urmia University

Dietary Treatments & Animal Husbandry

A total of 495 1-d-old male broiler chicks (Ross83@btained from a local hatchery and randomlytedbbto 1 of
45 floors pens (with 5 replicates and 11 chickeawh replicate) measuring 1.5.mlew wood shavings at a depth
of approximately 10 cm were used as bedding mateviear a concrete floor. The 1-d-old Chicks wereighed
individually and allocated to pens so that theitiahweights were similar across all pens. Thregels of CM (0, 10
and 20%) were used with three levels of copperl@® and 250 mg/kg) in a factorial design of 3xPidietary
combinations in equinitrogenous and equicalori¢sdi€able 1). The basal diets were formulated atingrthe Ross
requirements (Aviagen Company) guideline. The atinent diets were 1) 0% CM diet with 0 mg/kg of pep 2)
0% CM diet with 125 mg/kg of copper, 3) 0% CM dbth 250 mg/kg copper, 4) 10% CM diet with 0 mg/iy
copper, 5) 10% CM diet with 125 mg/kg of copper, 166 CM diet with 250 mg/kg of copper, 7) 20% CNetdi
with 0 mg/kg of copper, 8) 20% CM diet with 125 kg/bf copper, 9) 20% CM diet with 125 mg/kg of ceppAll
chicks were provided ad libitum access to water theét assigned diets (in mash form). The coppes s@urce of
copper sulfate pentahydrate (Merck Company, Gerjnang after calculating the purity was added tcabdgets.
Birds were vaccinated against Newcastle diseast0p20 and 30 days. The house temperature was aitadtat
32°C during the first week of age and a weekly reductdf $C was practiced until a temperature of@5vas
attained. The experiment lasted for 21 d, and @#fllight was provided throughout the experiment.
Measurements

At 7, 14, and 21 d of age all of the birds in epeh were weighed in groups and feed intake pem@aEnmeasured.
Feed intake, body weight gain and feed: gain wateutated for the 1 to 21 d period. Birds that wexeoved or
died during the experiments were weighed and usedjust the feed: gain. At the end of experimkluod sample
were collected from one bird per replicate (5 bipgs treatment) by neck slitting; 2.5 mL of bloodre collected
into tubes containing heparin and another 2.5 mkewepllected into a hypodermic syringe. The bloodthe
heparinaized tubes was used to determination ofguacell volume (PCV), total erythrocyte count (T)Eahd
haemoglobin (Hb). The remaining blood samples veenatrifuged at 2500 x g for 10 min. The obtainedspia
samples were kept in —20°C for later analyses.Rdasoncentrations of Alanine aminotransferase (Aamy
Aspartate aminiotransferase (AST) measured by Anédyzer (Alyson 300, UK) with using commercial k{ars
Azmun Company, Iran). After birds were killed livend heart removed, and weighed. The ventricle® \&és0

5253
Scholars Research Library



Sina Payvastagaret al Annals of Biological Research, 2012, 3 (11):5252-5258

dissected and weighed to calculate the right veudtti weight: total ventricular weight ratio (RV:)VTotal
glucosinolates and erucic acid contents of the CMckv used in this study were 24.6 pmdl.gnd 0.25 %,
respectively.

Statistical Analysis

The experiment was conducted using completely nawizkd design with factorial structure. Data werbjscted to
ANOVA using the GLM procedure (SAS , version 9.%)aa3x3 factorial, with the main effects of CM aropper,
and the CMxcopper interaction. Significant meansmrgnvariables were separated by Durisanultiple range test
at 5% level of significance.

RESULTS AND DISCUSSION

Body weight gain, feed consumption and feed conerresults of study are summarized in Table 2.dameal
may be viewed as an economically viable alternativesoybean meal in poultry diets. Feed intake was
significantly affected by levels of CM $P0.05). Probably Lack of effect of CM on feed irgalkas attributed the
cause of the low glucosinolate of CM that usedhis tstudy. Leeson et al. (1987) found that even plete
replacement of soybean meal (100%) with GMQumol/g glucosinolate) did not affect on feed letaf broilers
and laying hens [14].

Body weight gain and feed conversion ratio weredimgd (R0.05) by the addition of CM at the 20% of diet.
Baloch et al. (2003) reported that the inclusiorextfacted dehulled canola rapeseed up to 20%eofligt had no
adverse effect on the performance of chicks [1B]ptesent study, when dietary CM was increasedOés, 2t
resulted in reduced performance during 1 to 21higkvshowing the negative effect in younger biMashtaq et al.
(2007) reported that body weight gain was signiftgareduced by feeding diets with 30% CM only hgrithe
starter phase, and was unaffected during 1 to @&. &Reduced performances with high levels of ragesmeal in
young broilers were also reported by other reseasci6-17].

It was noted that diets containing 20% CM had 41i#bl.gof glucosionolates, while the diets containing 10%4
had 2.07 pumol.gof glucosinolates. In general, believed that glirmalates in poultry diets must be less than 2.5
pumol.g* [3].Thus significant reduction in performance afoiters during 1 to 21 d may be result of high
glucosinolate content of experimental diets. Inggahyoung animal are more sensitive to glucosteslshan adult
and older animals [7]. The tolerance to glucositedan younger birds is less, which impairs thyridctions [3].
As the birds grow, the thyroid develops and mahirds can tolerate a fairly high amount of glucosites [3]. On
the other hand, Over 70% of canola phosphorus ytighcid form [3]. The poor growth performanceyiounger
birds in the present study may be due to high plytantent of CM. Phytate has the ability to cteetations such
as iron, sodium, sulfur, calcium, zinc, copper alas nitrogen and amino acids [18]. Phytate $® &nown to
inhibit a number of digestive enzymes, such asipep¥ trypsin [19]. Additionally, Digestive enzyraetivities in
the pancreas and intestinal contents increaseagih[20]. Therefore the adverse effect of CM atlével of 20%
on performance in young broilers may be due toénadte development of enzyme activities in cont@ashature
birds [3]. In addition, High crude fiber content @M compared whit soybean meal may be negativeyctdd
AME,, value for broiler chickens [21]. Unfavorable effeétCM on growth performance of broilers can atitéd to
the lysine-arginine imbalance in higher levels M @ diets [22].

The broiler chick's nutritional requirement for g@p is approximately 8 mg/kg [2]. Copper is usudibd
commercially at much higher pharmacological levél®0 to 300 mg/kg) because of its growth promoting
properties, which is caused by its antibacteriapprties [23]. In current study, there were no ificemt effects of
copper supplementation on feed intake, body wegght and feed conversion ratio>B.05).

The lack of a growth enhancing effect of extra @pp the present study may be related to environahsanitary
conditions of the experimental facility and mininglvironmental challenges during the experimengsiopl. The
increase of copper concentration may affect perdmee under some conditions such as in stressfutogments
[24]. Arias and Koutsos (2006) reported that supgieting the broiler diet with extra copper (188 ppmas more
effective under immune-challenging conditions [ZBjerefore, the extent of microbial challenge mafjuence the
response of broilers dietary copper supplementaiore importantly, another possible explanationtfe lack of
significant effect of extra copper in this studyynee related to short term supplementation of cof#@. Ewing et
al. (1998) reported that extra copper (63 Or 12%gjgsignificantly improved broiler chick performeanat 35 or 42
d; however, it did not have a significant effecfL8tor 21 d [23].
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The effects of CM and copper on PVC, Hb, TEC, heaight and RV:TV are shown in Table 3. PVC, Hb amC
of birds were not significantly affected by dietdrgatments, while heart weight (as proportion afyweight) and
RV:TV significantly increased .05) as a result of substituting CM for soybeamlme

In avian species, Arg is an essential amino aadabse birds lack the enzyme carbamyl phosphatbetgsel,
which aids in the conversion of ornithine to ciling and thus Arg [10]. For this reason, Arg corications in birds
are correlated only with dietary intake. Arg corttefi in canola meal as well as Arg digestibilitylver than
soybean meal [2-11]. Substitution of a high projporbf CM instead of soybean meal in poultry digisy drop the
dietary Arg level below its requirements [11]. ThifsSCM is included at high levels in a broiler tidé is possible
that dietary Arg content may not adequate to fallpport the production of nitric oxide by avianamgphages and
the pulmonary vascular endothelium [27]. Impairedathelial nitric oxide production contributes teetincreased
vascular resistance leading to pulmonary hyperendio].

Tablel. Composition of basal diets and calculatecha determined nutrient analysis (as-fed basis)

Ingredient (%) 0 % Canola meal 10 % Canola mea] 20 % Canola meal
Corn 55 52.8 52.6
Soybean meal 35.5 26.85 16.05
Canola meal 0 10 20
Corn Gluten meal 1.77 3 3.57
Soy oil 1.78 2.2 2.7
Dicalcium phosphate 2.80 2.7 2.7
Calcium carbonate 0.94 0.9 0.78
Salt 0.36 0.36 0.36
Trace mineral supplemén 0.25 0.25 0.25
Multi vitamin supplemerit 0.25 0.25 0.25
L-Lysine HCL 0.3 0.3 0.3
DL- Methionine 0.33 0.3 0.33
Sand 0.72 0.09 0.11
Calculated analyse(%)

ME (kcal/kg) 2950 2950 2950
CP 22 22 22
CF 2.62 3.36 4.05
Calcium 1.06 1.06 1.06
Available P 0.54 0.54 0.54
Arg 1.48 1.42 1.29
Lys 1.43 1.43 1.43
Met+Cys 1.07 1.07 1.07
Determined analyses

Total glucosinolates 0 2.07 4.14
(Hmol/g)

Erucic acid (%) 0 0.025 0.05

2 Provided per kg of ration; copper 10 mg (Cugsidfate), iron 50 mg (ferrous sulfate), mangané€® mg (manganese oxide), 85 mg zinc

(zinc sulfate), selenium 0.2 mg (sodium selenitd)iadine 1.0 mg (calcium iodat&provided per kg of ration; retinol 900 1U, choledtecol

2000 U, tocopherol 18.0 IU, menadione 2.0 mg,rttiree 1.8 mg, riboflavin 6.6 mg, pyridoxine 3.0 eygnocobalamin 0.015 mg, niacin 30
mg, pantothenic acid 10 mg, folic acid 1.25 mg, [Dled500mg and biotin 0.1 mg.

Newkirk and classen (2002) reported the ascetidatityr of broiler chickens increased from 1.9 t& 96, when
soybean meal was replaced with CM [28]. These rekess did not explain the reason for the high odtascites
mortality induced by CM, but Khajali et al. (201d)ggested that lower nitric oxide synthesis propdbk to lower
nitric oxide synthesis [13]. Khajali et al. (2014dnd Izadinia et al. (2010) demonstrated that switistn of CM for
soybean meal caused by significant reduction irsrpta nitric oxide concentration [11-13]. These arghalso
showed addition of CM to broiler diets increasedrhaveight, RV: TV and ascites mortality [11-13]ewkirk and
classen (2002) indicated that feeding CM resulited linear increase in heart weight as proportibbhoaly weight
[28]. If the values of RV: TV greater than 25% @neidered as pulmonary hypertension [29]. In theecu study
values of RV: TV was lower than 25% for all treatrtee Additionally there were not any effects on R\HD and
TEC, ascites and total mortality (did not showpfls. Substitution CM for soybean meal did notédawsignificant
effect on induction of ascites syndrome. Nevertbgl®ased on the results of this study, it seeatsutilization of
higher levels of CM in broiler diets, feeding itrflang period of time and feeding under the ambtentperature
may be increase the susceptibility to ascites ymdr

The effects of the level of CM and copper on liwgright and plasma enzymes concentration are showialble 4.
Liver weight (as proportion of body weight) was msignificantly increased by replacing CM and supmatation
copper to diets (F0.05). Increasing the liver weight in chicks fed rapeseed meal as a consequence of the toxic
effects of the hydrolytic products of glucosinolathave been reported by others researchers [3A81he canola
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meal utilized in this study contained low contefitghucosinolates (20.7pumol%y, did not significantly affect on
liver weight.

Table2. Effects of dietary canola meal and coppemugplementation on feed intake, body weight gain anteed conversion ratio in broiler

chickens?®
Item Feed intake Body weight gain Feed conversion ratio
(9) (9) (9/9)
CM
0% 883.47 667.60 1.32
10% 882.60 666.47 1.3%3
20% 893.00 642.87 1.39
SEM 5.397 4.35 0.011
Cu
0 mg/kg 884.00 655.27 1.35
125 mg/kg 885.73 657.93 1.35
250mg/kg 889.23 663.73 1.34
SEM 5.397 4.35 0.011
CMxCu
0 % - 0 mg/kg 876.40 668.80 1.31
0 % - 125 mg/kg 877.40 650.60 1.35
0 % - 250 mg/kg 896.60 683.40 1.31
10 % - 0 mg/kg 883/40 663.20 1.33
10 % - 125 mg/kg 884.40 666.40 1.33
10 % - 250 mg/kg 880.00 669.80 1.32
20 % - 0 mg/kg 892.20 633.80 1.41
20 % - 125 mg/kg 895.40 656.80 1.36
20 % - 250 mg/kg 891.40 638.80 1.40
SEM 16.192 13.03 0.034
P-value
CM 0.686 0.043 0.031
Cu 0.919 0.721 0.962
CMxCu 0.923 0.371 0.776

Meansn the same row with different letters (a and b aignificantly different (R0.05).
@ Eeach mean represents values from 5 replicates.

Table3. Effects of dietary canola meal and coppeupplementation on heart weight, right ventricular weight: total ventricular weight
ratio (RV/TV), haemoglobin concentration, packed c volume and total erythrocyte count in broiler chickens?

Item RBC PCV Hb RV/TV Heart
(x10%ul) (%) (g9/dl) (%)
CM
0% 2.63 24.94 8.37 21.68 0.506
10% 2.67 25.01 8.38 21.57 0.514
20% 2.65 25.11 8.36 22.12 0.55F
SEM 0.054 0.133 0.044 0.088 0.014
Cu
0 mg/kg 2.69 24.90 8.39 21.72 0.528
125 mgl/kg 2.67 25.01 8.38 21.90 0.519
250mg/kg 2.59 25.16 8.34 21.76 0.525
SEM 0.054 0.133 0.044 0.088 0.014
CMxCu
0 % - 0 mg/kg 2.53 24.86 8.40 21.63 0.512
0 % - 125 mg/kg 2.68 25.00 8.28 21.69 0.502
0 % - 250 mg/kg 2.65 24.96 8.44 21.72 0.504
10 % - 0 mg/kg 2.75 24.80 8.40 21.45 0.508
10 % - 125 mgl/kg 2.64 25.00 8.55 21.70 0.532
10 % - 250 mg/kg 2.64 25.24 8.18 21.57 0.504
20 % - 0 mg/kg 2.78 25.04 8.36 22.08 0.564
20 % - 125 mg/kg 2.69 25.02 8.32 22.30 0.524
20 % - 250 mg/kg 2.49 25.28 8.41 22.00 0.566
SEM 0.163 0.398 0.132 0.262 0.021
P-value

CM 0.924 0.867 0.992 0.032 0.026
Cu 0.748 0.725 0.922 0.685 0.875
CMxCu 0.752 0.989 0.373 0.973 0.483

Meandn the same row with different letters (a and B significantly different (R0.05).
& Eeach mean represents values from 5 replicates.

Adjustment to fluctuations in copper supply is &ceid predominantly by hepatic storage and biliaspper
secretion, but apportionment of copper trappedcbyliver varies widely between species. Namelys¢hiaced with
endemic risks of copper deficiency (such as runts)aavidly store excess copper, while species atsko(such as
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poultry) mainly excrete excess copper via the aild maintain low liver copper levels [32]. So thalb have less
risk of liver damage than other species relatesktaess copper intake.

The concentration of plasma enzymes of broiler kens was unaffected by CM and copper additiorO(P5).
Some researchers showed the changes in liver enagtivity of blood [31], but some others did notsebve [33].
For instance, Kloss et al. (1994) did not find ampact from feeding glucosinolates—extracted crammsal on
AST, GGT, lipase and amylase [34].

Levels of plasma AST, ALT and GGT were positivelyrrelated with increased copper intake and indieatf
hepatic damage starting with 300 mg Cu/head/dag goat kids [35]. Thompson and told (1974) repoitteat
serum AST activity begins to rise during the prehalytic period [36]. So it can be conclude thatf@ementation
of copper-salt up to 250 mg/kg could not able todpice any dystrophy in hepatic or others tissuesaoting these
enzymes and signified that the birds were apparéethlthy during the feeding trail.

In this study, the interaction between canola naeal copper levels showed insignificant effects erfggmance
criteria, ascites susceptibility and plasma enzyooegentration.

Table4. Effects of dietary canola meal and coppeugplementation on liver weight and plasma enzymesnaentration in broiler chickens

a

Item Liver ALT AST GGT
(U/L) (U/L) (U/L)
CM
0% 2.67 4.25 202.5 19.55
10% 2.63 4.27 205.0 21.00
20% 2.69 4.45 199.2 20.80
SEM 0.027 0.101 3.80 0.33
Cu
0 mg/kg 2.65 4.35 200.1 21.49
125 mg/kg 2.65 4.23 199.7 20.20
250mg/kg 2.69 4.39 206.8 19.67
SEM 0.027 0.101 3.80 0.33
CMxCu
0 % - 0 mg/kg 2.68 4.29 192.6 20.66
0 % - 125 mg/kg 2.58 4.17 196.0 18.80
0 % - 250 mg/kg 2.75 4.30 219.0 19.20
10 % - 0 mg/kg 2.61 4.26 202.4 21.80
10 % - 125 mg/kg 2.65 4.12 204.2 21.00
10 % - 250 mg/kg 2.64 4.43 208.2 20.20
20 % - 0 mg/kg 2.66 4.48 205.4 22.00
20 % - 125 mg/kg 2.71 4.43 199.0 20.80
20 % - 250 mg/kg 2.70 4.44 193.0 19.60
SEM 0.08 0.303 11.39 1
P-value
CM 0.554 0.643 0.751 0.166
Cu 0.626 0.795 0.586 0.081
CMxCu 0.615 0.987 0.297 0.930

Meansn the same row with different letters (a and k@ aignificantly different (R0.05).
@ Eeach mean represents values from 5 replicates.

CONCLUSION

In conclusion, the CM could be used up to 10% efliloiler diets during the starter phases and higtaportions
of CM may be impaired performance. Addition of cepjis not able to recover the negative effects iefady
glucosinolates on growth performance. In preseatlystthere were no effects on susceptibility toitaschy
Substitution of CM instead of soy meal, but higherels of CM in the diet probably increased theideace of
chronic heart failure in broiler chickens.

Acknowledgments

The authors appreciate their thank to Mr Amir Mangatankhah (Department of Drug Applied Researcht&e

Tabriz University of Medical Sciences, Tabriz, lydor this helps in determination of blood anticads indices
REFERENCES

[1] Y.N.Min, A.Hancock, F.Yan, C.Lu,C. Coto, A. Karinti.J. Park, F.Z.Liu, P.W. Waldrouplournal of Applied

Poultry Research2009 18,725- 733.

5257
Scholars Research Library



Sina Payvastagaret al Annals of Biological Research, 2012, 3 (11):5252-5258

[2] NRC.1994 Nutrient Requirements for Poultry, ninth rev. Bdtional Research CounciNY.

[3] T.Mushtaq, M.Sarwar, G.Ahmad, M.A.Mirza, H. Naw&&,M. Haroon Mushtaqg, U. NoreeRoultry Science
2007, 86, 2144-2151.

[4] K.M. Banks, K.L. Thompson, P. Jaynes, T.J. Appleg&oultry Science2004 83,1335-1341.

[5] G.M.Pesti, R.I.Bakalli. Poultry Scienc#99675, 1086-1091.

[6] M.K. Mondal, T.K. Das, P. Biswas, C.C. Samanta,.CBC Bairagi.Animal Feed Science and Technola2§07,
139, 212-233.

[7] M.K. Tripathi, A.S. Mishra Animal Feed Science and Technold?§07, 132, 1-27.

[B] A.Y.Pekel, P.H.Patterson, R.M.Hulet, N. Acar, TQravener, D.B. Dowler, J.M. HuntePoultry Scienc2009
88, 2392-2398.

[9] A. Baghbanzadeh, E. Decuypeferian Pathology2008 37(2), 117-126.

[10]X. Tan, S. Hu, X.L. WangAvian Pathology2007, 36(4), 261-267.

[11]M. Izadinia, M. Nobakht, F. Khajali, M. Faraji, EZamani, D. Qujeq, |. Karimi. Animal Feed Scienceal an
Technology201Q 155, 194-200.

[12]R.F. Wideman, Y.K. Kirby, M. Ismail, W.G. Bottij&.W. Moore, R.C. VardemaiRoultry Sciencel995 74,
323-330.

[13]F. Khajali, M. Tahmasebi, H. Hassanpour, M.R. AkbBr Qujeq, R.F. WidemarRoultry Science2011, 90,
2287-2294.

[14]S. Lesson, J.O. Atteh, J.D. Summ&anadian Journal of Animal Sciend®87, 67,151-158.

[15]G.M. Baloch, A.A. Solangi, M.P. Wagan, M. Tahiturnal of Animal and Veterinary Advanc@903 2,
138-142.

[16]W.D. Cowan, D.R. Pettersson, P.B. Rasmussen. Rges88 in Proc. Aust. Poult. Sci. Syni®299 Vol. 11.
Univ. Sydney, NSW, Australia.

[17]W. Szczurek, J. Koreleski, P. Hanczakowski, B.rBzzyk. Annals of Animal Science.- Roczniki Naukowe
Zootechniki.200Q 27, 233—-246.

[18]A.J. Cowieson, T. Acamovic, M.R. Bedfor8ritish Poultry Science2003 44, S23-S24.

[19]J. Pallauf, G. Rimbach. Archives of Animal Nutritid 997, 50, 301-319.

[20]Z. Nitsan, G. Ben-Avraham, Z. Zoref, I. NBritish Poultry Sciencel991, 32, 515-523.

[21]M. Chibowska, S. Smulikowska, B. Pastuszewsgl@mal Feed Science and Technola2§0Q, 9, 371-378.
[22]J.D. Summers, S. LessdPoultry Sciencel978 57, 235-241.

[23]H. P. Ewing, G.M. Pesti, R.I. Bakalli, J.F.M. Men.Poultry Sciencel998 77, 445-448.

[24]Z. Liu, M.M. Bryant, D.A. RolandJournal of Applied Poultry Researc?005 14, 499—505.

[25]V.J. Arias, E.A. KoutsosPoultry Science2006 85, 999-1007.

[26] A. Karimi, Gh. Sadeghi, A. Vazirylournal of Applied Poultry Researck011, 20. 203-209.

[27]R.F. Wideman, Y.K. Kirby, C.D. Tackett, N.E. MarsdqW. McnewPoultry Sciencel996 75, 1587-1602.
[28]R.W. Newkirk, H.L. ClasserPoultry Science2002 81, 815-825.

[29]E.J. Squires, R.J. JuliaRoultry Science2001, 42, 207-212.

[30]N.M. Giffiths, G.R. Fenwick, A.W. Pearson, N.M. @revood, E.J. ButlerJournal of Science of Food and
Agriculture 1980 31(2), 188-193.

[31]A.W. Pearson, N.M. Greenwood, E.J. Butler, G.Rwiek. British Poultry Sciencel983 24, 417-427.
[32]L.R. McDowell, Copper homeostasis. In: MineralsAinimal and Human Nutrition. Academic press Inc, San
Diego. CA, pp, 176-204.

[33]M.M. Szymkiewicz, N. Jan, M. Stepinska. Journahofmal Sciencel988 21, 61-64.

[34]P. Kloss, E. Jeffery, M. Walling, M. Tumbleson,BearsonPoultry Sciencel994 73, 1542-1551.

[35]G.F.W. Haenlein. Copper requirements of goats.Anke, T.P., et al. (Eds.), Proceeding of the 22 nd
Workshops, Macro and Trace Elements. Jena, Gernsapiembe2004 24-25, pp. 129-135.

[36]R.H. Thompson, J.R. Tod&esearch in veterinary sciend®74 16, 97-102.

5258
Scholars Research Library



