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ABSTRACT 

TuJO hundred andJooy broiler chicks lone day oJd), were randomly divided into Jour 

(;',{]Hcll groups, each group was subdivided to be in doublioote (30 chicks Jor each). P'our 

levels oj dietary dlromium supplementation (0 control. 8()(J. 1600, and 3200 Jig I Kg) 

wen~ provided in the form oj chromium [JfcoUnate through.out the experimental period (6 

weeks). 11lC dticks were Jed on startO' diet (23% CP & 3200 Kcal. MEl Kg)]Or the first 3 

wedcs atld grower- jinJ.sher diet (2d16 CP &. 3200 Keat MEl Kg) through the ncU thr~ 

week. ... Dody weight and feed intake were determined and feed conversion ratio was 

oolculatc:..->d. At the end oj experiment, blood samples were ccdlected Jar obtaining clear 

sera which were tL'ktd jot' delemdnatlon oj the total proteins, albumin. globulin, niH" 

cose, lttacyfgl!jcerol. high deflsil!j lipOprotein. tHDl.), low density lipoprotein (WI.J. phos

phaUpills and non estrifledfreeJattlJ acid,s (NEFF' As]. Also. liver jimcUon enzymes in

cluding aspartate amlrwtraTU!ferose lAST]. alanine antinotraruiferase (ALTJ and gamma 

giUftunyt transferase (GG17 were detennined, In addition. seTUm swnples were HSed 

Jor determtnatton oj haemagglutinatlOn IIlhibilum tiler against NelVC(lStle dL"~"(lse. 'f' 

globuUn. IgG and 19M. At end oj tlte experiment •. five birds Jrom each replicate were 

usedJor detcnnlnation oj can::ass traits and COfnposltfon. TIle obtained results revealed 

Ihat feeding h;gh chrom1um levels (1600 and 3200 ~gIKgJ signu""'nf1y /Ju:rcased 

(P<O,05) the .final body wetghl wId average daUy weight gain. However. chromium 1(00 

no ltlTect on JLw converswn. The dietary supplerncnts oj chromtwn (1600. 3200 JIg/ Kg) 

slgHU'icantly reduced the blood glucose, tile latal cholesterol level. WL and NEF'F'As. 

Also. (.firomlUm supplements (1600 and 3200 fl9/Kg) increased .scnun phospholipids. 

HDt. total proteins. albumin and globulin. 11le Hver lwtctfCJn k!sts (AST, AL'f and GG77 

indicated no d{[ferences between the ddJerent groups. High chromium supplementation 
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(J (JOO and 3200 py/KgJ i.1I('rL~L.<>ed tite ,/'glofJulin leveL,;, [iacJl111gglulinolwn tnhihfliolt 

flnWxx1y Ute .. «gaitt.. .. t Newca.,>lle lX1ociJ1e. IgG and IgM were increased uJilh increa."ing 

tile chromiwn level in file diet-s, The carct:<.-<;s yidd did not qJ]ectcd bU dlromium sU[Jple~ 

rneafation (1600 and 3200 NJ/Kgj, There were decrease il1 !.he abdominal pad lIud ill

crea:>e ill breast !Jieirl at Ole {evel oJ 1600 and 3200 119/K9 Q{ chrumiu/'l1. Tile protein 

pcrC(mt qr carcass was increas('d and Jot [>CrccuJ. was decl eas("ll white Utt.' o!'Oft (Uul 

moiswre were nat signffIcanlly ql1eck>d. 

INTRODUCTION 

128 

Trivalent chromium is Involved in l:arhoh)'Lirtl.te mciaboUsiU and rccogniZl"1.t as active compo

nent of ~hl('oSC lQlcrant-c fador {Rosebrough and Steele. 1981}. It has heel! rt"porled Ihal ('(11"0' 

mium plays an important rolc In regulating glucose metabolism in human and laboralmy ani, 

mats (Mertz. 1993). Chromium facililates interaclion between insulin and insulin rct'Cplors 

(Mooradian and Morler. 1987), und involved in hpld, protein and nucleIc add metabolism 

(Okada et al .• 1984; Ohba et at .• 1986; Press et al •• 1991; MeCarty. 1991i Page. 1991: Leln 

et at .• 1999). Cell proUlcraUon ilnd synthesis of rcguiatOIY protein form the basis of an eHccuvc

Immtuw fl'}ipOI1SC. II can be alIL'pled by dietary chromium aR i.mproved IImltunc rcspon:<>e has 

tICcn oJ...6l'rvcd whcn organic forms 01 chromlum were supplemented lo stressed iCt"kr i'Hives 

(Chang and Mowat. 1992; Moonsle·Shagecr and Mowat. 1993) and to {laily cows (Burton et 

aI •• 1993). 

Slrcssc<; ;:ll!d diseases both tnncascd urinary cxcn:l!oll of vhrom1uHl (Borel et at.. 1984: An

derson et at .. 1988) and may (',.X'acerbatc a margInal chromium deftciclwy, ·llicrc!i.lre, defiCiency 

Df trivalcut chromIum may occur ill (chicken under stress condition rn.'Cuusc of mct"uoli(' dmng

eft mediated by various streS50l'S, Chromium defi<'ictlc}' may slow growth rate, Impair ~Iueosc tol· 

erance nml ulUmatcly lead to (Hnhctes or coronary heart disease (Simonoff et &1 •• 1984). So, 

chromium Is recognized as an essential trace dement for hnman and NRC (1989) has reCOlll

mended an Inlakc of 50 to 200 Jig /Kg of lxlvalcnt chromium for the adult human. However, an 

appropriate recommcndaUon of the chromium requIrement of poultry has not been macle {NRC. 

1994). UL'('ullse of poor absorption of chromium chloride which was largely used as a dlfomJum 

supplemcnt In the early studies (Dowling et &1 •• 1989; LIen et al .• 1996). Sweral investlgatol's 

have demonstrated that the ciTed of chromium chlol'lde 1s inslgnJfieant as a dietary ~lIppll'lIlcnt 

(Lt and Stoecker, 1996; Lien et al •• 1996), 

Chrunthtm ptcolinatc. an organic and low toxic form of triValent chromium l'UU stimulate tl1-

'-'nUn adivUy (Ev411s. 1989; Walker. 1993: Amolkon et al •• 1995). Organ!r. chromium im~ 
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fJmv(~d immulle ft'Sponse and iu."r\''-lscd the ('i1romiulll eUl1renir'llion hl fhe kldIWY and spleen 

(Anderson and Koz]ovsky. 1985: Anderson et al .• 1993 ; M.ooney and Chromwell 1997), 

Phml products contoin a low contenl of rhrnmlum. Implying that broilers may have ddkicll<;Y of 

(:hnmliulIl bceausc their diets mosHy are of plant IllMfcdicnls (Glbeon 1989). Poultry required 

higher Icv(']s of chromium bccausr f!·cclls of pantTcas or poultry arc not being active as those of 

mammals and sccrcttng a small amount of Insulin (Lien et Ill •• 1993: 1996: Ward et al .• 1994), 

Thcrelof(~. the present sfudy is 10 invlCstigatc the cUeds of dietary sopplementanoll levels of 

chromJnm pi<'olinatc on the growth pcrl()rmancc. serum bIochemical paramdcrs and Immune 

response. 

MIlTERIALS AND METHODS 

Two llllndrcr1 and forly broiler t'hld'\~ (one day old), were equnJly divided at randolll illto !<jUr 

groups, l'<\VII ~mtlp was subdivided to be in dnublkatc 1:.10 <,hicks lilr each), Four lcv .. ·I~ of dietmy 

l~hromj\lm supplementation jO eontrol. ROO, 1600, and 3200 pg Cr IKW were provided ill the 

lorm of dmnnllUH plcolinatc, The broilcn-; ,"{cre raised for G weeks in a pen with natuml vcnllllu~ 

ilorL The dllt'ks w(~rc fed on slm'!;.:r die! t2:S!lil CP &. :J2.00 Kcal ME/Kg} for til(' Iir:;,1 3 weeks and 

grower- fllllshcr diet (2u% CP & 3200 Kenl ME/Kgj thmlJ~h the next three weeks liable, I) . 

11l(~ !L~'d and water were provided ml-lIoUum. 'Ibe birds welT: vaccinated against Nt'W(:aslic 

dist:lll:>c vilus using J-Htchcncl.- and LaSota vacdllcs al 7 and 14 days {If a~c. rc'spt'('li\'dy. Body 

weight and feed Intake were detcrmincd and thc fecd conversion ratio was ca{(:ulu{(.xl. AI cnd of 

lhc cxperillienl, hlood samples W('I"I: coiled_cd from lilt' wing vein of lO birds from ('ad, gruup (5 

birds JOI" end. replicatc). Blood samples werc cenlrifugcd for obtaining dear sera wlIlt~h were 

used I'm' ddcnlllnaUon of total proteins (Come! et aI., 1949). albumin (Downes. 1971). glnbu~ 

lin { subt1"adiHg albulHin front lolill proteins}, glu{'ose (Trinder. 1969). Irlacylglyccrol~ (Young 

and Postaner. 1975), total choles(n'ol (Melattinl. 1978). HOI.. (Clark et at, 19831, U)L (Fr1ed~ 

wald et aL. 1973), phot~phollpids (Zllversmit. and Davis. 1950) and NEFI"As (Duncombe. 

1964). U\'t:r hmdlon tests indudius:! AST. ALT (Reitman and Frankel. 1957) ami GGT ( Perk 

sijn and Vonderk. 1976) were determIned. Heg.-'lnliug Ihe Immune response, the serum samples 

were us(~d fin' delcnnlnation of hacma~utination Inhibition lIh~r agaJnst Newcastle disease 

(Anon, 1980). y~globulJn (Davis and Orni!Jteln. 1964). IgG and 19M (Erhard et al .. 1OO2). 

At cud of Ihe C)(pt:rltm~nt, five birds from eaeh replicate wen: weighed. J.;1<tlI~htcrcd Hud 11.'iCd 

for studyilli4 lhe f'.Rf(,3SS tralla and ('uOIposUlon according lo AOAC (1984), The oblaitil'd datu 

WCrt) HllUlyzl:d \IsJng one way ANOVA letH (Senedwor and Cochran, 1989). 
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Table (1} : Physical and chemical composillon 01 experimental diet 

Ingredients 
Q..3weeks 

(%) 

Ground yellow com 53.96 

Soybean meal(44%} 30.00 

Fish meal (72%) 7.25 

Soybean oil 5.63 

Umestone 0.91 

Dicalc!um phosphate 1.72 

Sodium chloride 0.30 
Vi\.& min, premix* 0,25 

Dt-Methionlne 0.07 

Cak::ulated value·· 

ME (KcaIlKg) 3200 
Crude protein % 23.0 
Calcium % 1.00 

Available phosphate % 0.45 

3-6 weeks 

('Yo) 

63.82 

23.10 

6.12 

4.00 

0.88 

1.53 

0.30 

0.25 

3200 

20.0 

0.90 

0.40 

130 

Lysine '%, 1.33 
f\AelhtOnine % 0.50 -'--~-------'---~~ 
~ Vilomin and mineral premix per 2,5 Kg supplled the fOlJowing; Vitamin A, 3.5)(106 IV: Vitamin 0 5x105 1U; vi

tamin E, 25000 IU; vrtamin K, 150 mg; ribollaYin 1000 mg. pantothenic acid, 3000 rug; ntacio, 7000 rng; 
choline, 3.5x105mg; biotin. 50 mg: folic acid, 150 mg; vitamin 8 12 3.0 mg; thiamin. sao mg; pYridoxine, 800 

mg: Cu, SOy, Fe. l00g; Mn, 70 g: In. 50 g; iodine, 350 mg and seIm1tum, 150 mg, The producer recom

mended 2,5 Kg premix! too dIet; . 
•• Values are calculated according 10 feed cOfTlpositiQn lable 01 NRC (1994). 
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RESULTS AND DISCUSSION 

'111(' eflixts of lCl'dillg the <lids supplemented wuh diHcrcnl levd~ of dlrnmmm pit'Olill<lte 011 

broiler lwrfnrmancc arc presented in lahk 2. I"ceding Ihe diets ~tlpplcmelltcd wHh chromium pi

eollnatc HI the level of 800 IIIg had no siguifleanee dlCet on body weight. feed IUlakc and feed 

f"unversioll. willie the high dmUI111ml It'vels fl600 and 3200 flf!, /Kg) slgnifkunlly increased 

(P<0,05) ihe final body weight and the average daUy weighl gain. Kim et 01 •• (1996) l'cporled 

thal supplementation of 100 to ROO m~ chromium pkollnatc /Kg diet did not aIled growth pcr

lormanc!; uf broilers. Also, previous investigations found no response in ul"oilcr _11,l"owih pcrrnr~ 

mancc wi ltv'll dietary supplements Hf 100 !n 400 1llJ.! chromium picolinale II\~ ,"VtTC Ilst'tl {Letn et 

01 .• 1993; Ward et aI .• 1994; Mortozona. et 01.. 1998: Hegazt et at. 2001), Flirllu'nnore. 

Leln et aI •• (1999) n~portcd that a dietary level of 800 JIg JK.g chromium pkolilllltv did not 

UflCf:t Mn~wlh performance of bruHer hu! higher levels or dmn:nium lmpmvL'd the body 

weighl <lml average weight g<l,ln. In marnmaUan studies. dict<uy sllpplements vI" 200 mg: chrmni

urn pkulilm1c /Kg diet tended to enhance tile gmwlh rates or pj~s and (;ulve.c; (Chang and Mow~ 

at, 1992; Meenrile-Shageer and Mewat. 1993i Lindemann et .aI., 1995l, The uilr(:n~nee be

tween brHilel'i'; umJ nmmmalB in lerlll of c1lcctlvcncss or chromium supplcmcntallvn might be 

attributed 10 HuH panereatle p·(:dls ill puulhy not bclng are active us thos,~ In Illammtlls 

[Lien et nl .• 1999). increased wci,{,ti1t gain could be due to chromium acUon vla I"cdlldi'm vI' S{~r" 

um L'OrllsoJ decreasing Us catabolic en'ect (Broelunan. 1986), In addition to dwomium role In 

metabolk prt'K'CSS, It has been rcported that ei1J"omiuIH aned nuclear protein synthc!-II.!-I (Okada 

et aI,. 1984), Also, the increased average dully weight gain in broilers fcd hlgh chrolllitnn~diet 

may be dl!(' 10 Increase dally feed jlllnkc, hOWI..~VCf, chromium did liot uiT(:<'t lecd ('Olwt"l"f;iml ratio 

(table, 2). Similar re~iUlts Were mportcd by HosseJn et aI •• (1998) who round Ihut organic ehro· 

mJum SUpplcllH~ntauon increased the body weight gain or broilers bu! did nol aired fc(~d t'onver~ 

s10n, 

'nlC cfft'('\ of reeding diets supplemented wilh different levels of chromiUlli on sentm biodH:mi

{'al parallH.:lers and liver futlcLJon Lesls m'C shown 1n table, 3, The obtained resulfs exhibited that 

Ihe high did<1l), supplclUl:uts of chromiullI (WOO amI 3200 jJJi, /Kg} reduced ih{~ blood glu{'Osc 

kvd. This may be through S1l11lulmion of the blulogical activity of insuhn by increasing Insulin

scnsHiw ('l'lI rcn:ptOfs or blnding activlly (Anderson et aI •• 1991; Morrls et al.. 1993; Ward et 

aI •• 1994l Piiisma Insulin concentrnUOll was repurted 10 be inefCased linearly. wlll.:t'eus t'orl.iC(Js

tcronc COlwcn!ralion was dccre.l5Cd as didary dlwmitllU supplementation in{,I"I.:ascd (Sahin et 

aI .. 20(1). COl'tisul promotes g.iu{'oncogcncsls and reduces glucose uUih;;alion (Weekes. 1991). 

Insulin t:all stimulatc glucose uptake und ulillzat ion by {.'Cl1s tCupo and Donaldson, 1987). Rc~ 

laled shltlics in human and other Hllil1lalR have ill(linltcd that a dietary suppk~mcHI Ilrl'itnillli· 
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urn reduced the serum gJucose (Lefov •• .et al .• 1993; Mertz. 1993; AmoJkon. ct a1 •• 1995; lAin 

et 01 •• 1996: 1999). 

The results of the prescot study liable. :1, Indicated that chromIum supplements (1600 and 

3200 J.'g IRW int"1'Cased serum tolal proteins, albumin and globulin. These results are supported 

by Hegazt et al •• (2001) who found chromium pJrolinatc Increased serum tolal proteins. It has 

been reported that chromium had an ("fleet on nuclear proteJn and RNA synthesis (Okada et al •• 

1984; Chang and Mowat. 1992). Thi8 increase In protein level may be due to the anabolic elTect 

of insulin. 

The d!<:tary chromium plcol1nalc supplcmcnL<; 0600 and 3200 jJg JKgl slgnlfi{;untly reduced 

{P<O,05) the serum levels of total cholesterol. LDL and NEFFAs while increased k:'vels of both 

phosphollplds and HDL, These findings may explain the role of chromium tn decreasing the IncI

dence of enronary heart dIsease In human (Simonoli et al •• 1984). SlmUarly. McCarty (1991) 

found that t.hc chromium Inereased the HlJL level of human serum. Howa.td et 111 •• (1993) Indt

cated that insulin increased liver WL receptors. so reducing the LDL level In serum, Lefn et al •• 

(1999) floUred that high chromium l(!\.'e!s in diets of broUcrs Increased the serum phospholipids 

while both total cholesterol and triacylglycerot were not affected. On Ule othcr hand. Hegad et 

al •• (2001) found that ehromium pleoUnatc reduced tile serum totalllplds and lotal cholesterol. 

111c chromium acts as activator of the biological activity of !nsulln whleh depresses adJpocyte 1I~ 

polysiS by reducing the acttviiy of cAMP and hormone sensitive lipase (Lanlbert and Ja(;quc~ 

min. 1979). Moreover. Pigs fed chromium pieollnatc supplemented mUon had lower plasma 

NEFFAs concentration than control pIgs (Matthews. et aI •• 2001). The llver funelinn lests indt

cated no dllfercnce between the different groups in AST. ALT and GGT (table. 31. Gu.rsoy (2000) 

mcntioned that organic chromium is more a\la.!lable. safe and has less tOXIc effect. 

1be clleds of chromium ptwUnate slipplementation on the immune response of broHers are 

presL'l1ted in table. 4. rUgh chromium sttpplementation (l600 and 3200 jJg 1Kg! Increased 

the y-giohuUn levels. Also. haemagglutlnatlon InhibItion antibody Uter agaInsi Newcastle vaccine. 

IgG and IgM were increased with Increasing the chromium level in the diet. Similarly. Chang 

and Mowat (1992) found that chrorulnm plcolinatc supplemenlatlon In{~reased Iotal immuno

globulins and IgM . However, li400n9Ie~Sb1lgeer and Mowat (l993) reported that {~hromlum 

supplementation had no effect on fgM and IgG2 levels but significantly Increased l,6rG 1- Jmprov~ 

ing the Immune response may be due to the eITcd fir chromIum on reduction of cortisol, whleh 

has ImmunosuppresSive effect and inhIbiting produdlon and aeUvlties of ~'Yloklnes and antibod

Ies (Kelly. 1988; Kegley and Spears. 1995). In addItion. chromIum supplementation In 

stressed animals ean preveni urjnaty losses of zInc, Iron, copper, manganese and selenIum 

(Sehrauzet et at •• 1986: Anderson et al •• 1988). The deficleneies of such minernls had been re-
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ported to lower reslslanee to diseases (BulL 1990). 

Com.'ClT1lng !be eITect of chromium supplementation on the carcass traits (table. 51. It was 

found thai carcass weight but not carcass ylelrl was Increased by chrorulum supplementation at 

the levels or l600 and 3200 pg/Kg diet Also. there was a decrease in the abdominal fat pad and 

an Incn~use In hreasi yIeld at the level or 1600 and 3200 J.llJ.lKg of chromium supplementation, 

Moreover, ihe proteln percent of ~rcass w~i increased and fat percent was decreased while the 

ash and moisture were nut signiReantly dUl'eTent. HO!Js.in et aJ .• (1998) and Choct (1999) 

found that abdominal tat decrcaSf.~q and bf'Clist meat yield Increased in broilers Jed diets supple

mented with chromiulll plcoUnuk al ,(.'vej$ W 300 und SOOppb. respectively, Evans and Bowman 

(1992) and Kim et aL. (1996) demonstrated that lhe increase tn protein eontenl of brotlcr cnr~ 

eass may be attributed to the etTeN of insnlln on amino acid uptake, Additionally, Letn et at. 

(1999) rncnUoncd tllal chwmlnm increased 1he liver lipid a(;cull1ulation so dl..'cl·casill~ ~I('cumtl

laUon of fal In ahdominal pad, 

Collectively fron1 the result of the prescni study, it could be concluded that chromium picoll

nate supplementation at a level of tr,oo ppb Jor broiler diets has beneficial effects evldem:cd by 

improved gmwth penormance and ('area~s traits as wcll as improving the immune response. It 

also has benellclal consequences In leons of enhanced resistance to diseases by enhaneJng the 

effectiveness or vaccines. 
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Table (2) : Effect of chromium picohnate supplementation on pertormance of broileJ'S (Mean ± SE) 

Ite., .li 

eight Initial body w 

Final body we 

A'ierage dai 

Average dai 

Igh' (g) 

Iy gain (g) 

Iy feed In.ake (g) 

Control (0) 

35.04 ± 0.19 

1920 ± 51.2&> 

44.86 ± 1.2gb 

85.17 ± 3.26b 

Supplemental chromium (f.tg!Kg diet) 
-

800 1600 3200 

35,18 ± 0.25 35.1 ± 0.28 34.6 ± 0.21 

2165 ± 42.33sb 2280 ± 46.51" · 2265 ± 35.29" 
i 

50.71 ± 1.12ab 53.45 ± 0,85a · 53.1 ± 1.65a 

94.83 ± 3, 120b 101.2 ± 4.28" 96,77 ± 3.68 

, FOOd cornrers ion ratio 1.92 ± 0.25 1.87 ± 0.19 I 1.89 ± 0.28 1.66 ± 0.25 , 

•• 
, 

. 
· 

ab Means in the same raw with no common superscript are signilicanlly different (Po::O.05). 

Table (3) : Enecl 01 chromium p!colinate suppiementation on serum biochemical parameters (Mean ± SE) 

of broiler chickens, 

Biochemical parameters 
Supple ..... ntal </>romlum (~g /Kg die') 

Control (0) 800 1600 3200 

Glucose (mgldl) 179.13 ± 2.13 166 ± 2.44a 123,5 ± 1.78b 124.17 ± 2.11 b 

Total proteins (gmldl) 5.70 ± 0_22" 6.78± DAb 9,97 ± 0.383 11.04±D.17a 
Albumin (gm/dl) 2.97 ± 0.3l b 4.15 ± .35b 6.25 ± 0.29u 7.33 ± 0.32" 
Globulin (gm/dl) 2.73 ± 0.28b 2.63± 0.21 b 3.72 ± 0.323 3.71 ± 0.25a 

T riacylglycerol (mgldl) 30.51 ± 1.46 27.97 ± 1.45 28.4 ± 1.28 27.6B ± 1.53 
To!afcholesterol (mgldl) 89.66 ± 2.648 79.23 ± 2.31b 76.19±3.11b 78.35 ± 1.9b 

Phospholipids (mg/dl) 98.59 ± 2.5Gb 103.81 ±3.1b 119,37 ± 2.3a 121.23 ± 2.4"' 
HOL (mgldl) 58.83 ± 1. 1 gac 74.15 ± L3&> 82.92 ± 2.133 85.15± 1.963 

LOL (mgidl) 26.16 ± 0.85a 21.03 ± O.72b 19,25 ± O,53b 15.09 ± O.6()C 

NEFF A (mg/dl) 25.18±2.1aB 24 ± 1,603 14.8±Llb 6.5 ± 0.23c 

ALT(U/L) (U/L) 40.21 ±2.45 41.33::.t 1.52 39.33 ± 1.29 42_09 ± 1_0" 

AST(UlL) . 20.43 ± 1,80 21.67 ± 0.69 23±0.82 · 23.36 ±0.98 
, 

GGT (UIL) 
, 

B.87 ± 0.63 9.12±0,35 9.47 ± 0.27 9,41 ±O.25 , , . 
i · -

abc Means in lhe same raw with no common superscript are significantly different (P<0.05) 
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Table (4) : Effect of chromium pico!inale wppiementalion on immune response (Mean ± SE) of broiler 
chickens. 

Uen ..... Supplemental chromium (~g 11(9 diet) 

Control (0) 800 1600 

HI titre' 2.93 ± O.13c 4,37 ± O.23b 7,49 ± 0,3Sa 

y-Globulln (9m/dl) 0,85 ± Q,07b O,88±,ll b 1.36 ± 0,063 

IgG (mg/dl) 589.14±2S.7c 597,59 ± 36.7b 845.64 ± 40,36a 

19M (mgldl) 154.21 ± 8,63< 196.11 ±6,7gb 238.33± 12,Ba 

abc Means in the same raw with no common superscript are signifICantly different (P<O.05). 
~ HI valves are 10g2 of the oliginalliters. 

3200 

7.41 ±O.268 

1.44 ± 0.Og8 

638,56 ± 17.6a 

274.18 ± 17.Sa 

Table (5): Effect of chromium picolinale supplementation the carcass trials 01 broilers (Mean ± SE) 

Items 
Supplemental chromium (j.lg IKg diet) 

Control (0) 800 1600 3200 

catcass weighl (om) 1295 ± 39.02" 1435±32,14"" 1519 ± 34,038 1515±26,lsa 
ca",ass yield (%) 67.44 ±3.29 66.2B±3.35 66.62 ±2,94 66.88±3,88 
Abd. F.! pad (% of co",.ss) 3.84±O.34a 3,61 ± 0.28" 2.58 ± O.30b 2.62 ± 0,41" 

Breast Yield (% of careass) 20.1 ±1.00b 20:,7 ± 1.38 ab 21.73± 1.644 2L65± 0,974 

Carcass composition 

Moisture % 63.21 ±4.40 62.35 ± 4,35 64.91 ± 3.81 63.46 ± 0.B1 
Protein % 18.23 ±1.74b 18.69 ± 1,B2ab 19.B9 ± 1.590 19.94 ± 1.63a 

Fat % 1626±1.30a 16,32 ± O.89a 13.66± 1.12" 14.06 ± 0.92 
Ash (;/6 'L8±O.17 1.79 ± 0.31 1,82± 0.21 1.89 ±0.30 

ab Means in (he same raw with 00 common superscript are slgnificaolly differont {P<O.05}. 
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Table (4) : Effect of chromium pico!inale wppiementalion on immune response (Mean ± SE) of broiler 
chickens. 

Uen ..... Supplemental chromium (~g 11(9 diet) 

Control (0) 800 1600 

HI titre' 2.93 ± O.13c 4,37 ± O.23b 7,49 ± 0,3Sa 

y-Globulln (9m/dl) 0,85 ± Q,07b O,88±,ll b 1.36 ± 0,063 

IgG (mg/dl) 589.14±2S.7c 597,59 ± 36.7b 845.64 ± 40,36a 

19M (mgldl) 154.21 ± 8,63< 196.11 ±6,7gb 238.33± 12,Ba 

abc Means in the same raw with no common superscript are signifICantly different (P<O.05). 
~ HI valves are 10g2 of the oliginalliters. 

3200 

7.41 ±O.268 

1.44 ± 0.Og8 

638,56 ± 17.6a 

274.18 ± 17.Sa 

Table (5): Effect of chromium picolinale supplementation the carcass trials 01 broilers (Mean ± SE) 

Items 
Supplemental chromium (j.lg IKg diet) 

Control (0) 800 1600 3200 

catcass weighl (om) 1295 ± 39.02" 1435±32,14"" 1519 ± 34,038 1515±26,lsa 
ca",ass yield (%) 67.44 ±3.29 66.2B±3.35 66.62 ±2,94 66.88±3,88 
Abd. F.! pad (% of co",.ss) 3.84±O.34a 3,61 ± 0.28" 2.58 ± O.30b 2.62 ± 0,41" 

Breast Yield (% of careass) 20.1 ±1.00b 20:,7 ± 1.38 ab 21.73± 1.644 2L65± 0,974 

Carcass composition 

Moisture % 63.21 ±4.40 62.35 ± 4,35 64.91 ± 3.81 63.46 ± 0.B1 
Protein % 18.23 ±1.74b 18.69 ± 1,B2ab 19.B9 ± 1.590 19.94 ± 1.63a 

Fat % 1626±1.30a 16,32 ± O.89a 13.66± 1.12" 14.06 ± 0.92 
Ash (;/6 'L8±O.17 1.79 ± 0.31 1,82± 0.21 1.89 ±0.30 

ab Means in (he same raw with 00 common superscript are slgnificaolly differont {P<O.05}. 
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