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ABSTRACT 

The present study lnvest(gales the effects oj chromfum pre/onate and vitamin e (a

loropherol ace/ale) suppiementatfon on growth performance. serum metaboHtes. and 

antioxidant status oj rabbits exposed to a high ambient temperature (34 °C). Forty 

Newzealand rabbit (4'w'0IdJ were divided intojive groups. 8 rabbits per group. Rabbits 

were fed a basal dLet without or wIth supplementation wUh eWter 300 J.l!} of chromium 

/ kg. 250 mg ofa·locopherolacetale/ kg of diet. or a combination of 300 J.I.9 ofchromlwn 

and 250 mg a-tocopherola.cetate/kg oj diet Body weight. body galn. Jeed [ntake and 

feed conversion rotto (PeR) were recorded. The experiment lasted Jor 8 weeks. At end 

of the experiment. blood samples were collected and sera were separated and used/or 

determination oj glucose. totoJ lipid. triglycerides. cholesterol. COrtisOl. catalase. super

oxide dismutase (SOD). GSH and malonyldlaldehyde (MDA) , 

The results [ndfcated that heal stTess inversely qffected the growlh perjorrTUlI1.Ce pa

rameters. increased serum glucose. Cholesterol. MDA. and decreased lotal protein. al

bumen. globulin, GSH. catalase and SOD. Separately or as a comb[natton, supplemen

tal chromIum and vLtamln E signifICantly increased live weight. jeed Ifttake and 

Improuedfeed conversIOn ratto lP < 0.05). Separa.tely or as a combLnatton. supplemEn· 

tal chromIum and vitamin E Ii1creased serwn concentration oj total proteLn but de

creased cortisot glucose. and cholesterol concentrations (P < 0,05). Supplemental chro

mium and vitamin E also decreased MDA concentrations (P < 0.05J and Increased 

catalase. SOD and GSH, Restilu oj the present study show that dietwy supplementa

tiOn oj chromium and vUamln E. par«cularly as a comblllation. lmproved the perfor

mance. and antfoxidanl swlus of growtng rabbits exposed to heat stress. Such a com

bination oj supplements can offer a por.enttal protective mangerta! pracNce III 

prevenlillg heat stress·related losses In perJonnance ojgrow[ng rabbits. 
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INTRODUCTION 

High environmental temperature Induces physiological stress In rabbits leading to production 

losses because of their quite poor thermoregulation ability due to their un· functional sweet 

glands (Marai et aI .• 1991; 2001). Some consequences of heat stress affect dlgesUve system 

functlons. wtth Impaired appeUte. growth and feed efficiency (Douoh. 1989; Siegel. 1995) and 

thyroid activity (Edens and Siegel. 1975; Freeman and Crapo, 1982) thus negaUvely Influence 

the perfonnance of animals and Increased Incidence of diseases. These effec~ can also reflect on 

the levels of some blood metabolites (Bani et aJ., 2005). RelaUvely few experimental works are 

available on the effects of high environmental temperature on metabolic proOie of the rabbits 

reared in commercial (anns (Bani et aI .• 2005). Plasma 1'3 and T4. lmportant growth promoters 

In animals. are reduced during heat stress (Sahin et aI •• 2001; 2002a; b) and appear to be re-
" " • I 

lated to feed Intake (BoUeogier-Lee et al .• 1998; 1999). 

Several methods are available to alleviate a part of the negative effects of high environmental 

temperature on performance of animals. Because it Is expensive to cool animal buUdlngs. such 

methods are focused mostly on the dietary manipulations. In this respect vitamin E and chromi

um are used In the animal diet. Vitamin E metabolism Is reduced durtng the heat stress (NJoku. 

1986: KutIu. and Forbes. 1993; Whitehead et al., 1998). Vitamin E Is k~own to be a lipid 

component of biological membran~s and Is considered a major chain-breaking antioxidant (Sa

hiD and Kii~ii..k 2001). Vitamin E Is mainly found In the hydrocarbon part of membrane lipid bi

layer towards the membrane Interface and In close proximity to ox:1dase enzymes. which Initiate 

the production of free radicals duting heat stress (Jacob, 1995). Vitamin E, therefore. could pro

tect cells and tissues from oxidative damage Induced by free radicals which Increased durlng 

heat stress. In 'addltlon. It was reported that vitamin E plays a role In selenium metabolism. and 

selenium Is required for normal functions of pancreas (Gall~Torre5, 1980; Bendlch et aI •• 

19841 . 

Because of the reported. benefits of chromium supplementation In broiler uoC\er heat s tress 

(Sahln et al .. 2002c, 2Q03), also because of the fact that stress condition Increased chromium 

moblllzaUon from the tissues that Is Irreversibly excre ted through the urine (Borol et aI,. 1984; 

Mertz. 1992: ~~ersoD, .19.94). and also. because most r:abblt diets are basically composed of 

plant origin Ingredients, which have usually low content of chromium (Girl ct al •• 1990). chro

mium supplementation could alleviate a part of the negaUve effect of high environmental temper

ature on the perlonnance of animals. Although Cr Is not currenUy considered an essenUal trace 

element for animals, this mlcronutrtenl may playa nutrtUonal and physiological role, Moreover, 

the NaUonal Research Council (NRC. 1995) has recommended 300 pg Cr {kg diet for laboratory 

animals. Supplementation wtth an organic source of Cr such as chromlwn ptcollnate has greater 
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biological ilvallablll ty (Kim e l. al .. 1996aj b l. may prove to be benenclal to rabbits under heat 

s tress because rabbits may obta in more Cr despite lowered feed consumpUon. The chromium Is 

also Involved In carbohydrate. lipid. protein and nucleic acid metabolic functions (Ohba et aI., 

1986; McCarty, 1991). Research on animals has conft rmed that chromium from v(ganlc com

plex such as chLom\Uul plcoltnale, nlco Unate and hlgn chromium yeast Is absorbed more effi

ciently . about 25-30 % more than Inorganic compounds like ch romJum chloride (Crela). which 

are poorly absorbed (1 -3 %1 regardless of dose or dietary chrom1um statu s (Mowat. 1994: Olin 

et at .. 1994; Undenwood and Suttle, 1999). 

Measurement of some blood parameters has a substanUal merit In understanding metabolic 

changes In heal-stressed rabbllS . Therefo,e. the objective of th is study was to evalua te the ef

fects of dietary supplementation of vitamin E a nd chromium on growth perfonnance. some blood 

metabolites and a ntioxJdan t status as well as enzyme activities In Newzeala nd rabbits reared un

der heat stress (34 OC). 

MATERIALS AND METHODS 

Diets: 

A basal control diet was formulated uSing NRC (2000) guideline to contain 17% crude protein 

and 2630 Kcal DE I kg. Ingredients and chemical composlUons of the diet are shown In Table 1. 

The diet supplied the recommended requlrern~nts of NDF. CPo Ca, P. ADF and DE. TIle feed In

gredients ~ '/ere prepared (bersecm hay was chopped and horse bean straw was ground) and 

mlxed with other Ingredients (soybean meal. wheat bran. sodium ch loride. sodium bicarbonate. 

DL--methlonlne. and a minerai and vitamin premix). Small amounts of the basal diet were fi rs t 

mixed with the respectlve amounts of vitamin E and/ or ch romium plcollnate as a smaU batch 

and Ihen wtth a larger amount of the basal diet unUi Lhc total amount of the respecuve diets 

were homogeneously mixed and then prepared In a pelletecJ form with 5 mm diameter. 

Forty New Zea la nd White maJe rabbllS {4 weehs old}; randomly assigned according to their Ini

Ual body weights Into five groups: were used In a feeding trial. The rabbits were distributed each 

In Ind ividual cage and thereafter were divided Into 5 equal groups (8 rabbits each) . the Ors t 

group (control -vel fed a control basal diet (Without chromium and .,itandn E supplementaUon 

and not subjected to heat stress). The second group (control +veJ fed the control basal diet (with

out chromium and vitamin E supplemenlaUoj, '1nd subjected to htat stress) . The oUler 3 groups 

were subjected to heat s tres s and fed on diets 3upplemented either tth chromium as chromium 
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plclonate: (300 ).lg/ kg of diet) . vitamin E (dl-Ct-tocopheryl acetate: 250 mgt kg of diet) or both of 

them. Vitamin E (ROVlMLX E-50 SO: fairly stable source of vitamin E tn feed) and chromium 

were provided by a commercial company (Roche. Egypt). The experimental design Is presented In 

table 2. 

The rabbits had ad libitum access to the diets and water throughout the experimental period. 

The dlets-were provided regularly at 0800 dally and the remained diets were recorded and the 

dally feed Intake for each rabbit and for each group were determined and totalized every 2 

weeks. Body weight and FeR for Individual rabbit were determined every two weeks through the 

experimental period. 

Housing: 

Rabbits In the first group (control -vel were kept in a closed pen with partial envtronmental 

control. Forced venUlaUon system allowed the pen temperature to be maintained at 20 ± 2 °C 

and 60 % relaUve humidity. While. the other four groups were kept In a closed building and sub· 

Jected to heat stress condition (34 ± 2 OC and 75 - 80 % relaUve humidity) using electrical brood

ers for 24 h / day during the experiment (8 weeks). A cycle of 16 h of light and B h of darkness 

schedule was used throughout the experiment. The exper1ment was conducted dUr1ng July to 

September. 2006. The rabbits were housed In galvanized wire cages (30 x 30 x 35 em per rabbit) 

with metal feeders and nipple drinkers. Fecal pellets and urine dropped from the cages were con

Unuously collected and the house floor was cleaned. washed and disinfected dally. 

Analytical methods: 

Chemical analysis of the basal diet was perfonned USing the method of Van Soe.t et al. 

(1991) for Nor and Goering and Van Soest (1970) for ADF. ADL. Procedures of ADAC (1995) 

were used for detennlnation of OM. ash. crude protein. ether extract. and crude nber. Non· 

fibrous carbohydrates (NFC) of dIet were detennlned follOwing the procedure of Theander et ai. 

11995), 

At the end of the experiment. blood samples were collected from 6 rabbits from each treat

ment. centrifuged at 3000 rpm for 10 min . and sera were collected and stored at -20°C for later 

analysIs . Serum samples were thawed at room temperature and cortJsol concentraUons were de

termined using commercially available radioimmunoassay kJts (Ualson_ 1'3. and T4 Byk·Sangtec 

OlagnosUca. Dletzenbach·Germany: immulite 2000 ACTH. L2 KAC2 . OPC. LA). Serum glucose 

(Trinder and Ann, 1969). total protein (Henry, 1964), albumin (Doumu. 1971). triglyceride 

(Kodit8check and Umbrelt, I060) and cholestero l (Roeschlau et aI .• 1974) concentrations 

were determined using already prepared analyzing chemical kits. while serum globulin was esU

mated by the difference between total protein and serum albumin. Also, corUsol, catalase, and 
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superoXldc dtsmu tallc were meas ured us ing blocl'li~r!1 ic 1. 1 analyter lrechnlcon RA-Xf. NY). Also. 

malonykllaldehyde tMDAI was dete rmined according '10 Ghka~'a et aI. (1979) . 

St ... tisUcal analysis: 

Data were SUbJcl·ted to a nalysis of variance using gl" i1f:~'al models (GLM) procedure of BAS 

(199ft). Compariso ns between means were perfom1ed !Ising F test at a Sign ificance leve l of 0.05. 

RESULTS AND DISCUSSION 

Growth performance : 

The average weigh t gain . feed Intake. a nd feed conversion raUo for Ule expertmental heat 

stressed rabbits fed on diets supplemented wi th ,:ommerclal chromium plclonale and / or vltn· 

min E a re presented in Table 3 . Body weigh t dlfff'Tf' slgnlflca nUy (P < 0.05) due to U1e heat 

s tress a nd dietary Inclus ion of chromium plc!ona te and / or vita min E. Heat s tress resulted In 

s lgn lflcanUy (P < 0.05) adverse effects on a ll growth perfon nancc parameters . Comparison wllh 

that or non-stressed rabbits. nnal body weight. average da lly gain . and average dally feed [nlal~e 

of Ileat stressed rabbits were lowered by 17.03.22.56 %. and 13.42 %. respecUvely and feed con

version was Increased by 12 .04 %. The ad verse effects of heat stress on performance of rabbi ts 

were reported by many a uthors (Marai et al .• 1991; !luai and Habeeb. 1994) who found Ula. t 

final body weigh t. average dally gain. and uverage da lly feed Intake were declined by J4 .1. 21.4. 

and 2 .9%. respecUvcly for rab bits reared In summer season on comparison to those reared In 

winter season. TI le decrease In growth pcrfolInancc due to heat s tress could be attributed to dc~ 

cline tn feed consu mpt.lon . eMerlcato et aI. (l~961 and Mara! et aI. (2001) reported that reduc~ 

Uon In live body weight and dally body gain weight due to heat-stress condlUons may be attrib

u ted to the negaUve effects of heat-stress on appeUte and consequent decrease In reed 

consllmpUon. The decrease In feed consumpUon Is due to Impairment of appeute as a result to 

stimu lation of Ule peripheral thermal receptors by the environmental temperature to transmit 

su ppressive ne rve Impu lses to the appetite cenlre In Ule hypoUlaJamus; Ulat causes that phe

nomenon: suppresses the production of hormone releas ing fac tors. resulted In decrease In pltu l

t:uy hormones secreUon that Inversely affects the protein syn thesis and blood compounds and 

so decrease body gain. 

Also. the increase In serum cortisol concen traUon during heat slress ITable 5) Inhibits protein 

syn theSIS In Ussues and increase protein and lipid catahollsm (SahJn et al .. 2001). AddiUonally. 

tile adverse effec ts of heat stress on the penomlance of the rabbits may be due to decreased di

gestibility and dieta ry nutr1en lS uUllzaUon . wallis and Baluave (1984) found that the dlges UbilJ-
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t)' of amino acids was decreased by a high environmenta l lemperature In broilers. Similarly. Zu

print et al. (1993) have shown that true digestlbillty of protein and amino acids decreased as 

the temperature Increased from 21 to 32°C. Hal et aI. (2000) reported that the acllvi Ues of 

trypsIn, chymotrypsin, and amylase decreased s ignificantly by a high temperature (32 °C). The 

reason for the dr·nease In digestive enzymes Is uncertain. However, Osman and Twos (1983) 

sperlilated that It IS because of adjustment of the pancreas In birds accustomed to a hot envi

ronment. 

Dietary chromi um s upplementation improved the growth performance parameters of the heat 

stresses rabbits (Table 3. 4). Sands and Smith (l999; 2002) reported that dietary chromium pl

colin ate (CrPicllmproved the growth perfonnance of heat-distressed broJier chIckens. Oodercl ct 

aI . (2005) found that dietary ch romium supplementaUon promoted U1e growth rate and feed effi

ciency of growing poultry and these beneficial effects of chromium appear to be greater under 

stress. On this concept. Sahin et aI. (2005) reported U1at supplementing the diet of heat· 

stressed quails (34 0C for 8 h id) with CrPlc (400).lg of Cr/kg) Improved live weight gatn, feed In

take. feed efficiency and carcass traits. The Improvement of growth performance or the heat 

stressed rabbits due to ch romium supplementation could be attributed to increase of chromium 

mobilization from Ussues and Its excretion due to stress and also depresses ascorbiC acid syn

thesis (Anderson, 1987; McDowell, 1989): thus stress may exacerbate a marginal chromium 

deOciency or an Increased chromium requirement. Imply1ng tilat chromJum should be supple

mented as shown In the present study. WalliQ and Balnave (1984) and Zuprizal et aI. (1993) 

found that the dlgesubillty of protein and amIno acids were decreased by a high environmental 

temperature In broilers. SImilarly, ZupdzaJ c t al. (1993) have shown that true dlgesUbtlity of 

protein and amino acids decreased as thr: temperature Increased from 21 to 32°C. The results of 

Sabin aDd Sabin (2002) and Sahio et aI. (2005) showed that retention of nitrogen and Ca, P. 

Zo. Pe as well as Cr, are Improved and excretion decreased by supplemental chrornJum. Since 

chromium (postulated to be antioxldant) has a protective effect on pancreatic tissue against oxi

daUve damage (MCDowell, 1989; Preuss et aI., 1997), they may help pancreas to function 

properly including secretions of dlgesUve enzymes. thus improving digestlbllity and retenUon of 

nitrogen. 

Dietary vitamin E supplementaUon Improved the growth perfonnance parameters of the heat 

stresses rabbits namely body weight. body gain , and feed intake [fabJe 3 and 4). Sabin et aI. 

(2003) reported that vitamin E supplementaUon Improved the perfonnance and live weight of 

laying Japanese quails teared under high ambient temperature. The Improvement of growth per

fonnance parameters of heal stresses rabbI ts due to vltamtn E supplementaUon could be atlr1b

uted to Increase in feed Intake and nutrients utiliZation. At temperatures above or below thenno-
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ncu tn tl lone. corticos teroid s .... crclion Irl\" rf'i1 "'l'~ .l.." ., re : ;pon~r' to .:.Lr(' <;<; (Sabin e t aI. . 2001). By 

decrc3sing synthes is a mi '5t'(''"e liGn 01 corUcosh ,(.lds. '111 .;mhn E .1IJevjaH'.<; the ncg31lve effects or 

stress. It has been ab o postu lated that the Implo\'ed p ;:: rhll1n ance or pou Jiry resulted from a de~ 

crease In protein-derived ;!Iuconeogenesis (Ol""ban ct at .. 1093). Also, Il '." as found thal dlel.:·u)' 

vitamin E IncluSion resulted In a better perfonnanc.;: , and a pP<17ent digestibility (Sahln et al .• 

2003). Santu .. ud Kucnh. (ZOO 1) reported thai 250 or 500 mg/kg vitamin E supplementation in 

dlels Increased reed Intak(' and Improved lI .... e weight ga in of Japanese quails reared undcr hea t 

stress (34 0Cl . Sahiu et at (2001) and Sabin and Kucult (;~OOl) reported that digestibility of 

nutr1cnts (OM. OM. CPo and EEl were hlghcr when vitamin C was Jncluded into diet In broiler 

Japanese quails reared duonic heat stress. AddlUonally. vttamln E cou ld increase 1'3. T4 and 

TSH that im prove Ule perfonnance (Sahln et a1., 20028; b). 

Serum metabollte& : 

The resul ts of the presrm Sl~ldy Indicated ~.a l. heal slr,.:;s elev<l (ed s~mm glu(" ose and choles

terol concentraUon wh ich (.Quld be attrlbuted to inen ... St'ri rn, tl::.ol iTi'lble 5) . InCl'casing concen

traUons of cortisol was ;J<l.:'lJlel to Increases 10 sem7n g.illco')e and chclest .:!rol concentra tions . 

This resu lt was probabl!' dlle to the greater catabolJc effect ior conct' nlra Uon) of cortisol. yielding 

more of glucose In the ::>f'nlm . Increases In concentratiGns of glucose (nay be attributed to In 

creased glucocorticoid Sf'rJ"('tion which Increases glucogeneSl$. Rrsu its of tile presen t study 

showed Ulat a combination of2 50 mg of vltall1iJl E and 300}.l,q rll \ i1 nIIUIO plcoUnaLe / Kg provid 

ed the greatest performance. Ilamely body weight. body gain. recrl lnl.ake and feed convers ion ra

tio; In the mbblts reared under heal s tress than sLlpplement<ldQ o of either chromium or vi tamin 

E alone [fable 31 . 1111s findi ng cou ld Indicate synergeuc efTe~lS for both vitamin g and chromium 

plcollnate. Il was re ported that overall antioxidant poten lla l has been reported to possibly be 

more efficient and crucial th~.n single antioxidant nu trients (Sahin e t al .• 2005) . 

5imJlar effects of chromium and vitamin E existed as (:'1lrlcncc that serum glucose. and cho

lesterol concentrations dt'''·Tedsed . while protei n conccn t.;-a Uo"'1S Increased by supplemental die

tary vitamin E and chromium rrable 5). Serum concentration of cortisol was also lower wtth sup

plemental dietary vitamin E and chromium, Indicating a lQwf'red response to heat stress with 

supplementation of th e5t" two nutrienlS. With supplemental dietary vi tamin F., Sabin et aI. 

(2001) reported that vHamln E supplemen tation Increased plasma protein concentration whtle 

markedly decreased blood AC1l r, glucose and cholesterol conc('ntratJons In heat~ stressed (34 DC) 

Japanese 4uaJ!S. 

The Significant decline In pla::lma total proteins and toral lipids [fab le 5) concentrations due to 

heat stress was similar to the resu lts or Habeeb et aI. (1997) and EI·Masry et &1. (1994). 
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Reductions In blood metaboli tes unde r high envtronmental temperatures may be due to Ole de

crease in feed Intake and subsequent reducUon of metabolism or to dilution of blood and body 

fluids as a result to the Increase In water intake. Outing heat stress. plasma corticosterone con

cenlraUon increased (Bollenglet-Lee et aI., 1999). whereas glucose . total protein, albumin . tn

glycende. and cholesterol concentrations decreased (Feen.tet. 1985: Putbpongslrlporn ct al .• 

2001). 

Oxidation indices: 

The results of the present study also Indicated that heat stress elevated plasma cortJsol con

centraLion which was slgnlncanUy higher than that of the non-stressed rabbits n-able 4) . Serum 

concentration of cortisol was decreased with supplemental dietary vitamJn E, and / OT chromi

um and the decrease In corUsoJ was more pronounced In stressed rabbits fed the diet supple

mented with the combination of 250 mg of vitamin E and 300 PS chromium plcollnate / Kg: 

probably Indicating a lowered response to heat stress with supplementation of these nutrients. 

Similarly. Sabin et al. (2003) reported that heat stress elevated plasma corticosterone concen

tration which was slgnHlcantly reduced wtth vitamin E supplementaUon In a broiler diet. Pecho

va and Pavlata (2()()7) concluded that stresses elevated plasma corticosterone concentraUon 

which was significantly reduced with chromium supplementaUon In diets of different animal 

species 

At the present study. dietary vitamin E and chromium caused decreases In serum MDA con

cen trations. This Is consistent wtth previous studies (Sabin et al .• 2()()l; 2003) that Indicated 

that supplemental vitamin E linearly Increased serum vltamln E and decreased MDA concentra

tions . It Is known that heat stress leads to generauon of free radicals. This free radicals can 

damage cell membranes by Inducing lipid perOx::1dation of polyunsaturated fatty acids In the cell 

membrane (Sahln et at. 2003; 2005). resulting In abnonnal membrane integrity durtng heat 

stress. Also. the results are similar to that of Sabln et aI. (2002.: b), who reported that supple

mental vitamin E reduced MOA concentraUons In serum and IJver of Japanese Qualls reared un

der heat stress (34°C). Vitamin E Is well accepted as the first line of defense against lipid perox..!

dation. By Its free radical quenching activity. It breaks chain propagaUon and thus temllnates 

free radical attack to polyunsaturated fatty acids of blomembranes at an early stage (Web.tet. 

1983). SlmUar to results of the present study, Morrissey et aL {1997} reported that dietary sup

plementaUon of chicken diets with cr.-tocopherol markedly decreased MOA concentraUon. 

The results Indicated Ulat heat stress Increased free radicals which Indicated by in

creased MDA and decreased the cellular anUoxldant defenses which IndIcated by decreased anti

oXldant enzyme actiVities as catalase. GSH and SOD. Gill.lnDU et al. (1998) reported that 
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stresses Increased oxidative damage of tissues and high doses or vitamin E protected agains t 

peroxldatlon and so Increased catalase enzyme In renal and card iac Ussues or s tressed rats. 

Hauswirth and Nair (l975) recorded a decrease In tissue and serum catalase In vitamin E defi· 

clent rats . Ognjanovtc et al . (2.003) reported that vitamin E e,.jllblted a protective role on toXIc 

crkcts or COlrlmlum on the lIem<llOlogIC<t1 va lues. lipid peroxide concentration as well as on eozy

ma lic and non·enzymallc components or antioXl danl defense system and so Increased activity or 

antloXidant defense enzymes: copper zinc containing superoxide dlsmutase (SOD). catalase, glu 

talhlone peroxidase and glutathione reductase as well as concen tra tions or non· enzymatic com

pone n ts of antioxidant derense system as reduced glu tathione. vitamin C and vitamin E. 

An improve In growth perrormance and serum metabolites In rabbits in the present study 

could have been due to positive effects of vitamin E and/or chromlum, alleviating the negative 

effects of heat stress. More speclflcally. the combination of vitamin E a nd chromium provldcd thc 

greatest perfonnance. It Is apparent that a combina tion of dietary vitamin E and chromium sup

plementaUon offers a feaslbk ,,'ay to reduce the losse ~ In perfonnancc due to heat stress. Overall 

anttoxJdant pOlenUal has been reported to pOSSibly be more effi cient and crucial than single anU

oXidan t nu trients (Bendich et 41.1.. 1984). From the results of the present study, It could be COl. 

eluded thal J, combination or 250 mg or vilJ.mln E and 300 j.lg of chromium provides the greatest 

performance In rabbits reared under heat stress. S uch a combination can be considered as a 

protective management pracUcc In a rabbit diet, ameliorating the delrlmcnLaI effects or heat 

stress. 
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Table 1. Ingredients and nutrients com position of the experimental baaal diet (ae fed baaie) 

llllrcdtcnt. 

Berseem hay (Egyptian) 

Horse-bean straw 

Com grain, yellow 

Soybean meal, 44% 

Wheat bran 

Molasses, sugar cane 

Common salt 

Sodium bicarbonate 

Vitamin-minerals premix

DL-methionine 

Nutricnt eompositioD 

DM 
CP 

CF 

NDF 

ADF 

Cellulo~ 

Lignin 

Hemicellulose 

Ash 

EE 
NFC 

C. 
P 

Na 
CI 

DE: (Meal / Kg)' 

% 

36.00 

4 .7S 

28.38 

IS .SO 

12.00 

2.00 

0.10 

0.80 

0.2S 

0.22 

90.80 

16.40 

14.00 

28.00 

18.70 

13.39 

3.10 

9.30 

9.40 

3.20 

34.80 

0.61 

0.38 

0.31 

0.32 

2.63 

'provide per k, diet: vitamin A (palmitate). 12 ,000 IU; vitamin 0 (ch~lecaltiferol , 2,500 lUi 
vit.amin E (o-locopherol), 12 ma.; vitamin iG (lnen/lldione), 2 .5 mg; vitamin 81, 1.2 mg; vitamin 
82 , 6 m8; pantotheruc acid, 12 In&; folic acid, 1.2 mg; niacin, 36 mg; pyridoxine, 2 mit; 
vitamin el~ , 0 .01 rug; biotin, 0 .06 mg; , Choline, 100 mg; iron, 36 m&; copper,S rog; 
man8a.ncae, 72 ms; zinc, 60 ms, iodine, 0.45 ml,; aderUum, 0.12 mi· 

MansouTa. Vet. Med'. J. Vol. DC. No.1. 2007 
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Table 2. Expe rimental design 

" Groups 
Hut ~I rcss Cr plClonalc 

250 mg! K& 

(Control-\'C) 

" (Conlrul ~'\ 'cl • 
III ler pidonate) • • 
IV (Vi tllmin E) • + 

V (Cr piclofllllC -t- ViI E) + + • 

Table 3. Errects or dietary ch rom ium plcolinaite a ndl or vitamin E supplemen ta tion on body 

weight (g) development of the heat s tressed Ncwzcaland white rabbit 

Non ·stressed Heat stressed groups 

Control Control Cr plclonale Vilamin E Cr plclonale 
+ Vit. E 

[n Jtlfl r 14 645 ! 17.23 656 :!:: 659 ... &1 3 + 655 + 
wksl 12.36 12.78 13.22 15 .11 

6 1194 " :!:: 980b ± 121 0 " ... I I B9" :!:: 1182" :!:: 
32. 11 21.27 24 .30- 19.76 ~2.04 

1699' :!:: 1 378 ~ :!:: 1669 " + 164;" 1: 1710"± 
36 .24 3J.13 25. 16- 16.67 20.35 

10 2313 " .!: 19G7b 1:. 2287 " ... 22 10" 1. 2306 " ± 
30.26 36.21 25.43- 20.46 39.21 

12 2B24' ± 2343< ± Z'/69 ob ! 2674 b ± 2837 " ! 
49.45 66. 11 67.32 55. 14 71 .21 

- M eans In the same row with different superscripts are slgnUlcanUy different (P < 0 .05) . 

Man.soura, Vet . Med. J. Vol. IX. No. J, 2007 
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