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ABSTRACT

The present study Investigales the effects of chromium piclonate and vitamin E {«-
tocopherol acetale} supplementation on growth performance. serum metaboliies, and
antioxidant status of rabbits exposed fo a high ambien! temperature (34 °C). Forty
Newzealand rabbil (4-w-old} were dlvided into five groups, 8 rabblts per group. Rabbits
were _fed a basal dlet without or with supplementation with either 300 pug of chromium
/ kg, 250 mg of o-tocopherolacetate /kg of dietl, or a combination of 300 ug of chromium
and 250 mg a-tocopherolacetate /kg of diel Body welght. body guln, feed tntake and
Jeed conuersion ratio (FCR) were recorded. The experiment lasted for 8 weeks. At end
of the experiment. blood samples were collected and sera were separated and used for
determinalion of glucose, lotal lipld, triglycerldes, cholesterol, cortisol, catalase, super-
oxlde dismutase (SOD}, G5H and malonyldialdehyde (MDA).

The results indicated that heat stress inversely qffected the growth performance pa-
ramelers, (nereased serum glucose, cholesterol, MDA, and decreased total protein. al-
bumen, globulln, GSH. catalase and SOD. Separately or as a comblnation, supplemern-
tal chromium and vilamin E significantly lncreased lve weight, feed (ntake and
improued feed conversion ratto (P < 0.0b). Separately or as a combination, supplemen-
tal chromtum and vlitamin E Increased serum conceniralion of tolal protein but de-
creased cortisol. glucose, and cholesterol concentrations (P < 0.05). Supplemental chro-
mium and vitamin E also decreased MDA concentrations (P < 0.05) and increased
catalase, SOD and GSH. Resulls of the present study show that dietary supplementa-
tion of chromtum and vitamin E, particularly as a combination, tmproved the perfor-
mance, and antioxidant status of growing rabblts exposed (o heat stress. Such a com-
bination of supplements can offer a potenfial protectlive mangerial practice (n
greventing heat stress related losses in performance of growing rabbits.
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INTRODUCTION

High environmental temperature Induces physio]oglcal stress in rabblu; leading to production
losses because of their quite poor thermoregulation ability due to thelr un-functional sweet
glands (Marai et al.,, 1991; 2001). Some consequences of heal stress affect digeallve syatem
functlons, with lrapaired appetite. growth and feed efMclency (Donkohb, 1889; Slegel. 1698) and
thyroid activity (Edens and Siegel, 1975; Freeman and Crapo, 1982) thus negatively inftuence
the performance of arumals and increased incldence of diseases. These effects can also reflect on
the levels of some blood metabolites (Bani et al., 2005). Relatively few experimental works are
avallable on the effects of high environmental temperature on metabolic profile of the rabbils
reared in commercial farms (Banl et al., 2003). Plasma T3 and T4. important growth promoters
in animals, are reduced during heat stress (Sahin et al., 2001; 2002a; b} and appear to be re-
lated 1o feed Intake (Bollengler-Lee et al., 1098; 1996). '

Severa) methods are avallable o alleviate a part of the ﬁegatlve effects of high environmental
temperature on performance of animals. Because it is expenslve to cool animal buildinge. such
methods are focused mostly on the dletary manipulations. In this respect. vitamtn E and chrom!-
um are used in the animal dtet. Vitamin E metabollsm is reduced during the heat stress (Njoku,
1986; Kutlu. and Forbes, 1993; Whitehead et al., 1998). Vitamin E is known to be a lipid
component of blologica} membrangs and {s considered a major chain-breaking antfoxdidant (8a-
hin and Kiigiik 2001). Vilamin E {s mainly found in the hydrocarbon part of membrane lipid bi-
layer towards the membrane Interface and In ¢lose proxdmity to oxddase enzymes. which IniUate
the producton of free radicals during heat stress (Jacob, 1998). Vitamin E, therefore, could pro-
tect cells and Ussues from oxidatlve damage Induced by free radicals which Increased during
heat stress: In"addition, it was reported that vitamin E plays a role In selentum metabolfam. and
selenium Is required for normal functions of pancreas (Gallo-Torres, 1880; Bendlich et al.,
1984).

Because of the reporied benefits of chromium supplementation in brofler under heat stress
(Sahin et al., 2002c, 2003). also because of the fact that stress conditon Increased chromium
mobllization from the tissues that is Irreversibly excreted through the urine (Borel et al., 1684;
Mertz, 1092; Anderson, 1984). and also. because most rabbit dlets are basically composed of
plant origin ingllledlents. which have usually low content aof chromtum (Girl et al., 1880), chro-
mium suppjementaUOn could alleviate a part of the negative effect of high environmental temper-
ature on the performance of animals. Although Cr Is not currently consfdered an essential trace
element for anlmals, this micronutrent may play a nutritional and physlological role. Moreover,
the National Research Councll (NRC, 199B) has recommended 300 pg Cr /kg diet for laboratory
animals. Supplementatlon with an organle source of Cr such as chromfum picollnate has greater
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biclogleal avallabflity (Bfm ct al., 1986a; b). mzy prove to be beneliclal Lo rabbits uader heat
slress beeause rabbita may obtalin more Cr despile fowered feed consumplon. The chrom(um Is
also involved (n carbohydrale. Hipld. protein and wnichcic acld metabollc [uncuons (Obba et al,,
1986; iMcCarty, 1981). Regearch on anlmais has confirmed that chrnnmilum front organic com-
plex suth as chomiu pleodinale, nicolnate and high chromfum ycasl ks ablorbed moce effl-
ciendy. aboul 25-30 % more than inorganic compoundg like chromium chloride (CrClq). which
are poorly absorbed (1-3 %) regardless of dose oc dletary chroodum status (Mowat. 1884: Olin
et al., 1864; Updernvood and Suttle, 1868).

Measurenment of some bloed paramelers has a substantial merit in understanding rnetabolic
changes In heal-stressed rabbits. Therelore. the abjective of this study was o evaluale Lhe ef-
fects of dielary supplementation of vitamin £ and chcomlum on growth performance. seme blood
melabollies and antloxldant status as well 2s enzyme actlvitles §n Newzealand rabLils reared un-
dcr healt stress (34 9C).

EATERIALS AND METHCDS
Dilets:

A b3s3al conUol dlet was formulated vsing 14k (2000) guidelins to contain 17% crude protein
and 2630 Kcal DE / kg. Ingredients and chemical composiUons of the dict are shown In Tabje L.
The dlel supplled the recommended requirernents ol NDF, CP, Ca, P, ADF and DE. The feed \n-
gredlents ~vere prepared (berseem hay was chopped and horse bean straw was ground) and
mixed with other Ingredlents (soybean meal. wheat bran, sdbdlum chloride. sodlum blcarbonatce.
DL-methionlne, and a mineral and vitamln premix). Small amounls of the basa) diet were first
mixed wih e respectlve amounts of vilainin € and/ or chromiurn plcolinate as 2 small bateh
and then with a larger amourlt of the basal diel un{l the total ampunt of the respeclve dlels
weee homogeneously mixed and then prepared In a pelleted form with 5 mm dlameler.

Aunlmals:

Forty New Zealand While male rabbiis [4 weehs old): random)y assigned according to thelr 1n)-
Ual body welghts (nto ve groups: were used In a feeding trial. The rabblits were distributed each
in Individual cage and therealler were divided Into 5 equal groups (8 rabbits cach). the irst
group (conlrol -ve) fed a conuo) basal dlel [withouf chiow(un and ritansn E supplemnentation
and nol subjected to heal stress). The second group (conlrol +ve) fed (he cantrol basal diet (with-
out chromium and vitamin E supplementiatoi 'nd subjected to hrat stress). The ather 3 groups
were subjecied 1o heal slress angd fed on dfels supplemented elther - ith chcomium as chramlum
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plclonate: (300 pg/kg of dlet). vitamin E (dl-a-locopheryl acelate: 250 mg/ kg of diel) or both of
them. Vilamin E {ROVIM{X E-50 3D: (ajrly stable source of vitamin E {n feed) and chromium
were provided by a commercial company (Roche. Egypt). The experimental design 18 presented in
table 2.

The rabbits had ad libiturn access lo the dlets and water throughout the experimental period.
The diels were provided regularly al 0B00 dafly and the remained diets were recorded and the
dally feed intake for each rabbit and for each group were deterrnined and totalized every 2
weeks. Body welght and FCR flor lndividuat rabbit were delermined every two weeks through the

experlimental period.
Houslung:

Rabblits In the first group (control -ve) were kept In a closed pen with partla} environmental
control. Forced ventilation syslem sllowed the pen temperature to be maintained at 20 ¢ 2 °C
ang 60 % relative humuadlity. While, the other four groups were kept In a closed building and sub-
Jected to heat stress condlton (34 £ 2 °C and 75 - 80 % relative humidity) using electrical brood-
ers for 24 h / day during the experiment (8 weeks). A cycle of t6 h of light and 8 h of darkness
schedule was used throughout the experiment. The experiment was conducted dunng July to
September. 2006. The rabblts were housed in galvanized wire cages (30 x 30 x 35 cm per rabbit)
with metal feeders and nipple drinkers. Fecal pellets and urine dropped from Lhe cages were con-
Unuously collected and the house floor was cleaned. washed and disinfected dally.

Analytical methodas:

Chemlical analysis of the basal dlet was performed using the method of Van Soest et al.
(1991) for NDF and Goering and Van Soest (1870) for ADF, ADL. Procedures of AOAC (1898)
were used for determinalon of DM. ash. crude protetn, ether extract. and crude (ber. Non-
fibrous carbohydrates (NFC) of diet were determined lollowing the procedure of Theander et al.
(1605).

Al the end of the experiment. blood samples were collected from 6 rabblls from each treat-
menl. centrifuged at 3000 rpm for 10 min, and sera were collected and stored al -20°C for faler
analysls. Serum samples were thawed at room temperature and coriisol concentrations were ge-
termined using commerclally avallable radioimmunoassay kits (Liasson_ T3. and T4 Byk-Sangtec
Dlagnostica. Dietzenbach-Germany: Immulite 2000 ACTH, L2 KAC2. DPC, LA). Serum glucose
(Trinder and Ann, 1888). (otal protein (Henry, 1864), albumin (Doumas, 1B71). trigiyceride
(Koditscheck and Umbrelt, 1888) and choleslero! (Roeschilau et al., 1974) concentradons
were determined using already prepared analyzing chemlcal kits. white serum globulin was esu-
mated by the difference between total protein and serum albumin. Also, corlisol, catalase, and
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superoxide dismutasc were measured using blocherateal analyzer |fechnicon RA-XT. NY). Alsa,
malonykdlaldebyde [FMDA) was determined according (o Ghkarra ot ol. (1878).

Studstical analysls:

Data were subjected to analysls of variance using general models (GULM) procedure of 8AB
(1868}, Comparlsons belween means were performeil usting F test at a significance level of 0.05.

RESVULTS AND DISCUSSION
Growtb performance :

The average welght gan. feed Inlake. and feed conversion ratio for the experimental beat
strexsed rabblts led on dles supplemenced vitn comimercial ¢chromlum plclonaie and / or vila-
min E are presented in Table 3. Body welght dilfcred signiflcantdy (P < 0.05) due Lo the heat
stress and dletary inclusion of chromjum piclunate and / or vilamin E. Heat stress resviled n
significanly (P < 0.03) adverse effects on all growth performance parameters. Comparison with
that of non-stresscd rabblts. final body weight, averaye dally galn. and average dally feed Inlake
of hieat stressed rabblis were lowered by 17.03, 22.56 %, and (3.42 %, respectively and feed con-
version was Increased by 12.09 %. The adverse effects of heat siresa on performance of rabbils
were reported by many authors (Marai et al., 1891; iMaral and Habeeb. 1894) who found that
fina) body welght. average dally geln. and average dally feed (nlake were declined by 14,1, 21.4.
and 2.8%. respecUvefy for rabblts reared in suminer scason on comparison to these reared In
winter season. The decrease in growth pariormance due Lo heat suess coutd be attribuled to de-
clioe in feed consumptlon. Chierisato ot al. (19686) and IMarai et al. (2001) reported that reduc-
ton In Hve body welght and daily body galn welght duc 1o heat-stress condilifons may be attrib-
uted 1o the negative effects ol hea(-stress on appette and consequént decrease in (eed
consumplian. The decrease ln feed congumption ts due (o Impalrment of appetite as a result o
stmulauon of (he peripheral thermal receptors by the cnvironmenta) temperature to tcansmil
suppressive nerve impulses Lo the appelte centre (n the hypothialamus; that causes that phe-
nomenon: suppresses the producton of hormone releasing factors, resulted In decrease (n pleul-
tary hormones secretinn that nversely affects the protcin synthesls and blood compounds and
s0 decrease body gain.

Also, the increase In serun corlsol concentraton during heat stress (Table 5) inhlbits profein
synihests (n tissues and Increase proteln and lipfd catabolism (Sahin et al.. 2001). Additionally.
the adverse effects of heat stress on the performance of the rabblts may be due to decreased di-
sesubllity and dletary nutrepls ul)izaUon. Walllg and Balnave (1984) {ound that the digestbill-
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ty of amino aclds was decreased by a high environsuental temnperature In brollers. Simflarly. Zu-
prizal et al. (1983) have shown that true digestibliity of proteln and amino aclds decreased as
the temperature increased (rom 21 to 32 °C. Hal et al. (2000) reported that the actlvitbes of
trypsin, chymotrypsin. and amylase decreased significanty by a high temperature (32 ¢C). The
reason for the devrease (o0 digestive enzymes Is uncertain. However, Osman and Tanios (1883)
speculated thal It 1s because of adjustment of the pancreas (n birds accusiomed (0 a hot envi-

ronmernt.

Dietary chromium supplementation improved the growth performance parameters of the heat
slresses rabbits (Table 3. 4). Sands and 8mith (1099; 2002) reported thal dletary chromium pl-
colinate (CrPic) tmproved the growih performance of heal-dIstressed broiller chickens. Onderei et
al. (2008) lound that dietary chromium suppiementation promoted the growth rate and feed eff-
clency of growing poultry and these beneflcial effects of chromium appear €0 be greater under
stress. On this concept, Sahln et al. (2005) reported that supplementng the dlet of heat-
stressed quails (34 OC for 8 h/d) with CrPic (400 pg of Cr/kg) mproved ltve welght gain. {eed In-
lake. feed eMciency and carcass tralts. The improvement of growth performance of the heat
stressed rabbits due to chromium supplementatfon could be attributed W Increase of chromium
mobdbtlization (rom Ussues and IS exereion due to stress and also depresses ascorbic actd syn-
thesis (Anderson, 1987; McDowell, 1888): thus stress may exacerbate a marginal chromium
deficlency or an increased chromium requlrement. implying that chromium should be supple-
mented as shown In the present study. Wallle and Balnave (1984) and Zuprizal et al. (1963)
found that the digesubllity of protein and amino aclds were decreased by a high environmental
temperature in broiflers. Similarly, Zuprizal et al. (1993) have shown that brue digestbliity of
protein and amino acids decreased as the temperature Increased from 21 to 32°C. The resulls of
Sahin and Sahin (2002) and Sehin et a1, (2008) showed that retention of nitrogen and Ca. P.
Zn. Fe as well as Cr. are Improved and excreton decreased by supplemental chromium. Since
chromilum (postulated to be antoxidant) has a protecBve ¢effect on pancreatic Ussue against 0xs-
dative damage (McDowell, 1989; Preuss et al.. 1997). they may help pancress to funcuon
properly including secretions of digestive enzymes. thus Improving digestbllity and retenuon of
nilrogen.

Dietary vitamin E supplementation Improved the growth performance parameters of Uhe heal
stresses rabbils namely body weight. body gala. and (eed Intake (Table 3 and 4). Sahin et al.
(2003) reported that vitamin E supplementation fmproved the performance and live weight of
laying Japanese quails reared under high amblent temperature. The Improvement of growth per-
{ormance parameters of heat stresses rabblts due to vitamin E supplementation could be attrb-
uted to Increase In feed Intake and nutrients vbilizalor. At temperatures above or below thermo-
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neural zone, cordeosterold secrerion fncreases s a responsnt W stress (Sanie et al,, 2001). By
decreasing synthesls awid sec-ction of corticotccomids, vhiarun 1 allevisic = the negative effects of
stress. 1t has been alsp postuated that Uhe impioved pariungzie of poulizy resulled from a de-
crease In protein-derived gluconcogenesis (Osban et zl., 1693). Also. il “ras (ound that dictary
vilamin E inclusion resulted in a better performance, nad spparent digestibility (Sahda et al.,
2003). Sahin aad Kucsul: (Z001) reporled that 250 or 500 yg/kg vilamhy E supplementaton 1o
dicts (ncreased feed intake and jraproved llve weight gain of Japanese qualls reared under heat
stress (34 °C). Sahin et al. (2001) and Sahis and Kucul {#001§ reported that digesubility of
nutients (DM, OM. CP. and EE) were higher when vitamin £ was incliuded fntoe dlet In broller
Japanese quails reared chronic heat stress. Additionally. vitamin B could inerease T3. T4 and

TSH that Improve e peioipiance (Sahla et ol 2002z b).

Seruni metaboiltes :

The resulis of Ihe presenc sundy Indicated cal heal sureas clevited senu glucose and choles-
lecol concentration whicn could be altributed) o Increased covdool (Table 5. Increasing cunecnr-
trations of corisol was ;aallel to Increases in sert.m ghirose and chelesicrol concentration s.

This result was probablr e to the greater catabolic efizct (ot conceniiradon) of cortisol. yiclding
more of glucose In the serivn. [nhereases In concenlradeons of glucose may be aluibuted Lo n-
creased glucocorticold sericlon which increases glucogenesis. Results of (he present study
showed that 2 combinatiGin Cf 220 mg of vitamin £ and 300 11 clicaaninm pleotinale / g provid-
ed Lhe greatest performance. narmely body welghl, body gain, fced Inltake and feed conversion ra-
tlo: In the rabbits reared under heal stress than supplemeniadon of cither chromium or vilamin
E alone (Table 3). This Midiing could indleats synergelic effects for both vitarnin E and chromlum
pico¥nate Il was reporied that overall anUoxidanl potenilii tas been reported 0 possibly be
more cfficlent and crucla an single anUexddant nulrients (Garln et al., 2008).

Simifar effects of chromiuil and vitamlu € existed as evidence Lhat secum glucase. and cho-
lesterol concentrations decicased, while protein concentallorn increassd by sapplemental die-
tary vitamnin E and chrontlum (Table 5). Serum conceatration of 20risnl was aso lower with sup-
plemental dlelary vitamin E and chromium. (udicatng a lowered response 1o heat suress with
supplementation of these two nutrents. With supplemenial dieiary vitanln F., Sabln ot ai.
(2001) reported that vitarin £ supplementation increased piasma protein concerntrabion while
markedly decreased blood ACTH. glucose and cholestero) copcentratlons In heat-stressed (34 9C)

Japanese yualls.

The signillicant decline In piasma total proweins and toral Liplds (Table 5) concentrallons due to
heat sess was shullar o the results of Huboeb et al. (18877 and ERl-Masry et al, (1594).
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Reductions in blood metabolites under high environmental lemperalures may be due lo the de-
crease in feed Intake and subseguent reducton of metabolism or (o dilution of blood and body
flulds as a resull to the Increase In water inlake. During heat stress. plasma corlicosierone con-
centration Increased (Bollengier-Lee et al., 1998). whereas glucose. tolal proteln. albumin, trd-
glycedde. and cholesterol concentrations decreased (Feenater, 1888; Puthpongsiriporn et al.,
2001).

Oxidation indices:

The results of the present study also Indlcated that heal stress elevated plasma cortsol con-
centration which was significanty higher than that of the non-stressed rabblts (Table 4). Serum
concentration of cortisol was decreased with supplemental dietary vitamin E. and / or chromi-
um and the decrease in cortlsol was more pronounced in stressed cabbils fed the diet supple-
wmerited with the combination of 250 rng of vilamin £ and 300 pg chromfum plcolinate / Kg:
probably indicating a lowered response o heat suess with supplementaion of these nutrients.
Simjlarly, Sahln et al. (2003) reported that heat slress elevaled plasma corticosterone ¢oncen-
tration which was slgnificantly reduced with vitamin E supplementation tn 2 brojler diel. Pecho-
va and Pavlata (2007) concluded that stresses elevated plasma corticosterone concenuation
which was slgnificanty reduced with chromium supplementation In diets of different animal
specles

At the present study, dietary vitamin E and chromium ¢aused decreases ln serum MDA con-
centratlons. This Is consistent with previous studies (Sahin et al., 2001; 2003] that (ndicaled
that supplemental vitamin E linearly increased serum vitamin E and decreased MDA concenbra-
tions. [t is known that heat stress leads to generauon of free radicals. This free radicals can
damage cell membranes by inducing lipid peroxddaUon of polyunsaturated fatty acids in the ceht
membrane (Sahip ct al.. 2003; 2008). resuling In abnormal membrane (ntegrity during heat
stress. Also. the results are similar to that of 8ahln et al. (2002a; b), who reported that supple-
mental vitamin E reduced MDA coacentratlons In serum and llver of Japanese gqualls reared un-
der heat stress (34°C). Vitamin E I$ well accepted as the {irst line of defense against lipld perox-
daton. By Its free radical quenching actwvity. It breaks chain propagaton and thus terminates
free radical atlack Lo polyunsaturaled latty aclds of Diomembranes at an early stage (Wehster.
1983). Similar 10 resulis of the present study. Morrisaey et al {1867) reported that dletary sup-
plementation of chicken diets with a-tocopherol markedly decreased MDA concentration.

The results Indicated thal heat stress increased free radicals which indicated by n-
creased MDA and decreased Lhe cellular antioxddant defenses which indicated by decreased ant-
oxddant enzyme acuvildes as catalase. GSH and SOD. Gilinnaz et sl. (1888) reporied hal
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stresses increased oxldaUve damage of tissues and high doses of vitamin E protected against
peroxidation and so Increased catalase enzyme {n renal and cardlac tissues of stressed rals.
Hauswirth and Nair (1875) recorded a decrease In Ussue and serarn catalase In vitamin E defl-
clent rats. Ognjanovic et al. (2003) reporied thatl vitamin E exhibited a protective role on toxdc
clfects ol cadmlum on the hematologica) values. lipld peroxide concentrailon as well as on enzy-
maile and non-enzymatic components of anUoxddant defense system and so Increased acuvity of
antoxidant defense enzymes: copper zinc containing superoxdde (ismutase (SOD). catalase. glu-
tathione peroxidase and glutathlone reduclase as well as concentrations of non-enzymallc com-

ponents of antloxidant defense system as reduced glulathione, vitamin € and vitamin E.

An improve in growth performance and serum metabolltes jn rabbits fn Lthe present study
could have been due to posiUve effects of vitamin C and/or chrorofum, alleviating Lhe negallve
affects of heat stress. Mare specifically, the comblnation of vitambn E and chromium provided the
greatest performance. Jt (s apparent that a combinalion of dletary vitammin E and chromium sup-
plementatlon offers a feasibl «'ay o reduce the losses In performiance due to heal siress. Overal
antioxidanl potenta) has been reparted to possibly be more efficient and crucial than single anu-
oxidant nulrients (Beondich et al., 1884). From Lhe results of the present study. (L could be con
cluded thal a comnbination of 250 mg of vitamin £ and 300 pg of chromium provides (he grealest
performance in rabblits rearcd under heat slress. Such a combinaton can be considered as a
protectlve managemment practice In a rabbil diet, ameliorating the detrimental effecls of heat

Stress.
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Teble 1. Ingredients and nutrients coniposition of the experimental basal diet {as fed baasis)

Ingredients Y
Berseem hay (Egyptian) 36.00
Horse-bcan straw 475
Comn grain, yellow 28.38
Soybean meal, 44% 15,50
Wheat bran 12,00
Molasses, sugar cane 2.00
Commopn salt 0.10
Sodium bicarbonate 0.80
Vitamin-minerals premix* 025
DL-methionine 022

Nutrent composition

DM 50.80
CP 16.40
Cr 14.00
NDF 28.00
ADF 18.70
Cellulose 1339
Lignin 310
Hemicelivlose 9.30
Ash 9.40
EE 3.20
NFC 34.80
Ca 0.61
P 0.38
Na 0.1]
Cl 0132
DE (Mcal / Kg)* 2.63

‘provide per kg diet: vitamin A (palmhate), 12,000 10; vitamin D {(cholecalciferol, 2,500 1U;
vitamin E |o-tocopherol), 12 mg; vitannin K3 [menadione), 2.5 mg; vitamin By, 1.2 mg; vitamin
B2, 6 mg; pantothenic acid, 12 mg; folic ecid, 1.2 mg niacin, 36 mg pyridoxne, 2 mg
vitamin B, 0.01 mg biotin, 0.06 mg; , Cheline, 100 mg; lron, 36 mg copper, 5 mg;
mapganese, 72 mg; znc, 60 mg, iodine, 0.45 mg,; selenium, 0.12 mg.
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Table 2. Experingnilal design

e —— e ————

lai

Treaumenls
Groum e

Heat stress Cr picionase Vilamm b

< 300 pp/ Kg 250 mg/ Kg
1 (Contrul ~vc) - - -
I (Control +v¢) L - -
N (Cr piclonate} + + -
IV (Vaamin E) + ~ s
vV (Ct piclonale + Vi, () -+ < +

Table 3. Effects of dietary chromntum plcolinalis sud/ or vitamin £ supplementaton on body
welght (@) development of the hicat stressed Newzealand white rabbit

Non-stressed - __Heat stressed growpe :
5 ; Cr piclonate
o (L P
- Contro) ] “omrol.__ Srﬂclonn!c :I-Eﬂin E s Vit F
Initlal (4 6565 + 659 + 543 = 633 2
wks) 6452 17.23 12.36 12.78 2.2%2 15.17
8 1194° + 980" » (210" s 1180° 4 1182° +
32.11 21.27 24.30 19.76 32.04
. 1899 “ + 1378° « 1669° » 164, + 1710° »
36.24 33.13 2516 16 87 20.35
10 23137 » 1E-To A 2287¢» 2210 ¢ 2306° &
30.26 3621 25.43 20.46 39.21
12 2824" + 2343% 1 2169 + 267"+ 2837" 4
49.45 66.11 67.32 55.14 7121

e e E—————

“* Mcans In the same row wihth different superscripts are significantly different (P < 0.05).
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Tatde 4. Effect of diztary chramium piealinale and J or vilamin E supplementalian an geeeth porfonimmnce of el stressed rabbiis

Hest strossed rabblt groups

Ciamtral Canord Cr ke Witmm B Cr paclomass + Wi B
- @ wricm
Average weighl gain. giday Wi+ 117" Fhd £ 141" IRTEERt P s 251" Magaadid®
Average foed consumplon. giday I L4730 600+ 5s" WA =619 9241 =7321* E92S=b 14"
Average food conversbon rals LIS = 0" 147 008" rhsQm@™ LITeQil™ LT 2005
B-8 wirs
Avermpe welghl galn, giday M7 & 632" I3 TR J2.7ge 5 27 LT s dAg® JPTl 244"
Average feed consumption. gfday 106,77 4 A2 TR e b VLN E BT 108 17 +501° 10505 + 214"
Average feed comeraion Lo =008 LM e 00" EN RN 135+ 0d 108 & i
8-10 Wiks
Auerage wolfhil galn, g/ day 43,86 = BT 403+ 520 44 id + RS D71 a569° A3.5T 400"
Average (eed consumption. gfday 15106 + 596 L5F17 + RE} I3117 = 64| (LR AR 13738 » TE}™
Average (esd conversion T & Dl 180 = DnOT JAT =009 Isr=01" isgs0mn”
10-12 Whs
Average welght gain, g/ day 35,50+ 400" 11814 826° AL EEL” 3314 £ 7320° 1793 24 300
Average foed consumplon. g day TERE £ T 1dap + 6TR" 15475+ 531" VEILTE & TH2" B T4 ET B
foverage feed conversion 437 80" 4T3 = 0" 44K s Q07" 458 & DIR" LR T
Allover performance (4- 17 wia)
Avcrage total welghl galn, g/d A = 6180 MHF 304" JTEE 5T JEET b4 JE B = 550
fMoerage total feed comumption, gfd 126,38 =734 " 10947 = 604" 134 56+ T06 " 1300k = B15° PI3E e R1A"
Aww:dmmm_m !.H:ﬂ.l]'?" R LN 1304 g™ ER LN B F L VI¥ = BT

== Meanm i e aame Wﬂmdﬁmlmmpumﬂmﬂﬂnw dHiTerent [P « QLOBL
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Table 6. Efiect of dietary chromium pleollnace

neat streasrd rabblts

and / or vitamin € supplementation on serum metabolites and oxddation indices of

Non-streased Hedl streased rabbit groupx
Conool Conuoi Cr piclons - Vitamin £ Cr pictonote + V. E

- Serum meatbolites

Glucost (mg/a1) 94.25 4 223" 14636 - 218" 118.25 » 2.23" 12211 »3726"° 106.11 +4,23°
Tota) cholesterol (mg/dl) 99.3 » 2.758 137.1 + 3.59* 115.7 + 4.39° 118.> 4 3.51° 104.4 » 3.08 ¢
Towal Upid (g/dl 8.07 s 0.R2° 4.13 « 018" 6.8510.17° 6.92 ¢ 0.21" 6.30s0.19"
Triglyceades (mg/dl 1513 +1.97° 196.8 ~ ) 507 163.7 - r.1L™ 166.2 £ 2.04 ® 154.72 « 1 8T
Tawal proteinlg /dl 653 +0.15" 513 + 009" 6414012 .13 + 0.05* 6.35+0.09°
Alburmun (g/dY 4.23-0.i1° 138 «0.42°" 1.14 v 0.09 5.13-0.C5" 4.18+0.49*
Glabulin (g/dl) 2.30 4 0.05" 1 77+« 0.12° 2.27¢0.12* 2.00 + 0.06° 220 « 004"
Oxidation tadices

Coruso) (ng/ml 0.63 + 0.45¢ 18.47+ 0.67" 11.81 +0.52°" 1173 + 0.50" 8.69 v 0.69°¢
MDA (nwial/ml) 4.54 « 0.0 " 7.13 < 0.075* 478 « 0.068° 4.67 0.045° 451 +0.033 >
Catase (nmol/m)Y) 0.355 + 0.007" 0.279 4 0,002 0.318 « 0.004° 0.312 +0.004°" 0.349 » 0.004%*
SO0 (nmol /) 62.07 + 1,336 38.02 3 0.824° 58.07 + 0.655"% 54.57 « 0.863° 61.39 « 0.653°
GSK (nmal/mi) 79.76 « 1.08 50.95 + 193¢ 69.06+ 1.14” 68.24 » 0.90° 70.44 + 0.49 <

= Means (n the 3ame row with differen( supérscpt: are significantly different (P < 0.03).
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