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ABSTRACT

A seven-treatment experiment was carried out tdysthe response of seventy 6-week old New
Zealand White (NZW) rabbits to dietary supplementatvith the antioxidant vitaming;tocopheroyl
acetate (vitamin E) and ascorbic acid (vitaminf2dvided individually or in a combination on some
performance traits. Rabbits were equally allocatedne of the following supra-nutritional levels of
the two vitamins per kg diet up to the™®&eek of age: 1, control with no extra vitamin sieppent

(40 ppm vitamin E provided through the vitamin Adamineral premix; 2, supplemented with 40 ppm
vitamin E (E40); 3, supplemented with 80 ppm vitarki (E80); 4, supplemented with 200 ppm
vitamin C (C200); 5, supplemented with 400 ppmmita C (C400); 6, supplemented with 40 ppm
vitamin E and 200 ppm vitamin C (E40C200); anduppemented with 80 ppm vitamin E and 400
ppm vitamin C (E80C400).

The C200 group recorded the highest live weight gaid best feed conversion ratio (1312 g and 2.68
vs.943 g and 3.68 in control group; P<0.01); E80 grbad the highest dressing percentage (65.9%
vs. 62.5 in control group; P<0.05) and C400 group slibwee highest total antioxidant capacity
values and lymphocytes percentage (2.4 mmol/l &% 8s. 1.89 mmol/l and 58% in control group;
P<0.01). In conclusion, the vitamin E and/or vitamC successfully enhanced the growth
performance, anti-oxidant status and immunity sraftgrowing rabbits.
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INTRODUCTION

Under normal conditions, the body has sufficierticidant reserves to cope with the production of
free radicals (oxidants), which are produced camtirsly during metabolism and may increase as a
result of pathological and other circumstances. Winidants generation exceeds the body's
antioxidant production capacity, oxidative stresssaedops (Roth, 2000). The formation of these
oxidants is counteracted by natural anti-oxidabBigtary supplementation has been proved to be a
simple and convenient strategy to introduce a ahtantioxidant that may effectively inhibit the
oxidation reactions (Botsoglat al.,2004).a-tocopherol is a highly effective natural antioxitighat
protects cellular membranes against oxidative danfltprrisseyet a.l 1994). Vitamin C can reduce
the generation of oxidants and regenerat&scopherol from its oxidation form (Reed, 1992asBd

on that anti-oxidant action, both vitamins haverbesed under stress or un-coming conditions to
improve the performanda vivo. In rabbits, Meshreky and Shaheed (2003) and Geatral. (2007)

and others working on vitamin E, and Abdel-Hami®94) and Sedket al. (2002) working on
vitamin C, reported a growth promoting action foe two vitamins, Yet, other studies failed to prove
such response (Castellief al, 1998, 2001; Oriangt al, 2001; Dal Boscet al, 2004; Botsoglowet

al., 2004; Selinet al, 2004).

The aim of this study was to evaluate, under fogldditions, the relationships between the antioxida
nutrients (vitamin E or C and their combinationjldhe performance of growing rabbits.
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MATERIALS AND METHODS
Animals and diets

Seventy NZW rabbits were evenly sexed, weighediagigidually caged at 6 week of age to evaluate
the response to supranutritional levels wtocopheryl (vitamin E) and vitamin C, provided
individually or in a combination per kg diet asléas: C: control diet with no extra vitamin
supplement (40 ppm vitamin E provided through thamin and min. premix; NRC 1977), E40: 40
ppm vitamin E, E80: 80 ppm vitamin E, C200: 200 ppitamin C, C400: 400 ppm vitamin C,
E40C200: 40 ppm vitamin E +200 ppm vitamin C, ar@RDE400: 80 ppm vitamin E+ 400 ppm
vitamin C. Basal diet was formulated to satisfy tMRC (1977) recommendations. Ingredient and
chemical composition of the basal diet are preseimd able 1. To avoid vitamin C oxidation during
pelleting process, the vitamin was dissolved inual2®-30 ml water the water, and then sprayed over
the pellets, in every other day interval. During #9-day growth trial period, live body weight and
feed intake were recorded in weekly intervals. Weggnin and feed conversion ratio were calculated.

Table 1 Ingredients and diet chemical composition ofdélkperimental diet

Ingredients: Wheat bran 25.5%, barley 23.0%, sayhlmeal (44%) 21.5%, wheat straw 19.5%, limestoBe 1.
dicalcium phosphate 0.50%, NaCl 0.30%, vitamin aridemal premix* 0.30%, DI-Methionine
0.20%, anti-coccidial 0.10%, and anti-fungal 0.10 %

Chemical composition: DM, 89%; CP, 17.06%; DE, 26@%alkg; CF, 13.12%; Ca, 0.91%; P, 0.64%; Lysine, @37
Methionine + cystene 0.69%

*Supplied per 1 kg. of diet: 12000 IU vitaminA; 220U vitamin D3; 13.4 mg vitamin E (determined)f 2ng vitamin k; 1.0 mg
vitamin By; 4.0 mg vitamin B; 1.5 mg vitamin B; 0.0010 mg vitamin B; 6.7 mg vitamin PP; 6.67 mg vitamin;®.07 mg B; 1.67
mg Bs; 400 mg choline chloride; 133.4 mg Mg; 25.0 mg Z2;3 mg Zn; 10.0 mg Mn;1 .67 mg Cu; 0.25 mg | @n@33 mg Se

Carcass traits

Six rabbits of each treatment were fasted for 1dréioand then slaughtered; fur was immediately
loosened, and peeled. The hot carcass, head, kideeys, and heart as the dressing percentage were
considered. Dressing, liver and abdominal fat wag@rtioned to the live weight upon slaughtering.

Determination of vitamins E and C

Dl-a-tocopheryl in the vitamin-mineral premix addedéed formula, also, in the pure supplement of
vitamin E and E+C groups were assayed using HPIkcCording to Leth and Sondergaro (1983).

Vitamin C in the pure supplement of vitamin C angdCEgroups was assayed using HPLC, according
to Danish Official (1996).

Determination of plasma antioxidant status

Blood samples of three rabbits were withdrawn fittven ear vein over NETDA (1-2 mg/ml blood)
and centrifuged (10000 X g for 10 minutes at 4°THe supernatant was used immediately for
determining plasma antioxidant status (oxidant@aittant equilibrium) as total peroxyl radical-
trapping antioxidant parameter (TRAP) as ascribeldracevic and Koracevic (2001).

Hemoglobin (Hb), red blood cells (RBCs) and white lbod cells (WBCs) count and differential
As indicators to immune function status, fresh bl@amples of three rabbits of each treatment were
assigned for and Hb concentration (g/dl), RBCs®@@0") and for WBCs (18mm® count and

differentiation; lymphocytes, neutophils, Monocytes, eosinophilsj &asophils, according to the
methods reported by Schakhal (1975).
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Statistical analysis

Data were subjected to a one-way analysis using (3890). Variables having significant differences
were compared using Duncan’s Multiple Range TetstelSand Torrie, 1960).

RESULTS AND DISCUSSION
Growth performance and carcass traits

Data on growth performance and carcass traitstanengrized in Table 2. It is quite clear that rabbit
had access to extra levels of both vitamins bey@edmmendation level achieved (P<0.01) better
performance in growth terms (live weight gain, féetdke and feed conversion ratio) compared to the
control group. Massive additional increase in tot@ight gain, ranged between 21.0 and 39.1%,
matched with substantial reduction in feed conegrsiatio, estimated by 15.2 and 27.7% were
recorded. The minimum values for both variablesewbelonged to the E40 group, while the
superiority was always for the C100 group. Thesalts partially run parallel with those reported by
Sedkiet al. (2002), Meshreky and Shaheed (2003) and Caetral. (2007) in that live weight gain,
but not feed intake or feed conversion was improasdyrowing rabbits allowed to extra doses of
vitamin E, while other reports (Castelligi al, 1998, 2001; Oriargt al, 2001; Dal Boscet al, 2004;
Botsoglouet al, 2004) failed to detect a growth promoting actfon vitamin E. Also, the current
findings and those cited by Abdel-Hamid (1994) &wdikiet al. (2002) accord that vitamin C has a
growth promoting action, which conflict with thestdts of Selimet al. (2004) reporting no further
response to supplemental vitamin C on growth perémice of rabbits. The improvement in growth
traits could be attributed to the enhancement®talal antioxidant status as indicated in Tabe3,

the fluctuations on the response to vitamins E @mdight be due to several factors. More important
that most studies dealt with these two vitaminseainat first to study the effect on meat quality
(Bernardiniet al, 1996; Lopez-Boteet al, 1997; Castellinet al, 1998, 2001; Corinet al, 1999,
2007; Orianiet al, 2001; Botsoglowet al, 2004; Lo Fiegeet al, 2004). Also, the initial weight and
the length of the study may be involved. Giovanmdmet al. (2001) with 2.0 kg, Botsogloat al.
(2004) with 1.47 kg and Coriret al. (2007) with 1.8 kg, they started the growth tpatt of the work.
So, not surprisingly, that the study carried outdigvannangel@t al. (2001) lasted for 29 days and
that reported by Corinet al. (1999) lasted only for 15 days. Other factors mwanbe ignored; e.g. the
experimental conditions under which the study wadgsmed (environmental condition; summer or
normal, dose of the vitamin studied, way of introtilon; diet, water, oral or injection).

Table 2 Growth performance and carcass traits

Growth performance (6-13 week of age) Carcass traits
Initial live weight Feed intake Feed conversion Dressing Liver Abdominal
weight (g) gain (g) (9) ratio % % fat %

Control (C) 749434 04842 3423+42 3.68+0.18 62.8+1.67 5.14%0.34 1.60+0.23
(40 ppm VE)

Cont.+E40 715+42 118435  3540%46 3.12+0.10 62.4£0.62  4.76x0.28 0.93+0.16
Cont.+E80 711438 127733 3493%36 2.7%+0.07 65.6+0.36  4.65+0.39  1.44+0.44
Cont.+C200 742+41 13#714  3523%13 2.68+0.04 61.4+0.73  5.28+0.38  1.36+0.29
Cont.+C400 724450 128844 3548417 2.89%0.09 61.8+0.73  5.3620.34  1.260.23
Cont.+E40C200  715+39 129421  3613%16 2.98%0.05 63.8%40.99  4.91+0.35 1.35+0.27
Cont.+E80C400 719439 12263  365%+13 3.09+0.13 63.61%0.65 4.86+0.31 1.61+0.16
significance ns * * * * ns ns

E40=40 ppm vitamin E , E80=80 ppm vitamin E , C200&ppm vitamin C, C400=400 ppm vitamin C, E40C200=4f pp
vitamin E +200 ppm vitamin C, EB0C400=80 ppm vitai@i400 ppm vitamin C (/kg diet)
ns=not significant, *= (P<0.05), **= (P<0.01)

Of studied carcass traits (dressing, liver and afidal fat), only dressing percentage was improved
significantly (P<0.05) with the EB0 group. Alsogetbbservations made by Abdel-Hamid (1994) with
vitamin C and Corincet al. (2007) with vitamin E indicated that dressing %swsgnificantly
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improved with such supplementation. Other studmatyied out by Sedket al. (2002), Selimet
al.(2004) and Castellirgt al. (1998) reported no effect of vitamin C or E onceess traits.

Total antioxidant capacity

Results in Table 3 indicate that both vitamins E &) except the E80 and E80C400 treatments
showed higher (P<0.01) TRAP values relative todhtrol. TRAP is a single measure used as good
indicator to describe the dynamic equilibrium betwepro-oxidants and anti-oxidants in plasma
compartment (Ghiselkt al, 2000). These data suggest that both vitaminsffaotively control the
excessive generation of oxidants in live rabbitsd alatter improve muscle lipostability
(Giovannangeleet al, 2001). Previous works (Bernardigi al, 1996; Giovannangelet al, 2001,

Dal Boscoet al, 2004) reported that vitamin E enhanced the pla$RAP, such response was
attributed to the longer ingestion period of thawiin (Bernardinit al, 1996).

Hb concentration, RBC's count and WRC's count and dferentiation

Results provided in Table 3 illustrate the Hb, RB&snt and WBCs (leukocytes) count and
differentiation (lymphocytes, neutrophils, monoeyteosinophils and basophils). Of these immunity
related parameters, lymphocytes percentage by @40E80C400 groups, neutrophils percentage by
E40 group and basophils percentage by E80 groue significantly (P<0.01) leveled up. Completely
in agreement with findings of this study, the comiens reported by Sedkit al. (2002) working on
vitamins E, C and their combination, and Meshrehkg &haheed (2003) working on vitamin E accord
that these vitamins had only appreciable significafifiect on lymphocytes % that consider a good
indicator of increasing the immunity efficiency. @eev and Karnovsky (1980) reported that vitamin
E plays an important role in protecting leukocy&®sl macrophages during phagocytosis, it protects
leukocytes from the toxic products that producednfingested bacteria.

Table 3 Total antioxidant capacity (TAC), Hb, RBC's coamid WBC's count and differentiation

TAC Hb RBC's WBC's Lymph. Neuto. Mono. Eosino. Baso.
(mmol/l) (g/dI) (AF/mnm®)  (10%mnt) % % % % %

Control (C) 1.89+0.02 15.0620.27 5.70£0.11 7.05+0.62 58@1.50 36.66%1.20 2.66+0.302.00+0.60 0.66™+0.30
(40 ppm VE)

ont. + E40 1.9%0.03 14.16+0.14 5.37+0.09 7.75x0.55 55.66.20 39.06£1.15 3.00+0.57 1.6620.33 0.66":0.30
ont. + E80 1.9%0.03 13.50+0.41 5.11+0.14 6.80+0.10 60.880.66 34.30:0.33 2.3320.30 1.66+0.33 1.00+0.00
Cont.+ C200 1.920.01 13.63+0.32 5.08+0.06 6.72+0.64 61.380.88 33.3¢f:0.82 2.00+0.57 2.66+0.33 0.33+0.30
Cont.+C400 2.480.06 13.63x0.60 5.19+0.20 6.30+0.71 63.801.53 30.3%1.30 3.00+0.58 3.00+0.57 0.33+0.30

Cont.+E40C200 2.370.10 12.860.77 4.84%0.24 6.75+0.66 60.8%0.67 33.3%+1.30 3.00+0.57 2.33+0.33 0.33+0.30
Cont.+E80C400  1.920.04 13.10+1.06 4.94+0.37 7.58+0.70 63.801.00 30.08:1.00 3.33+0.66 2.33+0.33 0.33+0.30
Significance *x ns ns ns *x *x ns ns x*
E40=40 ppm vitamin E , E80=80 ppm vitamin E , C220& ppm vitamin C, C400=400 ppm vitamin C, E4A0C2@ppm vitamin E +200
ppm vitamin C, EB0C400=80 ppm vitamin E+ 400 pptamin C (/kg diet). ns= not significant, **= (P<@)p

CONCLUSIONS

From performance traits it can concluded that botamin E and C improves growth rate, feed
efficiency but no dressing out percentage (onlyhigdest dose of vit E); effects of vitamin E seem

be dose-dependent, whereas the highest vitamirs€ dimes not improve the results obtained with the
lower vitamin C dose; the effects of vitamin E astdmin C do not seem to be additive.

Accordingly the recommendation would be to use tilgher dose of vitamin E. But if we are not
interested in dressing out percentage the useedbtir dose of vitamin C might be enough
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