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Anodéboeig ka1 yapakmpioukd tou
0@ayiou HAYUVOPEVOV KOUVEAGDV
PETA A0 TNV EVO@PATWOoN (PUCIKOU

(e6M00vu (kKA1vorruréM100¢) oo

o1t P£010 ToUG

I1. ®opropdpng, I'. Apoévog, E. Xpnotdkn,
I1. ®Adpov - [Tavépn

INEPIAHWH. Xt6yog tng épeuvag autdg fitav n Siepedvnon tng
enibpaong evig erdnvikod puoikold (edMbou (kAivomudéiBog)
oug anodéoelg ka1 Ta XYapaKmpioukd tou o@ayiou mayuvépe-
VoV KoUVeEMdV mou ektpdepnkav kdtw and eviaukég ouviiikeg
(npi-eviaukd ovotnpa ektpo@ic) o€ pia epmopikA KOVIKAOTPO-
@ikt experddlevon. XpnotponoiOnkav ouvolikd tpia ortnpé-
ota: o ormpéoto C, mou fitav éva obvnOeg epnopikd ortnpéoio
(pefypa avamuéng- ndyuvong kouvehdv) ka1 anoteAovoe 1o o1-
wpéolo-paptupa tou nelpapaucpoy kai ta ortnpéota L kar H, ota
onoia evowpatd®Onke o @uoikdg (edbhBog oe mosootd 1,25% kat
2,5%, avtotorya. EBSoprivia-66o (72) New Zealand x Californian
kouvélia, ta onofa efyav amoyahakuotef otnv nhikia twv 35 npe-
pov, katavepiOnkav 104p10pa pe Pdon 1o cwpaukéd woug Papog
o€ Tpeig petayelpioelg (opddeg Tou nelpapauopoy) aviictoryeg v
ormpeciwv nou kataptiomkav (petayeipioeig C, L kar H). Xe k-
Oe opdSa vnpyav tpelg enavadipeig pe oktd (wa n xkabepia
(umoopddeg tou merpapauopov). H Si1dpxeta tou netpapauiopot
fitav 8 efSopdSec. O1 perpAoeig mou npayparonoiifnkav mepie-
AdpPavav v kataypagi e asénong v Kouveldy, g Ka-
tavddewong Tpopric, Tou Seiktn petarpepipdntag g TpoPhic, ka-
0d¢ ka1 tng Bvnopéintd toug katd  Sidpkera tou nepapau-
opoU. Y10 T£A0g TOU MEIPApAaTopoy Ta Kouvélia oQAytnkay oto
opayeio tng emyeipnong. And kd0e petayeipion emAéyOnkav w-
xaia £§1 opdayla kouvelidv ota omoia éytvav petphicelg mou ago-
povoav ota yapakmpioukd tou opayiou. And ta anotedéopara
g épeuvag autig Siamotddnke du n evowpdrwon tou PuUOIKOT
Ce6M1B0u 010 o1npéoto v nayuvépevov Kouveldv Sev ennpé-
ace v a§non ka1 wa yapakmpioukd wu o@ayiou wug, evd 0dh-
ynoe ot unoPaBpion tou Seiktn petarpepipdntag kat oe av§non
g Bvnopéntdg woug,.

Aé&e1g eupempiaong: xouvéha, kKhvorrudéBog, amodboerc, ya-
paxtnplotuxd o@dylou
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Performance and carcass
characteristics of growing rabbits as
affected by the dietary inclusion of
a natural zeolite

Fortomaris P, Arsenos G., Christaki E.,
Florou - Paneri P,

ABSTRACT. The objective of this study was to assess the effect
of a diet containing a clinoptilolite rich material (tuff) on growth
and carcass characteristics of fattening rabbits. Three diets were
formulated; diet C was a standard commercial diet that served as
control, while diet L contained 1.25% natural zeolite (NZ) and diet
H contained 2.5% NZ. Seventy-two New Zealand x Californian
rabbits were used after weaning at 35 days of age. They were
randomly allocated into three groups (n=24, with three replicates
of four male and four female rabbits each, balanced for body
weight) according to the above dietary treatments. All rabbits were
weighed individually on weaning and thereafter on weekly basis.
Feed intake was monitored weekly on subgroup basis. The
experiment lasted 8 weeks. Performance traits and mortality level
were recorded in the aforementioned period. In the end of this
period all rabbits were stunned and slaughtered to obtain the
European carcass weight. Six carcasses per group (two per
subgroup, one male and one female) were randomly selected for the
determination of carcass characteristics. The results of the current
study showed that the incorporation of a clinoptilolite rich tuff
(natural zeolite) in the diet of growing rabbits did not affect their
growth or the carcass characteristics, whereas feed efficiency and
mortality level were negatively affected.

Key words: rabbits, growth, clinoptilolite, carcass characteristics
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EIZATQI'H

H otyyoovn rovirhotoopia €xer eEehyBel o €va
EVTATLXG OVOTNUOL EXTQOPNS 1) OLxovouLry Brootudtita
TOV orToiov emnEedleTol avNTLRA ATtd TV VYA Bvn-
CLUOTNTO TOV ROUVEAMWYV, THY aduvauia Tagaywyfig
%EEATOG EMOVUNTIIS TOLGTNTOS, ROOMS KAl OIS TNV TTE-
0L0QLOUEVY duvatdtnta aELomoinong g TaQEXOUEVNS
toog1s (Ouhayoun, 1998). To televtaio elvon towg o
oNUaVTLRGTEQOS TTORdYovVTaS TTov ®0B0QEITEL TO OL®o-
VOULKO CTTOTELECUOL (OGS EXTQOPNG KAlL, CUVETIMG, TTQO-
TEQOUATNTAL OTNV EXTEOPY] ®OVVEM®DV arotehel 1 PBek-
tiwon g aElomoinong g teogns (Armero & Blasco,
1992). H avtiinyn mov emnparel, yevird, elvon 6tL to
HOVVEMOL QTTOULTOVY OLTNEEOLA Le VPNAG TTOOOOTA KUT-
TAQWAV ®oL YouNAd enimeda evéQyelag, Yeyovog o
onuaivel 6t 1 alomolnon g teogrg and ta Loa av-
td elvan oxetnd oy (Lang, 1981).

Zmv tayroowo Bufioyoadpia vrdyetl thnog avo-
POOWYV OYETIRA UE TLG TROOTAOELES PeATiwong Tov del-
AT UETOTQEPLUOTNTOS TNS TROPHS YONOLUOTOLDVTAS
SLapoeTIRES TEWTES VAES OTO OLTNEEDLOL TV KOUVE-
Mo (Fernandez & Fraga 1996 Pla & Cervera, 1997
Hernandez »ow ovv., 2000- Gutierrez xou ovv., 2002
Yalcin xaw ovv., 2003). Q0T600, TETOLES TEOTEYYIOELS
eAEYXOVTOL M TTROS TO KGOTOS TOVS KOL THV IO
TOVG 0TV AUENON TwV LAV, ahhd ®aL WS TTEOS THY TTOL-
dmta Tov ToRaysuevoy xpéatog (Gutierrez xaw ouv.,
2002° Dalle Zotte, 2002 Risam »ouw ovv., 2005).

Mo dropopeTint| TEOTEYYLoN, Aowdy, Ba ftav 1
diepevvnon dihwv cvotatirdv mov Ba progovoav,
TEOOTLOEUEVOL OTAL OLTNEEDLOL TWV ROUVEMDV, VoL fel-
Tidoouv THV aELomoinon ™S TEOPI|C. Z& aUTHY TV %a.-
te0Bvvon diepeuviOnre 10 ®OTd OO0 Evag QUOLRGG
CedMBog (vAwvomtuhdibog) Ba pmopotoe va xenoLuo-
mowmBel yia to orond avtd. Ou LedhBol elvan rou-
OTaAMUA CQYLAOTVQOLTIXA OQUXTA NPALOTIOYEVOUC TTQO-
€hevong (Mumpton & Fishman, 1977). Avdpeoa otoug
QuOLr0Ug LedMBovg, 0 “MVOTTTIAGALO0C elvar o TAEov
duadedouévog ot pion rnow autds ou €xel peketnoel
EQLOOGTEQO ATtS 0TTOLOVAYTOTE dAAO OTIC EQEVVES TG~
v ot Lo mopaywyy. Ta amoteléopato ams ™ yon-
o1 Tov ®*AMVOTTTIAGAMBOU 0T dLatQopy TwV ToUVEUE-
v apvidv €delEav Betiny emtidoaon oty avgnon xot
vevird otig arrodooelg twv Ldwv (Deligiannis xau ouv.,
2005), evdd avtiotolyo amoteAéopata EXOVV TOQUTH-
onBel o oe dAheg EQEVUVES TTOV OLPOQOTVY OF UNQUROL-
otwxd (Mumpton & Fishman, 1977- Pond »au ovuv.,
1984+ Pond, 1989- Katsoulos zaw ouv., 2005), alhd non
oe yolpovg (Papaioannou »at ovv., 2004) »ow oe tnvd
(Tserveni- Gousi »ow ovv., 1997- Christaki zau ovv.,
2001). Qotdoo, pue paon ™ Swabéoun debvii PLphio-
voapia diamiotdvetalr OTL avtiotolyeg §pgvveg dev

INTRODUCTION

Rabbit production has developed, over the past few
years, into an intensive system. However, the economic
viability of such system is constraint from the high
mortality of rabbits, the failure to produce meat of high
quality and feed efficiency (Ouhayoun, 1998). The latter
seems to dictate the economic outcome and hence one
of the most important objectives in rabbit production is
to improve feed efficiency (Armero & Blasco, 1992).
The notion is that rabbit diets require a high level of
crude fibre and are generally low in apparent digestible
energy implying that the efficiency with which they are
utilized is relatively poor (Lang, 1981). For example,
there is considerable evidence in the literature of
research efforts towards the improvement of feed
efficiency through the addition of different nutrient
sources in rabbit diet (Fernandez & Fraga 1996; Pla &
Cervera, 1997; Hernandez et al., 2000; Gutierrez et al.,
2002; Yalcin et al., 2003). However, such approaches are
also subject to criticism regarding their cost as well as
their effects on growth and meat quality (Gutierrez et
al., 2002; Dalle Zotte, 2002; Risam et al., 2005).

It was thought therefore, that some other
components of the diet that could improve feed
efficiency was worthy to be investigated. We questioned
whether natural zeolite (a clinoptilolite rich tuff) could
be used as a dietary supplement in rabbits diet. Zeolites,
minerals of volcanic origin, are crystalline, hydrated
aluminosilicates of alkali and alkali earth cations
(Mumpton & Fishman, 1977). Clinoptilolite is the most
abundant zeolite in nature and also the most widely
used in studies involving farm animals. For example, the
results of those studies suggest that the use of
clinoptilolite in the diet of growing lambs have
favourable effects on their growth and performance
(Deligiannis et al., 2005), whereas similar effects were
observed in other studies with ruminants (Mumpton &
Fishman, 1977; Pond et al., 1984; Pond, 1989; Katsoulos
et al., 2005), as well as non-ruminant (monogastric)
animals (Papaioannou et al., 2004) or poultry (Tserveni-
Gousi et al., 1997; Christaki et al., 2001). However, to
our knowledge, there is no evidence in the literature of
similar studies in rabbits. Hence, the main objective of
the current study was to assess the effect of a diet
containing a clinoptilolite rich material (tuff) on growth
and certain carcass characteristics of rabbits reared
under semi-intensive husbandry conditions in a
commercial farm.

MATERIALS AND METHODS

Diets and natural zeolite
Three diets were formulated; diet C was a standard
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€xovv moayuoromomBel oe novvELLQL.

Ztoy0¢ ™S Epguvag Nrav 1 dleeetvnon g entidoa-
ONG OV €XEL N EVOOUATMON VOGS EAAMNVIXOT QUOLKOT
CedMBov (#MvorTTAGMBOV) OTO OLTNEECLO TWV TTOLL-
VOUEVWV HOVVEMMV O€ ULOL EUTTOQLRT] HOVIXAOTQOPLXT
expeTdAhevon (MuL-evtaTind oUOTHILO EXTQOPNG), Ope-
v4¢ oTLg 0odGOELS TOUS RALL, APETEQOV, OTA Y OLQUKTI-
QLOTLA TOU OQAYLOU TOVC.

YAIKA KAI ME®OAOI

X1Tne€oLa. nou QUOLROG GeoABog

Xonowpomoudnxrav toia dlapoeetind oLTnEEoL
YLOL TIS OVAYRES TOU TELQAUATLONOV: TO oltneéoto C
mov Nrav €va ouvnBeg eutord ortmeéolo (uelyuo
OVATTTUEN G-TTAXUVONG KOUVEAMMYV) %Al OTTOTEAOVOE TO
OLTNEEOLO-UAQTUQO. TOV TTELQOUATLOWOU KO TOL OLTQE-
owa L zai H ota oot evoopatdbnre o puowds Led-
MBog (NZ) oe wooootd 1,25% non 2,5%, avtiotouya.
Ta orthpéola mapaorevdotnrav oe woowt pellets xou
dratondnrav woatwrotya nan woevepyerard (TIi-
voxog 1).

O NZ mov yonolpomoibnre oty €pevva TQoEQ-
yOtav amd xortdopata TS TEQLOYHS Twv MetaEddwv
™¢ Opdxng. H opurtoxnuxy tov cvotaon xabooi-
omnre pe ™ ponbera axtvev X (X-ray Diffaction
Analysis) xau frav n oxdhovby: aofeotiotyog ®Awvo-
auhdMBog 88%, mhayidxhaoto rar K- dotorog 5%,
HoQUaQUYieS row 0QYMXA 0Qurtd 4% nat yohaliog
3%. Ta cuvolMud rEomToQMdN oQurtd Tou Leohbo-
(pOQOV TETEWUOTOS 1ty 92% ot To vdhowto 8% omo-
TEAOVOOV TA U1~ JURQOTOQMN UMK

Zoux6 viro ror otafiiopdg

Epodounvra &bo (72) New Zealand x Californian nov-
véha, TOL 0ol aToyahaxTloTRAY 0TV NAia Tov 35
NUEQMV, raTaveu|Onray 1odobua, pe faon 1o owua-
©wx6 Tovg PAEOS, Ot TEELS ueToyELRloELS (Opddeg Tov
TELQAUATIONOV) AVTIOTOLYES TMV OLTNEECIMY TOV %A-
tapttomray (petayewpioelg C, L xan H). Ze xabe opd-
da VITEY Y TEELS ETAVAAPELS e OnTd Lo N ®oBeuia
(voouddec tov melpapatiopod). H wdbe vrooudda
ooTEAOVVTAY Ot TECOEQO QOEVIXA ROl TEGTEQO O1)-
Mrd Coda ta omoio otafAiotTnroy opuadird ot e1durovg
OUOUATIVOUS HAMPBOUS TAYUVONG RATM ATt ENEYYOUEVES
ouvOxeg Bepuonpaciag (18-24 ° C) nan pwtouot (po-
tomeiodog: 16 wpeg pme- 8 bpeg orotddt). H mapoyi
TEOPNS ®ow veQOU Ntav ouveyng yw ad libitum woro.-
vahlmon. H dudprera tov melpapatiopot frav 8 effdo-
nadeg (56 nuéeg). Zto TEAOS TOU TELQOUATIONOT GAML
to Lova odNynOnray 0to opayelo T *oVIXAOTQOPIXYG
emuyelonong (EAALOTOTOLHVTOS RATA AVTOV TOV TEOTO
TO OTQEEC TS UeTapoeds). H dadiwaoio opayig me-

IMivaxag 1. E¥oracn zow ynpux1) 6vvleon Tav oLrneeciov
TOV TELQUUUTLONOV.

Xitneéoa

Svotatixd (glkg T00iis) C L H
Mndur 469,9 443,6 4578
Kowbdou 221.,8 2289 257,0
SoyLdhevQo 21T 37.2 47,0
Soyiéhano 8,0 8,0 8,0
Thovutévn ®votpoprn 45,0 45,0 45,0
Tirvoa 200,0 197,0 131,5
Mappapdorovn 34 43 2,4
Dopord dLoPE0TIO 13,3 134 16,8
Avoivn 1,3 1,2 1,0
DL Me0Ogwovivy 1,0 1,0 0,9
AhdT 7,1 6,1 6,1
TTpduerypa frropvaovt 0,3 0,3 0,3
TTpduerypa yvoortoyelmv? 0,5 0,5 0,5
Duordg Ledhbog - 12,5 25,0
Xnuuxrj avddvon (glkg Toogric)

Eno1 ovoia 889,7 890,2 892,2
OMnég mpwreiveg (N x 6.25) 170,0 170,0 170,0
Almog 337 33,1 31,8
[enm wuttapivy 145,6 140,0 140,0
Tépoa 79,7 78,7 80,2
Amd vroroyioud (glkg tooijs)

Aopéoto 12,0 12,0 12,0
DiHopoog (0AMrAOg) 7,0 7,0 7,0
Avoivn 75 7,5 7.5
MeBelovivn o ®voteivn 6,3 6,3 6,3
Metapohotéa evépyewa (Mj/kg) 10,4 10,4 10,4

1 Zvupetoxn (avd kg toogric): vit. A: 12,000UT; vit. D3: 3,750UT,; vit.
E:45mg; vit. K3: 3mg; thiamine hydrochloride: 1.5mg; riboflavin:7.5mg;
pyridoxine hydrochloride: 4.5mg; cyanocobalamin: 0.03mg; nicotinic
acid: 15mg; folic acid: 1.2 mg; biotin: 0.08mg; choline chloride: 435mg;
ascorbic acid: 15mg

2 Zvuperoxn (avd kg toogrc): Zn: 125mg; Mn: 100 mg; Fe: 62.5mg;
Cu: 7.5mg; Co: 0.25mg; I: 1.97mg; Se: 0.13mg

commercial diet that served as control, while diet L
contained 1.25% natural zeolite (NZ) and diet H
contained 2.5% NZ. All diets were pelleted and were
kept isoenergetic and isonitrogenous (Table 1).

The natural zeolite (NZ) used in this study was
obtained from Metaxades (Thrace, Greece). Its
mineralogical composition was determined by the X- ray
Diffraction (XRD) analysis as follows: Calcium rich
clinoptilolite 88%, Plagioclase and K- feldspar 5%,
Micas and Clay minerals 4%, Quartz 3%. The total
microporous minerals of this zeolitic material were
92%, while the rest 8% was specified as non-
microporous minerals.
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pleAdupave ™v nhextourt] avouotntomoinon twv Ldwv
%aL TV a@oiuaky toug, evd dev epaouioTN®E TEG-
YOOUUO VNOTE(OS OTA XOUVERLDL TTOLY T1] OPOYY] TOUG.

Mergijoeig

Amoddoerg

‘Oha tar ®ovvEMa TuyloTroy atopxd OToV Aoy~
AoxTLONG %o 0T ouvéyela, Luyitovtay, emiong atou-
®d, oe epdouadiaia pdaon. H uéon nuegnowa avEnon
(MHA) tov ®ovvelav vrohoyliomxe oe epdopadiaio
Bdon xal cuvohrd yiow GAN T SLAQXRELD TOU TTELQOUA-
twopov. H moadtnta g toogng mov yoenyoiviav o
%d0€ VITOONAdA TOV TTELRAUATIOUOT KOTAYQOPSTAY %O
Bnueovd. Zto téhog g ®dbe efdouddag Tov mELA-
wotopov Cvyitovrav ta vmolelppato ™e TEOPNS Lo
TOV VTTOAOYLOUG TS UEONS NUEQHOLOS RATAUVAAMONG
toopric (MHKT) t600 oe efdopadiaia fdon doo nou
ovvolrd. O deintng petarpepudtras (AM) g teo-
@ig Yo ®GBe vtooudda Tov TELQAUATIOUOU VITOAOY(-
otnre emiong oe efdouadiaio faon xar ouvolird ovu-
pova pe tov omo: AM = MHKT/ MHA. Té)log, o
OQLOUGS TOV VERQMV ROUVEMMV RATAYQUPATOV OE NUe-
p1jola fdon pue oxomd Tov TEOTILOPLOUS TOV TTOCOOTOU
Bvnowdtnrog (%) epdopadiaio xor ouvolxd.

XagaxtnoLotind opdyLov

It drepevivnon g emidpaong tov NZ ota yo-
QOATNOLOTIXA TOV CPAYLOU TOV ROUVEM®DV emAEYON-
rawv Tuyalo EEL opdylo amd ndbe petayelipion (8o omd
%A0e vrooudda, Evo 0aoeVIRG non Eva BNAurd). Ao ta
opdyla ovtd agaleétnray to d€pua, To TURUO TOV
A%EWV OITO TOL UETORAQTILAL KO LETOTAQOLOL RO RATW, 1)
0VQA %O O TETTIRAS KL OVQOYEVVITLROS OWAVOS Ue
0707S T Mjym Tov «BeQUOv» GEAYLOV CUNPMVA UE TA
mpdtuma tov World Rabbit Scientific Association
(Blasco & Ouhayoun, 1996). Ta «Beoud» o@dyia To-
mofeTiONrav o roTdAnha aeollduevo ydeo Tov oga-
velov yua mepimov 30 Aemtd »ow ot ovvExeLa amodn-
®evtnray og Yurntné Bdhapo oe Beguorpaocia 3-4 °C
v 24 wpeg. Ta opdyia autd eQLelyoy To re@AahL, ™MV
ToUyElnL, TOUG TTVEVUOVEG, TO BUHO adéva, TNV ®aedLd, To
Nrap xat ta veped («puyed» opdylo ®ovvelov), 6o-
YOVOL TOL OTTO (0L %Ol ALPOLQEBNXOY LE 0ROTTO TH AMjpm TOov
OPAYLOV «OVOPOQACH.

O petpioelg mov mpaypatoronidnrav oe »dbe
oQAYLO0 ®OUVEMOU TEQLEAAUPOVAY TO TOQORATW: TO
Bapog tov Beppov opdyou (hot carcass weight- HCW),
T0 PdEog Tov Yuyeol opdywov (cold carcass weight-
CCW), 1o fdpog opdylov avagopds (reference carcass
weight- RCW), 1o fdpog g »egparis (head weight-
HW), 1o Bdpog tov veppdv (kidney weight- KW), to
Baoog tov vimarog (liver weight- LW) »ow to faog g
%aEOLAGS, TV TVEVUOVMV %ot Tov B0pov adéva (heart,

Table 1. Ingredient and chemical composition of
experimental diets.

Diets
Ingredients (glkg of feed) (& L H
Lucerne meal 469.9 443.6 457.8
Barley grains 221.8 228.9 257.0
Soyabean meal 27.7 37.2 47.0
Soyabean oil 8.0 8.0 8.0
Corn gluten feed 45.0 45.0 45.0
Wheat bran 200.0 197.0 1315
Limestone, pulverized 3.4 43 2.4
Dicalcium phosphate 13.3 13.4 16.8
Lysine 1.3 1.2 1.0
DL Methionine 1.0 1.0 0.9
Sodium chloride 7.1 6.1 6.1
Vitamin premix! 0.3 0.3 0.3
Trace mineral premix? 0.5 0.5 0.5
Zeolite - 12.5 25.0
Chemical composition (gl/kg of feed)
Dry matter 889.7 890.2 892.2
Crude protein (N x 6.25) 170.0 170.0 170.0
Crude fat 33.7 331 31.8
Crude fibre 145.6 140.0 140.0
Ash 79.7 78.7 80.2
As calculated (glkg of feed)
Calcium 12.0 12.0 12.0
Phosphorus (total) 7.0 7.0 7.0
Lysine 7.5 7.5 7.5
Methionine and cystine 6.3 6.3 6.3
Metabolizable energy (Mj/kg) 10.4 10.4 10.4

L Provided per kg of diet: vit. A: 12,000UT; vit. D3: 3,750UT, vit.
E:45mg; vit. K3: 3mg; thiamine hydrochloride: 1.5mg; riboflavin:7.5mg;
pyridoxine hydrochloride: 4.5mg; cyanocobalamin: 0.03mg; nicotinic
acid: 15mg; folic acid: 1.2 mg; biotin: 0.08mg; choline chloride: 435mg;
ascorbic acid: 15mg

2 Provided per kg of diet: Zn: 125mg; Mn: 100 mg; Fe: 62.5mg; Cu:
7.5mg; Co: 0.25mg; I: 1.97mg; Se: 0.13mg

Animals and Housing

The experiment was carried out with New Zealand x
Californian rabbits weaned at 35 days of age. Treatments
consisted of the three diets (C, L and H). Seventy-two
rabbits were randomly allocated into three equal groups
of twenty-four (three replicates of four male and four
female rabbits each, balanced for body weight)
according to treatment. All nine subgroups were housed
in separate stainless steel cages under controlled
temperature (18-24°C) and lighting (16h/8h, light/dark
photoperiodic cycle) conditions. Animals had ad libitum
access to food and drinking water. The experimental
period lasted for 8 weeks (56 days). By the end of this
period all rabbits were slaughtered at the abattoir of the
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Ewova 1. (a) Avatopnrds (onueio tourig 2 xou 3) xow texvoloyirdg (onueio towris 1, 2, 3 nou 4) tepo(lopnds Tov opayLov avapods 0to
®OUVEML. Alompivovtal ta axGhovba onueia torg otov ®d0eTo d5ova Tov opdyLov: 1) neta&t tov 7° wow 8” Bweanwoy omovoviov, 2)
neta&y Tov tehevtalov Omeanixov rat 1% 00puirot omovdtiov, 3) netakl tov 60V xat 70v 00PUIROT 0ToVOTAOL ®aL 4) dLawELONGS
TOV TRGGOLOV TURUATOG TOV OQAYLOV.

FP, IP, HP: tepdyo opayLlov ReTd Ty EQOQUOYY TOU avatoproy tepaxlonod oto opdyto avagopds [FP (fore part): mpdoOwo turjua,
IP (intermediate part): evdidpeco turjpna, HP (hind part): ortioOwo tinjua]

FL, TC, IP (L), HL, P,_;: tepudiqiat 0payLov UeTd T EQAQROYT TOU TEXVOROYIROT TEPAYLOUOU 0T0 0pdyLo avapopds [FL (fore leg): mod-
0610 dnpo mov mepLhapfdver T ordia xow tpipa tov otbovg, TC (thoracic cage): Owoanixd tuipa (omibog), IP 1 L (intermediate part
or loin): evdwdueoo tuiua M puhéro, HL (hind legs): onioOwa dxpa 1 uotna, Py, (part between cut points 1 and 4): To tuqua tov opd-
YLOU QIT6 TO S MOLOUS TwV RSO0V dremv- TESoOL0 dxEo|

(b) Znueio HETONOEWV TOV WIHROVS RAL TNG TEQLPEQELAS TOV OPAYLOV ROUVEMOU.

DL (dorsal length): paxiato pixog (onpeia pétonong amd Tov drhavia €mg Tov 7° 00QUikd omévOuio)

TL (thigh length): wjxog YAoutiv (amd Tov 7° 00puind ardvOuAo %o ®atd Pirog TV YAOUTHV €mG TO TEQIVED)

To dBgolopa TV TaQATAV® LETONOEWY CUVLOTA TO OUVOMXG UHXOG TOV OQAYLOV

LCL (lumbar circumference length): megupgépeta opdyLov 0to Tog Tov 7° 00(puinot ormovOTAOU, CUUTEQLAAUBAVOUEVOU TOU ROLMUHKOU
TOL(DOUOTOG

(TInyé€g: Blasco now ovv., 1992; Blasco & Ouhayoun, 1996)

Figure 1. (a) Anatomical (cut points 2 and 3) and technological (cut points 1, 2, 3 and 4) cut points of the reference carcass: 1) between
the 7" and 8" thoracic vertebra, 2) between last thoracic and 1% lumbar vertebra, 3) between 6" and 7" lumbar vertebra and 4) separation
of fore legs.

FP, IP, HP: rabbit carcass anatomical joints (FP: fore part, IP: intermediate part, HP: hind part)

FL, TC, IP (L), HL, P, ,: rabbit carcass technological joints [(FL: fore leg including thoracic insertion muscles, TC: thoracic cage, IP (L):
intermediate part (loin), HL: hind legs, P, ,: part between cut points 1 and 4]

(b) Rabbit carcass length and circumference

DL (dorsal length): from the atlas vertebra to the 7" lumbar vertebra

TL (thigh length): from the 7" lumbar vertebra to the ischion insrtion point

LCL (lumbar circumference length): at the level of the 7" lumbar vertebra including abdominal wall

(Sources: Blasco et al., 1992; Blasco & Ouhayoun, 1996)
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lungs and thymus weight- HLTW).

Axn0ho(O10e 0 TEPLOUGS TOV OPAYLOV OVOPOQAC
oe téooepa onuelo Topg 1 onueio »omig (TexvoroyL-
%3G TEPAYLOUGS TOV Opdylov- Ewdva 1a) nou yio xdbe
opdywo Tuylotxov ta Bdon Twv emuéoug Tepayinv
mov epLeldufavayv: to fdoog tov mEEohov drEou
(fore leg weight- FLW), to fdog tov Bweaxirot tui-
watog (thoracic cage weight- TCW), to fdoog tov tui-
wotog ueta&l tmv onueinv tepoyiowot 1 xan 4 (weight
of the part between the first two cut points- P1_4W), o
Bdoog Tov evdidueoov Turjuarog 1 guhéto (intermediate
part- IPW) now to fdoog Tou Tuipiatog wov seQuhop-
Baver T omioBua dxpa (hind legs weight- HLW).

EmmAéov, oe ndBe opdylwo avogopds €ywvov pe-
TONOELS TOU UHOVG ROl TNG TTEQUPEQELAS TOU OPAYLOV
(Ewova 1b) no o ovyrenuuéva netoyBnxay: to ga-
¥Loto wijrog tov ogdywov (dorsal length- DL), To ufrog
tov Yhoutdv (thigh length- TL) »ou 1) wepupépeia tov
0pdyLoU ato Bpog Tov 7* 0opuinot orrovdilov (lumbar
circumference length- LCL).

Télog, yia nGOe xovvél vitoAoyloT®e 1) TGdo0M
0g oQdyLo oUupVa. (e Tov ardiovbo Timo:

DP = 100 x CCW/ BW

omov CCW: 10 fdog tov Yuypov ogdylov xaw BW: 1o
COUATIRG BAQOS TOU XOVVEMOT AUECMS TTOLY TH OPOYY.

Trototien avdlvon

H ototiotny eneEepyaoia tTov melpapatinay de-
douévav €ywe pe ™ Ponbeia Tov oTaATLOTIROU TEO-
vodaupatog Genstat 5 for Windows (release 4.2, service
pack 2, 2001- Lawes Agricultural Trust, Rothamsted,
Herts, UK) yonowomoidvrag ) pebBodoroyio g avd-
Avong dantpavons (ANOVA). H opotoyévera tov e-
tafAntodv eEetdomre pe T foribeia tov Bartlett’s test.
H avdhvon twv oTolyeimv Tou agooovoay Oty Ratd-
VAAMON TEOPNG ®OL OTO JE(XTN UETATQEYLUGTHTOS EYL-
ve 010 enimedo TS vroouddas tov melpapatiopot. H
emidoaon amtd TV evowudtwon tov NZ oto oltneéoio
TWV ROUVEALMV OTA TOGOOTA BVNOLUGTNTAS TOV RATA-
vodgnrav extufnxe pe ™ foribeia Tov y’-rortneiov
(Pearson’s overall chi-square test). Ot OuapoQéc ota
enimeda onuavuxomroag P<0.05 Bewonbnrav otatt-
ounmg onuavirés. H enidpaon tov guiov dev ftav on-
novtiry o€ napion oo TG TOQOUUETQOVS TOU TTELQOLUATL-
opov o exTLuONray o YL to Adyo autd dev ouvln-
TE(TOL OTO ATTOTEAEOUALTA TTOV OXOAOVOOUY.

AIIOTEAEEMATA

Amoddoerg

To uéoo ocouatnd PAQog Twv xovveldv og oyEon
we v Nhxria touvg vou ™ petoyeiowon divetan oty Ei-
%ova 2. H mpoobjxn tov NZ oty 1oogn Tev ®ovveldv

farm (with minimal transport stress). Rabbits were
electrically stunned and bled, while no fasting was
practised.

Traits measured

Performance

All rabbits were weighed individually on weaning
and thereafter on weekly basis. Daily weight gain was
determined during the 56-day post weaning growing
period. Feed intake was monitored weekly on subgroup
basis. Average feed intake (g/day) and feed: gain ratio
were calculated from the refusals recorded on weekly
basis. Rabbits mortality was also recorded on daily and
weekly basis.

Carcass characteristics

Six carcasses per treatment group (two per subgroup,
one male and one female) were prepared as
recommended by the World Rabbit Scientific
Association (Blasco & Ouhayoun, 1996), by removing
skin, distal parts of the tail fore and hind legs, urogenital
organs and gastrointestinal tract. Hot carcasses were
suspended in a ventilated area for 30 min and then
chilled at 3- 4 °C for 24 h. These carcasses contained the
head, liver, lungs, thymus, trachea, esophagus, heart and
kidneys, which were removed to obtain the reference
carcass (containing only meat, fat and bone). The
recorded traits were: hot carcass weight (HCW), cold
carcass weight (CCW), reference carcass weight (RCW),
head weight (HW), kidney weight (KW), liver weight
(LW) and heart, lungs and thymus weight (HLTW). The
reference carcass was cut in four cut-points
(technological division- Figure 1a) and retail cuts were
weighed and consisted of the following: fore leg weight
(FLW), thoracic cage weight (TCW), weight of the part
between the cut points 1 and 4 (P14W), intermediate
(loin) part (IPW) and hind part weight (HPW).

Carcass measurements also included carcass length
and carcass circumference (Figure 1b) and traits
recorded were: dorsal length (DL), thigh length (TL)
and lumbar circumference length (LCL).

Body weight for each rabbit was recorded prior to
slaughter (BW) and dressing percentage (DP) was
calculated (DP=100xCCW/BW).

Statistical analysis

Experimental data were subjected to analysis of
variance (ANOVA) using the Genstat 5 for Windows
(release 4.2, service pack 2, 2001; Lawes Agricultural
Trust, Rothamsted, Herts, UK). Homogeneity of
variances was tested using the Bartlett’s test. Cage
(subgroup) was the experimental unit for the analysis of
values for feed consumption and feed: gain ratio. The
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dev emnpéaoe 10 TeEMrG oo~
Tro Toug fdoog (3.041g, 3.071g
xnat 3.051g, yuo tig opddec C, L
xaw H, avtiotowya). Qotdoo, ma-
oatnENON®RE OTL TO COUATLRG
Bdoog Tmv novveldv THS oud-
dag H vjtay onuavtird uinrgdte-
oo (P<0.05) and exeivo tov
xnovvehdv g opnddag C omv
nAwio tov 7 efdouddwv (1.287g
xa 1.403g, avtiotorya).

H enidoaon g yoerynong
tov NZ yevird otig amoddoelg
TOV XOVVEAM®Y 0T dLdQxELQ
TOU TTELQAUATLONOY OiVETOL OTOV

3500

3000

1

2000

1500 -+

Eoporwo Bapog (g) Body weight (g)

- C
——L
—4&—H

[ivaxa 2. H péon nuepoiora aw- 1000
Enom twv rouveldv dev enne-
domxre aTé TH LONOLWOTO(NoN
Tov NZ otV 100¢1] TOUS, UG,

Wr

7 8 0 0 11 12 13 14
Hiwcio (sfdopdadeg) Age (weeks)

1 uéon nueprol ratavdiwon
TOOPYC oW 0 de(nTNG UETATQE-
PYWOTNTOS HTOV ONUOVTIRA V-
Motepa oty opdda H, dmov o
NZ yonowpomoujdnxe o€ T000-
016 2,5% o¢ 0UYy®QLON UE TOUG
UAQTVQES TOV TTELQUUATIONOV
(opdda C). Emiong, onpovixy ftav 1 exidoaon tou
NZ om Ovnowdmta twv xovvelwv. Ta vymidtepa
0000Td Bvnowwdtytag, eEartiag memtrdy diataga-
xayv (mmpooPohij and E. coli), natoyQdpnroy Tig TEMTES
NUEQES TOV TTELQOUATLOUOT %o LOLATEQX 0TO dLAOTHUOL
™G HETAPaons omd TV eVaEXTHOLL TEOYY (TTOV YooN-
velto ot dudorela ™G yahouylag) ota pelyuarta tov
selpaporiopov. o ovyrexpuuéva, 2 amd ta 24 xnov-
véla (10000t 8,3%) PoEONRAV VEXQA OTO TOQATAVM
xoovwo didotnua othv oudda C, eved oty O teplo-
80 4 nouvéha PeEBnrav verd oty oudda L (tocootd
16,7%) nouw 5 wouvéha omv opddo H (rocootd 20,8%).
O duapoéc autég Tmv opddwv L xaw H og ovyrouon
ue Tv opdda C1jray otatiotrds onuavixés (P <0.05).

XaQoxTneLoTind ogpdyLov

To awote A€ opaTa TV RETOHOEWY OTa dLAPOQAL YOt
QUATNOLOTLRA TOU OPAYLOU TMV ROUVEMMV 08 OYEON UE
™ uetayeioron divovran otov IMivoxra 3. H mpoobjxn
NZ ota ortn€oia Tmv ®0uveA®DY dev eTNEENOTE TA Y0l
QUATNELOTIXA TOU 0QdyLOV TTov petoRdnxrav. H novd-
TOEN TV OQaryimy %o ta S TV EmUEQOVS TEUMY IOV
dev emnpedommuay and T yonowworoinon tov NZ. H
uévn onuavtky exideaon g evomudtnong tov NZ
0Ta OLTNEEDLOL TV KOUVEMMDV amotdONxre Ot UE-
TONON TOV rovg Tov opdylov (DL),  omolo ity wt-
%p6tepn oty opddo H oe ovyrpion e tigc opddeg C

Ewdva 2. Méoo oopanirs AQog Tmv xouveldy € oxEom He TV nArio TOUg ROl T HETU-
xeloron (W= amoyaroxtiouds, * P<0.05 ueta&d tov petayeiptoewv C xon H).

Figure 2. Average body weight of rabbits according to age and treatment (W= weaning, *
P<0.05 between treatments C and H).

effect of treatment on the mortality of rabbits was
evaluated using Pearson’s overall chi-square test. A
probability level of P<0_05 was used to test the
statistical significance of all experimental data. The
effect of sex was not significant in this study and
therefore is not discussed any further.

RESULTS

Performance

The average body weight of rabbits according to age
and treatment is shown in Figure 2. Although the
addition of NZ did not affect the final body weight,
rabbits fed NZ were heavier in comparison to the
control group. (3.041g, 3.071g, and 3.051g, for
treatments C, L and H, respectively). Significant
difference (P<0.05) was observed in the average body
weight of rabbits at the age of 7 weeks, in treatment H
in comparison to the control treatment C (1.287g vs
1.403g, respectively).

The effect of treatments on growth traits is shown in
Table 2. Average weight gain was not affected by the
addition of NZ, but the average feed intake and feed:
gain ratio increased (P<0.05) in treatment H where
NZ was included in a higher dietary level compared to
treatment C (178.4g vs 160.4g and 5.1 vs 4.6,
respectively). Mortality was also affected by the addition
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ITivaxag 2. Exideacn T1g eNoL1L0T0inongs Tov guoLxoy (eohfov 0TI amodioeLs zoL T1) vNoeTNTA TOV ROUVEMGY.

Iogdpetgor Merayerpioerg s.e.d. Enidoaon
C L H

2.B. otov amoyahartiops (g) 1090 1094 1098 9,7 NS!

Tehxrd 2.B. (g) 3041 3071 3051 71,6 NS

Méom nueprjota avEnom (g/ nuéoa) 34,2 35,2 34,9 7,1 NS

Méom nueeiota xatavaimon Teoprs (g/ nuéoa) 160,42 174,8a.b 178,4b 7,9 *

AM. 4.6 4,9ab 5,10 0,3 *

BOvnowdmra (%) 8,3a 16,70 20,80 5,987 *

T T Tov #oumoiov 2

INS: 6y onuavenr (P>0.05)

a, b Méoou 6pot oty (dia yoouurj we dtapoetind ex0€Tn dtapépouy otamotirmg onpoviird uetofd tovg (P<0.05)

* P<0.05

Table 2. Effects of treatment on rabbit performance and mortality.

Traits Treatments s.e.d. Effect
C L H

Weaning weight (g) 1090 1094 1098 9.7 NS1

Final weight (g) 3041 3071 3051 71.6 NS

Average weight gain (g/ day) 34.2 352 349 7.1 NS

Average feed intake (g/ day) 160.4a 174.8ab 178.4b 7.9 *

Feed: gain ratio 4.62 4.9ab 5.1b 0.3 *

Mortality (%) 8.3a 16.7° 20.8b 5.98% *

T Pearsons’ overall chi-square value
INS: not significant (P>0.05)

a,b Means within the same row with different superscript differ significantly (P<0.05)

* P<0.05

zat L (295,2mm »ow 299,2mm zow 302,8mm, avtiotor-
xa). Téhog, av now 1 exidoaon g moodtjxne NZ oto
UWHYOGC TV UNEMV ROl OTNV TEQLPEQELL TOV OPAYLOV
dev fitav onuoviri, aiCer va onuewwbei n tdon sov
mopatnendnxe (P=0.113) oty meQupépeLa Tov opdytL-
ov (LCL) 6mwov 1 uéronon yie tig ouddeg L row H vjtav
uedteon (183,7mm) o v avtioTtouyn yio TV oud-
da C (190,8mm).

YYZHTHXH- EYMIIEPALMATA

H yovion twv guowdv LedMBwv ot drarpogr| Twv
Ldwv amotelel avureinevo épguvag 10N amd ta péoa
g dexaetiog Tov 1960. Zm Bipioyoapio vidoyouv
OQRETEC AVAPOQES OYETHA UE TN PEATIOON TV 0T0dS-
oemV dLoPORWV EWOWDV TaQUywYHOY COMY amtd TV eV-
COUATMON QUOLK®Y LeGAMBWY OTO GLTNEECLS TOVG, TTOV
arod{dOVTOL OTOV TUITO TOU KON OLUOTTOLOVUEVOU VAMXOU,
TV %0BaQETNTAE TOU %Al TIS PUOLROYNURES TOU LOLOTY-
TEC, ¥ABMS ®OL OTO TOCOOTS CUUUETOYI|S TOV CeGMBov
ota outneéota (Papaioannou et al., 2005). Avo elvar ot
ETRQATEOTEQOL UINYOVIOUOL OYETIRA UE TOVUG UNYOLVL-
opovtg dpdong tmv LedhBwv: a) 1 waveThTa OEouevong

of NZ. The highest incidence of mortality in all groups
occurred, due to enteric disorders (E. coli infection), the
first two weeks post weaning (from 36- 49 days of age)
following the change from the starter diet to the
experimental ones. Two out of 24 rabbits (8.3%) died in
the aforementioned period in treatment C, while four
rabbits died in treatment L (16.7%) and five rabbits in
treatment H (20.8%). Differences among treatments L
and H in comparison to treatment C were significant
(P<0.05).

Carcass characteristics

Results of the carcass traits measured in this study
are given in Table 3. The dietary inclusion of NZ had no
effect in almost all of the carcass variables studied.
Carcass classification values and joints values were not
affected by the diet. Similarly, organs weights were not
affected by the addition of NZ. Carcass length
measurements revealed a significant effect of the
highest inclusion of NZ regarding dorsal length, which
was lower (P<0.05) in treatment H compared to
treatments C and L (295.2 mm vs 299.2 mm and 302.8
mm, respectively). No treatment effect was observed
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Iivaxog 3. Exidgaomn g YONOLHOTOINONGS TOV QUOL®OU (EOMBOV 0TA YUQAXTNOLOTIXA TOV TPAYIOV TOV ROVVEMGV.

Hagdpetgor Metayergioerg s.e.d. Enidgaon
C L H

Bdpog Beppot opayiov (HCW- g) 2053 2042 2048 59,9 NS!
Bdpog yuxoot opayiov (CCW- g) 1967 1961 1959 60,8 NS
Bdpog opayiov avagpopds (RCW- g) 1510 1511 1514 52,3 NS
Bdpog mpdodov rpov (FLW- g) 2223 226,7 226,0 10,3 NS
Bdpog Bwpaxinot tuipatog (TCW- g) 165,8 163,7 155,7 14,2 NS
Bdpog tunuarog Py, (P ,W- g) 216,3 220,7 231,0 14,0 NS
Bdpog evdidpeoov turjuartog (IPW- g) 342,0 357,0 355,0 21,9 NS
Bdpog onloOuwv drowv (HLW- g) 556,0 535,3 5383 16,4 NS
Bdpog epahis (HW- g) 137,7 139,7 140,0 55 NS
Bdpog vepoiv (KW- g) 21,0 20,3 20,7 1,9 NS
Badpog frartog (LW- g) 86,7 85,7 86,3 6,4 NS
Bdpog napdidg, mvevpdvmy, 0dpov (HLTW- g) 36,3 32,3 31,7 2.2 NS
Payrato winog (DL- mm) 299,2a.b 302,80 295,22 2,8 *
Mijrog yhovtav (TL- mm) 69,8 71,3 70,5 1.4 NS
TTepupépeta opayiov (LCL- mm) 190,8 183,7 183,7 3.9 NS
Zopatnd faoog (BW- g) 3082 3100 3050 62,0 NS
Andédoon oe opdyo (DP- %) 62,2 61,6 62,8 1,3 NS

LNS: 6y onuaveiei (P>0.05)
a.b Méoow 6ot atnv (B yoauuj pe dtagoeetnd ex0€th diagpépovy otamtotind onuaverd petagl toug (P<0.05)
* P<0.05

Table 3. Effects of treatment on carcass characteristics.

Variables Treatments s.e.d. Effect
C L H

Hot carcass weight (HCW- g) 2053 2042 2048 59.9 NSt
Cold carcass weight (CCW- g) 1967 1961 1959 60.8 NS
Reference carcass weight (RCW- g) 1510 1511 1514 523 NS
Fore leg weight (FLW- g) 2223 226.7 226.0 10.3 NS
Thoracic cage weight (TCW- g) 165.8 163.7 155.7 14.2 NS
P, weight (P, W- g) 216.3 220.7 231.0 14.0 NS
Intermediate part weight (IPW- g) 342.0 357.0 355.0 21.9 NS
Hind legs weight (HLW- g) 556.0 5353 5383 16.4 NS
Head weight (HW- g) 137.7 139.7 140.0 5.5 NS
Kidney weight (KW- g) 21.0 20.3 20.7 1.9 NS
Liver weight (LW- g) 86.7 85.7 86.3 6.4 NS
Heart, lungs, thymus weight (HLTW- g) 36.3 323 317 2.2 NS
Dorsal length (DL- mm) 299.2ab 302.8> 295.22 2.8 *
Thigh length (TL- mm) 69.8 71.3 70.5 1.4 NS
Lumbar circumference length (LCL- mm) 190.8 183.7 183.7 3.9 NS
Body weight (BW- g) 3082 3100 3050 62.0 NS
Dressing percentage (DP- %) 62.2 61.6 62.8 1.3 NS

I'NS: not significant (P>0.05)
a.b Means within the same row with different superscript differ significantly (P<0.05)
*P<0.05
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NG AUUMVIOS, YEYOVOS Tov 0dnYel ot pelwon g to-
Ewnic dpdong mov aoxel n wopaywyy NHy+ amté ™ pu-
%gofLoxn dpaotnoldtra (Shurson xou ouv., 1984 Pond
%o ovv., 1988), nau f) 1 emPodduvon tov QuBUos dL6-
0V ™S TEOPNC OTOV eVTEQIXG CwATva oV 0dNYel o€
®aAvTEON 0ELOTOMON TV BEETTRMY CLOTUTIXMY THE
(Mumpton & Fishman, 1977 Olver, 1997).

O 016Y0¢ TOV TELRAUOTIONOU avToy Ytay 1) dteQev-
vnon g enidoaons evég Quorol LedMBou, mov mto-
OTEBNRE OTNV TEOPY TAXVVOUEVAV ROUVEMMV OE dLa-
poeTry avahoyio, otig amodGOELS TOUG RO TO XOLOO-
XTNOLOTLHA TOV 0pAyLov Tovs. ['a to Adyo avtd éva Ce-
oMBo@do mETEMUO TAOVOL0 08 RAMVOTTIAGAMB0 TOU
mpoeQyotay and meproxy e B. EMddac evowpatd-
Onue, Smwg mTEOoaVOPEEDN®E, OTOL GLTNEETLA TTAUVO-
UEVWV KOUVEMMV TTOV EXTOAPN 1AV RATW OO EUTOQL-
%n€g ouvOires. H vdBeor| nog vitav dtL n wpootixy
@uowot LedMBou OTO CLTNEEOLA TMV TAXVVOUEVOYV
rouveldv Ba elye guvoixt] enidoaoy oty aiEnom toug
%o/ M 0T0 OE(HTH UETATQEYPLUSTHTOS TNE TEOPI|C TOVG.

Evtottoig, ta amotehéopata g €égevvag €del&Eav
otL 1 xE1on Tov Quoroy TedMBouv dev elye evvoiny
entidpaon oV aiENoN Tov COUOTIROU PAQOVS TWV ROU-
velMdV 1] 0To delnTn PETATEEYUSTHTOS TS TOOWI|S TOUG.
Apnetéc épevveg oe dhha eldN Lodwv vrooTneiovy Ta
evprjuarta autd. Lo tapdderyua, o Shurson xou cuv.
(1984) vmootiolEay GtL N xonon xvortAdBov ot
dLateogt] TmV TTaLVOUEVAV Yolpwv dev emnoéaoe on-
wovTLd TV ®oTovaAwon Te TROWIS, THY aiENON %o TO
deintn petatpepudTnTag e Teogiic Tovs. O Poulsen
& Oksbjerg (1995) avépepav onpavtiky pelmon mg
UEONE NUEQT OO AVENONE %o VIToPABULOY Tov delnTn
UETATOEPLUSTNTOS THS TOOPNS OF TOYVVOUEVOUS YO~
QOVUG UETA artd TV TTRooBxn ®Awvomtihdhbov 0To oL-
™€oo toug. Emuthéov, ou Christaki xau ouvv. (2001)
€de1lEav otL 1 yorjon xivortihdiBou oe Toc00T6 4%
OTHV TEOYY] ®EEOTAQAYWYDV 0pVIBiwy dev elye evvoi-
%1} emidpaoN OTIE AT0dGOELS TOVS, EVE GTAY TO TTOGOOTS
Nrav 2% 1o amotehéopata 1ftav evvoirdtepa. [1ad-
wota amoteréoparo avogpéoouvy ov Pulido & Fehring
(2004), ou omoiol draiotwooy Pertimon g avEnong
TOV HOOYaQLAV pe T xoron Ledhbov oty TopY Toug
og 10000t6 3%, eve, GTOV oWTOS YooNYOnxe o mo-
00016 5%, dev dlarmotdBnre vdmoLa EVvoiny entidoa-
on. Téhog, ou Forouzani xow ovv. (2004), oty €pgvvd
TOVG IOV APOQOVOE OE TAYUVOUEVT AOVLA, ROTEANEQY
oto 6t yeYon LedhBou oe tocootd 3% 1 6% oto ot-
TNEEOLO TV aQVIWY OeV elye eveQYETIHA QTTOTEAEOUO-
T 0TV OWENOY] TOVG.

Ta aroteAéopota g ToQovoas €gevvag eivol du-
vatd va gpunvevBouv pe fdon ta enimeda TV TEMTE-
ivdv Tov oLtneeaiov twv xovveldv. Ta ortneéoia Tmv

in thigh length and lumbar circumference length,
although in the latter a trend (P=0.113) was observed
in treatments L and H where the values were lower
(183.7 mm) in comparison to treatment C (190.8 mm).

DISCUSSION - CONCLUSIONS

The aim of the present study was to assess the effect
of a diet containing different levels of NZ upon the
growth and carcass characteristics of rabbits reared
semi-intensively. Therefore, a clinoptilolite rich tuff
obtained from a territory in Northern Greece was added
in rabbits diet reared under commercial conditions.

The use of natural zeolites in animal nutrition has
been a research subject since mid- 1960s. Many
researchers have demonstrated improvement on
performance traits of various animal species by the use
of natural zeolites, which were attributed to the type of
the material used, its purity and physicochemical
properties, as well as the levels of its supplementation
(Papaioannou et al., 2005). There are two prevailing
views about the underlying mechanisms of zeolites; (i)
the ammonia binding effect, which leads to the
elimination of the toxic effects of NH4+ produced by
intestinal microbial activity (Shurson et al., 1984; Pond
et al., 1988) and (ii) the retarding effect on digesta
transit, which leads to more efficient use of nutrients
(Mumpton & Fishman, 1977; Olver, 1997).

Based on the proposed mechanisms we hypothesized
that the addition of NZ in growing rabbits’ diet would
have beneficial effect upon their growth and/or feed
efficiency.

The results of this study, however, suggest that the
incorporation of NZ in the diets of growing rabbits had
no beneficial effect on their growth or feed efficiency.
Studies in other animal species support these findings.
For example, Shurson et al. (1984) concluded that the
dietary use of clinoptilolite had no effect on feed intake,
gain and feed conversion ratio in growing pigs, while
Poulsen & Oksbjerg (1995) reported significant
reduction of daily gain and increased feed: gain ratio,
when clinoptilolite was added in growing pigs diet.
Moreover, Christaki et al. (2001) demonstrated that
the addition of a NZ at the levels of 4% did not have
beneficial effect on the performance of broiler chickens
even though the same researchers found beneficial
effects of NZ when it was supplemented at the levels of
2%. Similarly, Pulido & Fehring (2004) reported
improvement in growth of calves fed NZ at the levels of
3%, while no effect was evident at the levels of 5%.
Forouzani et al. (2004), in their study involving lambs,
found that the dietary inclusion of NZ at the levels 3%
or 6% was not advantageous.
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ROUVEMMDV TEQLEYOUV OYETHA XAUNAGTEQA TOCOOTA
TEWTEIVAV 0 OUY®QOLON UE eXeVa AAAWV - UnQuxa-
otxdv (Lovoyaotourav) Lowv eEartiag tng 1dioutepd-
TNTAGS TOV TETTLROV TOUg ovoTHUoTog (alomoinon qu-
TWHNG TEMTEIVIG, TUPAOTQOQIL, OXNUATLOUOS UOAORDV
®nomEdvav). Paivetar 61l 10 ER{TEO TOV TEWTEIVAV
Tov oltneeotov (17%) odjynoe oe rEAdTEEY OVIOTO-
%OLON OTNY TR0 %Y TOV PuaLroy LedhMBov »au 1) dua-
TLOTMON QUTH CURPOVEL LE EVORUATA TTOV ALPOQOVTOY
oe yolpovg (Poulsen & Oksbierg, 1995+ Papaioannou
%o ovv., 2004) 1 axdun o og apvid (Pond »ow cuv.,
1984- Pond, 1989).

Avtibeta pue ta TaQaITdvVem EVONUOTOL, OEHETES EQEV-
veg €xovv avadeiEel ta BeTind amote éouata oY av-
Enon twv Ldwv and ™ yonon tedMBov oty To0g1
tove. ['ia mapdderypa ow Papaioannou xouw ouv. (2004)
OVOEEQOUV ONUAVTIXY] ETIOQAON OTLS ATOdGTELS TV
TOYVVOUEVOV XOlQWV 0T TV TEOoON®N €VES QuOL-
%0V LedMBov o€ 1000016 2% 0710 OLTNEEDLO, YEYOVOS
OV AVALPEQETOL %Kol TS AERETOVS AAAOVS EQEVVNTES
(Cool & Willard, 1982- Pond »ow ovv., 1988 Coffey &
Pilkinston, 1989 Yannakopoulos »ou ouv., 2000). Avti-
atoya, fertimon Tov atoddoemv atd TV EVOOUAT®-
o1 Quowrot LeGMBOV 0TO OLTNEECLO €YOVY ETTIONG OVOL-
pepBel oe wmvd (Tserveni- Gousi zow ouv., 1997) naw
oe unovraotxd (Pond, 1989+ Deligiannis xoau ouv.,
2005 Katsoulos xau ouv., 2005).

To yeyovdg 6Tl ®atd T OLAQRELD TOV TTELQUUOLTL
oo drartotdBnre aiEnomn g BvnodTTag TV ®ov-
veMdv otig opuddeg 6o mpootéBnue puowrdc Ledhbog
OTNV TEOMN TOVG eival BaVS va opelAeTal otV gval-
oBnoia twv xovve MV otig ahhay€c Touv oLtheeoiov. Ot
Peeters xaw ovv. (1995) avagépouv dti oL memtinég dia-
TAEAXES ElvaL OUYVE TEOPRANUOL 0T ROUVEALXL, RAOWS T
OVATTUEN CUYRERQLUEVWV TABOYOVMV UTOQEL VoL 0d1-
yiioeL og Bvnowdtta ov EgmeQvd To TO00OTO TOV
20%. Zwmv mogovoa €gevva To. VYPnAdTEQM TOOOOTd
Bvnowdtnrog xatayedenray Tig TedTes dVo efdoud-
OEC TOV TELQAUATIONOD %L OUVETMG ETNQEACAV THV
aUENON TOU OMUOTHOY PAQOVS TWV ROUVEMMV %aTd
™V 7teEiodo avth. Auté Ba pmopovoe va. arodobel oe
évay amd tovg uxaviopots dpdong twv LeSMBmv, Ty
emPodduvon g duédou Tov TETTROU TEQLEYOUEVOU
atov evtepwd owiva. Eivar duvatd n emfodduvon
ot va oxeTieTal (e dLorTaoou] TS RIVITIRGTHTOS TOU
EVTEQOU, 1) OTTOlOL [LE T OELQA TG TEOXAAE Uelmo) Tov
QUOUOU OYNUATLIONOU TOV HOAAXRGDY ROTQAV®WV, OTAOY
TOU evieEoU meQLexopuévou (1WalteQa oto TUPAS Evie-
00) %o avdmtgn rtaboydvmv (E. coli oty mtagotoa
€oguva). Qotdoo, 1 TOEATHENON auTti dev WItoel va
vrtoomEyfet BLpioyoagurd Aoym g EMhenpng oval-
POV TAVM 070 BENa UTo.

A possible explanation for the results obtained here
lies to the levels of crude protein in rabbits’ diet.
Rabbits’ diet contains low levels of crude protein
comparing to other non-ruminant species due to the
particularity of the rabbits’ digestive system (caeco-
trophy, formation of caecotropes). It seems that the
crude protein level used in this study (17%) led to less
pronounced response to dietary NZ and this is in
agreement to the findings reported in studies with lambs
(Pond et al., 1984; Pond, 1989) or swine (Poulsen &
Oksbierg, 1995; Papaioannou et al., 2004).

On the other hand, several authors have
demonstrated the favourable effects of the dietary use
of NZs. For example, Papaionannou et al. (2004)
reported a significant effect of the addition of 2% NZ
to the diets of growing pigs in agreement to findings of
previous studies (Cool & Willard, 1982; Pond et al.,
1988; Coffey & Pilkinston, 1989; Yannakopoulos et al.,
2000). Improvement in growth and feed efficiency by the
addition of NZ has also been reported in poultry
(Tserveni- Gousi et al., 1997) and in ruminants (Pond,
1989; Deligiannis et al., 2005; Katsoulos et al., 2005).

Mortality during the experimental period increased
with dietary inclusion of NZ. Rabbits are sensitive to
dietary changes and digestive disorders are a common
problem as specific pathogens can lead to mortalities up
to 20% (Peeters et al., 1995). The higher levels of
mortality in this study occurred the first two weeks post
weaning and, as a consequence, growth of the rabbits
was affected in the same period. A possible explanation
can be ascribed to one of the mechanisms of action of
NZ, the retardation of the digesta passage rate through
the intestines. The latter may be related to intestinal
blockage (gut hypo-motility, reduced caecotrope
formation, prolonged retention time in the hindgut)
and pathogens colonisation (enteritis due to E. coli
infection) that occurred here, however, we are not
aware of any relevant reference in the literature.

The effect of the dietary inclusion of NZ on rabbit
carcass characteristics was not significant in this study.
In a recent review, Dalle Zotte (2002) indicated
genotype, slaughter age and weight, dietary fat source
and processing techniques as the major factors of high
effects on carcass quality. According to the results
obtained here, neither the technological cuts weights
nor the organs weights were affected by the diet. The
average values presented are similar to the ones
reported in other studies (Fernandez & Fraga, 1996; Pla
et al., 1996; Pla & Cervera, 1997; Pla et al., 1998; Piles
et al., 2000; Yalcin et al., 2003), with the exception of
dressing percentage (carcass yield), which was higher
due to the heavier commercial weight in our study. In
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H yonowomoinon tov guorot LedMBov ata outy-
€010 TV ROVVEMDV eV EMNEEATE TOL YOQOUXTNOLOTL-
%A TOV OQAYLOV TOUS. € U0l OYETIRA TOOOQATH VO~
oxnomnon, o Dalle Zotte (2002) vrootijolEe dtL ot on-
UOVTIXGTEQOL TTOQAYOVTES TTOV ENNEEGLOVV THV TOLS-
TITOL TOU OQAYLOU TMV ROUVEMMY E(VOL O YEVOTUTOGC, 1
NAria opayns, 1 drorpogy (ta entimeda TG EVEQYELOG
™S TEOPNS) naL oL dudpoeg TexVirég emeEeQyaoiog
TOV 0QAylmV. ZUUQOVA ULE TA ATOTEAEOUOTO TG dUr1ig
wag €oevvag, 1) xonoworoinon guowrov teéMBov oty
TOOPY TV ®ovveEMMV dev ennpéaoe ta fAon TV EmL-
uéeoug teporyiwv wov Mgdnray xotd v eneEepyaoio
TV opayiwv. Ovpuéoeg TUES elval avtioTouyeg ne exel-
veg GV epevvdv og xovvéha (Fernandez & Fraga,
1996° Pla »ai ovv., 1996° Pla & Cervera, 1997 Pla o
ouv., 1998- Piles xau ovv., 2000- Yalcin xoun ovv., 2003),
ue eEalpeon ™y amédoon oe opdyLo n omoia fray vym-
AGtepn oty €0euvd pog AGym Tou VYHAGTEQOV CWUOL-
oYU fagoug TV xovvelmv. Kdtm amd tig eAAnvirég
ouvOneS EXTEOPNS TA ROUVVEMO OPALOVTOL OE UEYOL-
Miteon nhrio ®ow CUVETMOS 08 UeYAAUTEQO CWUATIRG
Baog (o€ oUyrELON, VL0 TOQADELYILOL, UE TNV LOTTOVIXY
ay0Qq), yeyovds mov odnyel oe peyaiiteen amddoon
oe opaywo (Fernandez & Fraga, 1996- Pla »ou ouv.,
1996 Dalle Zotte & Ouhayoun, 1998). Meto&s twv pe-
TONOEMV OTOL OLAPOQA TUNUOLTOL TOV OQAYLOU dLOUTLOTH-
Bnxne uelwon Tov ufrovs oeayLov oty opudda 6oV o
CedMBoc mpoatédnxe og vmAdTeEn avaroyia (opudda
H). Emtiong, 0o moémel va toviotel ) pelwon g meQt-
PEQELOS TOV OQPAYLOU OTO ROUVEALD TTOV OTO OLTNEETLO
Tovg eliye mpootelel puowds Cedhbog. H mepupépeia
ovt meguhoufdvel zou Ta xotoxd Torywuata (ouve-
TG %KoL TO VOGO HOWMORG ATTOC) VITOdNAWVOVTOG
ot Eoobjxn @uotrol LedABou proel va odnynoet
o€ Pelmwon TV T0000TOU ATTOVG, YEYOVOS TOU OUIP®-
vel e ta amotehéoporo Tov EXouv avapeel amd Toug
Christaki »ai ovv. (2006) oe €pguva oV apoEovoe Oe
AOEOTOQOUY WY 0QVIBLOL.

SVUTEQAUOUATINL, OTTO TOL OTTOTELEOUOTA TG EQEV-
vag vt g dLoTtotdBnre GTL 1 EVOOIATMOY EVOS QUOL-
20U LedABOV (#AMVOTTLAGALO0C) 0TO OLTNEEOLO TMV TTOL-
XUVOUEVAV ROUVEMDV OV emNOENTE TNV CENON ®oL TOL
YXOQOKTNOLOTLRA TOV OPAYLOU TOUS, EVEM 00 yNOE OF
vroPadulon Tou delnty petatpePudTnTas %ol 08 av-
Enom g BvnoudTTds Tovg. Av %ol ToL aroteAE opaTa
oUTd NTOV EVAVTLO OTNV )Ry Hag vTéBeom, paiveto
OTL AANOL TTOLQAYOVTEG, OIS TO TOCOOTS TWV TQWTEIVAV
TOV OLTNEECTOV RO TOL E{TTEDO CUUUETOYYS TOV CeSAL-
Bov ot SLaTEOPH] TV ROUVEALWV, YOELATOVTOL ETLITAE-
ov Olepevvnon. 4

Greek market rabbits are slaughtered to heavier
commercial weights (compared e.g. to the Spanish
market) that lead to higher carcass yield (Fernandez &
Fraga, 1996; Pla et al., 1996; Dalle Zotte & Ouhayoun,
1998).

Among carcass measurements dorsal length
decreased with the increase of NZ. It is worth noting
that lumbar circumference decreased (though, not
significantly) in treatments where NZ was involved. The
lumbar circumference includes abdominal wall (and
abdominal fat) indicating thus, that the addition of NZ
may result to a reduction of the abdominal fat, finding
that has already been reported by Christaki et al. (2006)
in a study involving broiler chickens.

It was evident from the results of the current study
that the incorporation of a clinoptilolite rich tuff
(natural zeolite) in the diet of growing rabbits did not
affect their growth or the carcass characteristics,
whereas feed efficiency and mortality level were
negatively affected. Although the research outcomes
were against our initial hypothesis, it seems that other
factors, such as the protein source and level in the
rabbits’ diet, as well as the percentage of clinoptilolite,
merit further investigation. 4
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