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Extpnon wng anoteleopaukdmrag
evog npoProukov nov nepiéyel
onépoug wu Bacillus toyoi oty
uyeia ka1 oug anod4oe1g 1wV UMV
Kai tev xo1p1iev toug und
ouvOnkeg eKTpo@Pnig

L.E. lewpyouddkng', K. Ade§émouvdog’, X. Mn-
Aidng’, E.E. Madav6pdxng', X.K. Kupidkng’

INEPIAHWH. Zwnv épeuva auti ehéyyOnke n anotedeopatiké-
wra wou Toyocerin®, evog npoProukot nou nepréyer 1x10° onépoug
Bacillus toyoi ava ypappdpio, otnv uyeia ka1 tig anodboeig twv
oudV ka1 v yoipidiwv toug. XpnotponomOnkav cuvohikd oydévia
(80) oeg mou karavepAOnkav oe téooepig nepapatikég opddeg wg
e§iig: TOYO-0 = opdSa—pdpwpag mou Sev éhaPe mpoProuxs,
TOYO-0,5 = 0,5x10°, TOYO-1 = 1,0x10’ ka1 TOYO-2 = 2,0x10’
onépoug Bacillus toyoi avd kg tpo@iic, avtictorga. O1 nepapau-
kég napepPdoeig dpyioav tnv npépa tng oyeiag ka1 ouveyiomkavy
yia duo mipeig avanapaywyikoig kixkdoug. O epmlovtiopdg tng
tporig pe Toyocerin® efye wg anotédeopa tn Pedtiwon g uyeiag
WV 0UDV, dniwg mpoékupe and my av§non tou cwpaukoy Papoug
ané mv oxeia péxp1 ov woketd (P<0,05), aré w peiwon g and-
Aerag Bapoug and tov wketd péxpi ov anoyarakuopé (P<0,05) kar
ané wn peiwon tou Siaotipatog «anoyadakuopoi—ovAinyngy
(P<0,05). H yoptiynon tou Toyocerin® ouvetéleoe eniong otn Pel-
Hon twv yapaKmpIouK®OV g TOKEWORAS0G, S1IwG IPOEKUPE a-
16 v aiénon tou ap1fpoy v fwviavav yoipiSiov otov toketd
(P<0,05), tnv at&non tou apifpod wwv anoyadaxuopévwv yoipl-
Siov (P<0,05), tnv at&non tou cwpaukoy Papoug twv anoyada-
kuopévov yo1pibiwv (P<0,05) kai tn peiwon tou Sefkn S1dppoiag
(P<0,05). Tédog, to Toyocerin® karateiver oto va feludroer v xa-
tdotaon g vyeiag ka1 m yovipéina v Cu®y, Snwg npoéKupe
and ug TGoEIG PEiWONG TWV PN (PUOIOAOYIKDV KAIVIKOV GUPIIpd-
WV Kal T PEi@on ToU I10600T0Y EMOTPOPIIG WV CUMY OF 010Tpo.
Ta kaddtepa anotedéopata napamprifnkav oug opddeg nmou Adp-
Bavav 1x10” ka1 2x10° onépoug B. toyoi avéa yrhibypappo tpo@ic,

Aé€eig supempiaong: Toyocerin®, Bacillus toyoi, oGeg, yoipidia
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Evaluation of Toyocerin®, a
probiotic containing Bacillus toyoi
spores, on the health status and
performance of sows and their
litters

Georgoulakis I.E.", Alexopoulos C?, Miliotis Ch.’,
Malandrakis E.E.", Kyriakis S.C.’

ABSTRACT. The aim of this study was to assess the efficacy of
Toyocerin®, a probiotic containing 1x10° Bacillus toyoi spores per
gram, on the health status and productivity of sows and their litters.
Eighty gilts and sows were allocated into four experimental groups as
follows: TOYO - 0 = control, TOYO - 0.5 = 0.5x10° Bacillus toyoi
spores/kg of feed, TOYO — 1 = 1.0x10’ Bacillus toyoi spores/kg of
feed, TOYO - 2 = 2.0x10’ Bacillus toyoi spores/kg of feed. The
treatments started at the day of service and covered two complete
breeding cycles. Toyocerin® supplementation of the feed improved
gilt/sow performance by: increasing (P<0.05) the mean body weight
from service to farrowing, decreasing (P<0.05) the mean weight loss
from farrowing to weaning and decreasing (P<0.05) the mean
weaning-to-conception interval. Toyocerin® also showed a positive
effect on litter characteristics in terms of: higher (P<0.05) mean
number of piglets born alive at each birth, higher (P<0.05) mean
number of piglets weaned, a higher (P<0.05) mean piglet body
weight at each weaning and lower (P<0.05) mean diarrhoea score.
Finally, Toyocerin® tended to improve the health status and fertility
of sows demonstrating;: a tendency for lower percentages of sows
with abnormal clinical signs and a similar effect on the percentages of
sows returning to oestrus. These beneficial effects of Toyocerin®
were more pronounced in the TOYO - 1 and the TOYO - 2
groups.
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EIZATQI'H

H yoortpeviepury yhwpida amotehel omovdaio froro-
YRS TORAYOVTA ®at ouvTifeTal astd TMi00g rQooQYavL-
opdv mowihov eWddv ota vy Lda (Walker and Dufty,
1998). H 10000070, quTeiv TV (WrQO0QYUVIOU®DY OTO YOI-
OTEEVTEQLXG CWMVaL BonBd 0T OmOTH| TTEYN %o otV ®ohr
QITOOQEOPNON TV CUOTUTIRMYV THG TOOPNC, YEYOVAS TTOU EV-
QUVOUMVEL TNV AUUVA TOV 0QYOVIOUOT EVOVTL dLapSomv
voonudrwv (Tannock, 1998). O 6pog «mpofrotind» xonot-
HOTTOLE [TOLL YLOL TV TTEQLYQAPY] ELDUMV oVUTANOMUATOV
dratporic, ov astotehotvran asté LovTovois uneooQya-
vViopove, oL omoiol elivol ag Bam va guBuitouv v L0oE-
ool ™E xEoLaxnig yAwEdag 0To YUOTREVTEQLRS OW-
Mva tov Egviot (Fuller, 1989, ®Adpov-Ilavépn, 1992,
Tournut, 1994). To gvepyetnd amotéleoua amd ™) YOoN-
YNON TEOPLOTLRAV ElVaL TTEQLOTOTEQO EUPAVES LOLA{TEQQL
%ATA T OLAQRELD TEQLGOMV RATOTGVIONG TOU OQYOAVIOUOU,
0mtdTE M LO0EEOTOL TS WrEOPLOXNS XAwEIdAS Tov Y-
0TREVTEQROU Owhtjva dratapdooetal (Fox, 1988).

H wepiodog ovletEewv, n ®vogpogia xal 1 yohovyia a-
TOTEAOUV EEQUQETIRA ONUOVTIXES TTEQLGDOVE TNV avaTTa-
payawyuxr Lom g ovdc. Maduetot, Smmg o uéyedog g
TOXETOOUADAS RATA TOV TORETS ROL TOV ATOYUAARTLOUS,
21ABME noL T0 AoTHUA «ATOYAAAKRTIONOU—0UCeVENC», -
otehotv Tovg ouvnB€ateoug delnteg aELoAGYNoNg TV
avamagaywyrdv aroddoewv (Dourmad et al., 1999). H
XANQOVOUNOLUGTITO TMV TEQLOOGTEQMV UVATTOLQULY WY LRV
KOQORTNOLOTLHAYV Elva EQLQETIHG XoUnAY, O avTtiBeon
ue dLdpoovg TEQLRUAOVTIROTGS TAQAYOVTES TTOV EMNQE-
GToVV Aueoa zow ONUAVTIXA TOL CLVOTTOOY WYLKA XOLOOXTH-
oLoTxd. ATtS TOUS TORAYOVTES OUTOUC LOLTEQO GLO TTaLi-
Cevn duatpogn (De Hartog »aw Vesseur, 1994, Durmant,
1999). O 0veg ®editovv Pdooc natd TV rvopoia, UE-
00C TOV 07OV XAVOUV 0T CUVEXEL ®aTd TN Yohovyia, O-
710V OgV PITOEOTY va ®oAVPBOTY 0L SLaTEOPIRES TOVS avd-
YHES YLOL TNV RAMYT TOV ATOLTHOEWY THG YOAAKTOTOQA
yoyic (Robertson xaw Tournut, 1994, Whittemore, 1998).

H ocwotij aElomoinon tmv BQextinav ouotatu®y e
TEOPNG %aTd, TN SIAQRELX THG HVOPOQTaS o TS Yahouylag
€yeL PoeBel 6L emmpedlel onuavtrd Tov aplBud twv to-
VIOVAV YOIV 0TOV TORETO, TOV 0ELBIS TV HOVIOTTOL-
NUEVAOV XOLOLOTMV ROl TO COUATIZG TOVS PAEOS raTd T
vévvnon xou tov aroyaraxtopd (English et al., 1984,
Whittemore, 1998). H maparymywdtra g ouig WmoQel
va BeltuwBel oty mEdEn, pe Ty epaouoy] 000V ®ove-
VOV UETOYELOLONG, TOSAYNG-AVTLUETATLONG VOO UATWV
xa Orarpogns (English et al., 1984). O péhog tov emumé-
00V TEOCAAUBAVOUEVNS EVEQYELOS RO TTQWTEVAV TS TalL
CLOTATLRA TWV TEOPAV OTNY AUENCT TWV AVATAQAYWYL-
1AV Aod6oEmV TV VAV €xeL artdiuta texunolwdel (De
Hartog naw Vesseur, 1994, Robertson xouw Tournout, 1994,
Whittemore, 1998). ITgog v ratetOuvon cut, Tig Tehev-
Taleg denaetieg, yonowomoujonxray ot Soteogy g oude
Lo avVTLBLOTIRA %Ol OVTLULXQOPLAXRES OVOTES O OG-
OELS QUENTLRAV TAQUYOVTMV (e 0TéY0 T PLoeibuwon Tng
evreENg yhwoidag xaw ™ feltimon g vyelag nou tmv a-

INTRODUCTION

Gastrointestinal micro flora of the clinically healthy
animal consists of hundreds of different types of micro-
organisms, which are a biologically important component
of the body (Walker and Duffy, 1998). The balance among
populations of these microorganisms in the intestinal tract
promotes digestion and absorption of nutrients and
increases the body resistance to infectious diseases
(Tannock, 1998). The term probiotics has been used to
describe live microbial feed supplements, which bene-
ficially affect the host animal by improving its intestinal
balance (Fuller, 1989; Tournut, 1994). Administration of
probiotics to re-establish the ideal relationship between
beneficial and pathogenic microorganisms is preferred
during periods of stress whereas this balance can be altered
(Fox, 1988).

Mating, pregnancy and lactation periods are crucial in
pig production; the litter size at birth and at weaning and
the weaning-to-conception interval are major indicators of
sow productivity (Dourmad et al., 1999). Heritability of
most reproductive traits is low and therefore the environ-
ment can be of considerable influence, with nutrition being
one of the most important environmental factors (Den
Hartog and Vesseur, 1994; Dourmad et al., 1999). During a
lifetime period the sow is subjected to many stresses
including: service, changes of housing, gestation in farrow-
ing stalls, separation at weaning, etc. (Robertson and
Tournout, 1994). In addition, sow gains weight during
pregnancy to subsequently lose it during lactation because
their limited appetite cannot meet the nutritional require-
ments needed for milk production after parturition
(Robertson and Tournout, 1994, Whittemore, 1998).
Furthermore, the intake of nutrients by the sow during
gestation and lactation influences the number of piglets
born alive, the number of stillborn piglets, the body weight
of piglets at birth and weaning (English et al., 1984;
Whittemore, 1998).

Sow productivity can be enhanced in practice by
applying proper management techniques, herd health
control programs and optimal nutrition (English et al.,
1984). The effects of feeding level, energy intake and
protein level on productivity, have been well documented
(Den Hartog and Vesseur, 1994; Robertson and Tournout,
1994; Whittemore, 1998). Any compound that improves
the efficiency of feed utilization by the sow will reduce feed
costs, which represent a major proportion of the total
production cost. Antibiotics and other antimicrobials have
long been added to sow diets for promoting properties on
the health status, growth and overall performance (Juelsbo
1994; Kantas et al., 1997; Giannakopoulos et al., 2001).
However, there is a growing concern about the risk of
inducing bacterial resistance to certain antibiotics used in
animal feeds and their potential harmful effects on both
human and animal health. As a consequence, the Euro-
pean Union recently banned the use of four major feed-
grade antibiotics and this has prompted the research for
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TOOGOEMV TWV VAV PEOM TG *ahiTteENS aElomoinong Twv
ovotoTtrav TV 1ogdv (Juelsbo, 1994, Kantas et al., 1999,
Giannakopoulos et al., 2001). O xivduvog Sumg mov eveéyeL
1 TTOQATETAUEVT OO TWV AVTLRLOTLRAYV, E0TM KAl OE WL~
%€ OG0ELE, YLaL TNV OVATTTVEN aVOEXTIRMV OTEAEXDV UL~
XQOOQYOUVIOUMV UE TLS ETTORGAOVOEC apvnTinég emdpdoelg
omv vyeta v Lomv zat tov avBpdmov, ooynoe v Ev-
pamaixy "Evaoon oto va amayoeioel TAjows T xoNon
Te00d MV aVTLBLoTRdY oTg Lwotpo@és. "Etot, 1 épgvva
QYLOE VO ETUREVTQMVETAL OTH JLEQEVVNON THS QUTOTEAE-
opatndmrog GAA@Y, eVOAORTIRGY oL MYSTEQO «EVO-
KOV» TAQAYGVTMV 0T OLOTQOMY] TV CVAV, GTIWGS TWV TTOO-
Brotradv (Kyriakis et al., 1999).

Z10TTOS TOV TTELQAUATIONOU POC 1TAV 1] EXTIUNON, OF &-
ninedo entEogiic, g aroteleouatirdmrog tov Toyo-
cerin®, evdg mpoProtrot wov mepLEyeL Lmvtavoig oméooug
tov Bacillus toyoi, oty vyeio won g atodGOELS TwV VDV
AL TOV (OLLW MV TOVS ®OTd T dudrera 000 TAjowV o-
VOTTOQAYWYLRMV KURAMV, RaOGS ®oL 0 2aB0QLOUSS TG G-
oLomg docoroyiag Tov.

YAIKA KAIME®OAOI

e oparolona xor aywyes

O meLpauaTonds TEAYUATOTOM ON®e 08 pot ®AOeT &-
UITOQLXT] XOLROTROMLKY ExpeTdAAeEVOT duvourdtTag 900
oVdV, (BLoV YeveTrov duvaurot (VBeidia Dalland). Xon-
oportouOnrav cuvolxrd 80 veapég nat evijlres OUeg na-
Td ™ drdprela dvo CUVEXSUEVOV AVATAQAYWYLRMV RU-
®xAwv. OL oveg extedgnuay vitd Tig (dleg duayeLELoTrée,
OLOTEOPLRES RO VYELOVOUKES OUVEMKES ®aTd T dLdoxreL
Tov meLpapoopov. Ta melpapatéloa ymelomuray og To-
oeoLg opddeg (20 oveg ava opdda), we e&rjc: TOYO-0 =
udoTec, ywoic tpoprotrd, TOYO-0,5 = 0,5x10° ool
Bacillus toyoi avd yuudyoouuo tpogrc, TOYO-1 = 1,0x10°
onépou Bacillus toyoi ava yuéyoouuo tpogrig, TOYO-2
= 2.0x10° owépou Bacillus toyoi, ovd yiAGyQauuo toogic.

H yop1ynon twv tapamdvo ovtneeciov Eexivnoe v
NUEQQ TG OYETOE AL CUVEXTOTNRE YLOL OO TTANQELS OVOL-
TAQAYWYLROUE ®UAOVS (UEYOL TV O)eln ueTd TO 20 TORE-
16 oto meipoua). H ratovopr] tmv cudv oTLg TELQOUATIRES
ouddeg €yve €10l HoTe TeMrd 1dBe opddo vo tepuhapuPd-
veL S veaQég oveg, 5 oleg ue €vati 000 toreTovg, 5 oveg e
TOELE 1) TEOOEQLS TORETOUE ®ow 5 0Ueg (e mévte 1 €L Tone-
toU¢. [ v g6xoAn avayvadeLon, Tormofetitnray otig
oleg ndbe ouddag EVATLO OLULPOYETIXOY YODUATOC.

Awaygigion tov OOV 2oL TEOYQAUNLATA TQOANYNS Vo-
onudTov

OL 0Ueg raTaveuONray OIS TELRAUATIRES OUADES TV
nuéea g oxelag, Tou KaEarTEIoTN®E OC TEADTH NUEQA
TOU TELQAUATLOUOU, %ot aywd oo MLovio opadnd avd
5-7 Cida 010 %TipLo «ENQdc TeQLEdou». O veaQés oveg yo-
viporomOnxrav ot dudorela Tov deUTeQOV 0{0TEOV TOVG
(8Y0 omepuaTEYYVOELS, N TEAT) Apéows uetd ™ dvoti-
OTWOT) TOV O{0TEOU ATTG «AVLYVEVTH» #ATTEO RO 1) devteQn
12 ddpeg apydtepa). Ou 0veC, PETA TOV OITTOYOMIXTLOUS TV

other alternative compounds used for enhancement of
sows performance, such as probiotics (Kyriakis et al., 1999).

The aim of this field dose titration study was to assess
the efficacy of Toyocerin®, a probiotic containing Bacillus
toyoi spores, on the health status and productivity of sows
and their litters throughout two complete consequent
breeding cycles.

MATERIALS AND METHODS

Animals and treatments

The trial was conducted in a commercial swine farrow-
to-finish farm with a capacity of 900 sows of the same
genetic background (Dalland hybrids). A total of 80 sows
were used for two consecutive reproductive cycles. All gilts
and sows were bred under the same management, feeding
and hygiene conditions. The gilts and sows were allocated
into four experimental groups (20 sows per group), as
follows: TOYO - 0 = negative control, untreated group,
TOYO - 0.5 = 0.5x10° Bacillus toyoi spores/kg of feed,
TOYO - 1 = 1.0x10° Bacillus toyoi spores/kg of feed,
TOYO - 2 = 2.0x10° Bacillus toyoi spores/kg of feed.
Feeding of the treatments started at the day of service and
covered two complete breeding cycles (up to the service of
the third parity on trial). Each group consisted of five gilts,
five sows on parity one or two, five sows on parity three or
four, and five sows on parity five or six. In order to
differentiate the gilts/sows of each experimental group,
different colour ear-tags were used.

Management and hygiene of the animals

All gilts and sows were allocated to the experimental
groups at the day of service, which it was consider as day—1
of the trial. The gilts were initially housed in groups of 5-7
in a gilt-sow service area in the sow dry period stable. Gilts
were served during their second oestrus and they were
inseminated twice (at the beginning and 12 h after
detection of the standing oestrus by a teaser boar).
Artificial insemination was applied on the farm, with the
"Do-it-Yourself AI" system. Sows after weaning were
housed in the same area, and inseminated twice as already
mentioned. All the animals remained in this area up to one
month after service, and then they were housed in
individual stalls in a second room of the sow dry period
stable. Five days before the expected farrowing day all the
animals were transferred to raised pens in the farrowing
house and remained there until weaning on the 25th day.

During farrowing and lactation all gilt/sows and piglets
had the current management, applied as the practice of the
farm. Up to the 3rd day after farrowing the number of
piglets per gilt/sow were standardised to 10 (by adding or
removing piglets from each gilt/sow). This procedure was
carried out among animals in the same experimental group,
providing that each litter was having equal distribution of
piglets by sex and body weight. After weaning all the
animals were transferred to the service area and
inseminated. The whole procedure was repeated as already
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xoLoWimv, uetagpépoviay oto dLo xtipLo, Grov emttong yi-
voviay d00 omteQUATEYYHOELS RUTA TOV 0{0TEO TOV ArO-
hovBovoe, 6mwg tpoavagpéednxre. Ta Lha mapéusvay yio
€va uva netd ™ oVLevEn otov (810 YHEO %ot PETE OTa-
BALCovtav og atopuxrd neMd. [Tévte nuépeg oLy mv ava-
UEVOUEVN NUEQO TORETOV GAQL TOL LHOL LETAPEQOVTOY OF HE-
MG, TorETOU, GOV TAQEUEVAV UEYOL TOV ATTOYOAARTLOUG
TV XoLRLOImV TOVC TTEQRITov 0TIg 25 UEQES Yahouylag.

Katd ) dudorelo tov 1oxeTol ®oL e yahovylag o
OUEC %A OL TORETOOUADES TOVS EXTOAPNRAY VTG TIC TOE-
xovoec uefddovg ov epaoudlovrav otabepd omy e-
xteogn. Thv 1olt) NuéQa LETA TOV TOXETO, O AELOUGS TV
YOOIV avd GV TTROCAEUAOT®E ETOL DOTE GAES OL TOXE-
Toopddeg va amotehovvron amtd 10 yorpidua (€va 1j do you-
oida TEoaBETovTay 1 agatpovvtay ard rvdbe ov VoTH-
04 evtdg ™S (OLAC TELRAUATITS OUADUS RO e 0TSO TV
LOOROATOVOUN TV KoLV avd Toretooudda pe fdor 1o
@ULo naw 10 omuaTirS Tovg BAOGS).

270, OLTNEEDLA TV CUAV TNG EXTOOPHS YLVOTAY TTOLV THV
€valpEN ToV TELRAUATIOUOT TTEOTH| XY BLoyviopuvxivig ue
0t6x0 ™ PerTinwon g VYElNS TWV UMY KoL TOV TORETOO-
nddmv Toug olupwva pe tponyotueves €pevveg (Kantas
et al., 1998). Qot600, M (0N YNON CWTOY TOV TOEAYOVTX
oTopdTNOE TOLY TV £VOQEN ™S Tapotoag §pevvag AGym
ATSoVEONS Tov artd TV ayod g E.E.. Avtd elye wg a-
TOTEAEOUA, RATA TNV EVAQEN TOV TTELQOUOTLIONOY, VO TTC-
atEOUVTOL AENUEV TTEQLOTATIXA TOV CUVIQGUOU TN &-
Gy eLag SuoyahaElog Tmv cuaY xat Tov SLaEEOI*OU CUV-
dpdbuov ota yohovyolueva xoidia.

“Ola ta Cha avamaaymyngs eupolidtoviay xatd mg
eouBpdc, T E. coli, g vhmotoudicong (timor A nan C),
TOL TORPOL0Y, TG Véoov Tov Aujeszky, Tg yolmng vat ™mg
atpopuriic pwvitag. Enlong, yoonyoivray wo déon t-
Beouentivng vtodéoia otig oveg 14 nuépeg v amd Tov
TOXETS YLOL TOV EAEYYO E0W/eEWMTAQATLTHOOEWV.
Iepapatins vAro

H mewpapanizg ovoia mov yonowpomoifnre fray pa
gumoQuxY| TalpTida Tov ofrotikov Toyocerin® (Asahi Vet
S.A./Spain), tov mepLéyet 1.0x10° Lovravoic oméoug Tov
Bacillus toyoi avad yoaupudoro. To mpoidv eivou emionua no-
taywenuévo oto Mapdomua 2 g odnylag 70/524/EEC
YLoL XY 0N 0TOVGS X0{EOovgS.

Khvizég maparnonoelg

O mopaxrdtm nueQounvies notaydenray yio vdoe
ov: €vaEn aywyng, delTeQog 0l0TEOS TV VEARMV UMV
AL TEYVNTY] OTEQUATEYYVON, 0{0TQOG TV CUMV UETA TOV
QTOYUACKTIOUG RO TEYVNTY] OTEEQUATEYYVON, TLOavY] €L~
OTEOYY] O€ 0l0TEO, TEWTOG %Al OEVTEQOS TORETOS KO OLITO-
yahaxrtiouds oto melpaua, amofoln ral petaxivon (ov-
ureothaufavopévng g awtiag). To copatind doog tmv
oVGV TEOTOLORIOTRE ETIONG 08 ®vabeuio Ao TG TEO-
vageBeioeg nuepounvies. Emumhéov, og wdbe toretoo-
UAdO RATAYQAPNROV TO TOEAXAT® dedougva: apLiude
¥oLeLdimv ov YevviOnray Lovtavd, Vexed ®oL LovuLo-
momuéva, apLBuds xolewimy mov aroyalaxtiothray, a-

described for a second breeding cycle.

Virginiamycin had been routinely used as a health and
performance enhancer in the sow’s diets, according to
previous studies (Kantas et al., 1998) but it was withdrawn
some time before the start of this trial because of its
exclusion from the EU market. Soon after this withdrawn,
an increased Escherichia coli (E. coli) diarrhoea scour was
induced and mortality rates were recorded on the farm
amongst the suckling piglets, due to mastitis, metritis and
postpartum dysgalactia syndrome. This clinical problem
was present upon the trial commencement.

The breeding stock was routinely vaccinated against
erysipelas, Escherichia coli, Clostridium perfringens type
A and C, parvovirus, Aujeszky’s disease virus, swine
influenza, and atrophic rhinitis, and injected with a single
Ivermectin dose 14 days before farrowing for the control of
endo/ectoparasites.

Experimental substance

The experimental substance used was a commercial
batch of the probiotic Toyocerin® (Asahi Vet S.A./Spain)
containing 1x109 Bacillus toyoi spores per gram. The
product is officially listed in Annex II of Directive
70/524/EEC for use in pigs.

Clinical observations

The following data were recorded for each gilt/sow:
commencement of treatment, date of second oestrus of the
gilt and Al date of sows’ oestrus and Al, subsequent Al if
required, day of first and second farrowing, day of first and
second weaning, day of Al after first and second weaning,
subsequent Al if required, abortions, mortality and
removals. Gilt/sow body weights were also recorded on
each of the above-mentioned dates. For each litter the
following data were recorded: number of piglets born alive,
dead and mummified; number of piglets weaned, number
of piglets that died during lactation and reasons of piglet
mortality, the number of piglets with diarrhoea, the
consistency and the duration of diarrhoea, piglets body
weight at birth and piglets body weight at weaning.
Diarrhoea score on pen basis was calculated as the number
of pigs in the pen with diarrhoea multiplied by the days of
scouring and by the diarrhoea scale 0 = normal faeces, 1 =
milky faeces, 2 = liquid faeces, 3 = faeces with mucus and 4
= faeces with blood, and divided by the duration of the
monitoring period.

The health status of gilts/sows and their litters was
assessed regularly and any abnormal signs or medication
given were recorded. Clinical signs, such as reduced
appetite evident by consumption of less than half of the
daily quantity of feed for at least two days, fever, as assessed
by rectal temperature higher than 39.3°C at two conse-
cutive recordings within the same day, evidence of clinical
mastitis recorded as changes in the appearance of the
mammary glands and secretion, presence of purulent or
blood-tinged vaginal discharge occurring after the Sth day
post-partum or post-partum dysgalactia syndrome were the
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LBUGS TV XoLEWImY TTov TTEBavay xatd ™) dLdoreLd TS
yorovylog (cvumeprhappfavopévay tmv outimv Bavdtov), o
aouGe TV yoLoLdimv pe didopota, 1 dtderera ™mg dudo-
QOLOS %O 1) OUCTAOT THE OLOLREOLXIE REVIIONG, TO COUATIXG
Baog tav xoLoldiwv ®atd ™) YEVVNOY %ol %ATA TOV ATTo-
vohoaxtoud. Exione, vroroylotxe o delrtng didoootag
avd xehl mg 0 aLOUGE TV xoLRWimv oTo xell ue dudoLa,
toAaTthaoalouevog He T NUEQES OLAEEOLAS Rl UE TNV
®xAlporo ™me dudpporag (ttun 0 Yo vovovird rémpava, 1
v Yoot on ®omeava, 2 Yo v rémeava, 3 Yol uep-
Boavadn vémpava xaw 4 yia cupotned ®emEovar) ®o dlou-
QOUUEVOS UE TN OLAOHRELD. EUPAVIONE TNG.

H zatdotoon mg vyelog Tmv oudVY Rl TV VEOYVHOY
Tovg afLohoyiBnxe e ndBe AemropgQeLa ®oL ®aTayQdgn-
%E OTOLOONTOTE CVUTTOUA, RAODS KAl OL AYMYES TTOV (O~
onyftnrav. Q¢ ehdrrwon ™mg 6peEng oplotxre N uetwon
OTO IOV TNE NUEQNOLOS RATAVAALOROUEVNC TEOPS YLat
XEOVIXG dLdoTua TOUAAYLOTOV §V0 NueE®V. Q¢ TVEETAS
opiloture N mapovola Bepuorpaoiag pueyariteons twv
39.3°C o¢ mepLoodtepeg amd dvo duadoynéc Mppels Beo-
poxrpaotog arevbuougévouv.

Tratotix avdaivon

OL SLopoEES OVAUETT OTIC TELQOUOTIRES OUADES ENEY-
xOnroav pe mv avdlvon dtoriuavong xoL TEoodoEloTy-
rav pe tov Eheyyo Duncan. Xonowwomomdnxe 1o ototi-
oo oréto SAS, Tov elval EYRATECTNUEVO OTOV REVTOLUO
vrrohoyron] g Khviniig TTaBohoyiag agaywyirdv Zob-
wv tov Tpjpatog Kmviatowiig tov AIL.G. (Site No:
0084912001/SAS Institute Inc., Cary, North Carolina,
USA). Emuthéov, yonowomomdnxre 1 «chi-square» avd-
Avom «xotd Pearson» yua t1 00y®QLOY TOQAUETOWY TOV
EXPOAOTNHOV WS TTOCOOTA.

AIIOTEAEXMATA

Ané to 0vvoro Twv 80 ouvdv TTov yonoluomouionxay
OTOV TELQAUOTIOUGS, TOELS OVES TNS OUANS TWV NAQTIQWY
amoovedNRav, N uic eEartiog eTavelMUUEVWY ETLOTEO-
Qv o€ 0loTeo, wa eEattiag arofordv xal uio eEartiag
EGITwong ®SArov. Teewg oleg amd g vTGhouteg ouddeg
amoovEnrav: uia eEartiog amofolav, pio eEortiog ema-
VEMNUEVOY ETLOTEOPOV ®aut o Eautiog TOoUUATLopov.
Ta xprtiola aoudreuvong factfoviay atov Tpoyau-
poTous tov eqpdopole 1 povdda. “Etot, 0to T€hog Tov el
pduarog, vieeyxov 17 oveg omv oudda TOYO-0 »on 19
ovbec og nabepio omo tig opuddeg TOYO-0,5, TOYO-1 non
TOYO-2. H péon »otovdlwon toogng »atd T dudorelo
™E TEATHE %o TS devtens ®vogopiag (Tlivaxas 1) Poé-
Onne TOESUOLL OVAUETOL OTLS TECOEQLS TELQAUATIRES OUd-
deg (P>0,05). AvtiBeta, n péon ratavahmon TQomg -
TA T OLAQKRELL TG TEWTNG ROl OEVTEONS YOMAKTIXY|C TTE-
ow6dov Pgdnre vVymAdteEn otg ouddeg TOYO-1 nan
TOYO-2 (P<0,05) og 00y®QL0M 1e TV oudda TV HoQto-
pwv. Emumhéov, n uéon natavdimon toogic o v me-
pl0do amoyaharTiopos uéxoL v oxelo Po€Onre xounho-
tepn omv oudda TOYO-2 o€ 0UyroLon UE TLG VITOAOLTTES

conditions meticulously recorded.

The trial was conducted under "Good Clinical Practice
for the Conduct of Clinical Trials for Veterinary Medicine
Products (GCVP) guidelines" (European Agency for the
Evaluation of Medicinal Products, 1998).

Statistical evaluation

Differences among the experimental groups were
tested using one-way analysis of variance supported by
Duncan’s multiple range test using the SAS Statistical
Package, which is installed in the main PC of the Faculty of
Veterinary Medicine, University of Thessaloniki (Site No:
0084912001/SAS Institute Inc., Cary, North Carolina,
USA). Pearson’s chi-square analysis was also used to
indicate differences for data expressed as percentages.

RESULTS

From a total 80 sows and gilts used in this trial, three
sows in the control group were culled, one due to repeated
returns to oestrus, one due to abortion and one due to
rectal prolapse. Besides one sow from each of the
remaining groups were culled one due to abortion, one due
to repeated returns to oestrus and one due to trauma. The
criteria for the removals were based on the routine
program applied in the farm. Thus, at the end of the trial,
there were 17 sows in the TOYO-0 group and 19 sows in
each of the TOYO-0.5, TOYO-1 and TOYO-2 groups.

The average feed consumption was found to be similar
(P>0.05) among the four experimental groups during the
first and the second pregnancy periods (Table 1).
Adversely, the average feed consumption was found to be
higher (P<0.05) at the TOYO-1.0 and TOYO-2 groups
compared to the control group during the first and the
second lactation period. Moreover, the average feed
consumption from weaning to service was found to be
lower (P<0.05) in TOYO-2 group compared with the
remaining three groups during the first period, while during
the second period a significantly lower (P<0.05) average
feed consumption was evident in all three treatment groups
compared with the controls.

At the beginning of the trial the mean body weight of
gilts and sows did not differ (P>0.05) among the four
experimental groups. Table 2 gives details of the mean
sow/gilt body weight at each farrowing and weaning on
trial. Both at the first and the second farrowing the mean
body weight did not differ (P>0.05) among the four
experimental groups. However, the mean body weight gain
from service to farrowing was higher (P<0.05) in TOYO-
1 and TOYO-2 groups, compared with the negative control
and the TOYO-0.5 groups, in both breeding cycles on trial.
Moreover, the mean body weight loss during the first
lactation period was lower (P<0.5) in TOYO-1 and
TOYO-2 groups, compared with the control. However,
during the second lactation period it was lower (P<0.05)
in TOYO-1 and TOYO-2 groups, compared both with the
control and the TOYO-0.5 groups, although the later
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IMivaxag 1. Méon (£SD) xatavdlmon toomis (kg) twv ovdv oe ®dHe meplodo ToV TEWAUATLONOY

Xgovixn mtegiodog Iegapatizég opddeg

TOYO-0 TOYO-0,5 TOYO-1 TOYO-2
log xvixdog
Oyeto — ToneTog 286,05 = 18,19 284,50 = 17,47 268,35 = 36,22 272,30 = 29,71
Kard m yahovyio 139,80° + 12,12 144,85" + 8,52 147,25* = 4,89 147,20* = 4,06
Amoy/opdg — oxela 22,63" = 10,87 21,00ab = 7,00 18,40 £ 2,72 16,80" £ 1,64
20¢ #ixdog
Oyelo—Tonetdg 286,59 = 14,55 281,68 = 2,80 283,42 = 10,48 282,84 = 10,47
Katd ™ yahovyio 140,88 + 8,22 142,16" = 4,95 147,31* £ 4,93 147,78 + 6,79
Amoy/opnog — oxeta 22.29* + 5,31 19,63" + 3,23 17,95 + 3,17 17,79° + 2,39
ab o n€oeg TES o€ #d0e yoouun ue dapopetird er0€m dagpépovy onuavrd (P<0,05).
Table 1. Mean (£ SD) sow feed consumption (kg) at each period of the trial
Period Experimental group

TOYO-0 TOYO-0.5 TOYO-1 TOYO-2
Ist cycle
Service to farrowing 286.05" = 18.19 284.50" = 17.47 268.35" = 36.22 272.30" = 29.71
During lactation 139.80" = 12.12 144.85" + 8.52 147.25* £ 4.89 147.20* = 4.06
Weaning to service 22.63" = 10.87 21.00" = 7.00 18.40" £ 2.72 16.80" + 1.64
2nd cycle
Service to farrowing 286.59" = 14.55 281.68" = 2.80 283.42° = 10.48 282.84" = 10.47
During lactation 140.88" = 8.22 142.16" = 4.95 147.31* £ 4.93 147.78" £ 6.79
Weaning to service 22.29* + 5.31 19.63" + 3.23 17.95" + 3.17 17.79" = 2.39

a,b Means within each row with different superscripts differ significantly (P<0.05).

TOELS OUAOES RATA TN OLAQUELA TOV TEWTOV RURAOV, EVEH
%ATd T dudEreLd TOV SeUTEQOV RUXAOU RO OTLS TOELS OUd-
deg mov Ehafay arywyn TaaTEOnre onuavTvg WrQEo-
TEQTN RATAVAMDON TQOWY|C 08 OUYRQLON UE TOVEC UWGQTUQEC
(P<0,05).

Kotd v évooEn Tou TeElpopomiopot, To HEcO CmUATIZG
Baog tawv ovdv de diépepe (P>0,05) avdueoa ot t€coe-
o1g epapatrég opuddeg. O mivarag 2 divel hemropugpeteg
oyxeTrd UE T0 LECO COUOTIRG BAQOS TV OLUMV Ot ®ABE TO-
AETG RO OTTOYOUAORTLIOUG ROTA T SLAQHELNL TOV TTELQOUALTL
opov. ZTov TEGHTO %At OEVTEQO TORETS TO HECO COUATIRG
Bdoog de diEpepe neTAED TV TECOAQMV TELQOUATIRMDY O-
uddwv (P>0,05). Evrovtolg, n uéon aiEnon tov couatirot
Baoovg watd v 1n o ™) 2N ®vogopia oy vymidteen
ong opuddeg TOYO-1 now TOYO-2, ouyrQuveuevy ue g
ouddec paptipwv row TOYO-0.5 (P<0,05). EmumAdov, 1
uéomn amamielo fAQOVS ®ATA TV TR YahoxTixy telodo
frav wxredtepn ot ouddeg TOYO-1 vt TOYO-2 éva-
viL g opddag tov poptigov (P<0,05). Katd ) devteon
yohaxtxy] teQiodo 1 néon ammrelo PAQovE Hrav redte-
on ot opddeg TOYO-1 non TOYO-2, oe 0UyroLon pe Tg
ouddeg poptigav xat TOYO-0,5 (P<0,05).

group had a significantly higher (P<0.05) body weight loss,
compared with the TOYO-1 and TOYO-2 groups.

Table 3 presents sow fertility and health parameters. It
has been shown that treatment with Toyocerin® at the
inclusion rates of 1.0 and 2.0 x 10° spores/kg of feed resulted
in reduction (P<0.05) of the weaning-to-service interval,
both in the first and the second cycle, compared to the
negative control group. As it was also shown, the addition of
Toyocerin® at the level of 1.0 and 2.0 x 10° spores/kg of feed,
led to a tendency (P=0.07) for lower return-to-oestrus
rates both after the first and the second weaning on trial.
Furthermore, the addition of Toyocerin® in the two highest
doses examined, resulted in a tendency (P=0.09) for lower
percentage of sows exhibiting abnormal clinical signs
compared to the remaining two groups.

The mean number of piglets born alive and weaned per
litter and the mean diarrhoea score are illustrated on Table
4. The number of piglets born alive at the first birth was
higher (P<0.05) in the TOYO-1 and TOYO-2 groups,
compared to the negative control group. However, there
was no difference (P>0.05) in the mean number of piglets
born alive among the four groups at the second birth. The
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Mivaxag 2. Méoo (£SD) ompatird fdeog twv ovmv (kg) oe #AOE TORETG RO ATOYOAARTLIONS %ot OL LETABOAES TOV OWUOTROU BAOOVG

Hapdpetgog IMergapatizég opddeg

TOYO-0 TOYO-0,5 TOYO-1 TOYO-2
Souatixd fdoog
1og ToreTdg 228,95 + 40,44 231,15* = 36,83 233,40° £ 51,01 228,00" + 40,63
20¢ ToreTAg 24429 + 34,34 245,37 + 37,91 263,10" = 53,22 257,95 + 39,14

AvEnon owuatixod Pdoovs

1n »vogooia 29,05" + 11,86 27,05" + 12,45 45,60" + 17,32 38,70" + 16,50
21 ®VOQOQIoL 25,71° + 11,87 20,89" + 7,74 35,74 + 18,23 39,16" + 13,52
Swuatixd fdoog
1og amoyahaxtionds 214,20" = 40,66 219,25* = 38,09 223,40" £ 50,72 218,85" + 41,13
20¢ aTOYAAURTLOUGS 230,94* = 34,90 234,00" = 37,99 254,10" = 52,83 250,10* = 39,57
Meiwon owuatinod fdoovs
1n yahovyia 14,75 = 4,27 11,90 £ 4,97 10,00" = 2,92 9,15" + 6,60
2n yohovyla 13,357 £ 3,32 11,37" # 2,87 9,05° = 1,54 7,84 = 2,06
abe o uéoeg g o #dle yoouun ue dapopetind ex0€m dragpépovy onpavuxd (P<0,05).
Table 2. Mean (£ SD) sow body weight (kg) at each farrowing and weaning and body weight changes
Parameter Experimental group

TOYO-0 TOYO-0.5 TOYO-1 TOYO-2
Body weight
1st farrowing 228.95* + 40.44 231.15" = 36.83 233.40" = 51.01 228.00" = 40.63
2nd farrowing 244.29* +34.34 245.37" = 3791 263.10° = 53.22 257.95" = 39.14
Body weight gain
1st pregnancy 29.05" = 11.86 27.05" £ 12.45 45.60" = 17.32 38.70" = 16.50
2nd pregnancy 25.71" £ 11.87 20.89" + 7.74 35.74* = 18.23 39.16" = 13.52
Body weight
1st weaning 214.20° + 40.66 219.25* + 38.09 223.40" = 50.72 218.85* + 41.13
2nd weaning 230.94* £ 34.90 234.00° = 37.99 254.10" £ 52.83 250.10" £ 39.57
Body weight loss
1st lactation 14.75* £ 4.27 11.90" + 4.97 10.00" = 2.92 9.15" £ 6.60
2nd lactation 13.35* £3.32 11.37° = 2.87 9.05° = 1.54 7.84° = 2.06

a,b.¢ Means within each row with different superscripts differ significantly (P<0.05).

O stivarag 3 divel oTouyelo OYETIRG e T YOVIUSTHTO
AOLL TG TAQAUETQOVS VYELOS TV ovdv. Katadeiytmne Gt
N oywyn pe Toyocerin® ota enimeda 1.0 non 2.0x10° omd-
owv/kg Toogris elye wg amotéheona ) uelmon Tov daoT)-
UOTOG CLTTO TOV OITOYOMARTIOUS UEYXQL TNV OYEICL ROl OTOVS
5Y0 AvaTaQUYWYLROUS KURAOUGS, O€ OUVYXQLON UE THY OUd-
da tov paptiponv (P<0,05). Emiong, n meoobizn
Toyocerin® oto emimedo Twv 1.0 »ow 2.0x10° omdpwv/kg
TRoPr|c 0dynoe oe tdon (P=0.07) yia Mydtepeg emotgo-
Pég o€ 0{0TEO UET TOV TEMTO %ol TO dEVTEQO aToyaha-
ruoud. Emmhéov, n mpoodun Toyocerin® ong 6o vym-
Motepec 06oeLg ov eEetdotnray (ouddeg TOYO-1 nan
TOYO-2) eiye g amotéheopa tdon (P=0.09) peimong tou
TOTOOTOU TOV UMY UE U PUOLOLOYLRG CUUTTAOUATO O
otyrowon pe tg ouddeg TOYO-0.5 o TOYO-0.

O péoog aLBuds xorptdimy tov yevvridnray Lovravd

mean number of piglets weaned was higher (P<0.05) in the
TOYO-1 and TOYO-2 groups compared with the controls,
both at the first and at the second weaning. Moreover, the
mean diarrhoea score was lower (P<0.05) in all treated
groups, compared to the negative control group during
both lactation periods. Besides, the mean diarrhoea score
was lower (P<0.05) in the TOYO-1 and TOYO-2 treated
groups compared to the TOYO-0.5 group during the
second lactation period.

Table 4 gives also details of the mean piglet weight at
the 3rd day after birth and at weaning. Even though there
was not significant difference on the mean piglet weight at
the third day after birth among the four experimental
groups (both at the first and the second birth), it was shown
that the addition of Toyocerin® at all the inclusion rates

MEPIOAIKO THE EAAHNIKHE KTHNIATPIKHE ETAIPEIAX 2004, 55(1)
JOURNAL OF THE HELLENIC VETERINARY MEDICAL SOCIETY 2004, 55(1)



GEORGOULAKIS LE., ALEXOPOULOS C., MILIOTIS CH., MALANDRAKIS E.E., KYRIAKIS S.C.

IMivaxag 3. TTaQAReTEOL YOVIUGTNTAG KOl RATAOTAONS THG VYELOS TWV CVMV

Iogdpetgog Iegapatizég opddeg

TOYO-0 TOYO-0,5 TOYO-1 TOYO-2
Méoo dtaotnua (£ SD) «T2 — toxetov» (quéoes)
log nimhog 115,95 = 1,96 115,75 £ 2,29 115,70* = 1,49 115,35* + 0,88
20¢ ®UnAOg 115,18 + 1,63 115,26" = 1,28 115,10 = 1,37 115,00 = 0,82
Méoo Sudornua (= SD) «amoyalaxtiouot — T2» (nuéoes)
log nimhog 6,58+ 5,10 5,95" + 3,05 4,55 + 0,69 420"+ 0,41
20¢ #i%Aog 6,47 + 1,66 5,63 + 1,50 4,95+ 1,51 4,26°+0,73
Ap1Buds emiotooedv ae 0iotoo | ovvoro ovdv (%)
log nimhog 3/20(15,8%) 2/20(10,0%) 1/20(5,0%) 1/20(5,0%)
20¢g #inhog 3/17 (17,6%) 3/19(15,8%) 1/19(5,3%) 1/19(5,3%)
AotBuds ovdy e TovAdytatoy éva un uatoAoyind xAvixd odurtoua [ ovvolro eEetacbéviwy (%)
log ninhog 9/20 (45,0%) 7120 (35,0%) 5/20(25,0%) 4/20(20,0%)
20g #o%hog 7117 (41,2%) 7/19 (36,8%) 4/19 (21,0%) 3/19 (15,8%)
abc oy uéoeg g o #dle yoouun ue dapopetind ex0€t dragpépovy onuavaxd (P<0,05).
Table 3. Sow/gilt fertility and health parameters
Parameter Experimental group

TOYO-0 TOYO-0.5 TOYO-1 TOYO-2
Mean (+ SD) Al-to farrowing interval (days)
1st cycle 115.95* + 1.96 115.75* £ 2.29 115.70" + 1.49 115.35* + 0.88
2nd cycle 115.18" £ 1.63 115.26* = 1.28 115.10" £ 1.37 115.00* = 0.82
Mean (+ SD) weaning to service intervals (days)
st cycle 6.58" +5.10 5.95* + 3.05 4.55" + 0.69 420"+ 0.41
2nd cycle 6.47" + 1.66 5.63" + 1.50 495"+ 1.51 4.26°+0.73
No. of sows returned to oestrus [ total served (%)
1st cycle 3/20 (15.8%) 2/20 (10.0%) 1/20(5.0%) 1/20(5.0%)
2nd cycle 3/17(17.6%) 3/19 (15.8%) 1/19(5.3%) 1/19(5.3%)
No. of sows with at least one abnormal clinical sign / total examined (%)
1stcycle 9/20 (45.0%) 7/20 (35.0%) 5/20(25.0%) 4/20 (20.0%)
2nd cycle 7117 (41.2%) 7/19 (36.8%) 4/19 (21.0%) 3/19 (15.8%)

a,b,C Means within each row with different superscripts differ significantly (P<0.05).

AL TTOV ATTOYAALORTIOTNHROV, ROODC oL 0 HEcOG delnng
dudppotag gaivovrar otov [ivaxa 4. O aoLBuds xorpdimv
7oV YevviOnray Coviavd 0Tov TEMTO TOXETS Ty Ueya-
Mitepoc otg opddec TOYO-1 o TOYO-2 évavi g o-
nadag paptipmyv (P<0,05). Evtovtole, dev vinege duopo-
0d 0to Y€co aELBUS YevvnuEV@V Covtavdv xotodimy pe-
TaEU TV TE004QWV ouddmv ®atd T0 deUTEQO TORETS
(P>0,05). O uéoog 0Liuds tmwv xoLewdimv Tov aroyaha-
®rrloTroy frav peyohitepog otg opddec TOYO-1 »au
TOYO-2 »atd 1oV 1edTo %ot T0 0eUTEQO AmOYorUXTIOUSG
(P<0,05), og ovyroLon pe tovg pdotvees. Koatd m dudo-
%ELAL TV OV0 yohorTindv teQLd0mv o pécog delntng dudo-
QOLOG 1TOV URQEGTEQOC O GheS TIC ouddEeg oL oYY ON-
%€ TO TEOPLOTRG 08 OUYrELON Ue Toug udotupeg (P<0,05).
Extéc avtov, o péoog deixtng dudeeolog ftav muredtepog
otug ouddec TOYO-1 now TOYO-2 cuyrQLvOUevos Ue v

tested, resulted in higher (P<0.05) mean piglet weights,
compared to the negative control group, both at the first
and at the second weaning. The highest means were
recorded at TOYO-1 and TOYO-2 groups.

DISCUSSION

The results of the present study have shown that the
treatment of gilts/sows with Toyocerin® at the level of 1.0
and 2.0 x 10° Bacillus toyoi spores/kg of feed, increases
gilt/sow productivity and improves litter characteristics and
the health status of the sows and their litters. Although,
most of the results confirm previous results by other
researchers (Jensen, 1994; Khajaren and Khajaren, 1994;
Robertson and Tournout, 1994; Alexopoulos et al., 2001),
such a comprehensive range (number of the parameters
measured) of the effects of probiotics use, for such a
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Ilivaxag 4. ITapdpetoot toretoopddog (Léoor £SD)

Iogdpergog IHewpapatinég opddeg

TOYO-0 TOYO-0,5 TOYO-1 TOYO-2
AptOuds yorptdiwy mov yevviifnxay Swvravd
log xmhog 8,85" + 0,87 9,75" + 1,65 10,25* + 1,41 10,30" + 1,49
20¢ #UrAOG 9,64 + 1,17 10,00* = 1,25 10,47 = 1,26 10,53* +£ 1,35
AptBuds amoyalaxtiouévaw yorotdiwy
1og #inhog 8,50" = 1,28 8,70 £ 1,22 9,25" £ 0,55 9,30 = 0,47
20¢ ®Urhog 8,29" + 0,77 8,63 £2,16 9,37* £ 0,49 9,42* + 0,69
Aeixtns didpgotag xatd n yalovyia
log #inhog 0,588" = 0,266 0,174> = 0,163 0,100" = 0,054 0,106" = 0,192
20¢ ®O%AOg 0,65" £ 0,32 0,25+ 0,17 0,11° £ 0,07 0,11°% 0,05
Zwuatins fapos xorotdiwy Ty 3n nuéoa uetd tov toxetd (kg)
log winhog 1,96" £ 0,36 2,01* £ 0,26 1,99* + 0,18 2,00t £ 0,12
20¢ ®Urhog 1,99 £ 0,22 1,97* = 0,26 2,00" £ 0,17 1,99* = 0,16
Méoo owuatixd faoog yototdiwy xatd tov amoyaiaxtioud (kg)
log #inhog 6,78° = 0,80 7,30" = 0,93 7,93 £ 0,81 7,82 £ 0,41
20¢ ®rhog 6,88 = 0,79 7,39" + 0,61 7,85 £ 0,62 7,93 £ 0,46
abc o néoeg TEg oe ndbe yoauwy ue dtagpoetrnd ex0€m dragpépovy onuavaxd (P <0,05).
Table 4. Litter parameters (means + SD)
Parameter Experimental group

TOYO-0 TOYO-0.5 TOYO-1 TOYO-2
No. of piglets born alive
1st cycle 8.85" +0.87 9.75* + 1.65 10.25* = 1.41 10.30* = 1.49
2nd cycle 9.64* = 1.17 10.00* = 1.25 10.47* = 1.26 10.53* = 1.35
No. of piglets weaned
1st cycle 8.50"+1.28 8.70" + 1.22 9.25 = 0.55 9.30" £ 0.47
2nd cycle 8.29" +0.77 8.63" +2.16 9.37" = 0.49 9.42* + 0.69
Diarrhoea score during lactation
1st cycle 0.588" + 0.266 0.174" = 0.163 0.100" = 0.054 0.106" = 0.192
2nd cycle 0.65* = 0.32 0.25" +0.17 0.11° £ 0.07 0.11° £ 0.05
Piglet body weight at the 3rd day after birth (kg)
1st cycle 1.96" = 0.36 2.01" = 0.26 1.99* £ 0.18 2.00* £0.12
2nd cycle 1.99* £ 0.22 1.97* £ 0.26 2.00° = 0.17 1.99* + 0.16
Mean Piglet body weight at weaning (kg)
1stcycle 6.78 = 0.80 7.30" = 0.93 7.93" = 0.81 7.82° = 0.41
2nd cycle 6.88° = 0.79 7.39" = 0.61 7.85% = 0.62 7.93* + 0.46

a,b.C Means within cach row with different superscripts differ significantly (P<0.05).

oudda TOYO-0,5 natd ) dudorera g devteong yaha-
i epuddov (P<0,05).

O ntivarag 4 divel otouyelo OYeTIRA UE TO PECO COUOL-
TS PAQOS TV YOoLRLOImV RaTd TV 3N NUEQQ LeTd T YEV-
VNON TOVG %Ol ROTA TOV artoyahonTtiopd. ITapd to yeyovog
6t Oev oo EOnre onuavtry SLapoed 0To HEGO Om-
HoTo PBAEOS TV XoLELdimV ®atd TV 31 NUEQQ LETE TOV
TOXETS UETOED TV TETOAQMV TELQAUATIRAY OUAdWY (OTOV
TEWMTO %ol deVTEQO TOXETO), PAvnre GTL 1 TEOOH XN

prolonged period (two continues breeding cycles) of time
has not been previously reported.

Pregnancy appears to be the main period during which,
the body reserves of the sow can be restored and this can
affect the long-term reproductive performance (Dourmad
etal,, 1999). During this trial the average feed consumption
of gilt/sows was found to be similar among the four
experimental groups during the first and the second
gestation periods. Adversely, the mean body weight gain
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Toyocerin® og Gheg Tig dGTELS OV dorUATTRAY El)XE WG
ATOTELECUAL TV ATTGHTNON VYNAGTEQOV UECOU COUATIXOU
Bdoove amd ta xoLpidia, 08 0VYRELOT UE TOUS HAQTVQES,
OTOV TRATO %o 070 devteo amoyahoxrtiond (P<0,05). O
ueyahitepec uéoeg TUES rotayedgnray otg opddec
TOYO-1 xau TOYO-2.

XYZHTHXH

Ta amoteléopata ™ mapotoag ueAETng ratédelEav
étLm aywyn tov ovdv ue Toyocerin® oe enimeda 1.0 o
2.0x10” owépwv Bacillus toyoi avd ®hS 1o@rig, avEdvel
NV TOQAYWYLRGTNTA TOVS, PEATLIIVEL TO XAQAKTNOLOTIRA
NG TORETOOUADAS HOL THV VYLELVY] RATAOTAON TWV CUDV
AOL TOV TOQAYHYWYV TOUS. AV %0l OQLOUEVO ATToTEAEOUA-
Ta TG TaEovoug €pevvag emPePatdvouy exelva Ton-
yoUuevov egevvav (Jensen, 1994, Khajaren xou Khajaren
1994, Robertson »at Tournout 1994, Alexopoulos et al.,
2000), ev ToUTOLS (WL TOOO EXTETAUEVT] EQEVVAL AT ATTOYM
aLBROU TORAUETOMY RO OLAQKELOS TTELQAUATIONOD dEV
€y €L TEOYUOTOTTOM BEl 0T0 TTOREMOGY %O PAALOTA e OTOYO
TOV 2000010US ™S doLoTne ddomg tov Bacillus toyoi ota oL~
TNEEOLA TWV CVAV.

H nvogopia eivar pua votowun sepiodog »otd ™ diudo-
XELQ TG OTTO{0G TAL CWUATIRG ATOOEUATA TMV VDV ETTAL-
VEQYOVTAL OTO (PUOLOAOYLXS ROL QUTO WTOQEL VAL ETTNQEC-
OEL LOXRQOTEGOECO TNV AVOTAQAYMYLXRY ATtGO001 TOUG
(Dourmad et al., 1999). Katd ™ dudoxreio g modmg ®at
™G devTEQENC TEQLODOV ®UNONE 1) HEOT RATOVAM®OT TQO-
@1c Po€Bnue va elvar Tapduola HeTaEl TV TE00dQMmV
TELRAUOTIXDY opddmv. Eviottols, 1 uéon avEnor omwua-
oV PAove ®otd T didoxrela Tmv 000 meQLEdmV ®iMong
ftav ueyahiteon, 6tav xoonyydnxe Toyocerin® ota -
meda 1.0 wow 2.0x10° omtépwv B. toyoi avd S tpogiis, o-
VTIOTOLYO, OUYXQIWWOUEVY UE THYV Opdda UaQTiQomV
(P<0,05). Emuthéov, n tpoabiixn Toyocerin® otig mpoa-
vaeBelioeg dG0eELG 0dNYNOE 0€ WKQOTEQT ATDAELN OW-
potro® PAovs Tmv ovdv xatd ™) dudoxela Tmv dVo yo-
hortnav tepuodwv. H peyoadliteon ratavalwon 1oogig
moQatEOnxe otig dvo ouddeg o yopnyiBnxrav oL dvo
vymAdtepeg d6oeic Toyocerin® xat TEOPAVAS 0QeLAGTAY
ot dLapoEd Tov HECOV AELBUOT YOAOUYXOTVUEVMY YOLOL-
dtwv avd ov. Elvan tpogavég Gt m mpootnun twv oméowy
Bacillus toyoi oty 10| TV oL@V ®atd T SLAORELD TS
®OMong now g yahovylog odjynoe oe rakiteon aglomoi-
MNON TS TEOPNCS, UE ATTOTEAEOUN T ueyariteen wéon av-
Enom tov copatirol aoug vatd T SLAQHRELD TS ®UNONS
AL UREGTEEN OTTDAELD COUATIZOU PAEOVE %OTd T dLdQ-
RELOL TNG YOROUYTOS, YEYOVAS TOU OVOYETICETAL UE T PEM-
T{WOoN TS AVATAEAYOYLRNS Artddoons Twv cudv. ‘Opota
amote Aéopoto (PeATmON HETATEEYUGTNTAS TEOPIIC RO
vymAGteEn péon avEnon pdoovg) xovy avagedel, Stav
yoenynonxe Toyocerin® (Kyriakis et al., 1999, Alexopoulos
et al., 2000) vj dhha tpoProtird (Jensen, 1994, Khajaren
xa Khajaren 1994, Robertson xow Tournout 1994, Kyriakis
etal., 1999, Alexopoulos et al., 2000) ota oLtne€oia TV a-
TOYAAAKRTIOUEVV XOLRLOTMV 1] TV OTRWV TTAVVONG.

during the two gestation periods was higher (P<0.05) when
Toyocerin® was added at the level of 1.0 and 2.0 x 10’ B.
toyoi spores/kg of feed respectively, compared to the
control group. Furthermore, the addition of Toyocerin® at
the previous mentioned doses resulted in lower body
weight loss of gilts/sows during the two lactation periods.
The higher feed intake noticed at the two groups treated
with Toyocerin® at the two higher doses, were probably due
to the difference in the average number of suckling piglets
per sow. It is obvious that the addition of Bacillus toyoi
spores at the feed of sows and gilts during gestation and
lactation improved the feed efficiency, as shown by the
higher mean body gain during gestation and the lower body
weight loss during lactation, which are closely related to the
improvement of gilt sow reproductive performance. Similar
results (improvement of feed conversion efficiency and
higher mean weight gain) have been reported when
Toyocerin® (Kyriakis et al., 1999; Alexopoulos et al., 2000)
or other probiotics (Jensen, 1994; Khajaren and Khajaren,
1994; Robertson and Tournout, 1994; Kyriakis et al., 1999;
Alexopoulos et al., 2001) have been added to the diets of
piglets or fatteners.

Energy under-feeding during pregnancy is associated
with lower body fat reserves at farrowing or at weaning and
generally oestrus is delayed and the conception rate is
lowered (Dourmad et al., 1999; Whittemore, 1998). It
seems that the beneficial effect of the prolonged addition
of Toyocerin® in the feed of sows gilt during gestation and
lactation favour the reduction of weaning-to-service
interval, throughout the two breeding cycles. It is also
favour the tendency for lower percentages of sows retur-
ning to oestrus at the groups already mentioned. Similar
results have been noticed mainly when antimicrobials
where constantly added to gilt and sows feed (Juelsbo,
1994; Kantas et al., 1997; Giannakopoulos et al., 2001) and
recently with the use of another probiotic containing
Bacillus cereus spores (Alexopoulos et al. 2001).

Furthermore, the addition of Toyocerin® at the two
higher doses examined, improved the litter performance,
since it increased the number of weaned pigs and increased
the body weight of piglets at weaning. Proper pregnancy
feeding is required to grow mammary tissue and replenish
maternal fatty tissue mass lost during the previous
lactation. Moreover, adequate levels of lactation feed are
required to maximise milk yield (Whittemore, 1998; King
et al.,, 1999). It is obvious that the higher body gain during
gestation and the lower body weight loss during lactation
observed in the two groups treated with Toyocerin® at the
two higher doses probably increased the milk yield. These
findings confirm the results of previous studies (Jensen,
1994; Khajaren and Khajaren, 1994). However, in that
study Toyocerin® was also added at the piglets’ creep feed so
that a direct comparison with the results of that study is
difficult. The improvement in litter performance in our
study can only be related to the addition of Toyocerin® in
the gilt/sow feeding, since the consumption of the creep
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“Exel amodeuytel 6L 1 ooNynon ortneeoiov ue youn-
A eVEQYELQL ROTA TV RVOPOQEIX CUVOIEVETOL AUTTS PRQO-
TEQN G0N OOUATIROU AITTOUG, OTTGTE RATA TOV TORETO,
ta awofépara Amwovg g ovdg elvar xounid, ®dTL Tov o-
Oyel oe peydhn amdieia copoTvoy fAQovg ratd T yo-
hovyla »ow teMnd o avENOY TOV ETLOTEOPHV O€ 0(0TEO
RO URQOTEQX TOCOOTA CUAMYNG UETA TOV OITTOYONARTL-
oud (Dourmad et al., 1999, Whittemore, 1998). Ta gvon-
UOTAL, ETOUEVAS, THG TTAQOVOOC EQEVVAS OXETIHA UE TN UEl-
MOM TOV JLAOTHUATOS «OTTOYOMAKRTLIOUOV—CVAANYNC» ROl
TN WEIWOT TWV ETUTEOPEHV 0€ 0{0TEO OTIE OUADES TTOV YO-
onyitnxre Toyocerin® eEnyeiton amtd ™mv ®aliteen omuo-
w1 Sudathaon ovtav twv Lhwv. Zvugava pe ™ BLpito-
voapia, TAQGHOLO ATOTELECUATO EXOUV ROTOYQUPEL RU-
Q{mg a6 TORATETAUEVT LOONYNON OVTLKQOBLORDY OV-
oy ot Orateot] twv cvdv (Juelsbo 1994, Kantas et al
1997, Giannakopoulos et al., 2001), 6rumg o TESoPTO. Ue
™ xoMon dAov TEOPLOTLROY TOU TEQLEYEL OTGEOVE
Bacillus cereus (Alexopoulos et al 2001).

Emmhéov, diomotddnre 6t n mpoobixn Toyocerin®
ot 0o vymAGTeEeg d60¢ELS oV eEgTdoTNRAY, PElTimoE
ONUAVTLRA TS ATTOOGOELS TG TORETOOUADAS, GTTMG TQOE-
nue artd TV aENOY TOU cELOUOT TV ATTOYOAIKTIOUEVAV
XOLEWImV %o TOV COUATLROU TOVS PAQOVE OTOV atoyaAa-
ruoud. H 0p0ohoyint dtatgogt Tamv oudv ®atd Ty ®vo-
opla elvan araalm T Yo TV ovAaTTuEn Tov pootxov a-
O€va roL TV avasthemon Tov Mrddoug LoTol mov ydve-
Taw ®otd ™V eonyovuevn yohovyia. Emmhéov, n dua-
opdhon ortneeoiov yahovyiog Vg Towdmrtag odnyel
oe avEnon mg yahaxtomagaywyns (Whittemore 1998,
King et al 1999). Elvaw mpogpavég Gt oty tapotoa €pguva
N ATORTON UEYOAUTEQOV COUATIROD BAQOVS ®ATA TNV
AVOPOOLO RO 1) AWTDAELYL HQGTEQOV COUATIXOU PAQOVS
%atd ™) Yohovy o Tov TapaTnEninxe 0TS OpUddES TOL KO-
onyrBnxre Toyocerin otig d6o vymidtepes ddoeLs, odifynoe
og VYNAGTEQN YOAARTOTAQOAY WYY KOl ETOUEVIS OE Peh-
TIWOT TOV YOQUXRTNOLOTLRAV TG TOrRETOORAdOC. Avtd TOL
gvonuata emLPEPALDVOVY ATOTELEOUATO AL TTEONYOUNE-
vav peretdv (Jensen, 1994, Khajaren vow Khajaren 1994).
‘Oumg, 1 Gueomn oByRELOM TV atoTeAeoudTmv Oev elvan e-
QT ool oTlg €0eUves avTéc mEOOoTEONKE emiong
Toyocerin® oto OLTNEELA ROL TWV YOAOUYOTVUEVOV YXOLOL-
dtwv. H Bektimon tov amoddoemv g Toretoopuddag mov
TOROTNENONrE OtV TOROTVo £QEVVa UTTOQEL VAL 0Tt0d0-
0el omv wpoobrjxn Toyocerin® 0To GLTNEEGLO TWV OVHV,
dedopévou GtL ta yahovyovueva xotpidia ratavdlwooy
TTOMD WHQES TTOOGTTES TEOYPNS, N OTtolL OeV TTEQLET E RA-
TTOLOV OWENTLRGS TTaEAYoVTC.

Téhog, onuavtirnd Hrav ta evEiUaTa %ot 08 GTL apod
ot Pehtinon ™mg VYELNS TV CUMOV ®oL TV XoLeLdiwy, 6-
IO TEOEXVYPE AT TN ONUAVTLXY Uelwon Tov aQtduot Tmv
OUAV UE U PUOLOAOYLRA RAVLHA CUUTTTOUOTA ROTA TH YO
hovyia, naBdg xou ™ pelwon tov deintn didpeotag Twv
xoLLdiwv otig opuddes Tov yoenyritnxre to mpofrotnd. Ta
TOQATAVM AITOTEAEOUOTO. EIVOL CUUPOVO Pe EXEIVA GAMWV
EQEVVAV, OTtmg exelves Tav Jensen (1994), Khajaren zou

feed was very low, and the creep feed did not contain any
performance enhancer.

Finally, the addition of Toyocerin® resulted in lower
mean diarrhoea score in all treated groups compared to the
negative control group during the two lactation periods.
Besides, a tendency for a lower percentage of sows with
abnormal clinical signs was observed when Toyocerin®
added at the feed of sow/gilt at the dose of 1.0 and 2.0 x 10°
B. toyoi spores/kg of feed. These results are in accordance
with those of other studies (Jensen, 1994; Khajaren and
Khajaren, 1994; Robertson and Tournout, 1994; Alexo-
poulos et al., 2001). As it was shown in other studies B. foyoi
spores reduced the incidence and the severity of diarrhoea
when added at the feed of weaned piglets by lowering the
number of pathogenic E. coli strains in the gut (Kyriakis et
al., 1999; Alexopoulos et al., 2000). Since in our trial farm
diarrhoea in suckling piglets was due to pathogenic E. coli
strains, it is possible that the addition of B. toyoi spores at
the feed of sows/gilts during lactation, results in low
number of pathogenic E. coli strain in the sows/gilts gut,
thus resulting in lower E. coli spreading and contamination
within the litter.

The results of this study show that the continuous use
of Toyocerin® at a level of 1.0x10° B. toyoi spores/kg of feed,
in the diets of sows/gilts during gestation and lactation not
only improves the feed efficiency and thus the gilt/sow
productivity and litter productivity but it also improves the
health status of the sows and their litters. These results
indicate that probiotics can be used as an alternative to
antimicrobials for enhancement of sows’ performance. (1
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Khajaren (1994), Robertson zov Toumout (1994),
Alexopoulos et al. (2000). ‘Onwg natadewvietan og dhheg
uehéteg, oL 0EEOL TOL B. toyoi pelmoay to deixTn ®ow ™)
oofadtta ™ ddeotag, dtav xoonyitnray oty teo-
@] TWV OTOYOAORTLOUEVDV YOLOLOIWV, IUE TOVTOYQOVH UET-
a1 tov 0ol taboydvawy otehexdv E. coli oto €viepo
(Kyriakis et al., 1999, Alexopoulos et al., 2000). Me fdon
TO YEYOVOS OTL OTNV TEQITTMON TNS EXTOOPYIC, OTNV OOl
ek 1 apovoa Epevva, 1) SLdEEOL TWV XOLELOImY B1)-
Aaopov ogethdtay o mabdoyova otehéyn g E. coli, elvan
TOAG TBavEY 1 TEooHN®Y otéewy Tou B. toyoi ot oLTy-
€010 TV OVAV ROTA T dLdEXRELR TNS Yohovylag va 0dn-
vet o€ pueimon tov aBuoy Tmv otelexdv e E. coli oo é-
VIEQG TOUG, IUE ATTOTEAEOUA T rQEGTEQY dLAOTOQA OTO TTE-
oLpdAov row ™) pelwon g oV TAS LOAMIVONG TMV VeE-
oyvav anté otehéym mg E. coli.

To ovUITEEAOUATO TTOV TEOEXVYAY ALTTO TOL ALTOTEAE-
ouata auTic ™S €0gUvac elval OTL 1| CUVEYXNS XONOT
Toyocerin® otig déoeig twv 1.0 xaw 2.0x10° onépwv B. toyoi
ava ®AG TEOPYS, 0TO OLTNEECLY TWV OVAY %aTd T dudo-
AELA TNG KUNONG ®ow TS Yahouvylag, dev avEdvouy uévo
TNV TAEAYWYXGTNTA TOVS HEoW ™S RaAbTEENS 0ELomol-
NONG TWV TEOPAV, AMAA £TTIONE PEATLAOVOUV TNV VYLELVY]|
RATAOTOOT TWV OVAV XL TLS ATOIGOELS TOV TORETOOUA-
dwv toug. Ta Taeamdvem amoTeAECUOTO RATAOELRVTOUY
4T Ta TEOPLoTLRA PTOEOUVV VA YonoLuomo oty wg &-
vahhorTir] AOom 0T (0101 TV AVTLUXEOBLAR®Y AvEN-
TIRAV TOQAYGVTWV UE 0TGYO TNV aENom Twv 0roddoemv
TV ovdv.
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