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Enidpaon tou pavvo(o-oAyocak-
xapitn Bio-Mos, prag npéefetng
UAng (wotpo@av, oug anoddoeig
Kpeonapaywyov opvifiov

A.B. Zmang, H.A. T'idvvevag, I1. d))x({)pou-ﬂavépn,
E. Xpnotdkn, N.A. Muétooyrou

ITEPIAHWH. Xe autd v epyaoia e§gtdotnke n enibpaon tou
Bio-Mos, piag npéofeng tAng {wotpo@dv mou nepiéyer dne-
toug oAtyocaxyapiteg pe fdon t pavvéln, oug anoddoeig kpe-
onapaywydv opvifiwv, étav npootifetar otnv evapkuipia tpo-
@1 toug. XpnotponoiiOnkav 53.040 opvibia tinou Cobb, nki-
kiag npépag, ta onoia katavepidnkav twyaia oe §vo opdSeg, o1
onoieg ywpiotkav ot téooepig unoopddes. Ta opvibia g piag
opdSag (Mdprupac) S1atpdenxav péypr tn Sékawn npépa pe ou-
viOn evapkuipia tpogn tou epnopiou, eve exeiva tng dhdng o-
padag (Opada Bio-Mos) pe v i1a evapxtipia tpopd, oty o-
noia efye npootedel Bio-Mos oe avadoyia 1,5 g/kg. And v ni-
kia twv 11 npepdv ka1 péypr t Aién tou neipapauopod nou eiye
S1dpke1a 40 npepdv, ota opvibia ka1 twv So opddwv yopnynOn-
ke n i81a tpoei avdmuéng ka1 ndyuvong, otnv onoia Sev eiye
npootefef Bio-Mos. Ta anotedéopara £5ei§av 6u ta opvifia g o-
pddag vou Bio-Mos efyav onpavukd (P<0,05) peyaditepo owpa-
uxé Pdpog ot olykpion pe exeiva g opdSag tou Mdpwpa ka-
14 tn §ékatn npépa tng nhikiag toug (295 évavu 254 g) kabdg
Ka1 Katd v tecoapakooth npépa g ndikiag toug (2108 évavu
2017 g). H katavddwon tpoiig and ta opvibia g opddag tou
Bio-Mos, kaf’ 6An tn §1dpkela tou netpapatiopoy, Atav onpa-
vukd (P<0,05) peyaditepn and 6,u exeivov tng opdbag tou Mdp-
wpa (3647 évavu 3612 g) ka1 ouvodeltnke pe karitepo Seiktn
petatpeyipdrag mg tpo@ig (1,73 évavu 1,79). Téhog, n Ovn-
opénta wv opvifiov Atav xapnAdétepn yia ta mnvd tng opddag
tou Bio-Mos o¢ oxéon pe autd tng opdSag v paptipov (2,5 ¢-
vavu 2,9%), wotéoo n Siapopd avtd Sev drav orauouxd
(P>0,05) onpavuxa.

Aé&e1g eupemnpiaong: pavvolo-ohiyooaxyapitng, Bio-Mos, mpé-
ofen GAn (wotpogav, kpeonapaywyd opvibia
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Bio-Mos, a mannan-oligosaccharide,
on the performance of broiler
chickens
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ABSTRACT. The effect of the mannan-oligosaccharide Bio-Mos
on broiler chicken performance, after its incorporation in the
starter diet was evaluated. A total of 53,040 one day-old Cobb
chicks, randomly divided into two groups with four replicates each,
were used in a feeding trial that lasted 40 days. One of the groups
(Control group) was fed on a basal commercial starter diet, while
the other (Bio-Mos group) was given up to day 10 of age the same
diet supplemented with the mannan-oligosaccharide Bio-Mos at
the level of 1.5 g/kg of feed. From day 11 of age and thereafter,
Bio-Mos administration was discontinued and both groups were
given the same basal commercial grower and finisher diets. Results
showed that chickens in the Bio-Mos fed group exhibited a
significant (P<0.05) improvement in body weight compared to
control at day 10 (295 vs 254 g) and day 40 (2108 vs 2017 g) of
age. Feed intake per bird from day-old to day 40 of age showed a
significant (P<0.05) increase in the Bio-Mos group compared to
control (3647 vs 3612 g), whereas feed conversion ratios also
demonstrated a significant (P<0.05) improvement for the Bio-Mos
group (1.73 vs 1.79). Mortality rate was lower in the Bio-Mos
group compared to control (2.5 vs 2.9%), however, the difference
was not statistically (P>0.05) significant.
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EIXATQI'H

H evtomxn eXToomr] ITTVAY RQEOTOQAY MY ROTEV-
Buvong oty EAdda rvou o Shn mv Evpdimn, duatnoel éva
ONUOVTLRG UEQIBLO OTNV ayOQEd TOU REEATOC EEALTIOG TV
ETLBVUNTAV OLATEOPLRMV X ULOOKTNOLOTIXDY TOU ROEATOC
TOV TOVAEQLRMV, OTIME ElvaL M YAUNAT] TEQLEXRTLRATITO O
ATwog ®an M oxeTrd LeYAAN TEQLEXTIRATITA 08 TOMOKG-
peota Mmapd oE€a (Igene and Pearson 1979) ta omoia
urtoel va avENBovv meQaTEQM e ELOLRES OTOATIYLRES
duarpognc (Hargis and Van Elswyk 1993, Botsoglou et al.
1998). H extpogm avt Oev Bo tetiyave to vnhd entimedo
TOQAYWYLROTNTOS TTOV OITTOTLUMVTOL O TOXVS QUOUGS ad-
Enong »atd mv dyuvon, xounAGs deintng netatoePus-
TNTACS TEOPYS RO YAUNAG TTOC00TA BvnoLudmTag, xmweic To
VYNAG yeveTrS duvand Twv Tvav, ™ fehtiotomoinon
™G OUVOEOTC TV TEOMEV %L T XONOWOTO O TWV OVTL-
Broturav 1j GAAWY avTLXEOBLOX@Y OVOLOY 1E TEGCHETWY
VAV Twv Twotogav. ITag’ Sha avtd, vdtw amd my av-
Eavouevn Tl on Twv roTovaAOTOY Lol TTEQLOOGTEQO VYLEL-
VA TEOPLUCL, AOXETA AVTLBLOTIRA RO AAMES avTLUXEOBLOL-
%€ ovoieg Exouvv 1i0n amtaryopevtel oty Evpwmaix "Evo-
o1 (European Commission Regulations, 1998). Ze mteot-
TTWO ATOYOQEVONG TS XONONG TV AVTLBLOTLRMV WS av-
Entuav mapaydviov, Ba mpénel (owg vo voBetBotv ai-
ayéc ot ovvOean Tmwv LooTeopaV, ®aOMdS ®aL OTH OTQA-
™YW} Tov axohovBeital o dLaTo], YEVIRA TOV TAQOL-
yoywdv Lomv yia myv eEovdetépmon Tuydv duouevav e-
mmrtdoewv omy mopaywyn (Government Official Reports,
1997). Yrdoyet, ETOUEVOS, ETLTARTIRT CVAYKT] YLOL EVIOTL-
%1} pgvva oV OVOCHTNOT PUOLRMY EVOMORTIXDY OVEN-
TV OVOLAV, OL OTTOTES B LXAVOTTOLOVOOY TLS TTEOTOOKRIES
TOV TAQOYOYDV RO TWV RATAVAADTHV VL0 TOQOYWYLRES
dradrwaoieg prMrGTeQES TOC TO TEQLRAAMOY.

Eivan mBavéy va vitdeyouv guotrd cuototind v Lm-
0TEOYMYV, TOL 0TTOlRL dEV £XOVV ARSUN AVAYVOQLOTEL TTAN-
owg, aAAd Ba progovoay va €xouv LT TES AVENTIRGV
TAQAYOVIMYV, OL 0TT0TEC Ot eETEETAY OTAL TTTNVA VOL EXON-
MHOOVY ROAVTEQX TO YEVETIRG QUVAULHG TOUG YLOL GMUOLTIXY
avEnon (Miles and Bootwalla, 1991). Zwmv xamyopia avt
EVTAO0OVTOL HLAPOQOL GITETTOL OAYOOUKYAOITES, OL OTTOL-
oL, 6Ttng PEEOMUHE TESOPATA, EXOVV TV LAVGTHTO VO TTOO-
dryovv exhenTind TV avAaTuEN VOGS 1] TEQLOTGTEQMY EL-
OV mpEMumv fortnoliwv 0To YOOTEEVTEQLRG OMAVA TWV
Cwwv (Gibson and Roberfroid, 1995). H yovjorn tovg paoi-
Cetan 0€ AmOTENEOUOTO EQEVVNTLRMV EQYUOLADV RATH, TLS O-
molec eEeTAoTRE M XOT0N OLAPOQMV ATTAGV COXYAQMWV, O-
TG M AarTELN %o 1) povvetn), TeoxreuEVou va neltwbel o
QTOLHLOUOE TOV EVIEQOU 0TS TTaLB0YGVOUS RQOOQYOVL-
opovg (Oyofo et al., 1989a,b; Martin, 1994). Ze oxéon ue
dMa amhd odnryaea, 1 navvoln elvol To oaxry 0o TOU
YONOLUOTTOLE (TOL TTOA TTEQLOOGTEQRO YLOL TO OROTG VTS
(Allen et al., 1997).

OMyocoxyaQI{Teg TOV ATOTEAOVVTOL 0TTG UGQLOL LWOLV-
véIng (mavvolo- oMyooaryaQitec) amovtoUv ouyvd ot
@UON, OTTWE OTO TOLYDUOTO TWV XVTTAQMV TV TPV %ot
ota ®épuea. IIhovoia Tnyy wavvolo-oAyoooryaQudy ei-

INTRODUCTION

Poultry industry in Greece and throughout Europe has
a major merit in the meat market due to desirable
nutritional characteristics of poultry meat, such as low lipid
content and relatively high concentrations of poly-
unsaturated fatty acids (Igene and Pearson, 1979), that can
be further increased by specific dietary strategies (Hargis
and Van Elswyk, 1993; Botsoglou et al., 1998). Poultry
industry would not achieve the high productivity levels,
measured as rapid growth rate in the fattening period, high
feed efficiency and low mortality, without the high genetic
potential of broilers, the optimum diet specifications, and
the use of antibiotics or other antimicrobial feed additives.
However, under the increasing pressure of consumers for
more healthy food, several antimicrobial feed additives
have already been banned in the European Union
(European Commission Regulations, 1998). If antibiotic
feed additives were withdrawn from use, alternative
feeding strategies should probably be introduced to offset
any possible adverse effects on production (Government
Official Reports, 1997). There is, therefore, a growing
interest in the identification and evaluation of alternatives
to traditional feed additives that would be closer to
environmentally friendly farming practices and satisfy both
producer and consumer perceptions.

There may still remain not fully identified natural
growth promoting feed ingredients that could allow poultry
to express better their genetic growth potential (Miles and
Bootwalla, 1991). Included in this category are several non-
digestible oligosaccharides,which, according to what has
been recently shown, stimulate selectively the growth of
one or more species of beneficial bacteria in the
gastrointestinal tract of animals (Gibson and Roberfroid,
1995). Their use stems from results of previous studies
examining the use of various simple sugars, such as lactose
or mannose,in order to reduce intestinal colonization by
pathogenic microorganisms (Oyofo et al. 1989a,b, Martin
1994). Mannose is by far the most commonly used simple
sugar for this purpose (Allen et al., 1997).

Oligosaccharides, containing mannose units (mannan-
oligosaccharides), occur naturally in many products, such
as yeast cell walls and gums. A good source of mannan-
oligosaccharide is the yeast Saccharomyces cerevisiae that
is among the most commonly utilized microorganisms in
animal diets (Bradley et al., 1994). A commercial product
called Bio-Mos, which contains yeast cell wall fragments
derived from Saccharomyces cerevisiae after the
centrifugation of a lyzed yeast culture, is available as a
GRAS (generally regarded as safe) supplement for poultry
diets (Shane, 2001).

The benefits of mannan-oligosaccharides are based on
specific properties that include modification of the
intestinal flora, reduction in turnover rate of the intestinal
mucosa and modulation of the immune system in the
intestinal lumen (Fernandez et al. 2000, Spring et al. 2000).
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vau 1 Lopn Tov eidovg Saccharomyces cerevisiae mov omo-
tehel Evav omtd TOUg TEQLOTOTEQO YENOWOTOLOVUEVOVS (UL~
%000QYAVLOHOUS ot dtatpogn) Twv Ldwv (Bradley et al.
1994). "Eva tpoidv pe to dvoua Bio-Mos ov megLéyet ta
YAAOUATO TOV HUTTAQLXOU TOLYDUOTOS TTOV TIQORVITTOVV (UE-
T4 0TS PUYOREVTONON aveEVEQYOU ROAMEQYELOG CUUDY TOV
eldovc Saccharomyces cerevisiae, elvai dSiaBéopo oy a-
vopd wg GRAS (yevird 0empolnevo og aoparéc) da-
1RO cUUTAemUa TV TTvav (Shane, 2001).

Ta 0péln astd ™ 10N TOV UovvoLo-0AMyOTuxyaQL-
TV pooiCovrar otig LTTES TTOU E)X0UV VO peTafdilovy
™ 00vOe0n ™S WREOPBLOXTE YAMEIOAS, VA UELDVOUV THY
TAXUTNTO AVAVEMONG TOV ETLONMARDY RVTTAQWV TOV €-
VIEQLROU BAEVVOYGVOU %O VO DLEYEIQOVY TO AVOCOTTOLTL-
%6 obotua otov eviepnd omifva (Fernandez et al. 2000,
Spring et al. 2000). Ou WdidTeg avtéc €xovv Betnn emni-
dpaon oty aEnom Tov cmuatrot fdeovg Tmv Lhwv, o)
UETATOEWPLUGTNTCL TNS TOOY|G Ol 0T BVvnoLudTTa TV 0Q-
viBiwv. Ta BLplroyoagird, Sume, dedouéva Tov TeEnun-
QLAVOLY CUTH TNV ETTIOQAON 0T REEOTARAY YA 0oVIBLL
etvauw pdihov mepropouévo (Kumprecht et al. 1997, Sims
%o Sefton 1999). Xnomdg g mopovoag eQyaotas ftav 1
SLeQEVVN oY), ®ATW ATt EUTOERES CUVOT|®ES, GOV O RiV-
duvoc eppdviong aoBeveldv eivol ovyvd ueydaiog, e e-
ntdpaong tov Bio-Mos mov evompatdveTol 0Ty evag-
AUTHOL TQOPY] REEOTTALOALY YAV 0QVLBImV 0TV AHENOY TOV
COUOTROU BAEOVE, ™V AELOTOMON TS TEOPNS ®ow T Ovi)-
oA TAL, TAQAYOVTES TTOV £mNEEdLovV o peydho fadud
TNV OLLOVOULRGTNTA PO EVTOTLYNG EXTQOPNS HOEOTALOO-
YoOYDV 0pviBimv.

YAIKA KAI MEOOAOI

TN my mpaypatomoinon g epyaoiog ovTig xenot-
nosoOnxrav 53.040 opvifia timov Cobb, apoevird nat
Onhund pe v avahoyio ov exroldirtovran, nhriog ve-
00000 Nuépag. Ta opvibia ratavepundnuay tuyaia og Hvo
ouadeg, ol omoleg ywoeilomrav og 4 vtoouddeg amnd 6.630
nvd M ®abepd. ‘Oheg oL ouddeg tomobetiOnray oe Ha-
Apovg ue otemuvij ard poxavidia E6Aov og TTNVoTEO-
pelo ™mg meELOYNS Tov vouot Beocoakovixng. H munvém-
T Tov TANOVoUOT frav 18 mvd avd m’. Kad’ 6hn
SLAQHRELD TOV TELQAUOTLIONOT, 0 PUOLRGS POTIOUGS OV-
UTANEWVETAV UE TEYVITGS, ETOL DOTE 1 CUVOAXY] OLdOrELd
ToU va elval 24 dpeg 1o 24mp0. H Bepporgacio twv Oahd-
umv tov puBuiomxe otoug 32° C v modm NUEQQ, UELM-
vétav fadwaia yio vo gpdoel toug 22° Cmy e1r00Tr| M-
TN NUEQO ROL OTY OUVEYELD VO TTOQOAUEIVEL YUQM OTOUS
22°C. H 10001 0L TO TOOLUO VEQS TEOOPEQOVTAV 0T,
TIVA notd oUANON, 0 G T OLAOXELD TOU TTELQAUALTL-
ouov. Ta sttnvd epPoldotroy »otd mg vooouv Marek xa-
TA ™V EXROAYY, ABDS 1L ROTA TWV VOOHUATOVY YEVO-
Tovahovs, Aouddovg Pooyyitdag rar Gumboro xatd ™
dudprera g dettepns ePdouddag g Twng Tous.

Ta opviBa g wag opddog (oudda Mdoptvpag) dua-
TOAQEN®AY UEYOL TN OEXATN NUEQO YE CUVI| O EVOOXTHOLOL
TEOWY] TOV EUTTOQIOV, eV eXelVa TS AAANG ouddag (opd-

These properties have the potential to enhance growth
rate, feed conversion efficiency and livability in broiler
chickens. However, the bibliographical data, which indicate
these effects on broiler chickens are rather limited
(Kumprecht et al. 1997, Sims and Sefton 1999). The
present study was conducted to investigate under field
conditions, where the risk of health challenge is often high,
the effects of incorporation of Bio-Mos on broiler chicken
starter diet, on body weight gain, feed conversion efficiency
and livability that have major economic consequences for
the poultry industry.

MATERIALS AND METHODS

A total of 53,040 day-old Cobb chicks, male and female
with the proportion as hatched, were equally divided at
random into two groups with 4 subgroups of 6,630 birds
each. Birds were accommodated in a commercial broiler
chicken farm, near Thessaloniki, in Greece. All groups
were housed in wood shaving litter with a flock density of
18 chickens/m®. During the trial that lasted 40 days,
commercial breeding and management procedures were
employed, whereas natural and artificial light was provided
on a continuous basis throughout the experiment.
Temperature was gradually decreased from 32°C on day 0
to 22°C on day 21 and was then kept constant. Feed and
drinking water were offered to all birds ad libitum
throughout the experiment. All birds were vaccinated
against Marek disease after hatching and against Newcastle
disease, infectious bronchitis and Gumboro disease during
the second week of their life.

Until 10 days of age, one of the groups (Control group)
was fed with a basal commerecial starter diet (table 1), while
the other (Bio-Mos group) was given the same diet
supplemented with the mannan-oligosaccharide Bio-Mos
(Alltech, Inc., Kentucky, USA) at the level of 1.5 g/kg of
feed. From the 11 day of age and thereafter, Bio-Mos
administration was discontinued and both groups were
given the same basal commercial grower (11-28 days of
age) and finisher (29-40 days of age) diets. The ingredients
and the composition of the experimental diets are
presented in table 1. Proximate analysis showed no
considerable deviations from the calculated values.

All birds within each subgroup were weighed at the
time of their placing into the poultry farm and at day 40 of
age, whereas feed consumption within each subgroup was
recorded during the experimental period. Mortality was
also daily recorded. A sample (200 birds) from each
subgroup within each group was also individually weighed at
day-old and later on at day 10, 20, 30 and 40 of age in order
to evaluate the increase in body weight gain (table 2). On
the basis of these productivity data, feed conversion ratios
and the productivity index according to Voeten and Jansen
(1983) were calculated for each group (table3).

All data were subjected to one-way analysis of variance,
using the completely randomised block design. Homo-
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Ilivaxrag 1. Z0vOeon xouw 0UOTOON TWV TELQOUATIXWDY TOPWDV

Iegrextinotnta, g'kg
Yvototnd Evaguxtiioa toog Evagxtijoia Teog Toogn Toogny
ne Bio-Mos (Mdetveug) avVATtTUENG TaQUVoNg
(1-10 nuégeg) (1-10 nuéges) (11-28 nuéges) (29-40 nuégeg)
Zutdgu (oméppata) 600,0 600,0 620,0 634,0
Zoyldhevo exyuiiong 288,0 288,0 2840 274,0
Peyydhevoo 40,0 40,0 20,0 0,0
Zoyléhato 40,0 40,0 45,0 45,0
Dutind Mmog 0,0 0,0 0,0 15,0
AvBpanind aoféono 11,0 12,5 12,0 12,5
Dwopoprd daoBEotio 5,0 5,0 5,5 7,0
Xhwrotyo vaToLo 35 35 35 3,0
AvttavBoaxind vatolo 1,5 1,5 1,5 1,5
Buohvoivy 2,5 2,5 2,0 1,5
Meberovivn 2,0 2,0 1,5 1,5
oSy frrapvdy ' 2,0 2,0 2,0 2,0
TTpGuypa tvootouyeimy * 2,0 2,0 2,0 2,0
“EvCupo’ 0,5 0,5 0,5 0,5
Avatec (15% Lasalocid) 0,5 0,5 0,5 0,5
Bio-Mos 15 0,0 0,0 0,0
Avdivon teoqav
Olnég mowreives, % 23,1 23,1 21,2 20,5
Awmapég ovoieg, % 5,2 5:2 6,1 7,1
Kvttapiveg, % 33 3,3 3,6 3,5
Tépoa, % 5,1 52 4.9 477
AoBéono, % 0,9 0,9 0,8 0,8
dwopdgog, % 0,6 0,6 0,6 0,6
Avoiv, % 1,4 1,4 1,3 1,2
MebBerovivn +rvotivn, % 1,1 1,1 1,0 0,9
MerafohMotéa evépyeia, MJ/kg 12,8 12,8 13,1 13,4

"To modurypa. Prrapviv mpoo€pepe avd kg tooprig: 12.000 TU Brranivig A, 5.000 TU Brrauivng Ds, 80 mg frranivne E, 7 mg prrapivng K, 5 mg Oewapi-

vng, 6 mg oogprapivng, 6 mg mupdogivne , 0.02 mg Prrauivng By,, 60 mg viaoivng, 15 mg mavroOevirot o&€og, 1,5 mg polxot oE€og, 0,25 mg Protivng,

10 mg Prranivng C, 500 mg xhoorotyag xoAivig,

T TEOIY LA LY VOOTOLYEIMY TROTEPEQRE avd kg Toopric 100 mg Zn, 120 mg Mn, 20 mg Fe, 15 mg Cu, 0.2 mg Co, 1 mg I, 0.3 mg Se,
¥ utdon + B-yLovravdon + aaBoEuhavaon otig OuVIoTHUEVES ToodTNTES avd kg TROMIiC.

da Bio-Mos) ue mv (dua vaortiouo 1ogn, oTny omolia ei-
€ mpooteel Bio-Mos (Alltech Inc., Kentucky, USA) oe a-
vahoyia 1,5 g/kg. And myv nhwio tov 11 nueodv row uéyol
™ MiEn Tov TELRaUOTIONOY, 0T 0EVIBL KoL TV 2 OpddmV
xoonynnxe m idua tpogn avdmrvEng (mhwria 11-28 nuépec)
now sdyuvong (miwria 29-40 nuépeg), oty omola dev lye
mpootelel Bio-Mos. H otvBeom »aw 1) 0¥0Ttaon Tav Toopmv
7OV YONooTOWnray ropovotdleTon otov ivaxa 1.
T v extiunom TV atodGOEMY TV ROEOTUQUYW YDV
opviBiwv, T copaTnd fAon CAWV TmV TVAY ot Tmv Hvo
ouddmV HETENON®AY TV TEWDTH MUEQO TOV TELQAUATIOUOT
®OOWDC Lo TV TEGCAQOXOOTH NUEQQ, EVA #0O’ GAn TV TTEL-
papotrt] TEQIOdO YLVATAY ROTOYQOPY] TNE RATOAVAAMONG
NG TOOPYS KAl TNG OVNOLUSTNTAS TV TTVAV 0 ®AOE 0O-
pdda. T'ia v extiunon g atEnong Tov copatrot Pa-
0UG UETEY ONra emITAEOV T OEXAT, ELROOTY| KOL TOLOL-
%©00T NUEQa Ta. copuated Pdon oe 200 ttnva amd ndde v-
mooudda (stivarag 2). Me fdon ta maamdvm otouyeia, v-

geneity of variances was checked with Bartlett’s test
(Anderson and McLean, 1974). Differences between
treatment means were tested for significance at the level of
P<0.05 by Tukey’s test, and computerized with the SPSS
10.05 statistical package (SPSS Ltd., Woking, Surrey, UK).

RESULTS AND DISCUSSION

Mean body weight of chickens at day-old to day 10, 20,
30 and 40 of age is summarized in table 2. Between day-old
and day 10 of age, chickens in the Bio-Mos fed group
exhibited a significant (P<0.05) improvement in body
weight, when compared to the chickens fed the control diet
(295 vs 254 g). As the birds continued their growth, at 20
and 30 day of age they improved significantly (P<0.05)
their body weights, even though Bio-Mos was not con-
tained in the grower and finisher diets. At 40 days of age,
chickens in the Bio-Mos group presented a significantly
(P<0.05) better final body weight (2108 vs 2017 g), in
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Table 1. Composition of experimental diets

Composition, g/kg
Ingredients Starter diet Starter Grower diet Finisher diet
with Bio-Mos control diet (day 11-28 of age) (day 29-40 of age)
(day 1-10 of age) (day 1-10 of age)
Wheat 600.0 600.0 620.0 634.0
Soybean meal 288.0 288.0 284.0 274.0
Herring meal 40.0 40.0 20.0 0.0
Soybean oil 40.0 40.0 45.0 45.0
Vegetable fat 0.0 0.0 0.0 15.0
Limestone 11.0 12.5 12.0 12.5
Dicalcium phosphate 5.0 5.0 55 7.0
Salt 35 3.5 35 3.0
Sodium bicarbonate 15 1.5 15 1.5
Biolysine 2.5 2.5 2.0 1.5
Methionine 2.0 2.0 1.5 1.5
Vitamins premix’ 2.0 2.0 2.0 2.0
Trace Mineral premix’ 2.0 2.0 2.0 2.0
Enzymes’ 0.5 0.5 0.5 0.5
Avatec (15% Lasalocid) 0.5 0.5 0.5 0.5
Bio-Mos 1.5 0.0 0.0 0.0
Calculated analysis
Crude protein, % 23.1 23.1 212 20.5
Fat, % 52 52 6.1 7.1
Fibre, % 33 33 3.6 35
Ash, % 5.1 52 4.9 4.7
Calcium, % 0.9 0.9 0.8 0.8
Phosphorus, % 0.6 0.6 0.6 0.6
Lysine, % 1.4 1.4 1.3 1.2
Methionine+Cystine, % 1.1 1.1 1.0 0.9
Metabolizable energy, MJ/kg 12.8 12.8 13.1 13.4

! Supplying per kg feed: 12,000 I'U vitamin A, 5,000 IU vitamin D, 80 mg vitamin E, 7 mg vitamin K, 5 mg thiamin, 6 mg riboflavin, 6 mg pyridoxine,
0.02 mg vitamin B,, 60 mg niacin, 15 mg pantothenic acid, 1.5 mg folic acid, 0.25mg biotin, 10 mg vitamin C, 500 mg choline chloride,

> Supplying per kg feed: 100 mg Zn, 120 mg Mn, 20 mg Fe, 15 mg Cu, 0.2 mg Co, 1 mg I, 0.3 mg Se,

* phytase, B-glucanase + araboxylanase in recommended quantities per kg of diet.

Ilivarag 2. M€0o copatind BAQOg TmV *QEOTAQAYWY WV OQVL-

Table 2. Mean body weights of broiler chickens during the

B{mV ®natd ™) SIAOUELX TOV TTELQAUATIOUOT feeding trial

Méoo copatizo pdagog ogviBinv Mean body weight = SD, g

£ tumxt amérhon, g Age of chickens, Control group  Bio-Mos group
Hhwxia, Opdada Mdgrveog Opada Bio-Mos days
nuéeeg
1 46+ 2¢ 46 £2¢

1 462 46 =2 10 254 £ 15¢ 295 + 19°
10 254 = 15¢ 295 +19° 20 725 +25* 783 + 24°
20 725 +£25° 783 + 24° 30 1401 = 48« 1476 + 36°
30 1401 = 48« 1476 + 36" 40 2017 £ 43¢ 2108 = 42°
40 2017 + 43¢ 2108 = 42°

“P: MEoeg TIES 0TIV (D10 0E1Q4 e StapoeeTrd Yoduua mwg ex0€t dSwa-
pépouv onuavtird (P<0,05)

TOAOY o™ ®E O DEINTNG UETATOEYLUGTITOS TNG TQOPIS, KA.
g o 0 delnng magaywydmras (Voeten xon Jansen,

*F: Mean values in the same row with a superscript in common do not
differ significantly (P>0.05).

comparison to the chickens in the control group.

Cumulative data on feed intake per bird from day old
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1983) yua ».0e opdda (wivarag 3).

‘Ol ta dedopéva vTofABnxray oe otatioTxy avdiv-
on SronBpavong pag xatedHuvong oNOLUOTOLDVTOGS TO &-
VIEADE TUOLOTTOLNUEVO LOVTELNO ue vtoouddes. H opoto-
vévewa tov dwarvpdvoewv eEetdotnre pe ™ doxiuy
Bartlett (Anderson and McLean, 1974). Ot dtoqoég ue-
TOED TOV HECMV TUDV EAEYYON®aY Ot etlmedo ONUAVTIXG-
mrag P<0.05 pe ™ donpaocio Tukey, xonolpuomoudveag to
otototxd medyoauue SPSS (SPSS 10.05, SPSS Ltd.,
Surrey, UK).

AITIOTEAEXMATA KAI XYZHTHXH

Toa oopotnd pdoern twv opviBimy otig nMxrieg Tov ve-
00000 Nuépag, xadmg rat tov 10, 20, 30 xon 40 nuepdv on-
uewdvovrtar otov sivaxa 2. Ta amoteAéouota £delEav du
Ta 0QViOLaL ™S opddag, oy omola yoonyifnxe evoaorti-
oo teogn ue Bio-Mos, elyav onuavuxd (P<0,05) peya-
Mitepo ompotird Pdog amtd ta 0pvibia g ouddag Tov
Mdtupa ®otd ™ d€xatn nuépa g nhxriag tovg (295 €-
vavtl 254 g). Me v mpdodo g nhxiag, to oevifia g
owddag Bio-Mos eEaxrolotBnoav va tapovodlovy on-
povtnd (P<0,05) peyohitepa copatird Baon otg nAuxies
v 20 zow 30 nueedv oe aygon ue exelvo g ouddag Tov
Mdpmvpa. Entlong, T opviBia g ouddag tov Bio-Mos &i-
yov onpovtrd (P<0,05) peyaiitepo copatind faog o
oUyroLom pe autd tov Mdptvpa (2108 Evav 2017 g) rou
RATA TNV TECOUQAROOTH NUEQA TS NAriag TOUG.

An6 ta otoyelo Tov stivoara 3 mporvmtel GTL N RATAVA-
Awom ™S Teogrg artd ta 0pvibla g opddog Bio-Mos ratd
™MV GAN SLAQXELOL TOV TTELQAUATIOUOU, TTUQOVOTOOE ULaL OY)-
povtrr (P<0,05) atEnomn og ox€on pe exeivn tTv oQvi-
Blov tov Mdptpa (3647 évavt 3612 g). TTapd ™ onuo-
vt auTh aENOT, 0 delXTNG LETOTEEPLUSTITAS TN TOO-
eric epgavioe onpavird (P <0,05) xaliteon twi oto op-
viBia g opddag Bio-Mos amtd 6,11 o€ exelva g opuddag
tov Mdptupa (1,73 évavu 1,79).

Toa amoteléopota auTtd eivol g CUUPOVI pe exeliva
TOV TROEXVYAV ATtd avAAOYOUS TTeLQapaTLopovs (Sims
and Sefton, 1999), otoug omotoug ueheniOnxre n aiEnon tov
ooUATROU BAOOVS RQEOTAQAYWYHDV 0QVIBImV PETA ot
YOO YNON EVAQRTNQLOS TEOMYIC TTov TtepLelye Bio-Mos og
moodtta 1 g/kg nat, ot ouvEyELa, TEOPIC AVATTUENS RO
sayvvons mov meglelye Bio-Mos og moodmta 0,5 g/kg.

Ta amoteléopota, eEGMOU, Tov TEOERVYAY, deV €Q-
XOVTOL 0€ avtiBeon pe exelvo Tov ToaTnENONKRAV OF O-
VILOTOLYOVG TTELQOUATLOUOUS [LE EXTOOPY RQEOTTOLQAL YWY DV
opviBimv og vhovpid (Kumprecht et al., 1997). Ztoug met-
QUUATLOROVS CUTOVS, TTOLQOTN Y ONre OTATLOTLRE ONUALVTL-
%1} AGENOM TOV CORATLXOY BAEOVE TV 0EVIBTIwY CAmV TwV
ouddwv, ta omoia ratavdahwvay Bio-Mos og moodtnteg
0,5-3 g/kg TOPIg UEYOL TV ELROOTY] TTOWTN NUEQD TNG NAL-
®iag tovg. Eniong, ota opvibia Shwv tov ouddwv pe Bio-
Mos topameifnxe feltimon tov deintn petatoePudt-
TOC TNE TEOPNC TOVE Ue T MIEN Tou TTeLpapuatiopot mtov &i-
¥ Oudonela 42 nUeQv.

IMivaxag 3. Exidpaon tov Bio-Mos otig amodsoeLs tmv ®Qeo-
TOQAYWYWV 0QVLOTmV

ITogdpetoor omoddoewv Ondda Mdotvges* Opdde Bio Mos*

Tehno oopotnd fdgog, g 2017 =43¢ 2108 = 42°
Katavdhwon tooprig 3612 = 28¢ 3647 = 33"
ovd Tmve, g

Aglntng petorpeyiudmrog  1.79 +0.04 ¢ 1.73 £0.02°
TROPNg

BOvnowpomra, % 29+04° 25+0.1°
AgnTng TAQOY MYLHOTNTOS 142 £ 2* 154 = 3¢

* MEon Ty £Tumrn asGrALom.
“* Tuuég otV (OLo 0€LQd pe SLapoQETHG YOGuUa mg XOETN SLapgQouy
onuavuxd (P<0,05).

Table 3. Effect of Bio-Mos on performance parameters of
broiler chickens

Performance parameters Control group* Bio-Mos group*

Final body weight, g 2017 =43¢ 2108 = 42°
Feed intake per bird, g 3612 = 28¢ 3647 + 33"
Feed conversion ratio 1.79 = 0.04 1.73 £0.02°
Mortality, % 29+04° 25+0.1¢
Productivity index 1422 154 = 3¢

* Mean value * standard deviation.
“* Values in the same row with a superscript in common do not differ
significantly (P>0.05).

to 40 days of age (table 3) showed a significant (P<0.05)
increase in the Bio-Mos group compared to the control
(3647 g=33 vs 3612 g+28). Despite this significant
increase, feed conversion ratios also demonstrated a
significant (P<0.05) improvement for the Bio-Mos group
compared to the control group (1.73+0.02 vs 1.79+0.04).

These findings are in agreement with those of
analogous trials (Sims and Sefton, 1999), where the body
weight increase of broiler chickens was studied after
administration of a starter diet containing 1g Bio-Mos/kg
and grower and finisher diets both containing 0.5 g Bio-
Mos/kg. In addition, the results of our study are not in
contrast to those observed in pertinent trials with cage-
housed broiler chickens (Kumprecht et al., 1997). In these
trials, a statistically significant increase in live weight was
noted in all treatments receiving dietary Bio-Mos at levels of
0.5-3 g/kg by 21 days of age, whereas feed conversion
efficiency was improved at the end of the experimental
period that lasted 42 days.

The estimated productivity index was higher (table 3)
in the Bio-Mos group compared to control. Table 3 also
shows that the mortality rate was lower in the Bio-Mos
group compared to control (2.5% vs 2.9%), however, the
difference was not statistically (P>0,05) significant. This is
in agreement with previous findings (Sims and Sefton,

TEPIOAIKO THZ EAAHNIKHZE KTHNIATPIKHE ETAIPEIAX 2003, 54(2)
JOURNAL OF THE HELLENIC VETERINARY MEDICAL SOCIETY 2003, 54(2)



SPAIS A.B., GIANNENAS LA., FLOROU-PANERI P., CHRISTAKIE., BOTSOGLOU N.A. 117

O delntng TaUEAYWYGTNTAS TUQEOVOTAOE ONUAVTLRA
ueyaAtten Tur yia ta opvibia g opddog Bio-Mos oe
oxéon ue exeiva g opddag tov Mdotupa (stivarag 3).
Amé tov mtivora 3 diamotavetat, axdun, Gt Bvnowud-
T Twv 0pviBiwv vitav xounidteon oty ouddo Bio-Mos og
ox€om e exelvn TV paetiguv (2,5 évave 2,9 %), wotd-
00 1 Odapoed avty dgv 1Tav OTATLOTRG ONUOVTLRY
(P>0,05). H dromiotmon avni oupgavel pe gvprjuata di-
v ggevvntdv (Sims and Sefton, 1999), wov €delEav dL
TO TO00OTO OVNOLUSTNTAC TOV RQEOTAQAYWYMV 0QVLOIWV
dev emnpedleton, Gtav oty TEOYY Toug ToatiBetol Bio-
Mos og dLdqoeg moodmTec. 0T600, £xel avapepdel
(Newman, 1994) ehdttmon tov aplOuot Twv oxatdAMnhov
TROC oaryy] 0evIBiwv puetd ot xoeviynon Bio-Mos.

H epyaoio avni €dei&e 61110 Bio-Mos €yet Oetinn emi-
dpaon otig aoddoels vow todAnha fektudvel To deintm
UETOTOEWLUSTNTAS TNS TOOPNS ArOUN ®alL OTAY YopnYeltan
0€ RQEOTAEAYWYA 0QViBLa 0N OYETRA XoUnAY TOOSTHTOL
1,5 g/lkg nou uévo yua 10 nuépeg. To gvepyetind avtd omo-
téheona g 0pdons Tov Bio-Mos 08 eVIaTIRES EXTQOPEC
%QEOTAQUYWYDV 0QVLOiY artodideTar oTig LOGTNTES TMV
HOVVOLO-0OMYOOU®AOLTHV TTOU GUVOEOVTOL UE TNV TQOTO-
moinon g ovvOeoNS TS Ko Braxiic xhmeidog Tov eViE-
oov (Spring et al., 2000), T ueTa oA TS LOEPOAOYIOGS RO
™S Aettoveywic dourig tov evieQuroU Phevvoydvov
(Savage et al., 1997), nauw ) d1€yeQom TOU AVOCOTONTLROT
oUOTHUATOS TOOO € ETITENO TOV GAOU CUOTIHUATOS GO0 RO
oe »uttaewo enimedo (Ewing and Cole 1994, Newman
1994, Mac Donald 1995, Savage et al. 1996, Lilburn et al.
2000). To Bio-Mos, évag mhotolog og uavvoly oAMyooox-
X0QUTG, UToEl exhexTind va deopeveL va Vo TaEUTTOd(-
CeL oL forTiOL VO OTTOLRICOUV TO YOOTQEVTEQLRG CWAVAL
peldvoviag €tor g mbavémreg exdiiwong véoou
(Newman, 1994). Exeidij to Bio-Mos dev draomdton oo
TosteTTnnd Evauua, proel va eEEQyETOL 0IT6 TOV EVIEQLKO
owhva poli ue ta mpooroAnpuéva taboydva faxtiola,
TOQEUTOOLOVTAS ETOL TOV AITOLXLOUS TOV EVTEQOV %aiL ON)-
UOVQYEHVTOLS EVOL TTEQUOOGTEQO EVVOIXS TTEQRAAOV YL T
xonowosoinom twv Bpemttrdy ovowdv (Newman, 1994).

ZUUITEQAOUATIRA, TO ATTOTEAECUOLTOL TNG EQYOOTAS V-
™¢ VTodEr VoLV GTL To Bio-Mos mpoo@épel Eva arndun
uéco Pertimong Twv amodSoEmV TV REEOTORAYWYWDY 0Q-
viBloVv pe ¥o1NonN QUORAY TEOLOVTMV. RL0TE00, EXTLUATAL
OTL aTTOLTE (TOL TTEQULTEQM EQEVVA YLOL VO TEXUNQLMOOVY
ROAITEQOL TAL CUUTTEQAOUATO OUTA, VO YIVEL TEQLOTGTEQO
RATAVONTOS 0 TEETOE dRAONS TwV PavvoLo-0Ayooar)y -
LTV rat va PeltiotomomnBotv ta ogéin ams ™ xonon
Tovg. OL oty 0QevTIRéEg QUOUIoELS 0TI XONOT] TV AVTLUL-
%1EOPLOnMY TEA0OE TV VAV avouéveton ot Bo eviaTro-
mom 0oy eEautiag TS EVNUEQMONG TWV RATAVOAMWTHV OA-
MG now TG AVNOUYIOLS TNG ETOTNUOVIRIS ROLVETNTACS VL0
evdeyouevoug ®vdvivoue amd ™mv avEnon g avBextrs-
TNTOG TOV UHQEOOQYUVIOUMDY OTLS OVTLLKQOPLARES (PaQ-
poxevTréc ovotec. "Etol, ovvdyetat 6T oL QuoLtrEC evah-
haxturég ovoteg Oa amortoouy ueydin omovdardmra.

1999), showing that mortality was not affected by dietary
supplementation with Bio-Mos at various levels, although a
decrease in condemnation rate has been also reported after
administration of Bio-Mos (Newman, 1994).

The present feeding trial showed that Bio-Mos exhibits
growth promoting properties with a concomitant
improvement in feed utilization efficiency, even though it
was administrated to broilers at the relatively low dietary
level of 1.5 g/kg for as short as 10 days. This beneficial
response in field performance has been attributed by
previous workers to the diverse properties of the mannan-
oligosaccharides, which are associated with modifying the
composition of the intestinal microflora (Spring et al.,
2000), changing the morphology and structure of the
intestinal mucosa (Savage et al., 1997) and modulating the
immune system at both the systemic and cellular levels
(Ewing and Cole 1994, Newman 1994, Mac Donald 1995,
Savage et al. 1996, Lilburn et al. 2000). Bio-Mos, a
mannose-rich oligosaccharide, can selectively bind bacteria
that colonize the digestive tract and can cause disease
(Newman, 1994). Since digestive enzymes cannot degrade
Bio-Mos, it can pass through the tract, carrying the bound
pathogen bacteria, preventing colonization and providing
a more favorable environment for the utilization of the
nutritional substances (Newman, 1994).

In conclusion, the results of the present study suggest
that Bio-Mos offers another mean of improving the
chickens’ performance, by using natural products.
However, additional research is needed to establish better
this suggestion, to achieve a more detailed understanding
of how the mannan-oligosaccharides elicit their biological
response and to further optimize the benefits of their use.
Legislative bans on the use of antimicrobial feed
supplements will be probably intensified, due to the
awareness among consumers and the scientific community
of possible dangers of emerging drug resistance, so natural
substitutes for antimicrobial growth promoters will become
highly important. 1

ITEPIOAIKO THE EAAHNIKHE KTHNIATPIKHE ETAIPEIAS 2003, 54(2)
JOURNAL OF THE HELLENIC VETERINARY MEDICAL SOCIETY 2003, 54(2)



118 A.B.2IIAHZ, H.A. TTANNENAZ, I1. PAQPOY-TIANEPH, E XPHXTAKH, N.A. MIIOTZOT'AOY

BIBAIOI'PA®IA - REFERENCES

Allen VM, Fernandez F, Hinton MH (1997) Evaluation of the
influence of supplementing the diet with mannose or palm kernel
meal on Salmonella colonization in poultry. Brit Poultry Sci, 38 :
485-488

Anderson VL, McLean RA (1974) Review of Some Basic Statistical
Concepts. In Design of Experiments. A Realistic Approach. DB
Owne, P Lewis, PD Minton, eds, Marcel Dekker, New York, vol.
V, 1:20-21

Botsoglou NA, Yannakopoulos AL, Fletouris DJ, Tserveni-Goussi
AS, Psomas IE (1998) Yolk fatty acid composition and
cholesterol content in response to level and form of dietary
flaxseed. J Agric Food Chem, 46: 4652-4656

Bradley GL, Savage TF, Timm KI (1994) The effects of
supplementing diets with Saccharomyces cerevisiae var. boulardii
on male poult performance and ileal morphology. Poultry Sci, 73:
1766-1770 -

Europecan Commission Regulations, (EC) No 2821/98 ot 17
December 1998 amending withdrawal of the authorization of
certain antibiotics. Council Directive 70/524/EC concerning
additives in feedingstuffs, OJ L 351/4: 1-5

Ewing WN, Cole DJA (1994) The living Gut, An introduction to
Micro-organisms in  Nutrition. Context Publications,
Leicestershire, United Kingdom

Fernandez F, Hinton M, Van Gils B (2000) Evaluation of the effect
of mannan-oligosaccharides on the competitive exclusion of
Salmonella enteriditis colonization in broiler chicks. Avian
Pathology, 29: 575-581

Gibson GR, Robertroid BM (1995) Dictary modulation of the human
colonic microbiota: introducing the concept of prebiotics. J Nutr,
125:1401-1412

Government Ofticial Reports, (1997) Antimicrobial Feed Additives,
Report from the Commission on Antimicrobial Feed Additives,
Ministry of Agriculture, Stockholm, Sweden, 132: 165-185

Hargis PS, Van Elswyk ME (1993) Manipulating the fatty acid
composition of poultry meat and eggs for the health conscious
consumer. World’s Poultry SciJ, 49: 251-264

Igene JO, Pearson AM (1979) Role of phospholipids and triglycerides
in warmed-over flavor development in meat model systems. J
Food Sci, 44: 1285-1290 -

Kumprecht I, Zobac P, Siske V, Sefton AE, Spring P (1997) Eftects
of dietary mannanoligosaccharide level on performance and
nutrient utilization of broilers. Poultry Sci, 76 (Suppl. 1): 132

Lilburn M, Dixon J, Cotter P, Paluch B, Malzone A, Sefton T,
Connolly A (2000) Modulation of humoral immunity in
commercial laying hens by a dietary probiotic. Poultry Sci, 79
(Suppl.1): 38

Mac Donald F (1995) Use of immunostimulants in agricultural
applications In: Biotechnology in the Feed Industry. Proceedings
of Alltech’s 11th Annual Symposium. TP Lyons, KA Jacques, eds,
Nottingham University Press, Nottingham, UK: 97-103

Martin SA (1994) Potential for manipulating the gastrointestinal
microflora: a review of recent progress In: Biotechnology in the
Feed Industry. Proceedings of Alltech’s 10th Annual Symposium.
TP Lyons, KA Jacques, eds, Nottingham University Press,
Nottingham, UK: 155-166

Miles RD, Bootwalla SM (1991) Direct-fed microbials in animal
production, Avian. In: Direct-fed microbials in animal
production: A review of the literature. National Feed Ingredients
Association, West Des Moines, lowa, 117

Newman K (1994) Mannan-oligosaccharides: Natural polymers with
significant impact on the gastrointestinal microflora and the
immune system. In: Biotechnology in the Feed Industry.
Proceedings of Alltech’s 10th Annual Symposium. TP Lyons, KA
Jacques, eds, Nottingham University Press, Nottingham, UK:
167-174

Oyoto BA, Droleskey RE, Norman JO, Mollenhauer HH, Ziprin RL,
Corrier DE, DeLoach JR (1989a) Inhibition by mannose of in
vitro colonization of chicken small intestine by Salmonella
typhimurium. Poultry Sci, 68: 1351-1356

Oyofo BA, DeLoach JR, Corrier DE, Norman JO, Ziprin RL,
Mollenhauer HH (1989b) Prevention of Salmonella typhimurium
colonization of broiler chickens with D- mannose. Poultry Sci, 68:
1357-1360

Savage TF, Cotter PF, Zakrzewska EI (1996) The cffect of feeding a
mannan oligosaccharide on immunoglobulins, plasma IgG and
bile IgA of Wrolstad MW male turkeys. Poultry Sci, 75 (Suppl.1):
143

Savage TF, Zakrzewska EI, Andreasen JR (1997) The effects of
feeding manna-oligosaccharide supplemented diets to poults on
performance and the morphology of the small intestine. Poultry
Sci, 76 (Suppl.1): 139

Shane SM (2001) Mannan oligosaccharides in poultry nutrition:
mechanisms and benefits. In: Biotechnology in the Feed Industry.
Proceedings of Alltech’s 10th Annual Symposium. TP Lyons, KA
Jacques, eds, Nottingham University Press, Nottingham, UK: 65-
T

Sims MD, Sefton AE (1999) Comparative ctfects of a mannan-
oligosaccharide and an antibiotic growth promoter on
performance of commercial broilers. Proceedings of the 50th
North Central Avian Disease Conference

Spring P, Wenk C, Dawson KA, Newman KE (2000) The effects of
dietary mannan-oligosaccharides on cecal parameters and the
concentrations of enteric bacteria in the ceca of Salmonella-
challenged broiler chicks. Poultry Sci, 79: 205-211

Voeten AC, Jansen BAP (1983) The monitoring and evaluation of
coccidiostats in broilers. Archiv Fuer Geflugelk, 47: 181-185

TEPIOAIKO THZ EAAHNIKHZE KTHNIATPIKHE ETAIPEIAX 2003, 54(2)
JOURNAL OF THE HELLENIC VETERINARY MEDICAL SOCIETY 2003, 54(2)


http://www.tcpdf.org

