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Enidpaon tou Genex, prag np6o0e-
g vAng (wotpopv pe opyavikd
oééa ka1 ekyuriopata fordvev,
oug anodHoe1Ig KpEonapaywymdv
opvifiwv

A.B. Zuang, HA. T'dvvevag, I1. ®Ad pouv-Tlavépn,
E. Xpnotdkn, N.A. Muétooylou

ITEPIAHWH. Xe autiv tv neipapauki epyacia eetdotnke n
enibpaon tou Genex, piag npbéobetng ting (wotpopdv nou ne-
piéxel puppnkikd ka1 mpomovik6 oy, ta dhatd toug pe appwvia
ka1 ekyuMopara fordvey, oug anodboelg kpeonapaywywy opvi-
Oiwv. XpnowponomOnkav 17.340 opvifia winou Cobb, nikiag n-
pépas, ta onoia katavepiOnkav yaia oe 3 opddeg ka1 eykataotd-
Onkav oe §anebo pe orpwpvi ané poxkavibia. Kab’ 6An  S1dpxeia
Tou nelpapatiopoy, mou Atav 40 npépec, ta opvidia g opddag wv
paptépov Siatpdepnkav pe ouviidn tpopi tou epnopiou, exeiva
g Seltepng opddag pe v id1a faciki tpo@ni otnv onoia eiye
npootedei plaPopukivn oe avadoyia 8 g/tévvo, evd ownv tpopi
1ng tpitng opdSag efye mpootebei Genex oe avadoyia 3 kg /tévvo
péxp1 v nhikia twv 21 npepdv ka1 4 kg /tévvo and v endpevn
npépa ka1 pégp1 t Aién tou netpapauopoy. I'a v extdpnon wwv
anodéoewv WV Kpeonapaywydv opvidiov nposdiopiotnkav ta ow-
pauxd fdpn, n katavddwon tpogiic, o Seiking petarpepipdntag
tpopiig, n Bvnopénta twv mnvodv ka1 o Sefktng mapaywyikdn-
1ag. Aképn petpifnke n pubpiouxd ikavétnia v tpo@dY nou
yopnyfOnkav oug opddeg twv opvifinv kabdg ka1 drwv TV Hp®d-
v vddv. Ta anotedéopara é5e1§av 6u ta opvidia mou mipav
Genex pe mv tpo@ni toug gpgpdvicay euvoikdtepn ai&non oe oyé-
on pe oug pdpupeg, evd) mapouociacay v id1a as§non pe ekefva
ota onofa yopnyfOnke pe tnv tpocpi toug praPopukivn.

Aé€e1g eupempiaong: Genex, npooBeuxd {wotpoav, opyavikd o-
&¢a, exyuNopata otdvav, @raPopuxivn, kpeonapaymyd opvibia.

EIZAI'QI'H

H mpoxtini g mpootijxng 0olopévav avitplotrmy
08 WXQES TOOGTNTES OTOL OLTNEETLL TV TAQAUYDYHADV LH-
WV UE OROTS TNV ETUTAYXVVON TOV QUOUOT 0vdTTVENS VIT6-
AELTAL TOL TEAEVTOLO XOOVLOL OE EVIOVT) HQLTLXY] YLOL TV EV-
deyouevn avdamtuEn avlextray oteleymv mtaboydvov Pa-
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containing organic acids and herb
extracts, on the performance of
broiler chickens
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ABSTRACT. In this experimental study, the performance of
broiler chickens fed diets supplemented with Genex, a feed additive
containing organic acids and their ammonium salts, essential oils
and plant extracts, was evaluated. A total of 17,340 one day-old
Cobb chicks randomly divided into three groups and housed in floor
pens of a commercial farm, were used in a feeding trial that lasted
40 days. One group was fed on a basal commercial diet, the second
group on the same diet supplemented with 8 g flavomycin /ton of
feed, while the third group was given the basal diet supplemented
with Genex at 3 kg/ton till 21 days of age and 4 kg/ton thereafter.
In this trial the buffering capacity of the tested diets and their
ingredients was also measured. Results based on the body weight
growth, the feed conversion ratios, the mortality rate and the
productivity index suggested that supplementation of the feed with
Genex exerted a growth-promoting effect comparable to that of
flavomycin.

Keywords: Genex, feed additives, organic acids, herb extracts,
flavomycin, broiler chickens

INTRODUCTION

The routine use of in-feed antibiotics to promote growth
has been questioned due to the potential development of
resistance to a number of pathogenic bacterial species
(Wegener et al., 1998). Fear of transmission of this resi-
stance to humans through the food chain has led to

Eoyaomioo Awrpogris Zahwv, Twiua Kimviatouerig, Zxohi Fewteyvi-
%oV Emomuov, Agiototérero Iavemortiuo, 540 06 @eooakovizn

Hugpounvia vrrofoiis: 09-04-2002
Huegoounvia eyrpioews: 24-07-2002

Laboratory of Animal Nutrition, School of Veterinary Medicine,
Aristotle University, 540 06 Thessaloniki, Greece

Submission date: 09-04-2002
Approval date: 24-07-2002



248 A.B. XTTAHY, H.AATTANNENAY, IT. PAQPOY-TIANEPH, EXPHXTAKH, N.A. MITOTZOTI'AOY

ntolwv (Wegener et al., 1998). O xivduvog g petafipo-
ONg VTS TS OVOERTIRGTNTAS UECW TNG TOOPLRNS AAVOT-
dag otov AvBpwto, 0d1yNOE OE TEQLOPLOUS TWV OVTLBLOTL-
%AV 10V TEOOHETOVTOL 0TV TEOPY| TwV Lddwv. “Etol orjue-
oa oy Evponaixn "Evwon pévo ta avufrotxnd aftho-
purivn zal ghapouvrivy emTeémetol va ToohETovial
OTNV TEOPY TWV TAQUYWYRAOV LV wg avEntirol Taed-
vovteg (European Commission Regulations, 1997;
European Commission Regulations, 1998), eva elvow mwo-
A0 TBAVS VoL Ity OQEVTEL 1] YOY[OT] RO TWV TAQATAV® Ot
viprotrav oto eyyic uéAhov. Qotéoo, mpoPrémetal
Ba ouveyLoTel 1) TEOOO KN OTNV TOOPY] OQLOUEVMV OVTLROR-
wdLaxadv ovoldv (Government Official Reports, 1997).

e nelmTwon amay6QEVoNS TS XeHoNS TV avEnTL-
®OV avTfLotrav, Ba meénel (owe va vioBetBovv aiia-
v€c 0 0UvOeoT TV LMOTEOPHV RABMS KOl OTH OTQATNYL-
%1 IOV axoAoVOETaL 0T LATEOEPY TMV TARAYWOYLRMDV LH-
v YL TV E0VIETEQMON TUYXGV OVOUEVAIV ETLITTAOEWV
omyv mapayoyn. Behktdoeig ot duayeloion tov povddwv
oG TaQOYWYNS UE OROTO TH UEIWON TNG RATATOVNONG
TV LO®V %ot T WGAUVOT) TOVE atd Qoo QYaviouovs Ba
urrogovoay (owg va avTlotaduicouy ™y atovoio Twv ov-
Entrdv avufrotrdv omé tig Lwoteogés. YrdoyeL, emo-
UEVOGS, ETLTORTIRY CVAYHT] YL EVIOTIXT] EQEVVA OTNV OVOL-
OTNom QUOLRGY EVOMARTIRGY QUENTIRGY OVOLHY GTTWE TO!
évlupa, TeoPLotind, meeflotnd, opyavird oEéa 1 oEwvo-
TOTEC ow exyVuAMouata Botdvamy, ot omoieg Bo proov-
OOV VO LXOVOTTOLOUY TIS OTTALTOELS TV XATOVOAMTAV. Av
%O OL TEQLOOGTEQES ATTO TLS TAQAUTAV® OVOTES EXOVV 110N
xonoworon el og cuvduaoud ue avurotrd yio myv ao-
Enon tov arodsoemv twv Lomv, 1 amotereopuotivdTtd
TOVUG TV OUVLOTOVY TO WOVO AVENTLXRG TOEAYOVTO TTOV
mootifetal otig LwoTtEoEe, dev €xeL ardun TexUnOLWOel
(Emborg et al., 2001).

To Genex, €va TEOIGY TOU TEQLEYEL UUQUNKLALO KL
TEOTUOVIXG OED, TaL GAATA TOVE UE AUUMVIDL, RAODS ®aL -
oo Ehata vow exyvhiopata Botdvov, eival éva 1dLo-
oxeVaOUa TTOV CVVLOTATOL VO TTEOOBETETOL OTLS CmOTROMES
yLa tduvon yoipwyv o tnvav. H amoteheopanrdmro
TOU LOLOOHEVAOUOTOS CUTOV G EVAAAOXTIROU TTALdYOVTOL
TOV AVENTUAY avTFLoTirdy OgV €XEL OUOUT ETTOQHRMS UE-
Lemn0el apol oL oyeTréc eQYAOies elval TOAD TEQLOQL-
ouéveg (Optivite Int., 1997).

“Epevvec mov €ywvay ta televtaio xoovia £detEav Gt
0QLOUEVA 0QYOVIRA 0EEa o Ta GATA TOVS, OTTMS aUTd
mov meLEyovtal oto Genex, Ha proeotoay va aroteé-
OOVV AVENTLHOUS TTOQAYOVTES EVAMARTIROUS TOV avTLLo-
v, Evd 1o avufrotirnd aonotv v evegystny emi-
00001 TOUS OTLS OTTOOGOELS TMV TTALQUYWYRAY THwV UECw
™e aviyureofraxris dpaotrdmrds tovg (Cromwell,
1990), ta ogyovind 050 or0vV EVEQYETIRY ETIOQAON OTN
otafepomoinon mg g Tov pH tov yootowol vypol, xon
EUVOOUV TV ETUXRQATNON OPELUDY XQOOQYOVIOUMDY
OTOV TEETTHSG CWOAVA AVAOTEAAOVTAS TV OVATTTUEY TV €-
muprafav. O urgoogyaviopot avtol ouvBETOUV pa pi-
rnoPraxn xAmeida ov TEodyeL ™ Aettoveyia TG TEYNS

precautionary action to exclude several antibiotics from
productive animal diets. As a result, in the European Union
only the antibiotics avilamycin and flavomycin remain
presently as non-prescription feed additive growth
promoters (European Commission Regulations, 1997,
European Commission Regulations 1998), whereas it is
generally acknowledged that all antibacterial feed additives
will be banned in the near future. However, it is also
expected that the use of certain anticoccidials will be
continued (Government Official Reports, 1997).

If antibacterial growth promoters were withdrawn from
use, changes in food composition and alternative feeding
strategies should probably be introduced to offset any
possible adverse effects on production. Improvements in
the management of livestock farming aiming at reducing
stress points and preventing contamination of the animals
with micro-organisms from sources external to the farm,
might similarly help to compensate for the withdrawal of
antibacterial growth promoters. There is, therefore, need
for intensive research into the identification and evaluation
of alternatives to traditional antibiotic feed additives that
would satisfy consumer perceptions and would be closer to
environmentally friendly farming practices such as the
enzymes, probiotics, prebiotics, organic acids and herb
extracts. Although most of these more natural approaches
have already been used in combination with in-feed
antibiotics, their efficacy as the only dietary growth
promoting additives has not been yet established (Emborg et
al., 2001).

Genex, a product that contains formic acid, propionic
acid, their ammonium salts, essential oils and plant extracts
on a silicate carrier, is a naturally derived feed additive that
is recommended for fattening pigs and broiler chickens.
However, its efficacy as a replacement for antibiotic growth
promoters in broiler chickens has not been adequately
demonstrated and relevant information is very limited
(Optivite Int., 1997).

The organic acids and their salts that constitute part of
Genex, could be a potential alternative feed supplement to
antibiotic growth promoters. While antibiotics inhibit
microbial growth in general (Cromwell, 1990), organic acids
would stabilize gastric pH and favor the beneficial rather
than the harmful microorganisms to dominate in the
digestive tract enhancing, thus, growth and feed efficiency
(Mathew et al., 1991). Hence, organic acids are widely used
by the feed industry in early weaned pigs and as effective
preservatives (Adams, 1999; Best, 2000; Nikolakakis et al.,
2002), but their use in broiler chickens as a means of
controlling enteric bacteria and improving feed utilization
has not been widely investigated (Watkins and Miller, 1983;
Miller, 1987; Eidelsburger and Kirchgessner, 1994;
Waldroup et al., 1995).

Apart from the organic acids, in Genex participate
essential oils and plant extracts whose composition is
patented. Certain herbs might be an interesting alternative
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%ol EATLAOVEL TO E(NTN UETATEEYLUSTNTOS TNG TEOPNS
(Mathew et al., 1991). T'wat Tovg AGyovg awtols, To 0QyavL-
%d 0E€a TEOOBETOVTAL EVEUTATO 0TV TEOGY TV TTEMLUL
ATOYOAARTLIOUEVMV YOLRWOIWV ®OL g cuvTnenurd Twv Cw-
otpopwv (Adams, 1999; Best, 2000; Nikolakakis et al.,
2002), alAd 1 XONOLOTTONON TOUS 08 RQEOTAQAYWY 0Q-
viBLo g LECOV ELEYYOV TV XQOOQYOVIOUDY TOU EVTE-
OV ®ou PEATIONS TS UETATEEYLUGTNTOS TS TEOPYIC eV
€xeL diepevvnOel mhjoms péyol orjpuepo (Watkins and
Miller, 1983; Miller, 1987; Eidelsburger and Kirchgessner,
1994; Waldroup et al., 1995).

2 ovvOeon Tov Genex, eXTEg amd Ta 0QYavIrRd 0E€a,
OUpUETEYOVY OEELaL ENaLe ROw ExyVuMopaTa BOTEVAY TV
omoimv To £{00¢g ®aL 1) AVOLOYIOL «TQOOTATEVETAL EUTTOQL-
%nd». Oglopéva fétava Ba progotoay (owe va amoTelé-
ooy pa evoLapgpovoa evallartixy mtpdtaor oto B€ua
™G AVTIRATAOTAONS TOV GVTLPLOTIRMY WS QUENTLRGY TT0-
payévtov g teogric. Ta tehevtaia xoovia, ToMMd 0Qm-
uotrd QuTd, STTmg To deVOQROMPaVO, TO PaorSUnAo, TO Bv-
HaoL, 1 Elyavn o To Todt, 1) EXYUAOUATO TWV QUTEV 0V-
TAV CUYREVIQDVOUV UEYALO EQEVVNTIRG EVOLAPEQOV ETTEL-
M TaEoVOLALoVY AVTLOEELOWTIXES, AVTLBAXTNQLOXES KAl
aviurnTrés Widtmreg (Economou et al., 1991; Sivro-
poulou et al., 1996; Adam et al., 1998), wov amwodidovror
0€ pLoL UEYAAT TTOLRIMOL POLVOMAEV OVOLDV TTOU TTEQLEYO-
vta og autd o uTd. O ovoteg autég Oa pmopovoay, oto
Cour6 0yovious, va. eEoudetepdvouy g ehevBepeg piteg
7OV dNoVEYOTVTOL ®aTd TIS neTafoMnég dieQyaoies Tmv
HUTTAQWV [E OTTOTENEOUOL VAL TTEQLOQITOVY TV 0EedwTLnt
ratarrovnon tov (Chimi et al., 1991; Salah et al., 1995) »ou
VoL OROTV ETOL EVEQYETLRY] ETTOQOION OTHV VYElDL XA TIC O
TOOGOELS TV TOQAYWYLRMVY T,

Ou dnuootevuévee perétec diepevvnong g dpdong
TV BOTAVOV 1] TOV EXYVMOUATOV TOUS OTLS ATOGOELS TV
TAQUYWYRADV LhmV elvan ToAD epropopéves (Botsoglou
et al., 2002). Zromdg g TaOVOAS EQYAOTOS TTAV 1] EXTE-
unom, oe eToELKES ouvBrec, ™ emidpaong tov Genex
0TI ATTOOGOELS TMV RQEOTOQAYWYHV 0VLBmV ®aw M 00-
YROLOT QUTHS TNG ETLOQAONE UE EXEIVY TOV AvTLBLOTLROY
plafouvrivn. H evomudtmon tov Genex oTig TTnvoTteo-
@éc dev elvan dSuvatév va odnyroeL oe avdmTugn aviext-
®v oteleyv Parntmeliov ota avifrotxd, ovte oe ma-
ool AVETLOTUNTOV RATAAOTTMVY OTO TTOQAYSUEVO OQVI-
Belo np€acg.

YAIKA KAT ME®OAOI

TN v ey natomoino g TELQAUATIXAG AUTHS £0-
yaotag yonowpmomowjinxrayv 17.340 opviOia timtov Cobb,
apoevirnd rou Inhuxd pue v avaroyia Tov exroldmto-
vrat, nhxiog veoooot nuépac. Ta ovibua nataveuiom-
®nav toyoio otig opddec A xow B tawv 5.814 veooowv ro
omv oudda I' twv 5.712. “Ohec o ouddeg tomoBetiiOnrav
oe Bahduovg ue otpwuvy oté poxavidia Ebhov evdg -
VOTQOQETOV TN TTEQLOYTS TOV vouoy Oeccaovinng. Kad’
GAN T OLAQXELL TOV TTELQOUATLOUOY, 1) OEQUORQEACTOL ®aiL 1)
oyxetnn vypaoia Twv Bokduwv diatnoolvray oTa ouvL-

feed supplement to the antibiotic growth promoters. In
recent years, many herbal plants such as rosemary, sage,
thyme, oregano and tea or their extracts have attracted wide
research interest due to antioxidative, antibacterial and
antifungal properties (Economou et al., 1991; Sivropoulou et
al.,, 1996; Adam et al., 1998) that are attributed to a great
variety of phenolic compounds occurring in these plants.
Following their ingestion, these compounds might scavenge
the free radicals formed during the metabolic processes in
the cells diminishing the oxidative stress (Chimi et al., 1991;
Salah et al., 1995), and improving thus the health status and
the performance of productive animals.

However, published information giving evidence that
botanical feed additives could efficiently replace the
antibiotic growth promoters is yet very limited (Botsoglou
et al., 2002). The objective of this study was to evaluate the
effect of Genex on the performance of broiler chickens
under commercial conditions, and further to compare this
effect to that of the still approved growth promoter
flavomycin. Supplementation of poultry feeds with the
naturally occurring ingredients of Genex would not result
in drug resistant microorganisms and drug residues that are
both a serious concern in the meat industry.

MATERIALS AND METHODS

A total of 17,340 one day-old Cobb chicks, male and
female as hatched, were randomly allocated into groups A
and B with 5,814 birds each, and group C with 5,712 birds.
All groups were housed in floor pens with wood shaving
litter in a commercial broiler chicken farm, near
Thessaloniki, Greece. During the trial, commercial
breeding and management procedures were employed,
natural and artificial light was provided on a basis of 23
hours daily, and ambient temperature was controlled. 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.

During the feeding period that lasted 40 days, one group
was fed on a basal commercial diet, the second group on the
same diet supplemented with 8 g/ton flavomycin (200 g
flavomycin-4% /ton), while the third group was given the
basal diet supplemented with Genex at 3 kg/ton till 21 day
of age and 4 kg/ton thereafter. Genex is a naturally derived
feed additive that contains formic acid, propionic acid, their
ammonium salts, essential oils and plant extracts on a
silicate carrier (Optivite Int., 1997).

Experimental diets and drinking water were offered to
all birds ad libitum throughout the experiment. The
composition of the basal diets is presented in table 1.

A sample of 100 day-old chicks from each group was
weighted individually at the time of their placing into the
poultry house and later on at 10, 20, 30, 40 days of age. Feed
consumption within each group was recorded during the
experimental period and feed conversion ratio was finally
calculated. Mortality was also daily recorded. In addition,
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Mivaxag 1. ZUvBeon Tov faoiry oUvOET®mY TQOQMOV TOV X0 YN nrav ota 0viBLo »oTd ™V TeQI0d0 ™S EXTQOPIS TOUG

XvotoTixd

Zitdol (omépuata)
Z0YLaAevQOo exyUAMONG
Peyydhlevoo

Zoyéhato

Qutind Mmog

AvBoaxiné aoféono
Dwopoerd dtaofEotio
Avttov0amirnd vaTolo
Nicarbazin 25 %

Saccox (12 % Salinomycin)
oS mypa Brrapvav, aveQyovmy ovoLmv xow auvogEmv!

Avdivon teopav

Olnég mowreiveg, %

Awapég ovoieg, %

Kutrapiveg, %

Tépoa, %

AoBéono, %

Dwopdos, %

Avoiv, %
Meberovivn+rvotivn, %
MetafohMotéa evépyeia, MI/kg

ITeguextizdtnra, g/kg
1-12 nuéoeg 13-24 nuépeg 25-40 nuéoeg
595,5 614,2 632,5
290,0 280,0 270,0
40,0 20,0 0,0
35,0 453 45,5
0,0 0,0 12,5
12,0 12,0 12,0
5,0 6,0 7,0
2,0 2,0 2,0
0,5 0,0 0,0
0,0 0,5 0,5
20,0 20,0 20,0
22,8 21,1 19,5
5,2 6,1 7,1
35 35 3,5
51 4,9 4,7
0,8 0,8 0,7
0,6 0,6 0,5
1,5 1,4 1,2
1,0 1,0 0,9
12,8 13,1 13,4

' To modurypa TRoogpee avd kg Toogrig: 12.000 TU Brrapivng A, 5.000 TU Brrauivyg Ds, 80 mg frranivng E, 7 mg Prrauivng K, 5 mg Ogiapivng, 6 mg ot~
Boghafivng, 6 mg muLdogivng , 0.02 mg frrauivng By,, 60 mg viaoivng, 15 mg mavroOevixot oE€og, 1,5 mg polxot 0E€og, 0,25 Protivng, 10 mg Prrani-
vig C, 500 mg xhworotxov xohivig, 100 mg Zn, 120 mg Mn, 20 mg Fe, 15 mg Cu, 0.2 mg Co, 1 mg I, 0.3 mg Se, 290 g apwvoE€mv (Moivn +ue0giovivn) xo
utdon +p-yhovravdon +aoafoEuhavdon oTig CUVIOTMUEVES TOoGTNTES avd kg ortnoeaiov.

OTAUEVOL ETTTEN A, EVH O PUORGE PWTIOUGS CUUTANQWVE-
TAV UE TEXVNTO, ETOL MOTE 1] GUVOMXY| SLdExELE TOV V. El-
vou 23 dpeg 10 24mwpo. Ta ttvd epufoldotray ®otd g
végov Marek »otd v exndhoym, vabug xow ®atd Tov vo-
onudtov Peudomavirovs, hotuddovs fooyyitdag xa
Gumboro »atd ) didoreia g devtepng efdouddag e
Conjg Tovg.

Katd ™ diudoxreia tov metpopatiopod wov frav 40 -
UEQeg, ota 0EViBLa ™S ouddasg A Tmv HoQTIEWY YOONYY|-
Onre po oUVHONGS TEOWY] TOV EUTTOEIOV, OE EXEIVAL TG OUd-
dac Bm dua fpacivi toogn omyv omoia gixe moooteOel
phapopvnivy oe avaroyia 8 gitévvo (200 g phafouurivi-
4% [t6vvo), evd oty Teogn ™S opddog I elye mpooteOel
Genex og avahoyia 3 kg /tévvo uéyol mv nhrio twv 21 1-
ueEmv xou 4 kg /tévvo amd v eopevn nUEQA raL UEYOL
™ MEN Tov Tepapatiopoy. To Genex glval Eva oGy
IOV TEQLEYEL LVEUNKIXG ®AL TEOTLOVIXG 0D, Ta dAaTd
TOUG UE apuvio, ®aBdg now abéora EAaio now exyvAL-
opata fotdvav, ue poeéa dhata tov uortiov (Optivite
Int., 1997). H toogpn %ol T0 TOOLUO VEQD TQOTPEQOVTAY
oto Ttnvd ratd fovinom, og GAn T dLdErELD TOV TTELQOL-
patiopov. H ovvBeon tmv dLapooetndv Tmmv 1009V
IOV XONOLUOTOONKAY M OLTHEEOLAL TTOROVOLALETOL OTOV
mivara 1.

Tt v extiunon twv arodSTEmV TV ROEOTUQAY DYDY

total farm productivity data were recorded and the
productivity index was calculated according to Voeten and
Jansen (1983).

The buffering capacity of the experimental diets and
their ingredients was determined using a WTW, model pH
330/SET-2, pH meter (Weilheim, Germany). A portion of
10 g feed was placed in a beaker and 100 ml of distilled
water were added. The solution was kept for about 30 min,
and then titrated with 0,1 N HCl, under continuous stirring,
to reach pH 4 (Makkink, 2001). The microliters of the acid
consumed were used as the units for expressing the
buffering capacity of the feeds.

Body weight data were analyzed using analysis of
variance and differences between means were tested for
significance at the level of P<0.05 by Duncan’s multiple
range test (Steel and Torrie, 1980; Hubbard, 1990).

RESULTS AND DISCUSSION

Feeding the experimental diets to broilers, significant
(P<0.05) differences in body weight were noted among
treatments. Table 2 presents the recorded average body
weights for each experimental group at 10, 20, 30 and 40
days of age. Broiler chickens fed the Genex-supplemented
diet presented a significantly (P<0.05) better final body
weight (1914 * 82 g versus 1841 + 87 g) in comparison to
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Table 1. Composition of basal diets

Composition, g/kg
Ingredients 1-12 days 13-24 days 25-40 days
Wheat grain 595.5 614.2 632.5
Soybean meal 290.0 280.0 270.0
Herring meal 40.0 20.0 0.0
Soybean oil 3540 453 45.5
Vegetable fat 0.0 0.0 12.5
Limestone 12.0 12.0 12.0
Dicalcium phosphate 5.0 6.0 7.0
Sodium bicarbonate 2.0 2.0 2.0
Nicarbazin 25 % 0.5 0.0 0.0
Saccox (12 % Salinomycin) 0.0 0.5 0.5
Vitamins, amino acids, and mineral premix’ 20 20 20
Calculated analysis
Crude protein, % 228 21.1 19.5
Fat, % 52 6.1 7.1
Fibre, % 3.5 35 3.5
Ash, % 5.1 4.9 4.7
Calcium, % 0.8 0.8 0.7
Phosphorus, % 0.6 0.6 0.5
Lysine, % 1.5 1.4 1.2
Methionine+Cystine, % 1.0 1.0 0.9
Metabolisable energy, MJ/kg 12.8 13.1 13.4

' Supplying per kg feed: 12,000 IU vitamin A, 5,000 IU vitamin D3, 80 mg vitamin E, 7 mg vitamin K, 5 mg thiamin, 6 mg riboflavin, 6 mg pyridoxine, 0.02
mg vitamin By,, 60 mg niacin, 15 mg pantothenic acid, 1.5 mg folic acid, 0.25 biotin, 10 mg vitamin C, 500 mg choline chloride, 100 mg Zn, 120 mg Mn, 20
mg Fe, 15 mg Cu, 0.2 mg Co, 1 mg I, 0.3 mg Se, 290 g amino acids (lysine + methionine) and phytase, + -glucanase + araboxylanase in recommended

quantities per kg of diet.

0oVl peToninray TV TR NUEQO TOV TELRAUATIOUOY
%L, OTH CUVEYELDL, T OERATY, ELROOTH], TOLOXOOTH RO TEC-
00QORO0T NUEQQ, Ta CwUaTLRA Bdon og 100 Ttnvd amd
%d0e oudda. Kad’ 6in v metpauatixy mepiodo yvétav
HATAYQOPT] TNE RATAVAMDONS THE TROPY|S Oe #d.Be oudda
%o S Bvnowdmrog Twv Ttvav. Ané ta dedopéva ma-
QOYWYRETNTAS VITOAOYIOT®E O OERTNC UETATOEYLUGTNTOS
NG TEOMNS o eXTU ON®E O DETHTNG TOQAYWYLRGTNTOS OF
%40 opddo ovupwva ue tovg Voeten xaw Jansen (1983).

H pvOuotixn wovémra tov 1oopav wov xoonyron-
%av 0TS Ouddeg Twv 0pvIBimv ®abmg xaL AWV TwV TRM-
TV VAV Toodtoplomray ue meydueteo WTW, model
pH 330/SET-2, pH meter (Weilheim, Germany). I't” avtév
ToV 1RoodLELoUd, 10 g delyuartog Cmotoowric Luyitoviay
og €va oL xau tpooétovray 100 ml amootorypuévou ve-
000. To dudhvpa vrrofaridtav oe cuveyi avdadevon yua 30
Aemtd »au, oty oVvEyeLa, tpoobétoviay otdydnv 0,1 N
HCI péypic 6tov 1o pH va grdoet v tiun 4 (Makkink,
2001). H woodmta Tov 0E£0g Tov ROTAVAAOVETAY OF YL~
Mootéhtoa (ml) amotéheoe ™ povdda uétenong mg euo-
WOTLRIG LRAVOTNTOS TV TQOPMV.

O tég Tmv ompatrdy fapdv vtofAOnray oe ota-
Tiotxn emeEepyaoia pue avdivon diaxipavong, eva 1 on-
UOVTLRGTITOL TOV SLOPOQMY TV UECMV TV EAEYYON®E
oe enimedo onuavtrdmrog P<0.05, pue ) doxpacio
Duncan (Steel and Torrie, 1980; Hubbard, 1990).

the chickens fed the control diet. However, this body weight
increase was not statistically (P>0.05) different from that
of the flavomycin group (1914 =+ 82 g versus 1938 * 113 g),
which in its turn exhibited a significant (P<0.05) body
weight increase (1938 =113 g versus 1841+=87g) in compa-
rison to that of the control group.

The cumulative results for the recorded average body
weights, feed consumption, feed conversion ratio, the
mortality rate and the productivity index are shown in Table
3. Drawn data suggest that the mortality rate was lower in
the Genex group as compared to that of the control group,
while the feed conversion ratio was lower in the Genex
group as compared to that of the control group, although
the flavomycin group exhibited the lowest value. These
results are in agreement with previous pertinent experi-
ments (Optivite Int., 1997) carried out in 1997-1998 in Great
Britain and in 1999 in South Africa. In these experiments,
broiler chickens fed diets supplemented with 2 kg
Genex/ton exhibited performance parameters comparable
to those of chickens fed diets supplemented with virgi-
niamycin, whereas the mortality rate was lower in the Genex
fed chickens.

Although it has been common practice in animal
farming to add organic acids to feeds for both their preser-
vative effect and the positive influence they have on growth
and feed conversion ratio (Falkowski and Aherne, 1984),
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AIIOTEAEXMATA KAI XYZHTHXH

Ta copatizd pdon twv opviBimv xdbe opuddag ot -
Mxtec tov 10, 20, 30 xow 40 NUEQWV ONUELHVOVTOL OTOV TTi-
vora 2. A6 ™) LELET TV ATTOTEAECUATMV OUTHV TEORD-
TTTEL GTL TOL 0QVIOLOL TV TOLDY OUddwV ey dtagpooetind
cwpatrd pdon ot MEn tov metpapationod. Ta ovibio
™¢ ouddag oty omoia yoonyridnxe tooy pe Genex ma-
povotaoay v 40n nuéea onuavtrd (P<0,05) peyahire-
oa ompaTrd Pdon amd ta oeviBla ™S ouddas TV HaQTo-
v ota ortoia efye xoonyn0elm Paouun toogr| (1914 + 82
g évavt 1841 * 87 g, avtiotouya). Ta opvibia Sumg avtd
dev magovaiaoav otatiotxd onuavury (P>0,05) duapo-
04 COUOTIRAOV BapdV 08 0VYRELON U TO. 0pVIBLa TG oud-
dag B, oty omoia elye yoonynBel toogn we prafopuvrivy
(1914 = 82 g évavtL 1938 + 113 g, avtiotoa). Ta opviOia
Sumg g ouddag B magovoicoay otatiotind onpavtirg
(P<0,05) dLapod copatirdy Boodv o OYEon 1e exeiva
™ OUAdUS TWV HOQTHRWY, 0TaL OTTola: ElYE Yo YNOel N Pa-
own 1eogn (1938 £ 113 g évav 1841 = 87 g, aviiotouya).

Ta oUYrREVTOWTIRA OTTOTEAE CUATOL YLOL TLG TELS OUADES
TV 0pVIBlmV 0€ 6,TL apoEd Ta HEoa ompatird Bdon, v
RATOAVAMDON TS TEOPNS, TO OEIXTI UETATOEYUSGTNTAS TS
TEOPNS, T Bvnodmra Twv oEviBimv xou to delnty mapa-
yoywdmrag divovral otov mivaxa 3. Ta amoteAéouata
avtd SelyvouV HELWON TOU TOCOOTOU BVNOLUGTNTOS %ol
Beltimon Tov delnTn PETOTEEYLUGTNTAS TS TEOPYS TV 0Q-
viBlov ota omoia elye yoonynOel Genex oe ox€on e to
0pViBLa g opddag Twv paTigmv 0ToL ool £YE XOON-
Ol n paoun toogr]. H fektimon Suwg tov deintn peta-
TOEYLOTHTOS TS TOOPYS HTALY UHQOTEQY TS EXEIVY TV
opviBimv e opddac B omv omola elye yoonynBel toogn
ue hafouvxivy. Ze Tapduota atoteAéopata ®até \Eay
oyxetnd mewpduata (Optivite Int., 1997) wov €ywvav to
1997-98 ot Meydin Beetavia xal to 1999 o Notwoa-
powoavey “Evwon. Zto melpduato outd, QEOTAQOywyd
opviBua ota omoila yoonyinxe Genex oe avaioyia 2
kg/tévvo 100@iic TaQovotaooy amodSoeLs TOQGUOLES UE

Ilivaxrag 2. M€0o oopanxd fAQOg TmV #QEOTAQUY WYV OQVL-
Bimv o€ oUVAETON 1e TV NArio Tovg
Table 2. Mean body weights as a function of the chicken age

Méoo sopatins pdagog ogvibiov,
g+ Tt aoxion
Mean Body Weight, g + Standard Deviation

Hhlwxio, Opdde A Opade B Opadae I’
nuégeg (ndorvees)  (@rafopvxrivi))  (Genex)
Age of chickens, Group A Group B Group C
days (control) (flavomycin) (Genex)
1 462 45+ 2¢ 47+ 2¢
10 279+ 22¢ 276+ 21¢ 288+ 21¢
20 875+ 45¢ 908+ 68 862+ 36"
30 1223+ 70¢ 1287+ 84° 1212+ 77¢
40 1841+ 87¢ 1938+113° 1914+ 82°

“F MEoeg Tiuég oty (010, 0€1Qd. te StapoQETG Yoauua wg ex0£t Swa-
pgpovv onuavtird (P<0,05)
“* Mean values in the same row with a common letter superscript do not
differ significantly (P< 0.05).

literature data on the response of broiler chickens to dietary
formic and/or propionic acids are limited. When birds
received 1% propionic acid in their diet, feed efficiency was
improved 6-8% over the controls (Giesting and Easter,
1985). However, this improved feed efficiency was lost when
the incorporation level of propionic acid increased to 2%
and above. In another study (Watkins and Miller, 1983),
addition of 0.5% and 1% calcium formate in broilers diets
improved the live weight gain by 0.9% and 1.9%,
respectively, compared to controls. On the other hand,
administration of calcium formate with the feed in the range
of 1.5-2.5% resulted in a dose dependent decrease of feed
consumption and live weight gain. Feed conversion rate was
improved in all calcium formate dosages up to 3.7%.
Waldroup et al., (1995) reported that supplementation of

IMivaxag 3. Exidpaom tov Genex 0tig amodO00ELS TMV RQEOTOQUYWYMDY 0QVIB{mY

Table 3. Effect of Genex on chicken performance

Oupdada A Oupada B Opada I’
(ndorveg) (prafopvnivn) (Genex)
Group A Group B Group C
(control) (flavomycin) (Genex)
Méogo teMrd ooponxd BAQOS, g 1841 1938 1914
Mean final body weight, g
Kartavdhwon toogyg avd mtve, g 3287 3298 3324
Feed intake per bird, kg
A€e®TNG UETOTEEYLUSTNTAG TOOPNG 1,83 1,74 1,78
Feed conversion ratio
Ovnowdmrta, % 7,2 8.4 6,0
Mortality, %
Aglnng mapaywymoTTag 132, 145 141
Productivity index
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exel(veg mov epgpavitovral Gtov mEooTtiBeTol otV TEOQY
Broyviapunivn, eva elyov ral xounidteQo TocooTo Bvn-
OO TOC.

Iapd 10 yeyovag 0t ta 0QYyovird 0E€a TEoohETovial
0TI TEOPES TMV TAQAYWYLRADY LAWY T600 Mg GUVTNENTL-
%A TV LWoTEOPAV, 600 %O WS TTORAYOVTES TTOV ETLOQOUV
oY avENOT Tov oUOTLRoU Pdovs Twv Ldwv ®at ot
Bektiwon Tov delinTn UETATOEYUGTNTOS TS TEOPY|S TOUS
(Falkowski and Aherne, 1984), ot due0vij fLployoapia
dev vdeyovv emori] dedougva atd T YONoLUoTO Mo
TOU LUOUNAXLROT ROL TOV TIOTLOVIXOT 0EE0S 0T dLatoP
TOV RQEOTARAYWYDV 0VIOwv. Ané melpapatind dedo-
uéva reoxmteL 6L 1 TEOOOXN TEOTOVLXOD 0EE0S OTNY
TEOPN TV 0pVIBiWY 08 TOC00TS 1% €lye wg aToTéAecua
™ Pertiwon g aElomoinong Tov ottneeatov xatd 6% €-
g 8% og oyéon ue toug udoteeg (Giesting and Easter,
1985). "Ouwg, M pektimwon g akomoinong tov ortneeaiov
dev duartneotviay Gtav 10 TOCOOTS EVOMUATMONS TOU TTO-
ovirol 0E€og Egrave 1) Eemegvoioe o 2%. Ze dAhn eQ-
yaota (Watkins and Miller, 1983), n mpootmxn pvopunxi-
%00 aoPeotiov og 1000074 0,5% now 1% eiye wg omotéhe-
opa ™ Peltimon tov cwpatnol fAovs Tmv opviBiny xa-
1. 0,9% nou 1,9%, avtiotoyo og oxéon pe Toug WAQTUQRES,
eva og 000016 1,5% €wg nou 2,5%, elye wg amotéheona
™ Pelwon ™G ®aToUVAAMONS TEOPNS, ®aBdS ®aL THE G-
oMymg copatzot pdeovg amd To oevibua. Ouwe, o dei-
NTNG UETATOEYLUOTNTAS TS TQOPY|C UE TNV TTROOON %Y O
auT] puEUN®LroU aofeotiov mopovolaoe Peltimon uéxol
3,7%. Ov Waldroup naw ovvegydteg (1995) avapégouy 6-
TL 1) TTEOCHN KT EVAG UIYUOTOS LUQUNHLROT RO TTQOTLOVLXOT
0E€og 0g 1000074, 0,125-1% 0NV TQOPN RQEOTAQUYWYDV
opviBimv dev emmoéaoe To delnT PETATEEYLUGTNTOS TS
TEOPYC, 0UTE 1) BVvodTNTA, EVEH EdWOE AVTIRQOVSUEVQL
anmoteAEOUOTOL 08 6,TL APOQOUOE TI COULTIXT] AOENON RO
TNV RATAVAADOT] TS TOOPI|C TV TTTNVAV.

Ta avTirQovsuevo TELRARATIRG OTTOTEAECOUATO TTOU
onueudvovton ot die vy Ployoapia, wTopovv v uépeL
va artodoBovv 010 £(80¢ O T OUYREVTOMOT TWV 0QYOVL-
1V 0EEmv mov yonowoToLovvTal, oAd ®oL 0TV ROTd-
OT00N TS VYETOS TV extEe@opevay Lhwv. H fektiomon
TOV OITOOGTEMVY TWV TTYVAV, GTAV OTNV TEOPY] TOVE TTQO-
otifevron avufrotrd, elvor RaAUTeQN, GTAY N VYLELWVY] TOV
meopdihovtog extporic foloretal og yaunin otdour, To
d10 poel va Loy UL »ow OTHV TEQITTMOT TMV OQYOVIRMV
oE€wv (Cave, 1984). IIdvtmg, 1| ATOTEAECUOTIRSTNTO TG
TEOOONKNG EVEC UIYUATOC 0QYaVIXGV OEEWV dev €L OLe-
0evvNn0el emaERMS VTS eUTOQLRES oVVONRES, GTTOV V-
OTaTaL O RIVOUVOC TNG EUPAVIONS VOONUATWV ahAd nou Ye-
VirGTEQX OL CUVONRES EXTOOPIS OEV UITOQOVY VaL Elval L-
daviréc.

O avuBéoeig mov mogateovvtat ot dtedvn Ppiio-
yoaplia, Ha progotoay eniong va arodobotv oe diago-
0€¢ 0T QUOULOTLXY LRAVOTNTA TV TEOPAV. Q¢ QuBULoTL-
%1] LavdTTa 0ptleTan 1 ToodTTa TV VOPOYXAWELKROT 0-
E€og mov amauteltal Yo va pewwbel to pH wog modtng U-
Mg Cwoteopv 1 puag oUvOETC TEOPS 08 o OQLOUEVT

broiler diets with a blend of formic and propionic acid at
doses in the range 0.125-1% did not alter feed conversion
rate or mortality and gave inconsistent results on body
weight and feed consumption.

Part of the literature inconsistency might be probably
attributed to the type and dose level of the organic acids
applied and the health status of the animals. The response
of broilers to in-feed antibiotics has been more marked
when the performance level has been very low, the same
may hold true for organic acids (Cave, 1984). The efficacy
of dietary mixtures of organic acids has been little
investigated under field conditions, in which the risk of
health challenge is often high.

Literature inconsistency might be also due to differences
in the buffering capacity value of the used diets. The
buffering capacity value indicating the amount of acid
needed to lower the pH of a feed to a certain value, is
important because it affects the course of digestion. High
buffering capacity values in feeds pose higher risks for
young animals, which have limited capacity to secrete gastric
acid. When using feeds with high buffering capacity, the
gastric pH will remain high, impairing protein digestibility.
Undigested protein will reach the lower digestive tract
where excessive protein fermentation may occur, leading to
formation of toxic biogenic amines (Sturkie, 1976). In
addition, poultry feeds with high buffering capacity may
result in proliferation of harmful bacteria in the digestive
tract. Hence, the buffering capacities of the diets used in the
present study were examined.

Table 4 shows the buffering capacity and the pH values
of the diets, the single feedstuffs and the raw materials used
for diet preparation. Although the basal diets presented a
buffering capacity of 37-38, Genex supplementation at the
levels of 3 and 4 kg/ton increased the buffering capacity of
the diets at the values of 46 and 50, respectively, obviously
due to the incorporated ammonium salts of the organic
acids that decrease greatly the acidifying efficacy of Genex.
The relatively high pH value of Genex is in favor of the feed
industries since a low pH value feed additive would cause
corrosion to the nonresistant parts of the feed mills.

It must be noted that the antibacterial activity of Genex
may be an effect both of the cation and the organic acid
anion. Organic acids such as the formic or propionic acid
are able to pass across the bacterial cell wall in their non-
dissociated form. It was initially thought to be the non-
dissociated acid molecule that was the antimicrobial agent
but it is now recognized that after positive diffusion into the
cell, the acid dissociates according to the cytoplasmic pH
into anions and protons both of which could exert an
inhibitory effect (Adams, 1999; Best, 2000; Nikolakakis et
al., 2002).

Table 4 further shows that the source used to supply the
mineral requirements to the broiler diets could largely
influence their acidic/basic balance and, consequently, their
buffering capacity. Limestone, sodium bicarbonate and the
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T ®ow autd emneedlet T daduacio mg TEyng. O Lw-
OTEOMEC e VYMAN Tuwr| QuBoTLrY|S teavdtTag B€Touy Ta
vead Laa Tov £X0UV TEQLOPLOUEVT LRaVATNTO. OUVOEONC
RO OTTERXOLONG VOROYAwELROTU 0EE0C, 0t duouevy] mertL-
%1} Aettovpyla. ‘Otav n toogy €xel VYMAT euBILOTIXRY LroL-
vémta, To pH 010 otoudyt tagauével og oxeTird VYMAY
TN, UE OTTOTENETUAL VO LELDVETOUL 1) TTETTTLROTITOL TV TTOM-
TEWVAOVY TS TROPY|S Tovg. Etot, drmemteg mpomteives grdvouy
OTOV EVIEQIKG CWMjvaL, Grtov vpioTavtol CLUUMOELS TTOV O-
Onyolv ot0 oynuaTIopS ToELrAV, PLOYEVAV auLvavV
(Sturkie, 1976). Emumhéov, oL Toopég ne vyman ouiotiny
LROVOTHTO, UTOQEL Va €X0VY W¢ AmoTéAeoua TV aiEnon
tov pH 0710V £vTEQL®E COMVO naL ®ATA CUVETELX TOV V-
éppeTEo orlhamhaoiaopd taboyovav foaxmeimy. Lo to
AGY0 0T, 0TV ooV EQYaoio HETO BNrE 1) QUBULOTL-
%1] LROVOTITO TWV TOUHV OVVOETMV TEOQMYV TOV YN OLUO-
TOWONROY, ROUBDG ROL TWV TEDTWV VADV TTOV THEAY UEQOS
ot ovvOeon Toug.

O sivarag 4 mapovotdlel T QUBKLOTLAY] LROVOTHTO KoL
70 pH TmV T00(0@Y %o TOV TEHTWV VADY TTOU YONOLUOTTOL-
nnzav. H faowun 10o@r] tov pootiomy elye guBuotiny
wavomra 37-38, eva uetd v mpoodnixn touv Genex o€ to-
odmreg 3 nou 4 kgitévvo 1 quiuotny wavdtta avEnonxe
og 46 »au 50, avtiotorya. To ocvumépaoua o TEorvTTEL
elval 6t 1o Genex, dtav Tootifetal oty oUvOeT) TEOPN
TV 0pviBimv avEdver ™ puBuotr travétTd e. H av-
Enon avti Ba mpémel va ogelheToL 0TV TAEOVOTO TV O~
UOVLAR@DY OAGTOMVY TTOU UELDHVOUY TNV OELVOTTOTURY] LROL-
votte tov Genex aAld ehorLotomoloty ™) daPfowtnr] Tov
3pdom OToL PN AVIKd HEQET TOU TTAQUOHEVAOTNEIOV TMV Lo~
0TOPMV.

Oa mpémet va onuelmbel ot n avrformotaxn dpdon
tov Genex umoel vo, ogethetal T600 oty 6Ewvn dpdom Tou
VIQOYOVORATIOVTOS, GO0 ®aL 0T dEACT TOV 0QYUVIXROT a-
viévtog (Adams, 1999; Best, 2000; Nikolakakis et al., 2002).
Ta ogyavird 0E€a, GTTmE TO LUQUNHKIRG R TO TQOTULOVLKG,
UITOQOVV VO SLOTTEQVOUV TN LEUPOAV TV BarTNOLARDY
RUTTAOMV 0TV adLAOTOTH LOEYY TOVS. ZT0 ToReAIGY M -
viaxtnoramy 00dom Toug amodddTay aTo addoTaTo HUo-
010 Tov 0EE0C, ONUEEQ SUMS avayvmeiCeTal 0TL uetd ™
dudyvon Tov 0E€oc péoa oto fanmmoELaxd ®ITTao, To 050
duiotatar o Padud avdroyo ue To pH tov ®utT0Q0TAG-
OUOTOS %Ol €TOL TOOO TO AVLGV, GO0 KO TO RATLOV WTOQEL
va €xouv avaotoltny 0pdon ot faowmés Aettovpyieg Tov
Baxtnolarov ®uttdoov.

O mivorag 4 delyvel emumhéov, Gt oL TNYES TEOOPOQAS
AvVOQYAVMV OTOLYEMV TTOV QN GLUOTOLOVVTOL YLOL VOL ROL-
Mpouv TIC BEETTIRES ATTOLTNOELS TMV TTNVEV UITOQE VAL &-
needoovy og pueydho Pabud v oEeofaoiun Loopomio
AL ROTA OVVETTELX, TY) QUOLOTLRY LKavdTITaL TS Teogprc. H
HOQUOQEGOROVY, TO TTAVBAHIRS VATOLO %auL TO TTESULY UL
Brrapvav o tyvootouyelmv mogovotacoy okl peyolv-
TEQN QUOLOTLXT] LROVETITO O OUYXOLOT| UE TLS GAAES TTOM-
Teg Uheg. AviiBeta, To pmwogpoowrd daoféoto pe pH 4 ma-
povoiaoe puBuoTxry wavémta (o ue undév. Ta otoyeio
QUTA VITOOELRVIOUY GTL ElVOL EV®OAO VoL eTtrtevy el ) emL-

Ilivaxag 4. Twwég pvBuotung iavomrag xal pH tov tpopadv
JTOV YONOLUOTOL]ONHAY ROOMS HOL TV CVOTATIHEY TOVG

Table 4. Buffering capacity and pH values of experimental diets
and their ingredients

Twég guimoTinng
Eidn teogav wavotnrag, ml* Twég pH
Diets Buffering capacity, ml* pH Values
Toog udoruoa nhxiog 38 6,3

1-12nuepav

Control diet 1-12 days

Toowr pdgruea nhuxieg 38 6,3
13-24 nuepv

Control diet 13-24 days

Toogi udgruga nhuxicg 37 6,2
25-40 nuepav

Control diet 25-40 days

Too@éc ne Genex 46 6,3
oe 10000t 3 kg/ton

Genex diet (3 kg/ton)

Toogéc ue Genex 50 6,3
0€ M0000T0 4 kg/ton

Genex diet (4 kg/ton)

Toog nhxiag 1-12 nuegdv 38 6,3
ue phapopurivy

Flavomycin diet 1-12 days

Toog nhxiag 13-24 nuepav 38 6,3
ue prafouunivy

Flavomycin diet 13-24 days

Toog nhxiag 25-40 nuepav 37 6,2
ue @rafouuxivy

Flavomycin diet 25-40 days

Lvotarird Teogav

Genex 130 54
Ztdou (omépuora) 7 6,4
Wheat, grains

Peyydhevpo 88 6,2
Herring meal

Zoy1drevoo 46 6,8
Soybean meal

AvOpanruo aoféotio 600 12
Limestone

DwopoeLro duoPeorio 0 4,0
Dicalcium phosphate

AvtrovBporird vaToLo 1164 82
Sodium bicarbonate

Butapivec/yvootouyeio 740 6,4
Trace-mineral premix

*ml 0,1 N HCL mtov amowtotvran yuo va pewdoouy to pH avwpnuatog

10 g woogrig og 100 ml amootary nEvou vepou oty tuy 4

*ml 0,1 N HCL required to acidify 10 g feed dispersedin 100 ml
distilled water to pH 4

trace-mineral premix exhibited very high buffering
capacities compared with those of the single feedstuffs. In
contrast, dicalcium phosphate showed a buffering capacity of
zero. These findings suggest that the buffering capacity of
poultry diets can be readily manipulated by varying the type
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Buunm eUOWOTLKY WavGTNTA THE TEOPYS peTafdilovTtag
70 €{00G R TV TOOGTNTA TWV TYDV TMV AVEQYOVmY OV-
OV IOV oVPUETEXOVY Ot 0VvBeoT| ¢ (Partanen et al.,
2002). Mua. t€tota poo€yyion (omg oEieL mepautéom die-
petvnom, #adg Ba uToEoTUoE Vo, ATOTEAEOEL LaL X AUNAOT
%G0TOUS evalhaxTiry Mion yia ™) pelwon s euiuoTrg
rovoTTog Tmv ooy (Patience et al., 1987; Evans and
Kornegay, 1991; Kornegay and Evans, 1991; Straw et al.,
1991; Florou-Paneri et al., 2001).

To amoteléopata e €QYAOTaS AVTHS VITOOELRVIOUV
6t 10 Genex €yet Oetiur entdoN OTLS ATOdGOELS ROEO-
TOQAYWYMOV 0pVIBlmV. QOTA00, EXTLUATOL GTL ALTTALTETOL
TEQALTEQM £QEVVAL YLOL TNV OQLOTLXOTONON QUTHV TWV OU-
ureaoudtwy ov Ba otoyevEL 0g Lo AeTtropeY| eE€ta-
01N TWV OTOIGOEWV TWV REEOTAQAYDYDV 0VLOTWV, 6TIwG
€lvOlL TT.). TOL TOLOTLXA YOQOXTNOLOTLUA TOV OQAYLOU, 1] OL-
ROVOULRATITA TNE X0 OoNS Tov Genex %.d., g xaL otV
AATAVONOT) TOV TEOTTOV dEAONG TWV 0QYOVIRMDY 0EEmV RaL
TOV EXYVMOUATOV TV fOTAVMV TOV TEOOTIBEVTAL 0TV
TOOPN TV TOQAYWYLRDV TLHwV. a

and proportion of the inorganic mineral sources (Partanen
et al., 2002). Such an approach might deserve some further
investigation as it could be a low-cost alternative to reduce
the buffering capacity of feeds (Patience et al., 1987; Evans
and Kornegay, 1991; Kornegay and Evans, 1991; Straw et
al., 1991; Florou-Paneri et al., 2001).

The results of the present study suggest that Genex
exerts a positive effect on the performance of broiler
chickens. However, further research is needed to establish
this suggestion through more extensive investigation of the
performance of broiler chickens on the basis of carcass
quality characteristics, economic evaluation of the use of
Genex, and better understanding of the mode of action of
dietary mixtures of organic acids and herb extracts.
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