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IVADAS

Tvarty aplinkos ore esancios dalelés susideda i§ dulkiy ir oro
mikroorganizmuy, bendrai vadinamy bioaerozoliais (Carpenter, 1986; Radon,
2002; Bakutis et al., 2004). Oro mikroorganizmai adsorbuojasi prie ore
esanciy dulkiy. Mazesnés nei 5 pum dydzio dulkés su mikroorganizmais gali
patekti i kvépavimo takus, plauciy alveoles ir sukelti susirgimus —
pneumonija, astma, bronchita, rinita (Atin et al., 2002; Crook et al., 1991;
Donham et al.,, 1986; Olson, 1996). Kvépavimo taky susirgimai daznai
pasitaiko kiauliy fermose dirbantiems Zmonéms (Iversen et al., 1988;
Mackiewicz, 1998; Rautiala, 2003; Zejda et al., 1993). Todél labai svarbu
sumazinti dulkiy ir bioaerozoliy koncentracija tvarty ore.

Tvartuose bioaerozoliy ir dulkiy mazinimui yra naudojama oro
dezinfekcija, filtracija, oras gryninamas naudojant vandens aerozolius.
TaCiau siekiama surasti medziaga, kuri bity nekenksminga aplinkai,
ekologiSka ir blity galima naudoti oro dezinfekcijai tvarte esant gyvuliams.

Jau 1936 metais Risleris testavo eteriniy aliejy antimikrobinj aktyvuma.
1954 metais Kellneris ir Kobertas tyrinéjo eteriniy alieju poveiki oro
mikroorganizmams.

Eteriniai aliejai, tai lakdis, kvapiis, koncentruoti cheminiai junginiai
gaunami i§ augaly ziedy, pumpury, sékly, lapy, Sakeliy, zievés, medienos,
vaisiy, Sakny (Guenther, 1948; Hansel et al., 1999). Pagrindiniai eteriniy
aliejy gavybos biidai yra augalinés zaliavos distiliacija vandens garais, bet
gali biti i§gaunami ir naudojant anfleraza ar tirpiklio ekstrakcija (Van de
Braak, 1999).

Yra Zinoma apie 3000 eteriniy aliejy, i§ kuriy 300 yra naudojami —
daugiausia kvepaly rinkoje (Van de Braak, 1999). Jau senai yra pripazinta,
kad eteriniai aliejai turi antimikrobiniy savybiu (Boyle, 1955;
Guenther,1948). Be antibakteriniy savybiu (Carson et al., 1995; Deans et al.,
1987; Mourey et al., 2002), eteriniai aliejai ir ju cheminiai junginiai turi
antivirusiniy, (Bishop,1995), mikromicetus slopinanciy savybiuy (Akgiil et
al., 1988; Azzouz et al., 1982; Jayashree et al., 1999; Mari et al., 2003)
antitoksiniy (Akgtl et al., 1991; Juglal et al., 2002; Ultee et al., 2001),
antiparazitiniy (Pandey et al., 2000; Pessoa et al., 2002) ir insekticidiniy
savybiy (Karpouhtsis et al., 1998; Konstantopoulou et al., 1992).

Darbo tikslas
Nustatyti eteriniy alieju antimikrobini veikima in vitro ir jvertinti
galimybe juos panaudoti tvarty oro mikrobiniam uzterStumui mazinti.

UZdaviniai
1. Nustatyti disky difuzijos metodu mikroorganizmu jautruma in vitro

pasirinktiems eteriniams aliejams.

2. Nustatyti skiedimo metodu mikroorganizmy jautruma in vitro
pasirinktiems eteriniams aliejams.

3. Nustatyti skiedimo metodu pasirinkty eteriniy alieju kombinacijy
aktyvuma mikroorganizmams in vitro.

4. Nustatyti antimikrobines eteriniy alieju savybes naudojant
emulgatoriy ir Escherichia coli bakterijuy kultiira.

Darbo naujumas

Lietuvoje pirma karta placiai iStirtas antimikrobinis eteriniy aliejy
veikimas in vitro. Atrinkti eteriniai aliejai, kurie pasizyméjo antimikrobiniu
poveikiu Gram-teigiamoms (Staphylococcus aureus, Enterococcus faecium)
ir Gram-neigiamoms (Pseudomonas aeruginosa, Escherichia coli, Proteus
mirabilis) bakterijy kultiroms, mikromicetams: Paecilomyces variotii,
Cladosporium herbarum, Fusarium moniliforme, Aspergillus versicolor,
Aspergillus fumigatus, Aspergillus niger, Aspergillus oryzae ir mieles
Candida albicans. Tyrimais nustatytos eteriniy aliejy minimalios
slopinancios mikroorganizmy augima koncentracijos. [vertinus eteriniy
aliejy kombinaciju antimikrobini aktyvuma, buvo atrinktos didziausiu
antimikrobiniu aktyvumu pasizymincios kombinacijos. Buvo jvertintos soju
lecitino kaip emulgatoriaus ir stabilizatoriaus panaudojimo galimybés ir
nustatyta, kad lecitinas mazina eteriniy aliejy antimikrobini aktyvuma.

Praktiné darbo reikSmé

Kadangi stipriausia antimikrobinj veikimg prie§ tyrimams naudotas
gyvuliy aplinkos bakterijas ir mikromicetus turéjo eteriniai aliejai: Thymus
vulgaris L. (Ciobreliw), Mentha piperita (pipirmétés), Malaleuca alternifolia
(arbatmedziy) ir Cymbopogon citrarus (citrinzoliy), Sie eteriniai aliejai ir Siy
aliejy kombinacijos gali biti pritaikomi tvarty oro mikrobiniam uzterStumui
mazinti.

Disertacijos struktiira ir apimtis. Disertacijq sudaro ivadas, literatiiros
apzvalga, tyrimy metodika, rezultaty iSdéstymas, gauty rezultaty
apibendrinimas, iSvados, pasiiilymai, santrauka lietuviuy kalba, publikaciju
sarasas. Darbe pateikiama 7 lentelés ir 43 paveiksly. Disertacijos apimtis
115 puslapiy.

TYRIMO MEDZIAGA IR METODAI

Tiriamasis darbas atliktas 2005-2009 metais Lietuvos veterinarijos
akademijoje, Gyviny gerovés laboratorijoje ir Hanoverio veterinarinés
medicinos universitete, Gyviiny higienos, gerovés ir elgsenos institute.
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Kkultiira

1 pav. Darbo schema
Figure 1. Scheme experiments

Eteriniai aliejai

Naudoti 100% koncentracijos eteriniai aliejai: Eucalyptus globules
(eukalipty), Eucalyptus polybretea (eukalipty), Cymbopogon citrarus
(citrinzoliw), Citrus decumana (greipfruty), Citrus aurantium (apelsiny),
Citrus paradisii (greipfrutw), Lavandula officinalis (levandy), Picea abies
L.(egliv), Pinus pumili (pusu), Salvia officiunalis (vaistingyju Salavijy),
Malaleuca alternifolia (arbatmedziy), Mentha piperita (pipirmétés), Mentha
arvensis (méty), Thymus vulgaris (Ciobreliw), Zingibe officinales (imbiery)
(Oil manufacturer, Sensient Essential oils, GmgH, Vokietija).

Mikromicety kultiiros

I§ gyvuliy tvarty oro buvo isskirtos mikromicety kultiiros: Paecilomyces
variotii, Cladosporium herbarum, Fusarium moniliforme, Aspergillus
versicolor, Aspergillus fumigatus, Aspergillus niger ir Aspergillus oryzae.
Mikromicetai i$skirti i§ tvarty oro sedimentacijos biidu pagal Kocha. Tyrimy
vietose atidengtos Petri lekstelés su agarizuota Capako terpe (Czapek dox
agar, Liofilchem S. r .I., Via Scozia 64026 Roseto d. A. (TE) Italija) laikytos
10 min. Nustatyta, kad vidutini§kai per 5 min. ant 100 cm’ Petri lekstelés
ploto mikroorganizmy nuséda i§ 3 1 oro. Lékstelés kultivuotos termostate
25+2°C temperattiroje. Mikromicetai auginti 10 pary. IS oro iSskirty
mikromicety koncentracija apskaiCiuota kolonijas sudaranciy vienety
skai¢iumi kubiniame metre (KSV/m’). I§ iSaugusiu gryby kolonijy isskirtos
monokultiiros. Morfologiniai ir kultliriniai poZymiai iStirti Sviesinés
mikroskopijos metodu. Mikromicety riiSys identifikuotos vadovaujantis
literatiros Saltiniuose pateiktais riiSiy apraSymais (Domsch et al., 1980;
Ellis, 1976; Gams, 1971; Lugauskas ir kt., 2002; Nelson et al., 1983;
Ramirez, 1982; Samson and Van Reenen-Hoekestra, 1988).

Eteriniy aliejy antimikrobinio (fungistatinio) aktyvumo nustatymas
disky difuzijos metodu

Mikromicetai resuspenduoti steriliame 0,85% fiziologiniame tirpale iki
0,5 Mac Farland vieneto optinio tankio. 1 ml tiriamosios mikromicety
kulttiros suspencijos pasétos | atskiras Petri 1eksteles su istirpinta ir iki 47°C
temperatiiros atvésinta agarizuota Capeko terpe (Czapek dox agar,
Liofilchem S. r .1, Via Scozia 64026 Roseto d. A. (TE) Italija). Eteriniy
aliejy antigrybinéms savybéms nustatyti naudoti filtrinio popieriaus diskai
(6 mm) (Odds, 1989; Hadaceck and Greger, 2000). Sterilts filtrinio
popieriaus diskai sudrékinti 10 pl skirtingu 100% koncentracijos eteriniu
aliejumi ir padéti Petri lékstelés centre ant sustingusios Capeko terpés su
mikromicety Iastelémis. Petri 1éksStelés su pasétomis kultiiromis ir filtrinio
popieriaus diskais, sudrékintais tiriamais eteriniais aliejais, 7-10 pary
kultivuotos  25+2°C  temperatiroje. Kultivavimo pabaigoje liniuote
iSmatuotas spindulys (mm), susidargs apie popierinj diska ir parodantis



eterinio aliejaus efektyvuma. Jei susidargs spindulys apie suvilgyta diska
siecké 10 mm ar daugiau, laikyta, kad eterinio aliejaus veikimas yra
antigrybinis (Lima et al., 1993). Bandymai kartoti penkis kartus.

Eteriniy  aliejy minimalios antimikrobinés slopinamosios
koncentracijos nustatymas

Eteriniams aliejams testuotiems disky difuzijos metodu ir turintiems
antimikrobinj aktyvuma (sudariusiems skaidry spinduli apie suvilgyta
popierinj diska iki 10mm), nustatoma minimali slopinamoji koncentracija
(MSK) difuzijos | agara su jdubomis metodu (Hadaceck and Greger, 2000).

Mikromicetai iki 0,5 Mac Farland vieneto optinio tankio resuspenduoti
0,85% steriliame fiziologiniame tirpale. 1 ml tiriamosios mikromicety
kulttiros suspensijos pasétos i atskiras Petri I¢kSteles su istirpinta ir iki 47°C
temperatiiros atvésinta agarizuota Capeko terpe. Terpei sustingus, padarytos
6 mm {dubos, i kurias ipilta po 50 ul skirtingos koncentracijos: 0,5%; 1%;
2%; 4%; 8% - eterinio aliejaus. Eteriniy aliejy skirtingoms koncentracijoms
gauti naudota ,,Tween 20“ (Aniara — JAV) ir sterilus distiliuotas vanduo.
MaiSoma 5 min. Kultivuota 7-10 dieny 25°C temperatiiroje. Antigrybinis
poveikis vertintas pagal skaidriy zonu, susidariusiy aplink idubas,
skersmeni, iSreik§ta mm. Skaidri zona siekianti 10 mm spinduli sudaro
minimalia slopinamaja koncentracija. Jei aplink jdubas su skirtingom
eteriniy aliejy koncentracijoms nesusidaro skaidri zona, manoma, kad tirtos
medziagos koncentracija tiriamai kultlirai fungistatinio poveikio neturi.
Bandymai kartoti penkis kartus.

Mikroorganizmy Kultiiros

Tyrimuose testuotos Gram + (Staphylococcus aureus DSM-No. 799,
Enterococcus faecium DSM-No. 2918), ir Gram - (Pseudomonas
aeruginosa DSM-No. 939, Escherichia coli, Proteus mirabilis DSM-No.
788) bakteriju kuttros ir mielés Candida albicans DSM-No. 1386.
Mikroorganizmy kultiiros gautos i§ mikroorganizmy banko Vokietijoje
(Deutsche Sammlung von Mikroorganismen und Zellkulturen GmbH). Sie
mikroorganizmai daZniausiai naudojami dezinfekcinéms medziagoms
testuoti (Bodenschatz, 1997).

Eteriniy aliejy antimikrobinio aktyvumo nustatymas disky difuzijos
metodu

Mikroorganizmy kultliros resuspenduotos steriliu peptono vandeniu
(PW; Oxoid, LTD, Basingstoke, Hampshire, UK) pagal Mac Farlando
vieneto optinj tankj ir sudaro 10°-10° KSV/ml. 50 pl suspencijos tolygiai
paskleista Petri 1ékstelése su Bloodagar-Base N. 2 (Oxoid, UK) mitybine
terpe bakterijoms, Malt Extract Agar (Oxoid, UK) — mieléms, ir DG-18
(Oxo0id, UK) — mikromicetams. Sterilis 6 mm skersmens popieriniai diskai
sudrékinti 10 pl 100% eteriniais aliejais sudedami ant mitybinés terpés su

mikroorganizmais. Petri 1ékstelés laikomos viena valanda kambario
temperatiiroje, véliau lékstelés su bakterijomis inkubuojamos termostate
37°C, 24 wval. Lékstelés su mikromicetais inkubuojamos 25+2°C
temperatiroje 7—10 dienas. Kultivavimo pabaigoje liniuote iSmatuotas
spindulys (mm), susidr¢s apie popierini diska ir pagal spindulio ilgi
sprendziama apie eterinio aliejaus efektyvuma. Jei susidares spindulys apie
suvilgyta diska siekia 10 mm ir daugiau - eterinio aliejaus veikimas yra
antimikrobinis (Lima et al., 1993). Bandymai kartoti penkis kartus.

Eteriniy aliejy minimalios slopinancios koncentracijos nustatymas
skiedimo metodu

Skiedimy metodas naudotas nustatyti minimaliai slopinanciai
koncentracijai remiantis standartais (NCCLS, 2001).

Eteriniy aliejy praskiedimai atlikti nuo 0,1 iki 50%. Skiedimams atlikti
naudota peptono vandeni (Oxoid, UK). Kontrolei naudojamas peptono
vanduo + mikroorganizmas. Mikroorganizmy suspencija paruosta pagal 0,5
MacFarland vieneto optinio tankio standarta. 50 pl mikroorganizmy
suspencijos ir 50 pl skirtingos koncentracijos (0,1-50%) eteriniy alieju
iterpta { mikroSulinélius ir inkubuota 37°C temperatiiroje 24 val. 100 ul
mikroorganizmy vandens peptono-eterinio aliejaus suspencija istirpinta
mégintuvéliuose su 0,02% Tween 80 (Sigma). 100 pl suspencijos paskleista
ant agaro Petri 1ekstelése: Staphylococcus aureus, Enterococcus faecium,
Escherichia coli, Proteus mirabilis buvo kultyvuota ant Blood Agar Base
N.2 (Oxoid, UK) 37°C temperattiroje 24 val., Pseudomonas aeruginosa
buvo kultyvuota ant Blood Agar Base N.2 - 30°C temperatiroje 24 val.;
Candida albicans - Malt Extract-Agar (Oxoid, UK) 25°C temperatiiroje 48
val.

Eteriniy aliejy emulgavimas

Sustiprinti eteriniy aliejy antimikrobinéms savybéms buvo naudojamas
emulgatorius - soju lecitinas (Aurica Naturheilmittel und Naturwaren
GmbH). [ sterilius mikrosulinélius ipilta 50 pl Escherichia coli (paruostos
pagal 0,5 MacFarland vieneto optinio tankio standarta) suspencijos ir 50 pl
vandens peptono-eterinio aliejaus (koncentracijos 0,5-50%)—lecitino
(koncentracija 0,5-10%), inkubuota 37°C temperatiroje 24 val. 100 pl
mikroorganizmy-peptono vandens-eterinio aliejaus- lecitino suspencijos
itirpinta mégintuvélivose su 0,02% Tween 80 (Sigma). 100 pl iStirpintos
suspencijos paskleista ant agaro Blood Agar Base N. 2 (Oxoid, UK).
Inkubuota 37°C temperatiiroje 24 val. Po inkubacijos termostate bakteriju
kolonijos suskaiciuotos.

Eteriniy aliejy kombinacijy minimalios slopinancios koncentracijos
nustatymas skiedimo metodu.

Skiedimy metodu buvo nustatytas kombinuotas eteriniy aliejy veikimas:
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Malaleuca alternifolia ir Mentha arvensis, Malaleuca alternifolia ir
Cymbopogon citrarus, Malaleuca alternifolia ir Zingibe officinales,
Cymbopogon citrarus ir Mentha arvensis, Cymbopogon citrarus ir Zingibe
officinales.

Kombinuotas eteriniy aliejy veikimas nustatytas naudojant peptono
vandeni (Oxoid, LTD, Basingstoke, Hampshire, UK). Eteriniy alieju
praskiedimai paruosti skirtingy koncentraciju spektru nuo 0,01 iki 50%.
Kontrolé buvo peptono vanduo+mikroorganizmas ir viena sterili kontrole.

Bakterijy kultiiros resuspenduotos steriliame 0,85% fiziologiniame
tirpale iki 0,5 Mac Farland vieneto optinio tankio. Bakteriju suspensijos
iterptos i mikrosulinélius. Mikroorganizmy suspencijos 50 pl ir 50 pl
skirtingos koncentracijos (0,01-50%) eteriniy alieju buvo iSpilstyta |
mikroSulinélius ir inkubuota 37°C temperatiiroje 24 val. 100 pl
mikroorganizmy—vandens peptono-eteriniy alieju suspencija iStirpinta
mégintuveliuose su 0,02% Tween 80 (Sigma). 100 pl suspencijos paskleista
ant agaro Petri 1€kStelése. Staphylococcus aureus, Enterococcus faecium,
Escherichia coli, Proteus mirabilis buvo kultyvuota ant Blood Agar BaseN.
2 (Oxoid, UK) 37°C temperattroje 24 val., Pseudomonas aeruginosa buvo
kultyvuota ant Blood Agar Base N. 2 30°C temperatiiroje 24 val., Candida
albicans buvo kultyvuota ant Malt Extract-Agar (Oxoid, UK) at 25°C
temperatiiroje 48 val.

Satistiné analizé

Visi bandymai kartoti po penkis kartus. Statistiné analiz¢ atlikta “SPSS
Windows”, 12,0 versija ir “Microsoft Office Exel 2003 statistiniais
paketais. ApskaiCiuoti aritmetiniai vidurkiai (X), standartiné vidurkio
paklaida, vidutinis kvadratinis nuokrypis (S), vidutiné kvadratiné paklaida
(Sx), CV, % — variacijos koeficientas. Skirtumy patikimumas apskai¢iuotas
pagal Stjudento (t) kriteriju, kai paklaidos tikimybé p<0,05.

TYRIMU REZULTATAI

I. Dalis. Eeteriniy aliejy poveikis mikromicetams, iSskirtiems is§
tvarto oro

Vertinant eteriniy alieju antigrybini poveiki, parinktos septynios
mikromicety kultiros. Mikromicety kultiiros buvo skirtingai jautrios
skirtingiems eteriniams aliejams. Maziausiu antigrybiniu poveikiu
pasizymejo Picea abies L. (pusy) eterinis aliejus. Lékstelése su Aspergillus
fumigatus, Aspergillus versicolor, Fusarium moniliforme — Picea abies L.
(pusy) eterinis aliejus buvo neveiksmingas. 2004 m. O. Motiejlinaite
tyrimais su mikroorganizmais — mikromicetais, mieliagrybiais, mielémis,
bakterijomis — nustaté, kad jautriausiai | puSies lakiagsias medziagas reaguoja
bakterijos. Maziausia puSies aliejaus koncentracija, slopinusi visy triju
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mikroorganizmy vystymasi, buvo 2,5% aliejaus terpé. IS mikromicety pusies
eterinis aliejus stipriausiai slopino mikromiceto Ulocladium oudemansii
augima. Miisy tyrimais su pusy lakiosiomis medziagomis minimali skaidri
zona (10 mm) susidaré tik 1ékstelése su Cladosporium herbarum kultura.
Antigrybini poveiki prie§ Cladosporium herbarum turi Cinnamomum
zeylanicum eterinis aliejus, kurio minimali slopinamoji koncentracija — 125
ul/ml (Moreira et al., 2007). Tokiu pat silpnu antigrybiniu veikimu
pasizyméjo ir Citrus paradisii (greipfruty) eterinis aliejus. Minimalios
skaidrios zonas, siekan¢ios nuo 8,4+0,55 iki 10,20+0,84 mm, susidaré tik
lekstelése su Paecilomyces variotii ir Cladosporium herbarum kultlromis.
Citrus paradisii antigrybinio poveikio neturéjo ir Aspergillus spp. genties
mikromicetams. Lékstelése su Siais grybais skaidriy zony ribos sieké nuo
1,4+0,55 iki 5,0+0,71 mm. Stipresniu antigrybiniu poveikiu iSsiskyré
Malaleuca alternifolia (arbatmedziv), Citrus aurantium (apelsiny) ir
Eucalypthus globulus (eukalipty) eteriniai aliejai. Jais suvilgyti diskai
skaidrias zonas sudaré nuo 10,6+0,55 iki 38,0+1,0 mm. Jautriausiai i
Malaleuca alternifolia (arbatmedziy) eterini alieju reagavo Cladosporium
herbarum kultiira: skaidrios zonos l1éksteléje sieké 38,0+1,0 mm. Maziausias
slopinimo zonas, siekiancias iki 27,4+0,55 mm, sudaré Aspergillus niger.
Citrus aurantium (apelsing) ir Eucalyptus globulus (eukalipty) eteriniai
aliejai visus mikromicetus veiké silpniau vz Malaleuca alternifolia
(arbatmedziy) eterinj aliejy. Aspergillus niger mikromicetus veikia Lippia
alba eterinis aliejus — sudaro 24 mm slopinimo zonga, minimali slopinamoji
koncentracija — 4%, nors yra duomeny, kad Sis aliejus turi stipresni
antibakterini nei antigrybini poveiki (Lemos et al., 1990; Lima, 1996).
Stipriausiai grybus veiké Mentha piperita (pipirmécin) ir Thymus vulgaris
L. (Ciobreliy) eteriniai aliejai. Jie efektyviai veiké visas miisy pasirinktas
kultoras ir sudaré maksimalias 40,0+0,0 mm skersmens slopinimo zonas.
Kadangi Mentha piperita (pipirmécin) ir Thymus vulgaris L. (Ciobrelig)
eteriniai aliejai sudaré maksimalias skaidrias zonas, o Malaleuca alternifolia
(arbatmediy) taip pat stipriai veiké grybus, Siems eteriniams aliejams
nustatéme minimalias slopinamasias koncentracijas. S. Shin ir S. Lim 2004
m. nustaté, kad Thymus vulgaris (Ciobrelin) ir Malaleuca alternifolia
(arbatmedziy) eteriniai aliejai taip pat stipriai veikia ir Trichophyton spp.
mikromicetus. Tyrimy su Trichophyton spp. mikromicetais metu Eucalyptus
globulus (eukalipty) minimali slopinamoji koncentracija sieké 0,25 mg ml”,
Malaleuca alternifolia (arbatmedziy) —1 mg ml”, Thymus vulgaris
(&iobreliy) —1 mg ml™.
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Paecilomyces variotii
Cladosporium herbarum
Fusarium moniliforme
Aspergillus versicolor
Aspergillus fumigatus

Aspergillus niger

Aspergillus oryzae

1IMI[

0,00% 0,20% 0,40% 0,60% 0,80% 1,00% 1,20%

2 pav. Thymus vulgaris L. (Ciobreliy) eterinio aliejaus minimali
slopinamoji koncentracija
Figure 2. MIC values of Thymus vulgaris L.

Buvo nustatyta, kad prie§ Aspergillus oryzae, Aspergillus versicolor,
Aspergillus  fumigatus, Aspergillus niger, Cladosporium herbarum,
Fusarium moniliforme, Paecilomyces variotii mikromicetus maZiausia
slopinamoji koncentracija buvo Thymus vulgaris (¢iobreliy) eterinio aliejaus
(2 pav.). Lékstelése su Paecilomyces variotii, Aspergillus versicolor,
Aspergillus oryzae, Aspergillus niger, Cladosporium herbarum jau 0,5%
Thymus vulgaris (Ciobreliy) eterinis aliejus sudaré¢ minimalias zonas,
siekian¢ias 10 mm. Siek tick didesnés koncentracijos reikéjo Aspergillus
fumigatus ir Fusarium moniliforme mikromicetams, kai minimalig
slopinamaja koncentracija sudar¢ 1,0%.

Mentha piperita (pipirméciy) eterinio aliejaus minimali slopinamoji
koncentracija buvo nuo 4 iki 10%. Lékstelése su Paecilomyces variotii,
Aspergillus  fumigatus, Cladosporium herbarum, Aspergillus oryzae
mikromicetais minimali slopinamoji koncentracija sieké 4%, o 1ékstelése su
Aspergillus versicolor, Fusarium moniliforme — 8%.

Paecilomyces variotii
Cladosporium herbarum
Fusarium moniliforme
Aspergillus versicolor
Aspergillus fumigatus
Aspergillus niger

Aspergillus oryzae

0,00%  2,00%  4,00%  6,00% 8,00% 10,00% 12,00%

3 pav. Mentha piperita (pipirméciy) eterinio aliejaus minimali
slopinamoji koncentracija
Figure 3. MIC values of Mentha piperita

Paecilomyces variotii
Cladosporium herbarum
Fusarium moniliforme
Aspergillus versicolor
Aspergillus fumigatus
Aspergillus niger

Aspergillus oryzae

0,00% 2,00% 4,00% 6,00% 8,00% 10,00 12,00
% %

4 vpav. Malaleuca alternifolia (arbatmedZiy) eterinio aliejaus
minimali slopinamoji koncentracija
Figure 4. MIC values of Malaleuca alternifolia
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Aspergillus niger pasieké 10% koncentracija Malaleuca alternifolia
(arbatmedziy) eterinis aliejus iSsiskyré didziausia minimalia koncentracija:
1ekstelése su Aspergillus versicolor, Aspergillus fumigatus, Aspergillus
niger, Aspergillus oryzae ir Fusarium moniliforme minimali slopinamoji
koncentracija sieké iki 10%, IlékStelése su Paecilomyces variotii,
Cladosporium herbarum mikromicetais — 8%.

I1. Dalis. Eteriniy aliejy antimikrobinio poveikio jvertinimas disky
difuzijos metodu

Disky difuzijos metodu nustatytas antimikrobinis poveikis 100%
eteriniams aliejams: FEucalyptus polybretea (eukalipty), Cymbopogon
citrarus (citrinzolés), Citrus decumana (greipfrutw), Lavandula officinalis
(levandy), Pinus pumilio (pusies), Salvia officinalis (Salavijo), Malaleuca
alternifolia (arbatmedziv), Mentha arvensis (métw), Zingibe officinales
(imbiero), naudojant dazniausiai aplinkoje aptinkamus mikroorganizmus
Escherichia coli ir Aspergillus niger. Malaleuka alterniflia, Cymbopogon
Citrarus ir Mentha arvensis mikroorganizmy augimo slopinimo spindulys
sieké nuo 8,0-14,6 mm, o 100% koncentracijos Zingibe officinales nesudaré
net minimalios skaidrios mikroorganizmus slopinancios zonos (1 lentelé).

1 lentelé. Eteriniy aliejy antimikrobinio aktyvumo slopinimo zonos
(mm)

Table 1. Medium values of inhibition halos (mm) presented in the
antimicrobial activity of essential oils

Microbial
strains ASPERGILLUS ESCHERICHIA

Essential NIGER COLI
oils
Eucalyptus polybretea 100% - 5,0£2,6
Cymbopogon citrarus 100% 14,6 4,6 12,2421
Citrus decumana 100% - 2,6+1.5
Lavandula officinalis 100% 4,6+1,5 4,0+0,7
Pinus pumilio 100% - -
Salvia officinalis 100% 2,5+1,3 4,2+0,8
Malaleuca alternifolial 00% 12,8 £2,2 12,242.5
Mentha arvensis 100% 8,040,0 10,243,2
Zingibe officinales 100% - -

Eteriniai aliejai parode stipru antmikrobini veikima disku difuzijos
metodu ir Zingibe officinales neturéjgs antimikrobinio poveikio, testuoti
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skiedimo metodu. Skiedimy metodu Zingibe officinales eterinio aliejaus
minimali 0,5% slopinanti koncenttracija buvo bakterijoms Staphylococcus
aureus, Pseudomonas aeruginosa ir Proteus mirabilis - ir procentinis
bakteriju augimas buvo St. aureus 20+£17,8% (p>0,05), P. aeruginosa
40+24,6% (p>0,05), P. mirabilis 23,44+5,9% (p<0,05). Bandymuose su F.
coli, C. albicans ir E faecium tyrimy rezultatai buvo panasiis — minimalios
slopinancios koncentracijos procentas buvo zemas, E. coli auga 91,6+15,3%
(p<0,05), C. albicans 86,5+14,7% (p<0,05) ir E. faecium 80,7+17,7%
(p<0,05).

50,0% koncentracijos Zingibe officinales eterinis aliejus visiskai slopina
bakteriju Staphylococcus aureus, Enterococcus faecium, Pseudomonas
aeruginosa, Escherichia coli, Proteus mirabilis ir mieliu Candida albicans
augima.

Stipriu antimikrobiniu veikimu pasizyméjo Cymbopogon citrarus
eterinis aliejus. 0,1% Cymbopogon Citrarus veiké P. mirabilis
(4,394£3,36%) (P. mirabilis, p>0,05) ir C. albicans (14,4+11,4%) (C.
albicans p>0,48) bakterijas. VisiSkam C. albicans ir P. mirabilis bakteriju
slopinimui reikéjo 0,5% koncentracijos Cymbopogon Citrarus eterinio
aliejaus.

0,5% koncentracijos Cymbopogon Citrarus eterinis aliejus gerai slopino
bakteriju augima: E. coli (0,008+0,009%) (p>0,05), E. faecium
(13,7£12,96%) (p>0,05); P. aeruginosa (25,6+19,9%) (p>0,05), St. aureus
(0,77£1,195%) (p>0,05). Cymbopogon Citrarus eterinis aliejus visiSkai
slopino E. faecium ir P. aeruginosa 5,0%, E. coli - 0,8%, St. aureus - 8,0%
koncentraciju.

Bakterijos C. albicans, P. mirabilis, S. aureus ir E. coli jautrios
sinergistiniam Malaleuca alternifolia ir Cymbopogon Citrarus eteriniy
aliejy veikimui — bakterijy augimo slopinimo koncentracija sieké 0,05%.
Stipresniy koncentracijy bakterijoms slopinti - 0,5% reikéjo Cymbopogon
Citrarus ir Mentha arvensis sinergistinio veikimo. Malaleuca alternifolia ir
Cymbopogon Citrarus 5% visiSkai sumazina P. aeruginosa bakteriju
augima, 8% reikalingi slopinti E. faecium bakterijy augima. Cymbopogon
Citrarus ir Mentha arvensis 8% reikalingi slopinti Ps. aeruginosa ir 10%
reikalinga slopinti E. faecium bakterijas.

Skirtingy eteriniy aliejy kombinacijy antimikrobinis aktyvumas

Eteriniy aliejy 0,005% koncentracijos kombinacija Malaleuca
alternifolia ir Cymbopogon Citrarus mazino mikroorganizmy augima: St.
aureus (84,32+15,23%) (p<0,05), P. mirabilis (88,2+3,49%) (p<0,05), C.
albicans (74,02421,81%) (p<0,05) ir E. coli (89,3848,53%) (p<0,05).
Skiedimo metodu visiskai bakterijos neaugo 0,05% Malaleuca alternifolia ir
Cymbopogon Citrarus kombinacijoje. Minimalia baktericiding koncentracija
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P. aeruginosa bakterijy kultiirai sudaré 5,0% ir E. faecium bakterijy kultiirai
reikéjo 8,0%.

Eteriniy aliejy kombinacija Cymbopogon Citrarus ir Zingibe officinales
parodé, kad bakterijoms St. aureus, P. mirabilis, C. albicans, E. coli
minimali slopinanti koncentracija 0,05%. Naudojant koncentracija 0,005%
eteriniy aliejy kombinacijos Cymbopogon Citrarus ir Zingibe officinales
bakterijos auga: St aureus (82,22+£8,96%) (p<0,05); P. mirabilis
(9443,08%) (p<0,05); C. albican (62,68+22,18%) (p<0,05); E. coli
(97,24+2,98%) (p<0,05). Minimali slopinanti koncentracija 8% reikalinga
P. aeruginosa, ir E. faecium siekia 50,0%.

Naudojant 0,5% eteriniy alieju kombinacija bakterijos auga: P.
aeruginosa (23,06+£6,24%) (p<0,05) ir E. faecium (0,6£0,54%) (p<0,05).

Eteriniy alieju kombinacija Malaleuca alternifolia ir Mentha arvensis
stipriai slopino P. mirabilis (MSK=0,02%), C. albicans ir E. coli
(MSK=0,05%). Ir bakteriju augimas buvo: C. albicans (0,07+0,04%)
(p>0,05), P. mirabilis (0,26£0,15%) (p>0,05), E. coli (0,44+0,15%)
(p<0,05). Bakterijos E. faecium ir Ps. aeruginosa buvo maziau jautrios
kombinacijai Malaleuca alternifolia ir Mentha arvensis - E. faecium augo
(1,13+0,45%) (p<0,05) ir Ps. aeruginosa (40,14+13,81%) (p<0,05).
Malaleuca alternifolia ir Mentha arvensis parodé minimalia baktericiding
koncentracija: E. faecium 8,0%, Ps. aeruginosa ir St. aureus sudaré 5,0%
minimalia baktericiding koncentracija. St. aureus minimali baktericidiné
koncentracija ir bakterijy augimas sieké (0,022+0,008) (p<0,05).

0,01% koncentracijos kombinacija Malaleuca alternifolia ir Zingibe
officinales slopino bakterijy augima P. mirabilis (0,54+0,38%) (p>0,05), C.
albicans (0,048+0,004%) (p<0,05), E. coli (0,26+0,11%) (p<0,05), St.
aureus (0,15+0,05%) (p<0,05). Minimali slopinanti koncentracija Sioms
bakterijoms sudaré 0,05%. Ps. aeruginosa ir E. faecium (MSK=8,0%). E.
faecium bakterijos augo (1,06+£0,52%) (p>0,05), Ps. aeruginosa (23,3+3,9)
(p<0,05).

Kombinacija Cymbopogon citrarus it Mentha arvensis bakterijoms St.
aureus, P. mirabilis, C. albicans ir E. coli sudaré 0,5% minimalig
baktericiding koncentracija. Esant 0,005% koncentracijai bakterijy augimo
procentas - St. aureus (90,16£8,6%) (p<0,05), P. mirabilis (92,4+4,09%)
(p<0,05), C. albicans (76,48+19,36%) (p<0,05), St. aureus (90,16£8,5%)
(p<0,05), E.coli (97,06+2,09%) (p<0,05). Ps. aeruginosa minimali
baktericidiné koncentracija 8,0%. AukStesné koncentracija E. faecium
MSK=10%.

Eteriniy aliejy antimikrobinis aktyvumas kombinacijoje su lecitinu
Atliktas tyrimas su antimikrobiném savybém pasizyminciu eteriniu
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aliejumi Cymbopogon citrarus ir Escherichia coli bakteriju kulttra.
Naudojant tyrimuose 0,5% Cymbopogon citrarus ir lecitina, 1,0%, E. coli
auga (7,8+0,6%).

480 1 ESCHERICHIA COLI ‘
450 |

420 +
390 |
360 |
330
300 | n
270 |
240 |
210 |
180 - I T
150 | -
120 A I

90 - .
60 -

30 X i
0 «@0—’

0,5 1,0 2,0 5,0 10,0

Percentage of growing bacteria .

=4

T
T

Concentration lecithin %

@ C.citrarus 0,5%  C.citrarus 0,8% M C.citrarus 1,0% < C.citrarus 2,0%

5 pav. Cymbopogon citrarus (0,5%; 0,8%; 1,0%; 2,0%) ir lecitino
(0,5%;1,0%32,0%;5,0%;10,0%) poveikis E. coli

Figure 5. Effect of Cymbopogon citrarus (0,5%; 0,8%; 1,0%; 2,0%)
and lecithin (0,5%;1,0%;2,0%:5,0%:10,0%) on E. coli

Padidinus lecitino koncentracija, Cymbopogon citrarus antimikrobinés
savybés susilpnéja ir E. coli bakterijy augimas sustipréja: kai 0,5%
Cymbopogon citrarus ir 10,0% lecitino bakterijy augimas padidé¢ja
(473,94£279,1%). Naudojant Cymbopogon citrarus 10% ir lecitino10,0% E.
coli bakterijy augimas sumazeja (6,03+2,04%).

18



ESCHERICHIA COLI
130 -

120
110 4

100 - é
90 - -

80 -
70 -

% ] A

40
30
20 - L

"e © e © @

0,5 1,0 2,0 5,0 10,0

Percentage of growing bacteria

Concentration lecithin %

A C.citrarus 5,0% @ C.citrarus 8,0% < C.citrarus 10% @ C.citrarus 50%

6 pav. Cymbopogon citrarus (5,0%; 8,0%; 10,0%; 50,0%) ir lecitino
(0,5%; 1,0%; 2,0%; 5,0%; 10,0%) poveikis E. coli

Figure 6. Effect of Cymbopogon citrarus (5,0%; 8,0%; 10,0%; 50,0%)
and lecithin (0,5%:1,0%;2,0%; 5,0%; 10,0%) on E. coli

ISVADOS

1. IS tirty 100% koncentracijos eteriniy alieju Fucalyptus globules
(eukalipty), Citrus aurantium (apelsinyg), Citrus paradisii (greipfruty), Picea
abies L. (egliv), Malaleuca alternifolia (arbatmedziy), Mentha piperita
(pipirmétes), Thymus vulgaris (Ciobrelin), didziausig fungistatini poveikj i$
tvarty oro iskirtiems mikromicetams parodé Thymus vulgaris (Ciobreliy)
eterinis aliejus. Tiriant disku difuzijos metodu slopinimo zona sudaré 40,0
mm. PanaSiu poveikiu pasizyméjo Malaleuca alternifolia (arbatmedziy)
eterinis aliejus, jo slopinimo zona sudaré nuo 27,4+0,55 iki 38+1,0 mm.

2. Minimali fungistatiné Thymus vulgaris L (Ciobreliy) eterinio aliejaus
koncentracija testuojamiems mikromicetams Paecilomyces variotii,
Cladosporium  herbarum, Aspergillus versicolor, Aspergillus niger,
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Aspergillus oryzae sudaré 0,5% ir 1% Fusarium moniliforme ir Aspergillus
fumigatus mikromicetams.

3. Eteriniy aliejy Mentha piperita (pipirméteés) ir Malaleuca alternifolia
(arbatmedziy) minimali fungistatiné koncentracija sieké nuo 4 iki 10%
Siems mikromicetams: Paecilomyces variotii, Cladosporium herbarum,
Fusarium moniliforme, Aspergillus versicolor, Aspergillus fumigatus,
Aspergillus niger, Aspergillus oryzae.

4. Testuojant Aspergillus niger ir E. coli mikroorganizmus disky
difuzijos metodu su 100% eteriniais aliejais: Fucalyptus polybretea
(eukalipty), Cymbopogon citrarus (citrinzoliy), Citrus decumana
(greipfruty), Lavandula officinalis levandw), Pinus pumilio (pusw), Salvia
officinalis (vaistingyju S$alaviju), Malaleuca alternifolia (arbatmedziy),
Mentha arvensis (méty), Zingibe officinales (imbiery) slopinimo zona sieké
nuo 14,6+4,6 iki 12,8+2,2 mm.

5. Eterinio aliejaus Zingibe officinales (imbiery) minimali antimikrobiné
koncentracija mikroorganizmams: Staphylococcus aureus, Enterococcus
faecium, Pseudomonas aeruginosa, Escherichia coli, Proteus mirabilis,
Candida albicans sieké 50%.

6. Eteriniai aliejai Malaleuca alternifolia (arbatmedziy), Cymbopogon
citrarus (citrinzoliy), Mentha arvensis (méty) i§ tirty mikroorganizmy
(Staphylococcus aureus, Enterococcus faecium, Pseudomonas aeruginosa,
Escherichia coli, Proteus mirabilis, Candida albicans) stipriausia
antimikrobini poveiki turéjo Proteus mirabilis (p>0,05) ir Candida albicans
(p>0,48) mikroorganizmams,minimali slopinanti koncentracija sieké nuo 0,5
iki 0,8%.

7. Eteriniy alieju kombinacijos Malaleuca alternifolia ir Mentha arvensis
turé¢jo stipry slopinanti poveiki P. mirabilis (MSK=0,02%) (p>0,05), C.
albicans (MSK=0,05%) (p>0,05), ir E. coli (MSK=0,05%) (p<0,05).
Malaleuca alternifolia ir Zingibe officinales slopino augima: P. mirabilis
(MSK=0,05%) (p>0,05), C. albicans (MSK=0,05%) (p<0,05), E. coli
(MSK=0,05%) (p<0,05), St. aureus (MSK=0,05%) (p<0,05).

8. Lecitinas, kaip eteriniy aliejy emulgatorius, didina mikroorganizmy
augima bandyme su eteriniu aliejumi Cymbopogon citrarus.

PASIULYMAS

Grieztéjant gyviiny geroves reikalavimams vis daugiau démesio skiriama
gyviiny aplinkos kokybei gerinimui. Kaip parodé misy atlikti tyrimai,
eterinius aliejus arba jy kombinacijas galima panaudoti tvarty oro
bioerozoliy (mikroorganizmy, dulkiy) neigiamam poveikiui sumazinti.
Tokius eterinius aliejus kaip Thymus vulgaris L. (Ciobreliy), Mentha piperita
(pipirmécin), Malaleuca alternifolia (arbatmedziy) ir Cymbopogon citrarus
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(citrinzoliy) galima iSpurksti { tvary ora, panaudojant Salto riko generatorius
esant gyvuliams ir pauk$¢iams.

DISERTACIJOS TEMA PASKELBTU MOKSLO DARBUY
SARASAS
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SUMMARY

Particulates suspended in the air in and emitted from animal housings
include dust and of a airborne microorganisms. Airborne microorganism are
adsorbed on dust particle smaller than 5 pm in diameter, inhaled by
respiration, and deposited in the respiratory tract or lung, which can induce
respiratory disorders, such as pneumonia, asthma, bronchitis, and rhinitis
The incidence of these respiratory symptoms and diseases are commonly
widespread among farmers working in confinement swine houses that are
managed almost in an enclosed condition to keep the pertinent thermal
environment constant. Thus, to alleviate the potential for farmers to be
exposed to dust and bioaerosols, it is essentially important to control and
manage the air quality in the animals houses.

For this reason there exist several methods for air disinfection such as air
filtration, air washing or regular water spraying to reduce the concentration
of airborne particle. But since the application of disinfectant agents is
restricted when living animals may be involved especially in case they are
for food production it seems to be necessary to investigate new, eco-
friendly, unobjectionable substances with a potential for air-disinfection.

Essential oils (EOs) also called volatile or ethereal oils are aromatic oily
liquids obtained from plant material (flowers, buds, seeds, leaves, twigs,
bark, herbs, wood, fruits and roots). They can be obtained by expression,
fermentation, enfleurage or extraction but the method of steam distillation is
most commonly used for commercial production of EOs. An estimated 3000
EOs are known, of which about 300 are commercially important — destined
chiefly for the flavours and fragrances market. It has long been recognised
that some EOs have antibacterial properties. Besides antibacterial properties,
EOs or their components have been shown to exhibit antiviral, antimycotic,
antitoxigenic, antiparasitic, and insecticidal properties.

Aim of the study: To evaluate the antimicrobial effects of essential oils
in vitro for a possible application to reduce the content of microorganisms in
the air of animal farms.

Goals:

I. To evaluate the sensitivity in profile of microorganism strains in vitro
to some essential oils by using the disk diffusion method.

II. To evaluate the sensitivity in profile of microorganism strains in vitro
to some essential oils by using the broth dilution method.

III. Determine the antimicrobial activity in vitro of some combinations
of different essential oils by using the broth dilution method.

IV. To quantify the antibacterial properties of essential oils on a strain of
Escherichia coli in the presence of an emulsifier.
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Novelty and practical application of the study. The complex
investigations of essential oils in vitro was performed for the first time in
Lithuania. Essential oils were selected by their antimicrobial activity against
Gram-positive (Staphylococcus aureus, Enterococcus faecium) and Gram-
negative (Pseudomonas aeruginosa, Escherichia coli, Proteus mirabilis)
bacteria, moulds: Paecilomyces variotii, Cladosporium herbarum, Fusarium
moniliforme, Aspergillus versicolor, Aspergillus fumigatus, Aspergillus
niger, Aspergillus oryzae and yeast Candida albicans. The assays determine
the concentrations required to inhibit growth and reduce microorganisms
cells.

The antimicrobial activity in vitro of some combinations of essential oils
were determined. Interactions among essential oil, bacteria and lecithin were
evaluated. Lecithin diminished antibacterial properties.

Practical value of the research — in the experiments of this thesis the
most effective essential oils were found, i.e., Thymus vulgaris L., Mentha
piperita, Malaleuca alternifolia and Cymbopogon citrarus, which possess
antimicrobial activity and can be used as a natural biocide for application to
reduce the content of microorganisms in the air of animal farms, without
emulsifier lecithin.

RESEARCH MATERIALS AND METHODS

The research was carried out in the Institute of Animal Hygiene, Animal
Welfare and Behaviour of Farm Animals, University of Veterinary
Medicine Hannover, Germany, and in the Animals Welfare Laboratory of
the Food Safety and Animal Hygiene Department at the Lithuanian
Veterinary Academy.

In the Animals Welfare Laboratory of the Food Safety and Animal
Hygiene Department at the Lithuanian Veterinary Academy the anti—
microbial effects of essential oils of the following plants were examined:

Eucalyptus globule, Citrus aurantium, Citrus paradisii, Picea abies L.,
Malaleuka alternifolia, Mentha piperita, Thymus vulgaris on specific
moulds cultures isolated from air of poultry houses: Paecilomyces variotii,
Cladosporium herbarum, Fusarium moniliforme, Aspergillus versicolor,
Aspergillus fumigatus, Aspergillus niger and Aspergillus oryzae.

In the microbiological laboratory of the Institute for Animal Hygiene,
Animal Welfare and Behaviour of Farm Animals, University of Veterinary
Medicine Hannover, the anti—-microbial effects of the essential oils of
Eucalyptus polybretea, Citrus decumana, Cymbopogon citrarus, Lavandula
officinalis, Pinus pumilio, Salvia officiunalis, Malaleuka alternifolia,
Mentha arvensis, Zingibe officinales were tested on specific bacterial
cultures: Staphylococcus aureus DSM-No. 799, Enterococcus faecium
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DSM-No. 2918, Pseudomonas aeruginosa DSM-No. 939, Escherichia coli,
Proteus mirabilis DSM-No. 788, the yeast Candida albicans DSM-No.
1386 and on the mould Aspergillus niger.

Essential oils. Essential oils of FEucalyptus globules (eucalyptus),
Eucalyptus polybretea (eucalyptus), Cymbopogon citrarus (lemongrass),
Citrus decumana (grapefruit), Citrus aurantium (orange), Citrus paradisii
(grapefruit), Lavandula officinalis (lavender), Picea abies L. (spruce), Pinus
pumilio (pine), Salvia officiunalis (sage), Malaleuka alternifolia (tea tree),
Mentha piperita (peppermint), Mentha arvensis (mint), Thymus vulgaris
(thyme), Zingibe officinales (ginger), was obtained from a commercial
source (Oil manufacturer Sensient Essential Oils, GmgH, Germany).

Moulds species. Animals houses environmental origin: Paecilomyces
variotii, Cladosporium herbarum, Fusarium moniliforme, Aspergillus
versicolor, Aspergillus fumigatus, Aspergillus niger and Aspergillus oryzae.
These moulds were isolated from air of animals houses, apply sedimentation
method to R. Koch. Strains were analysed by light microscopy and
identified according to Domsch et al., 1980; Ellis, 1976; Gams, 1971;
Lugauskas ir kt., 2002; Nelson et al., 1983; Ramirez, 1982; Samson and Van
Reenen-Hoekestra, 1988.

Essential oils determination of the antimould activity by disc
diffusion assay. Mould suspension of 1ml (according to 0,5 Mc Farland
turbidity standards) prepared with sterile 0,85% physiological saline
solution. Standardised microorganism suspension of 1 ml was uniformly
spread on the sterile Czapek’s agar in Petri dishes. Filter paper discs were
used for antimould activity of essential oils. Sterile filter paper discs (6mm)
were soaked with 10 ul of each essential oil and placed on the center of
Czapek’s agar in Petri dishes inoculated with the mould suspension. The
incubation time was 7-10 days at 25°C. At the end of the incubation period,
the inhibition halo diameters were measured using calipers and expressed in
millimeters. When the inhibition halo observed was equal or higher than 10
mm diameter, it was considered as a positive antimould activity (Lima et al.,
1993).

Essential oils determination of the minimum inhibitory
concentration. Essential oils that presented antimould activity and showed
inhibition halo equal or higher than 10 mm diameter were evaluated for their
MIC determination and it was carried out by the plate diffusion procedure
using wells in dishes (Hadaceck and Greger, 2000). The concentration able
to develop inhibition halos equal or higher than 10mm diameter was
considered as MIC.

Microorganisms species. This study used two Gram + (Staphylococcus
aureus DSM-No. 799, Enterococcus faecium DSM-No. 2918), three Gram —
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(Pseudomonas aeruginosa DSM-No. 939, Escherichia coli, Proteus
mirabilis DSM-No. 788) species and the yeast Candida albicans DSM-No.
1386. Microorganisms species were obtained from the Deutsche Sammlung
von Mikroorganismen und Zellkulturen GmbH (Germany).

Essential oils determination of the antimicrobial activity by disc
diffusion assay. The microorganisms were cultivated on Bloodagar-Base N.
2 and on DG-18 respectively for the mould. One colony of each
microorganism was picked and diluted in sterile peptone-water (PW) with
reference to the McFarland standard to achieve an inoculum of
approximately 10°-10° colony-forming units per ml (CFUmI™"). 50 ul of this
inoculum was uniformly plated onto the surface of Bloodagar-Base N. 2
(bacteria), Malt Extract Agar (yeast) and DG-18 (moulds) in Petri dishes.
After one minute, sterile 6 mm diameter paper discs were placed on the
plates and immediately immersed with 10ul portions of the 100%
concentration essential oils. Sterile PW was used as control. After allowing
the essential oils to diffuse across the surface for 1h at room temperature,
the plates with bacteria were incubated at 37°C for 24 h. Moulds were
cultivated on DG-18 at 25°C for 7-10 days. At the end of the incubation
period, the inhibition halo diameters were measured and expressed in
millimetres (Lima et al., 1993).

Determination of the minimum inhibitory concentration by broth
dilution assay. The broth dilution method was used to determine the
minimal inhibitory concentration (MIC) according to the National
Committee for Clinical Laboratory Standards (NCCLS, 2001).

The MIC is defined as the lowest concentration of the essential oil at
which the microorganism does not demonstrate visible growth.

Emulsification of essential oils. The antimicrobial activity was further
tested using soy lecithin with a view to stabilizing the essential oil in the
broth and thereby improving the antibacterial properties. Set up as follows:
50 ul of Escherichia coli suspension and 50 pl of peptone water-essential oil
(concentrations - 0,5-50%)—lecithin (concentrations - 0,5-10%) suspension
were placed in sterile individual microplate wells and incubated at 37°C for
24 h. Then, 100 pl of microorganism- peptone water- essential oil-lecithin
suspension dissolved in tubes with 0,02% Tween 80. 100 pl of aliquots
suspension was plated onto Blood Agar Base N. 2 agar plates and incubated
at 37°C for 24h. After incubation, colonies were counted.

Essential oils in various combinations determination of the
minimum inhibitory concentration by broth dilution assay. The broth
dilution method was used to investigate synergism between the essential
oils: Malaleuca alternifolia and Mentha arvensis, Malaleuca alternifolia
and Cymbopogon citrarus, Malaleuca alternifolia and Zingibe officinales,

25

Cymbopogon citrarus and Mentha arvensis, Cymbopogon citrarus and
Zingibe officinales.

All tests were performed in peptone water. A dilution of the essentials
oils was prepared in the concentration range of 0,01-50%, including one
growth control (peptone water + microorganism) and one sterility control.

Statistical analysis. The data were analysed using the “SPSS for
Windows”, version 12,0 and “Microsoft Office Exel 2003 calculating the
mean of values (X), standard deviation (Sx), coefficient of variation (CV).
The P- value of 0,05 was set as a limit for statistically significant difference
in the studies.

RESULTS

CHAPTER 1. The effect of essential oils on moulds species isolated
from animals houses. Most of the oils evaluated exhibited significant
inhibitory activity against all seven of the mould species tested. The results
show the wide variation in the antimicrobial properties of plant essential
oils. The oil of Picea abies L. showed no or very slight inhibition. Essential
oil from Picea abies L. did not present any activity on the moulds Fusarium
moniliforme, Aspergillus fumigatus and Aspergillus versicolor. Though
volatile compounds of Picea Abies L. oil produced inhibition zones of 10
mm in Cladosporium herbarum mould strain cultures.

Identic, very slight inhibitory activity presented Citrus paradisii
essential oil. In the plates with Paecilomyces variotii and Cladosporium
herbarum strains the radius of inhibition was between 8,4+0,6 and
10,20+£0,8 mm. Citrus paradisii presented slight activity on the Asergillus
species. The results from test with Aspergillus spp. were between 1,4+0,6
and 5,040,7 mpm.

The strongest antimicrobial effect exhibited Malaleuca alternifolia,
Citrus aurantium and Eucalyptus globulus — sterile filter paper discs soaked
with of each essential oil presented inhibition halos between 10,6+0,6 and
38,0+1,0 mm. Malaleuca alternifolia presented high antifungal activity
against Cladosporium herbarum and the inhibition halo was equal 38,0+1,0
mm. A low inhibition halo (27,4+0,6mm) presented Aspergillus niger.
Essential oils Citrus aurantium and FEucalyptus globulus presented low
antifungal activy compare with Malaleuca alternifolia. Mentha piperita and
Thymus vulgaris L. essential oils show the strongest activity. They essential
oils have strong effect against all seven moulds strains, and inhibition halo
was 40,0+0,0 mm. Essential oils - Mentha piperita, Thymus vulgaris L.,
Malaleuca alternifolia that presented strong antimould activity in the
screening assay were evaluated for their MIC determination. Thymus
vulgaris L. presented best results in the MIC assay for Aspergillus oryzae,
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Aspergillus  versicolor,  Aspergillus  fumigatus, Aspergillus  niger,
Cladosporium herbarum, Fusarium moniliforme, Paecilomyces variotii.
Thymus vulgaris L. presented a MIC of 0,5% for Paecilomyces variotii,
Aspergillus versicolor, Aspergillus oryzae, Aspergillus niger, Cladosporium
herbarum, and the inhibition halo was equal 10 mm. High concentration
(1,0%) of essential oil Thymus vulgaris L. need for Aspergillus fumigatus
and Fusarium moniliforme.

MIC values of Mentha piperita for the fungi species are ranging between
4,0 and 10,0%. In the plates with Paecilomyces variotii, Aspergillus
Sfumigatus, Cladosporium herbarum, Aspergillus oryzae MIC values - 4,0%,
for Aspergillus versicolor, Fusarium moniliforme — 8,0%, Aspergillus niger
—-10,0%.

Essential oil from Malaleuca alternifolia showing MIC values (10,0%)
against Aspergillus versicolor, Aspergillus fumigatus, Aspergillus niger,
Aspergillus oryzae, Fusarium moniliforme and in plates with Paecilomyces
variotii, Cladosporium herbarum the MIC was 8%.

CHAPTER II. Sensitivity of microorganisms to some essential oils
by broth dilution. The essential oils that exhibitet the greatest antibacterial
effect in the disc diffusion assay Cymbopogon citrarus, Melaleuca
alternifolia, Mentha arvensis and one EOs Zingibe officinales which
presented low antimicrobial activity in the disc diffusion assay were further
tested using a broth dilution technique. The results show the wide variation
in the antimicrobial properties of plant essential oils. The result showed that
Zingibe officinales as inhibitory concentration equal 0,5% were most activ
agains Staphylococcus aureus, Pseudomonas aeruginosa and Proteus
mirabilis - and procentage of growing bacteria were St. aureus 20+17,8%
(p>0,05), P. aeruginosa 40+24,6% (p>0,05), P. mirabilis 23,44+5,9%
(p<0,05). From antibacterial test with E. coli, C. albicans and E. faecium
result were similar — inhibition procent low and procentage of growing
bacteria E. coli grow 91,6+15,3 (p<0,05), C. albicans 86,5t14,7 (p<0,05)
and E. faecium 80,7£17,7 (p<0,05).

Only high doses of Zingibe officinales essential oil were able to stop
bacterial growth. Zingibe officinales at 50,0% completely inhibit the growth
of Staphylococcus aureus, Enterococcus faecium, Pseudomonas aeruginosa,
Escherichia coli, Proteus mirabilis and yeast Candida albicans amount.

Escherichia coli demonstrated different responses to Zingibe officinales,
which can probably be attributed to their different membrane structures.
That the essential oil molecules attach to bacterial cell membrane structures,
causing a breakdown in membrane permeability properties and an increased
susceptibility to essential oils.

Mentha arvensis had more antimicrobial activity for all the
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microorganism species than Zingibe officinales. A concentracion of 2% was
already sufficient to inhibit St. aureus and E. coli. Minimal bactericidal
concentration of Mentha arvensis essential oil to inhibit growth of all the
four bacteria, E. coli (5,645,6) (p>0,05), E. faecium (50,9£17,7) (p<0,05),
St. aureus (1,19£1,6) (p>0,05), P. aeruginosa (38,9+£24,5) (p>0,05), was
50,0%.

Essential oils having menthol as the major component exhibited most
potent activity against P. mirabilis, C. albicans and strong antimicrobial
activity against E. coli and St. aureus.

The P. mirabilis and C. albicans were much more sensitive to the
Mentha arvensis essential oil and minimal bactericidal concentration for this
two germs needed was 0,8%. At a concentration of 0,1%, P. mirabilis
(29,5£18,0) (p>0,05), C. albicans (69,6+32,4) (p<0,05) were still growing.

Malaleuca alternifolia showed activity against E. coli comparable to
essential oil Zingibe officinales and strong antimicrobial activity against P.
mirabilis, C. albicans. The inhibitory effects of Malaleuca alternifolia oil
were different on P. mirabilis, C. albicans and E. coli, E. faecium, P.
aeruginosa, St. aureus. MIC for P. mirabilis, C. albicans was 0,5%
Malaleuca alternifolia oil. At a concentration of 0,1% essential oil the
growth rate of the two bacteria was still (4,4+3,4%) (P. mirabilis, p>0,05)
and (14,4+11,4%) (C. albicans, p>0,05).

Malaleuca alternifolia oil was already sufficient to inhibit the growths of
all the four bacteria strains at a concentration of 5%. When applying 0,5%
Malaleuca alternifolia oil growth rates of the bacteria were (26,14+19%) (P.
aeruginosa, p>0,05), (24+17,6%) (E. faecium, p>0,05), (1,18+2,19%) (St
aureus, p>0,05) and (0,014+0,026%) (E. coli, p>0,05).

Major components geranial and neral, were active against the four tested
organisms P. mirabilis, C. albicans, St. aureus, E. coli.

Cymbopogon Citrarus oil is conisderably potent against P. mirabilis and
C. albicans. Growth rate at 0,1% oil concentration was already reduced to
(4,39+£3,36%) (P. mirabilis, p>0,05) and (14,4£11,4%) (C. albicans
p>0,48). A full growth inhibition with Cymbopogon Citrarus oil is reached
for C. albicans and P. mirabilis at a concentration of 0,5%.

Cymbopogon Citrarus was able to exert antimicrobial activity on E. coli,
E. faecium, P. aeruginosa, St. aureus up to 0,5% concentration: E. coli
(0,008+0,009%) (p>0,05), E. faecium (13,7+£12,96%) (p>0,05); P.
aeruginosa (25,6+19,9%) (p>0,05), St. aureus (0,77+1,2%) (p>0,05). The
bacteria growth was completely inhibited by Cymbopogon Citrarus used for
E. faecium and P. aeruginosa at a 5,0%, E. coli 0,8%, St. aureus 8,0%.

Combined effects of essential oils. The concentration 0,005% of
Malaleuca alternifolia combined with Cymbopogon Citrarus remarkably
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decreased the growth of St aureus (84,32+15,23) (p<0,05), P. mirabilis
(88,243,49) (p<0,05), C. albicans (74,02+£21,81) (p<0,05) and E. coli
(89,38+8,53) (p<0,05). The MBC found for this four bacteria was 0,05%.

The inhibitory effects of Malaleuca alternifolia combined with
Cymbopogon Citrarus (MaCc) were different on P. aeruginosa and E.
faecium. MIC of MaCc on P. aeruginosa was 5,0% and 8,0% when applied
on E. faecium.

Cymbopogon Citrarus and Zingibe officinales (CcZo) presented similar
activity to MaCc for St. aureus, P. mirabilis, C. albicans, E. coli
(MBC=0,05%). As used concentration CcZo 0,005% procent of growing
bacteria St. aureus (82,22+8,96) (p<0,05); P. mirabilis (94£3,08) (p< 0,05);
C. albicans (62,68+22,18) (p<0,05); E. coli (97,24+2,98) (p<0,05).

Combination of CcZo presented a low antimicrobial activity against two
of the microorganisms - minimal bactericidal concentration against P.
aeruginosa at a 8%, against E. faecium at a 50,0%.

Percent of growing bacteria as used 0,5% CcZo is P. aeruginosa
(23,06+6,24) (p<0,05) and E. faecium (0,6£0,54) (p<0,05).

Malaleuca alternifolia and Mentha arvensis (MaMe) presented strong
inhibitory effect of P. mirabilis (MIC=0,02%), C. albicans and E. coli
(MIC=0,05%) and percent of growing bacteria is very low — as used 0,01%
concentration of MaMe, C. albicans growth (0,07+0,04) (p>0,05), P.
mirabilis growth (0,26+0,15) (p>0,05), E. coli growth (0,44+0,15) (p<0,05).

The bacteria E. faecium and Ps. aeruginosa was less sensitive and
percent of growing bacteria as used 0,5% MaMe for E. faecium (1,1340,45)
(p<0,05) and Ps. aeruginosa (40,14+13,81) (p<0,05). MaMe presented
MBC values for E. faecium 8,0%, Ps. aeruginosa and St. aureus need lowest
MIC values=5,0%. St. aureus showing high activity of MaMe. MBC=5,0%,
but percent growing bacteria as used 0,5% MaMe are very small
(0,022+0,008) (p<0,05).

Malaleuca alternifolia and Zingibe officinales (MaZo) presented strong
inhibitory activity. As used (0,01%) of MaZo percent of growing bacteria
was for P. mirabilis at (0,54+0,38) (p >0,05), C. albicans (0,048+0,004)
(p<0,05), E. coli (0,26+0,11) (p<0,05), St. aureus (0,15+0,05) (p<0,05).
Minimum bactericidal concentration for this four bacteria containing 0,05%
of MaZo.

The MaZo exhibited alike minimal bacteriocidal activity against Ps.
aeruginosa and E. faecium (MBC=8,0%), but E. faecium as concentration
MaZo 0,5% inhibit strongly growth E. faecium. Procentage of growing
bacteria E. faecium (1,06+0,52) (p>0,05), Ps. aeruginosa (23,3£3,9)
(p<0,05).

The Cymbopogon citrarus and Mentha arvensis (CcMa) for St. aureus,
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P. mirabilis, C. albicans and E. coli presented the same minimal bactericidal
concentration (MIC=0,5%). In the concentration 0,005% CcMa bacteria
grow St. aureus (90,16%8,6) (p<0,05), P. mirabilis (92,4+4,09) (p<0,05), C.
albicans (76,48+19,36) (p<0,05), St. aureus (90,16£8,5) (p<0,05), E.coli
(97,06+2,09) (p<0,05). The low sensitive species are Ps. aeruginosa and E.
faecium. For Ps. aeruginosa MBC value was 8,0%. E. faecium has the
highest MIC value 10%. CcMa 0,5% presented inhibition for Ps. aeruginosa
(34,6+8,8) (p<0,05) and E. faecium (0,82+0,74) (p>0,05).

Antibacterial activity of essential oil in the presence of lecithin. After
the addition of lecithin range 0,5-10,0% and various concentration (0,5; 0,8;
1,0; 2,0; 5,0; 8,0; 10,0; 50,0%) Cymbopogon citrarus antimicrobial effect
was very low on the Escherichia coli. The addition of the Cymbopogon
citrarus 0,5% and lecithin 1,0%, E. coli grow (7,84+0,6%). As used high
concentration lecithin and small Cymbopogon citrarus this combination did
not show antibacterial activity contrary E. coli grow highest percentage. As
used combination Cymbopogon citrarus 0,5% and lecithin 10,0% bacteria
grow very well (473,9+279,1%). As used high percentage Cymbopogon
citrarus in combination with lecithin in this case showed antibacterial
inhibition. Combination Cymbopogon citrarus 10,0% and lecithin 10,0%
showed 6,03+2,04% inhibition.

CONCLUSIONS

1. As used 100% concentration essential oils: FEucalyptus globules
(eucalyptus), Citrus aurantium (orange), Citrus paradisii (grapefruit), Picea
abies L. (spruce), Malaleuka alternifolia (tea tree), Mentha piperita
(peppermint), Thymus vulgaris (thyme), in disc diffusion assay - Thymus
vulgaris presented strong antifungal effect 40,0mm medium values of the
inhibition halo against mould species from animals houses. Similar strong
antifungal effect presented essential oil — Malaleuca alternifolia (tea tree) —
inhibition halo was observed 27,4+0,55 to 38+1,0mm.

2. Essential oil Thymus vulgaris L. (thyme), presented minimal
fungistatic concentration for moulds species Paecilomyces variotii,
Cladosporium  herbarum, Aspergillus versicolor, Aspergillus niger,
Aspergillus oryzae 0,5% and for moulds Fusarium moniliforme and
Aspergillus fumigatus MFC=1%.

3. Essential oils Mentha piperitha (peppermint), and Malaleuca
alternifolia (tea tree) make MIC=4 to 10% on moulds species isolated from
animals houses: Paecilomyces variotii, Cladosporium herbarum, Fusarium
moniliforme, Aspergillus versicolor, Aspergillus fumigatus, Aspergillus
niger, Aspergillus oryzae.
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4. In disc diffusion assay as used 100% concentration essential oils
(Eucalyptus polybretea (eucalyptus), Cymbopogon citrarus (lemongrass),
Citrus decumana (grapefruit), Lavandula officinalis (lavender), Pinus
pumilio (pine), Salvia officinalis (sage), Malaleuca alternifolia (tea tree),
Mentha arvensis (mint), Zingibe officinales (ginger) and microorganisms
Aspergillus niger and E. coli more potent antimicrobial activity presented
Cymbopogon citrarus, Malaleuca alternifolia, Mentha arvensis and
inhibition halos was observed from 14,6+4,6 to 12,8+2,2 mm.

5. Essential oil Zingibe officinales presented MIC=50,0% agains
Staphylococcus aureus, Enterococcus faecium, Pseudomonas aeruginosa,
Escherichia coli, Proteus mirabilis and yeast Candida albicans amount.

6. In broth solution assay Malaleuca alternifolia, Cymbopogon citrarus
and Mentha arvensis from microorganisms: Staphylococcus aureus,
Enterococcus faecium, Pseudomonas aeruginosa, Escherichia coli, Proteus
mirabilis, Candida albicans, presented strong activity against P. mirabilis
and C. albicans MIC=0,5 to 0,8%.

7. Essential oil combinations Malaleuca alternifolia and Mentha
arvensis presented stronges inhibitory effect of P. mirabilis (MIC=0,02%)
(p>0,05), C. albicans (MIC=0,05%) (p>0,05), and E. coli (MIC=0,05%)
(p<0,05). Malaleuca alternifolia and Zingibe officinales inhibited the
growth of: P. mirabilis (MIC=0,05%) (p>0,05), C. albicans (MIC=0,05%)
(p<0,05), E. coli (MIC=0,05%) (p<0,05), St. aureus (MIC=0,05%) (p<0,05).

8. Lecithin as an emulsifier seems to be dispensable and
counterproductive since it reduced the antibacterial activity of
Cymbopogon citrarus oil.

RECOMMENDATION

Strong requirements on animal welfare are increasingly focused on
improving the environmental quality of the animals. As demonstrated in our
studies, essential oils or their combinations can be used for to reduce the
negative impacts of bioaerosols (micro-organisms, dust) in air of animal
houses. The most effective essential oils Thymus vulgaris L. (thyme),
Mentha piperita (peppermint), Malaleuca alternifolia (tea tree) ir
Cymbopogon citrarus (lemongrass) can be sprayed with cold fog generator
into the animal houses.
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