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Rastlinski izvlecki predstavljajo alternativo sinteticnim protimikrobnim snovem,
ker v doloCenih razmerah lahko ucCinkovito inhibirajo patogene bakterije in
kvarjenje hrane. Za doloCanje protimikrobne ucinkovitosti izvleCkov obstajajo
razlicne metode, prav tako lahko dobljene rezultate razlicno ovrednotimo. To
pomeni, da rezultate posameznih Studij tezko primerjamo med seboj. V
eksperimentin  smo testirali razlicne metode =za doloCanje protimikrobne
ucinkovitosti (metoda difuzije z diski, metoda razredCevanja v trdnem in tekoCem
gojisCu, metoda razredCevanja v mikrotitrski plosCici). Med uporabljenimi
metodami je bila metoda razredCevanja v mikrotitrski ploscici najbolj primerna.
Zato smo s to metodo doloCili vrednosti MIK razlicnim izvleCkom, med katerimi so
bili najbolj ucinkoviti tisti, pri katerih je prevladovala karnozolna kislina. Izvlecki
rozmarina so imeli boljsi uCinek na grampozitivne bakterije, kot na gramnegativne
bakterije. Protimikrobni ucinek izvleCkov roZzmarina smo nadalje doloCili v
zivilskih modelih in v zivilih. Na delovanje izvleCkov vplivajo razlicni dejavniki.
Delez beljakovin in mas¢ob v Zivilu zmanjSa ucCinkovitost izvleCkov roZmarina.
Protimikrobni ucinek izvleCka rozmarina na bakterije vrste Campylobacter jguni v
pis¢ancjem mesu v kombinaciji z zamrzovanjem je znizal Stevilo bakterij za 2 log
enoti. DolocCili smo tudi protimikrobni uCinek dveh izvleCkov rozmarina na
vegetativne celice in spore bakterij vrste Alicyclobacillus acidoterrestris v
jabol¢nem soku. Oba izvlecka v vrednostin MIK inhibirata rast vegetativnih celic,
hkrati pa ne vplivata na senzori¢ne lastnosti jabolCnega soka. Vrednosti MIK niso
vplivale na spore, vendar so pri tako nizkih koncentracijah spore lahko vzklile v
vegetativne celice, na katere je potem inhibitorno deloval izvleCek roZzmarina. Vsi
rezultati kazejo, da so izvleCki rozmarina lahko alternativni naCin konzerviranja
razlicnih Zivil, vendar je pred njihovo uporabo v Zivilih potrebno preveriti ¢im vec
dejavnikov, ki lahko vplivajo na njihovo protimikrobno uCinkovitost.
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Plant extracts represent an alternative to synthetic antimicrobials, as under certain
conditions, plant extracts can effectively inhibit the growth of pathogenic and spoilage
bacteria. Several different methods for determination of such antibacterial activities are
available, although there are different ways to interpret the results. This can thus make it
difficult to compare data obtained across different studies. Therefore, we tested here the
methods of agar disk diffusion and dilution, and broth microdilution and macrodilution.
Among these, broth microdilution was the most suitable. We then used the broth
microdilution method to determine the MICs of a range of selected plant extracts.
Rosemary extracts were the most effective, and in particular those containing carnosic acid,
with selectivity shown against Gram-positive bacteria, rather than Gram-negative bacteria.
The antimicrobial activities of rosemary extracts were determined in different food models
and foods, where different factors can affect the activities. Protein and fat in food had
negative effects on the antimicrobial activities of these rosemary extracts. We also
determined the antimicrobial activities of rosemary extracts on Campylobacter jejuni in
chicken meat. A combination of the V40 rosemary extract and pre-freezing of the chicken
meat reduced the C. jguni cell numbers by more than 2 log units. The antimicrobial
activities of rosemary extracts against vegetative cells and spores of Alicyclobacillus
acidoterrestris in apple juice were also determined, as well as on the sensory properties of
the apple juice. The in-vitro MICs of the rosemary extracts did not change the sensory
properties of the apple juice, although they also had no effects the A. acidoterrestris spores.
Thus, the spores can germinate and form vegetative cells even in the presence of these
rosemary extracts. However, the rosemary extracts then inhibited A. acidoterrestris cell
growth and reduced their vegetative cell numbers. These data indicate that rosemary
extracts represent an alternative method for food conservation. Before their use in foods,
however, the factors that affect the antimicrobial activities of the extracts should be
specifically tested.
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1 PREDSTAVITEV PROBLEMATIKE IN HIPOTEZE
11 PREGLED OBJAV
1.1.1 Predstavitev izbranih patogenih bakterij in kvarljivcev

Bolezni oz. okuzbe, povzroCene s hrano, predstavljajo velik javnozdravstveni problem.
Okuzbe s hrano oz. Crevesne nalezljive bolezni lahko povzroCajo bakterije, virusi ali
paraziti (Newell in sod., 2010). Med okuzbami, povzroCenimi s hrano, predstavljajo zelo
pomemben deleZ zoonoze, ker jih je tezko zajeziti ravno zaradi vira okuzb (Todd, 2014).
Zoonoze so okuzbe, ki se prenaSajo iz zivali na Cloveka preko direktnega kontakta ali
preko kontaminiranih Zivil (Christou, 2011). Med glavnimi povzrocCitelji okuzb s
kontaminiranimi zivili so ze vrsto let bakterije rodov Campylobacter in Salmonella ter
bakterije vrste Escherichia coli. Zaradi resnosti okuzb so velik problem tudi bakterije vrste
Listeria monocytogenes (Newell in sod., 2010). Med pomembne patogene bakterije, ki se
prenasajo s hrano, Stejemo tudi bakterije vrst Bacillus cereus in Staphylococcus aureus
(Todd, 2014).

Glede na porocilo Evropske agencije za varno hrano (EFSA) in Uprave RS za varno hrano,
veterinarstvo in varstvo rastlin (UVHVVR) za leto 2013 je v Evropski uniji in Sloveniji
med zoonozami najbolj pogosta kampilobakterioza, ki jo povzroCajo bakterije rodu
Campylobacter, v vecini primerov so to bakterije vrst C. jgjuni in C. coli. Bakterije so bile
v veCini primerov izolirane iz mesa in koze brojlerjev (EFSA, 2015; UVHVVR, 2014).
Bakterije rodu Campylobacter so spiralno zavite, gramnegativne bakterije. Za rast
potrebujejo mikroaerofilno atmosfero s 5 % koncentracijo Kisika in temperaturo 42 °C ter
so obcutljive na nizke vrednosti pH. Zaradi teh lastnosti se bakterije zunaj gostitelja 0z. na
hrani med predelavo ali skladiS¢enjem tezko razmnozujejo. Kljub temu, da so bakterije
termofilne, so obCutljive na visje temperature, kot so npr. pasterizacija ali razlicni drugi
postopki termicne obdelave (Ganan in sod., 2012; Park, 2002).

V letu 2013 so bile druge najpogostejSe okuzbe z zivili v Evropski uniji in Sloveniji
povezane z bakterijami rodu Salmonella. Prijavljenih primerov je bilo glede na prejsnje
leto manj, prav tako je v zadnjih 5 letih opazno upadanje primerov salmoneloze v Clanicah
Evropske unije. V Evropski uniji in tudi v Sloveniji med prijavljenimi primeri prevladujejo
serovari S Enteritidis, S Thypimurium in S Infantis. Najbolj pogost vir izoliranih bakterij
je bilo pis¢ancje meso, glavni vzrok za izbruhe okuzb s salmonelami pa so bila jajca in
jajéni izdelki. V letu 2013 je bilo v Evropski uniji najveC prijavljenih izbruhov,
povzroCenih s salmonelami (EFSA, 2015; UVHVVR, 2014). Bakterije rodu Salmonella so
gramnegativne, fakultativno anaerobne gibljive palCke, ki ne tvorijo spor. Z okuzbami s
salmonelami so povezana Zivila Zivalskega izvora, npr. perutnina, govedina, jajca, mleko
in izdelki iz teh zivil (Ray in Bhunia, 2008).

V letu 2013 je bilo v Evropski uniji in Sloveniji povecano Stevilo primerov obolenj, ki jih
povzroCajo bakterije vrste E. coli, ki tvorijo verotoksin. Najbolj pogosto izoliran serotip je
bil E. coli 0157, in sicer iz mesa prezvekovalcev (EFSA, 2015; UVHVVR, 2014).
Bakterije vrste E. coli so gramnegativne, fakultativho anaerobne, gibljive palCke in ne
tvorijo spor. Predstavljajo del normalne mikroflore prebavnega trakta ljudi ter toplokrvnih
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Zivali in ptiCev. Patogenih sevov vrste E. coli je veC, med njimi so najpomembnejSe
enterotoksigene E. coli (ETEC), enteropatogene E. coli (EPEC), enteroinvazivne E. coli
(EIEC) in enterohemoragicne E. coli (EHEC). Med enterohemoragicnimi je najbolj pogost
serotip E. coli O157:H7 (Ray in Bhunia, 2008).

V porastu je tudi Stevilo prijavljenih primerov obolenj z bakterijami vrste Listeria
monocytogenes. V primerjavi s prijavljenimi primeri kampilobakterioz in salmoneloz je
Stevilo prijavljenih listerioz majhno, vendar je smrtnost pri teh obolenjih vecja (EFSA,
2015; UVHVVR, 2014). Bakterije vrste L. monocytogenes so grampozitivne, fakultativno
anaerobne bakterije, ki ne tvorijo spor in so v razlicnih naravnih okoljih pogosto prisotne
(Allen in sod., 2016). Rastejo v Sirokem temperaturnem obmocju, med -1,5 °C in 45 °C
(Lado in Yousef, 2007) in v razlicnih zivilih, kot so npr. mleko in mlecni izdelki, meso in
mesni izdelki, morska hrana in tudi listnata zelenjava (Gandhi in Chikindas, 2007). Po
predvidevanjih je kar 99 % vseh primerov listerioze pri ljudeh posledica uzivanja
kontaminirane hrane. VeCinoma so to predpripravljene jedi, kot so npr. razne salame,
mleCni izdelki, prekajene ribe in morska hrana. Kljub temu, da so bakterije vrste L.
monocytogenes naceloma obcCutljive na delovanje antibiotikov in ostalih konvencionalnih
protimikrobnih snovi, se vseeno pojavljajo primeri odpornih sevov, predvsem izoliranih iz
Zivil oz. Zivilsko-predelovalne industrije (Allen in sod., 2016).

Okuzbe s hrano, ki jih povzroCajo bakterije vrste Staphylococcus aureus, Stejemo med
intoksikacije, ki so posledica delovanja enterotoksinov. Njihova pogostnost v zadnjih letih
upada, verjetno zaradi boljSih higienskih ukrepov, s katerimi omejimo kontaminacijo in
rast teh bakterij. Bakterije vrste S aureus so grampozitivni koki. V Zivilih bakterije rastejo
in tvorijo toksine, ne da bi spremenile senzoricne lastnosti Zivil, kot so npr. meso in mesni
izdelki, solate, solatni prelivi in siri (Ray in Bhunia, 2008).

Bakterije vrste Bacillus cereus so grampozitivne, fakultativno anaerobne gibljive palCke in
tvorijo endospore. Vegetativne celice so obcutljive na visje temperature, kot npr. pri
postopku pasterizacije, medtem ko spore prezivijo temperature, ki se obi¢ajno uporabljajo
pri pripravi hrane. Bakterije vrste B. cereus povzroCajo toksikoinfekcije, saj tvorijo
toksine, med katerimi sta najbolj pomembna emeticni in diarealni toksin. Veliko Zivil
lahko vsebuje majhno Stevilo spor, ki pa ob zauzitju ne povzrocajo tezav. Pri vzklitju spor
in namnozitvi vegetativnin celic pa le-te lahko povzroCijo obolenje. Z okuzbami so
povezana razli¢na Zivila, med njimi zelenjava, solate, meso, omake ter riz (Ray in Bhunia,
2008).

Poleg varnosti hrane, na katero lahko vplivajo patogene bakterije, je pomembna kakovost
hrane. Na kakovost hrane vplivajo razli¢ni dejavniki, ki povzrocajo kvar, tako kemijski,
fizikalni in tudi mikrobioloski. Med njimi je pomemben mikrobioloski kvar, zaradi
katerega kljub Stevilnim poznanim naCinom konzerviranja hrane propadejo velike koliCine
hrane. Kvarjenje hrane se lahko pojavi ze pri surovinah, med predelavo, skladis¢enjem ali
distribucijo (Gram in sod., 2002; Holley in Patel, 2005; Tajkarimi in sod., 2010).
Konzerviranje zivil je bilo za obstoj in prezivetje ¢loveka nujno ze od nekdaj, prvi postopki
so vkljuCevali suSenje, soljenje, segrevanje in fermentacije (Gram in sod., 2002). Poleg teh
metod se za podaljSevanje obstojnosti in za zagotavljanje varnosti Zivil zelo veliko
uporablja shranjevanje pri nizkih temperaturah, zamrzovanje, pasterizacija, omejevanje
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dostopnosti hranil, dodatek sinteti¢nih protimikrobnih snovi ter v novejSem Casu pakiranje
v modificirani in kontrolirani atmosferi. Vseeno pa razlicni ukrepi niso dovolj in
mikrobioloSki kvar in prisotnost patogenih mikroorganizmov Se vedno ostajata problem
(Holley in Patel, 2005; Negi, 2012; Tajkarimi in sod. 2010).

Med kvarljivci so pomembne bakterije rodu Alicyclobacillus, ki povzrocajo kvar predvsem
razlicnih sadnih pijac¢, med katerimi je najveC primerov kvara v jabol¢nem soku. Bakterije
rodu Alicyclobacillus so aerobne, termofilne, acidofilne grampozitivne bakterije, ki tvorijo
endospore. Pomembna znaCilnost je prisotnost w-aliciklicnih mascobnih Kkislin, ki
predstavljajo vecji del mascobnih kislin v celicni membrani. Kljub temu obstaja nekaj vrst,
ki nimajo take masCobnokislinske sestave (Smit in sod., 2011). Bakterije rodu
Alicyclobacillus predstavljajo problem predvsem zaradi acidofilnih lastnosti in tvorbe spor,
saj so zaradi tega bolj odporne na toplotno obdelavo, kot je npr. pasterizacija. Prav tako
lahko prezivijo v kislem okolju in povzroCajo kvar pasteriziranih sadnih sokov. Kvar
sadnih pijaC oz. sokov se kaZze predvsem kot spremenjena aroma, brez tvorbe plina, lahko
pride do tvorbe usedline oz. pojava motnosti. Kljub tem spremembam pa obic¢ajno ne pride
do vecjih sprememb v prehranski vrednosti izdelka (Chang in Kang, 2004).

1.1.2 Naravne protimikrobne snovi

Protimikrobne snovi se uporabljajo za konzerviranje hrane oz. za kontrolo rasti kvarljivcev
hrane, ki vplivajo na kakovost hrane, saj s svojimi metabolnimi produkti ali encimi
poslabsajo vonj, okus, teksturo in barvo zivila. Po drugi strani se uporabljajo za
prepreCevanje oz. kontrolo rasti patogenih bakterij, ki povzrocajo zastrupitve s hrano, s
Cimer se zagotovi varnost zivil (Negi, 2012; Tajkarimi in sod., 2010).

Glede na izvor protimikrobne snovi lahko delimo na tradicionalna oz. naravna in
sintetiCna. Kot tradicionalna lahko imenujemo protimikrobne snovi, ki so v uporabi Ze
dolgo Casa in jih veCina drzav dovoljuje za konzerviranje hrane. Nekatere sintetiCne
protimikrobne snovi lahko najdemo tudi v naravi, med njimi so npr. benzojska, citronska in
jabolcna kislina. Prenekateri postopki za zagotavljanje mikrobioloSke varnosti zivil lahko
poslab$ajo senzoriCne lastnosti teh Zivil in s tem posledicno zmanj$ajo sprejemljivost pri
potrodnikih. Zelja dana3njih potrodnikov so &im manj obdelana Zivila in Zivilski izdelki ter
minimalna uporaba sicer dovoljenih sinteticnih aditivov. Pri vsem tem pa mora ostati
zagotovljena varnost zivila. Zaradi moznih negativnih stranskih ucinkov sintetiCnih
aditivov na zdravje, se v zadnjem Casu pojavlja trend uporabe naravnih protimikrobnih
snovi (Negi, 2012). Naravne protimikrobne snovi lahko glede na izvor delimo na rastlinske
(npr. izvlecki, etericna olja), Zivalske (npr. hitozan, lizocim) in mikrobne (npr.
bakteriocini) (Tiwari in sod., 2009). Med rastlinske protimikrobne snovi priStevamo
zaCimbe in zelisCa ter njihove izvleCke in eteri¢na olja. ZaCimbe in zelisCa se tradicionalno
uporabljajo za izboljSanje okusa, vonja in barve zivil. Poleg tega pa imajo lahko tudi
protimikrobno in antioksidativno delovanje in se z njihovo uporabo lahko podaljsa rok
trajanja zivil (Gyawali in lbrahim, 2014; Negi, 2012; Tajkarimi in sod., 2010). Velik
problem predstavlja tudi odpornost bakterij na protimikrobna zdravila, saj se v zadnjem
Casu pojavlja vedno veC primerov na razlicne antibiotike odpornih bakterij (EFSA, 2012;
UVHVVR, 2014). Rastlinski izvlecki in njihove posamezne spojine lahko na odporne seve
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bakterij vplivajo ne samo s protimikrobnim delovanjem, temvec tudi tako, da vplivajo na
mehanizme odpornosti teh bakterij (Friedman, 2015).

Potrosniki so vedno bolj ozavesCeni in si zelijo naravnih sestavin hrane, zato je pomembno
iskanje novih alternativnih protimikrobnih snovi. Na tem mestu naravne protimikrobne
snovi lahko pomagajo, saj rastline same proizvajajo Stevilne protimikrobne metabolite, ki
jih uporabljajo za obrambo pred Skodljivimi vplivi mikroorganizmov iz okolja. Ljudje so
rastline uporabljali za zdravljenje razlicnih bolezni in okuzb Ze davno pred odkritjem in
uporabo antibiotikov. Sestavine rastlinskega izvora so tudi danes prisotne v Stevilnih
zdravilih, saj so kemijsko zelo raznolike in zato zelo primeren in uporaben vir spojin.
Spojine, prisotne v rastlinskih izvleckih, se po strukturi razlikujejo od antibiotikov in imajo
zato drugaCen mehanizem delovanja (Gibbons, 2008).

V medicinske namene se uporablja med 14 in 28 % visjih rastlin, kar pomeni, da je veliko
rastlinskih vrst Se neraziskanih. Sekundarni metaboliti rastlin so tisti, ki so odgovorni za
razlicne pozitivne ucinke rastlinskih izvleCkov, naj bo to protimikrobno ali pa
antioksidativno delovanje. Pri rastlinskih izvleckih gre obiCajno za meSanico razli¢nih
spojin z razlicnim delovanjem in zato protimikrobno delovanje ni povezano samo z eno
spojino, ampak obicajno s kombinacijo teh sekundarnih metabolitov (Ncube in sod., 2008).
Protimikrobni ucinek je obicajno boljsi, ce kombiniramo veC protimikrobnih snovi, kot pa
Ce uporabimo samo eno, saj doloCenih mikroorganizmov ne moremo inhibirati z obicajno
0z. dovolj nizko koncentracijo snovi (Negi, 2012). Protimikrobne spojine v rastlinskih
izvleckih ali kombinacijah razli¢nih izvleCkov lahko delujejo sinergisticno, antagonisti¢no
ali aditivno. Rastlinske izvleCke lahko kombiniramo tudi z antibiotiki ali kemoterapevtiki
in na ta naCin dosezemo sinergisticni ucinek (Wagner in Ulrich-Merzenich, 2009). Primer
so eksperimenti in vitro s kombinacijami nekaterih antibiotikov ter ksantohumula in
lupulona, sestavinama izvlecka hmelja, ki so pokazale skupni ucinek (Natarajan in sod.,
2008) ter npr. kombinacija izvleCka origana in brusnic (Apostolidis in sod., 2008).
Kombinacije rastlinskih izvleCkov z nizinom so lahko prav tako ucinkovite in lahko
bistveno izboljSajo delovanje izvleCkov, kot se je pokazalo v primeru izvlecka
vednozelenega gornika. lzvleCek sam ni imel protimikrobnega ucinka na preiskovane
bakterije, v kombinaciji z nizinom pa se je ucCinkovitost izvleCka na grampozitivne
bakterije izboljsala (Dykes in sod., 2003). Zanimiv primer je tudi kombiniranje nizina z
eteriCcnim oljem timijana, ki na grampozitivne bakterije vrste L. monocytogenes deluje
sinergisticno. Na gramnegativne bakterije vrste E. coli O157:H7 je taka kombinacija
delovala aditivno (Solomakos in sod., 2008a, 2008b).

Veliko raziskav je bilo opravljenih na izvleCkih iz Ze poznanih in Siroko uporabljenih
zaCimb in zeliS¢, kot so npr. izvleCki roZmarina, origana, Zajblja, nageljnovih Zzbic, zelene,
popra, lovorovih listov (Mufioz in sod., 2009; Witkowska in sod., 2013). Zanimivi pa so
tudi izvlecki in etericna olja iz manj poznanih rastlin, kot so npr. Garcinia quaesita,
Alpinia galanga, Eucalyptus staigerana, Tasmania lanceolata (Weerakkody in sod., 2010)
in gorskega jeticnika (Veronica montana) (Stojkovi¢ in sod., 2013) ali pa polifenolne
spojine iz olivnega olja in kakava (Bubonja-Sonje in sod., 2011). Med poznanimi
zaCimbami sta dobro raziskana tudi izvleCek in etericno olje roZmarina. RoZmarin
(Rosmarinus officinalis L.) je Siroko uporabljena zaCimba. Listi rozmarina se uporabljajo
ali svezi, ali pa posuSeni tako v kulinari¢ne, kot tudi v medicinske namene, predvsem v
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ljudski medicini (Ribeiro-Santos in sod., 2015). V Evropski uniji je izvleCek rozmarina
klasificiran kot aditiv s Stevilko E392. Pod to Stevilko spadajo samo deodorizirani izvlecki,
ki vsebujejo karnozolno kislino in karnozol. Poleg Evropske unije, imajo podobno
klasifikacijo Se na Japonskem in Kitajskem, medtem ko v ostalih drzavah izvleCek
rozmarina ni zaveden kot aditiv za Zivila. Karnozolna kislina naj bi bila tudi najbolj
pomembna ucinkovina izvleCka rozmarina in odgovorna za njegovo protimikrobno in
antioksidativno delovanje (Birti¢ in sod., 2015), razlicne Studije so dokazale njegovo
protimikrobno in antioksidativno delovanje in vitro (Bilas in sod., 2012; Lemos in sod.,
2015; Weerakkody in sod., 2010).

Med proizvodnjo Zivil, predvsem sadja, nastaja velika koliina stranskih oz. odpadnih
produktov, kot so npr. tropine, semena, olupki, kaSe in lusCine. Ti produkti so lahko dober
vir mineralov, organskih kislin in fenolnih spojin s protimikrobnim delovanjem.
Koncentracija teh spojin je v odpadnih produktih lahko vecja, kot pa v uporabnih delih
sadja in zelenjave. Z uporabo odpadnih produktov in njihovih fenolnih spojin lahko na
ekonomsko bolj ugoden nacin zagotovimo oz. izboljSamo varnost zivil (Gyawali in
Ibrahim, 2014). Dober primer tega so stranski produkti pri pridelavi vina, kot so koZice in
pecke (Friedman, 2014; Katalini¢ in sod., 2010).

Vecina izvleCkov, ki bi bili lahko uporabni v zivilih, je v ¢loveski prehrani uporabna ze na
tisoCe let. Kljub temu pa za vse te izvleCke obicajno ni toksikoloskih informacij glede npr.
priporoCenega dnevnega vnosa. Take in tudi druge toksikoloSke informacije glede
izvleCkov pa tezko pridobimo, saj izvleCki niso standardizirani, sestava posameznih
izvleCkov se razlikuje in je odvisna od sorte, geografske lege, uporabljenega dela rastline,
starosti rastline, pogojev rasti, metode ekstrakcije ali suSenja, priprave, pakiranja in
shranjevanja (Negi, 2012).

Spojine rastlinskega izvora imajo tudi svoje pomanjkljivosti, saj trzno niso dovolj zanimive
0z. donosne in se veCja farmacevtska podjetja raje ukvarjajo s proizvodnjo donosnejSih
zdravil (Gibbons, 2008). Ena od vecjih pomanjkljivosti so visoke koncentracije, pri katerih
se pokaze protimikrobna ucinkovitost. Protimikrobno delovanje tudi ni osredoto¢eno samo
na eno tarCo, saj spojine rastlinskega izvora delujejo na razlicna mesta v celici in na
membrani. Obicajno se rastlinske izvleCke smatra za neSkodljive in netoksi¢ne produkte,
ne glede na uporabljeno koncentracijo. Vseeno je pri takem predvidevanju potrebna
previdnost, saj imajo tudi rastline in njihovi izvlecki lahko Skodljive stranske ucinke
(Radulovi¢ in sod., 2013).

Med naravne protimikrobne snovi spadajo tudi razlicne spojine, ki jih tvorijo
mikroorganizmi. Mle¢nokislinske bakterije tvorijo peptide, imenovane bakteriocini, ki se
lahko uporabljajo za zagotavljanje varnosti zivil. Med bakteriocini je najbolj raziskan
nizin, ki je tudi edini odobren za uporabo kot protimikroben dodatek v Zivilih. Ima Sirok
spekter delovanja in je uCinkovit proti grampozitivnim bakterijam in bakterijskim sporam,
ki jih tvorijo bakterije rodov Bacillus in Clostridium. Spore so na delovanje nizina bolj
obcutljive kot vegetativne celice (Deegan in sod., 2006).
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1.1.3 Mehanizmi protimikrobnega delovanja rastlinskih izvleCkov

Rastlinski izvleCki imajo Sirok spekter uporabe v Zivilski industriji, nekateri izvlecki imajo
status GRAS (ang. Generally recognized as safe). Poleg protimikrobnega delovanja imajo
rastlinski izvlecki tudi antioksidativno in antimutageno delovanje ter inhibirajo oksidacijo
mascob v Zivilih. Za protimikrobno delovanje izvleCkov je odgovorno veliko Stevilo
razlicnih komponent, vendar pa mehanizem delovanja polifenolnih komponent Se ni to¢no
poznan (Negi, 2012). Protimikrobne spojine rastlinskega izvora so v vecini sekundarni
metaboliti rastlin, pretezno so to fenoli in derivati fenolov — fenolne kisline, kinoni,
saponini, flavonoidi, tanini, kumarini, terpenoidi in alkaloidi. Razlike v strukturi in
kemijski sestavi teh spojin pomenijo tudi razliko v protimikrobnem delovanju. Hidroksilna
skupina v fenolnih spojinah naj bi bila odgovorna za inhibitorno delovanje, saj lahko ta
skupina vpliva na celicno membrano bakterij in porusi strukturo membrane in tako sprozi
iztekanje celicne vsebine. Hidroksilne skupine naj bi se tudi vezale na aktivne dele
encimov in vplivale na metabolizem mikroorganizmov. Pomembno je tudi mesto
hidroksilne skupine in mesto dvojnih vezi, ki prav tako vpliva na ucinkovitost (Gyawali in
Ibrahim, 2014). Protimikrobna ucinkovitost fenolnih spojin (in ostalih protimikrobnih
sekundarnih metabolitov) obicajno narasca z njihovo narascajoco lipofilnostjo (Radulovic
in sod., 2013). Prav tako so praviloma gramnegativne bakterije manj obcutljive od
grampozitivnih zaradi lipopolisaharidne zunanje membrane, ki omeji prehajanje
hidrofobnih spojin (Davidson in sod., 2015; Negi, 2012; Tajkarimi in sod., 2010).

Protimikrobni uCinek fenolnih spojin je odvisen tudi od koncentracije, saj pri nizkih
koncentracijah fenolne spojine vplivajo na delovanje encimov, predvsem tistih, ki so
vezani na produkcijo energije. Pri visokih koncentracijah pa fenolne spojine povzrocijo
denaturacijo beljakovin. Lahko motijo funkcije membrane, kot so npr. elektronski
transport, privzemanje hranil, sinteza proteinov in nukleinskih kislin ter encimska aktivnost
(Tiwari in sod., 2009).

Mehanizem delovanja bakteriocina nizina je bolj poznan in raziskan. Nizin ima Sirok
spekter delovanja na grampozitivne bakterije. Na vegetativne celice deluje tako, da tvori
pore v citoplazmatski membrani in tako porusi pH ravnovesje. Pride do iztekanja ionov in
hidrolize ATP ter smrti celice (Deegan in sod., 2006). Na gramnegativne bakterije nizin
nima ucinka, saj njihova zunanja membrana prepre€i dostop nizina in s tem njegovo
delovanje na citoplazmatsko membrano (Thomas in Delves-Broughton, 2005). Bakterijske
spore aliciklobacilov so na delovanje nizina bolj obCutljive kot vegetativne celice, vendar
je delovanje nizina odvisno od vrednosti pH medija in seveda od vrste medija 0z. sadnega
soka (YYamazaki in sod., 2000).

1.1.4 Metode dolocanja protimikrobne ucinkovitosti

Rezultati razlicnih Studij protimikrobnega delovanja rastlinskih izvleCkov so med sabo
tezko primerljivi, saj na dobljene rezultate vpliva veC dejavnikov. Na ucCinkovitost
izbranega izvleCka vplivajo okoljski in podnebni dejavniki med rastjo rastline ter razlicne
metode ekstrakcije, razlicna laboratorijska gojis5a za gojenje preiskovanih
mikroorganizmov, velikost zaCetnega Stevila mikroorganizmov, uporaba razlicnih
emulgatorjev in seveda izbira metode za doloCanje protimikrobne ucinkovitosti ter
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interpretacija rezultatov. Rezultate protimikrobne ucinkovitosti lahko podamo kot
minimalno inhibitorno koncentracijo (MIK) ali kot minimalno baktericidno koncentracijo
(MBK), Kkjer pa obstaja veC razlicnih definicij (Burt, 2004; Tajkarimi in sod., 2010). Za
ustrezno in s tem pravilno doloCanje protimikrobne ucinkovitosti so potrebne ustrezne
metode. Za zmanjSanje vpliva razlicnih metod testiranja je zato potrebna standardizacija
postopkov testiranja (Das in sod., 2010).

Za doloCanje obcutljivosti bakterij in vitro na tradicionalne antibiotike obstaja veC
protokolov oz. priporoCil. S tem se ukvarjajo razli¢ne institucije, npr. CLSI - Institut za
klinicne in laboratorijske standarde, BSAC - Britansko zdruzenje za protimikrobno
kemoterapijo in EUCAST - Evropski komite za doloCanje protimikrobne ucinkovitosti.
Vse priporocene metode se lahko za uporabo oz. doloCanje protimikrobne ucinkovitosti
rastlinskih izvleCkov ustrezno prilagodijo (Tan in Lim, 2015; Wiegand in sod., 2008).

Metode za doloCanje protimikrobne ucinkovitosti lahko razdelimo na metode difuzije in
metode razredCevanja. Pri metodah difuzije so najbolj pogosto uporabljene metoda difuzije
v trdnem gojiScu z diski in z luknjicami (Ncube in sod., 2008). Metoda difuzije z diski je
ena od prvih in tudi najbolj uporabljenih metod za doloCanje protimikrobne ucinkovitosti.
Razlog za tako mnoZi¢no uporabo je enostavna in ekonomsko ugodna izvedba. Primerna je
predvsem za polarne spojine, medtem ko nepolarne spojine tezko prehajajo in tako lahko
dobimo lazno negativne rezultate. Prav tako ne moremo povezati koncentracije izbranega
protimikrobnega izvleCka z premerom con okrog diskov (Tan in Lim, 2015). Metoda
difuzije z diski ali luknjicami je kvalitativen test, primerna za hiter in enostaven pregled
ucinkovitosti rastlinskih izvleCkov (Burt in Reinders, 2003; Hammer in sod., 1999; Tan in
Lim, 2015) in je Se danes v uporabi za doloCanje protimikrobne ucinkovitosti naravnih
protimikrobnih snovi (Abdollahzadeh in sod., 2014; Djenane in sod., 2011; Tan in Lim,
2015).

Metode razredCevanja delimo glede na lastnosti uporabljenega gojis€a. Pri metodi
razredCevanja v trdnem gojiSCu preiskovan izvleCek o0z. spojino zmeSamo z ustreznim
trdnim gojisCem ter dodamo izbrano kulturo. S to metodo lahko dolo¢imo minimalno
inhibitorno koncentracijo kot najnizjo koncentracijo, pri kateri ni bilo vidne rasti na gojiscu
(Cos in sod., 2006). Pri metodi razredCevanja v tekoCem gojisCu prav tako preiskovan
izvleCek zmeSamo z ustreznim tekoCim gojisCem in dodamo izbrano kulturo. Rezultat
lahko ovrednotimo z merjenjem absorbance ali metodo Stetja kolonij na trdnem gojiscu
(Burt, 2004).

Primerna metoda za kvantitativno doloCanje ucinkovitosti izvleCkov je metoda
razredCevanja v tekoCem gojisCu, izvedena v miktoritrski plosCici — metoda razredCevanja
v mikrotitrski plosCici. Metoda v zadnjem Casu pridobiva na Siroki uporabnosti, saj s to
metodo lahko doloCimo tako vrednosti MIK, kot tudi vrednosti MBK. Kljub temu ima tudi
ta metoda doloCene pomanjkljivosti, predvsem lahko tezavo povzroCajo nepolarne spojine
in izvleCki. Ta problem se lahko reSi z uporabo razli¢nih topil, kot sta metanol ali DMSO
(dimetil sulfoksid). Kljub temu lahko dolocCeni izvlecki tvorijo oborino (Tan in Lim, 2015).
Vrednosti MIK pri metodi razredCevanja v mikrotitrski plos€ici ovrednotimo na vec
nacinov, npr. z vizualnim pregledom in doloCanjem vrednosti MIK na podlagi motnosti
(Djenane in sod., 2011; Weerakkody in sod., 2010), lahko tudi s pregledom vzorcev pod
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mikroskopom (Stojkovi€ in sod., 2013) ter z merjenjem absorbance pri razli¢nih valovnih
dolzinah (Othman in sod., 2011; Rivas in sod., 2010; Techathuvanan in sod., 2014). Zaradi
obarvanosti izvleCkov in prisotnosti oborin je tako doloCanje vrednosti MIK lahko netocno.
V ta namen se za odCitavanje rezultatov uporablja indikatorje (Tan in Lim, 2015; Valgas in
sod., 2007). Za doloCanje metabolne aktivnosti se kot indikator lahko uporablja
tetrazolijeve soli (Eloff, 1998; Palaniappan in Holley, 2010; Valgas in sod., 2007) ali
resazurin (Mann in Markham, 1998; Sarker in sod., 2007). Pri dolo€anju protimikrobnega
ucinka izvleCkov je pomembno spremljanje kinetike prezivetja oz. odmiranja bakterij, v
odvisnosti od Casa, kjer doloCimo tudi hitrost in trajanje protimikrobnega ucinka. V ta
namen uporabimo metodo razredCevanja v tekoCem gojisCu, Kjer ucCinek izvleCkov ob
dolocenih ¢asovnih intervalih dolo¢imo z merjenjem absorbance ali metodo Stetja kolonij
na trdnem gojiscu (Burt, 2004).

1.1.5 Uporaba naravnih protimikrobnih snovi v zivilih

Primarno se zaCimbe in zeliS¢a dodaja hrani za izboljSanje okusa, arome in vonja. Zaradi
svojega protimikrobnega delovanja pa lahko podaljSajo obstojnost Zzivil. Pri izbiri
protimikrobnih snovi je potrebno upostevati skladnost dodatka z Zivilom, njegovo varnost
ter naCine konzerviranja in obstojnost dodanih snovi pri teh razmerah (Holley in Patel,
2005). Na delovanje rastlinskih protimikrobnih snovi vplivajo njihove kemijske lastnosti,
kot so npr. hidrofobnost, topnost, hlapnost. Na ucinkovitost v zivilih bistveno vplivata
vrednost pH in polarnost protimikrobne snovi. Poleg tega so pomembne Se intrinzicne
lastnosti zivil, kot so vrednost pH, vsebnost mascob, beljakovin, vode, antioksidantov,
konzervansov ter fizikalna struktura Zivila, in ekstrinzi¢ne lastnosti, kot je npr. temperatura
skladisCenja. Obicajno se za doseganje protimikrobnega ucinka v zivilih porabi vec
poskusi in vitro) (Negi, 2012; Tajkarimi in sod., 2010). Razlog za to je dejstvo, da so
hidrofobna eteriCcna olja topna v masCobnem delu Zivila. Bakterije se nahajajo v
hidrofilnem delu Zivila in je zaradi take porazdelitve moznost kontakta med etericnim
oljem oz. protimikrobno snovjo in bakterijskimi celicami zmanjSana (Corbo in sod., 2009).
Rastlinski izvlecki in etericna olja so bolj u€inkovita v sadju in zelenjavi, saj taka Zivila
vsebujejo manj mascob in imajo niZjo vrednost pH (Tajkarimi in sod., 2010).

Na stabilnost rastlinskih protimikrobnih snovi vpliva toplotna obdelava kot je sterilizacija,
pasterizacija in suSenje. Kljub temu pa niso vse spojine enako obcutljive na toplotno
obdelavo, saj je pri nekaterih opazno boljSe delovanje po toplotni obdelavi 0z. nastajajo pri
tem nove spojine, ki ohranijo ali pa celo izboljSajo delovanje izvleCkov. Toplotna
obstojnost rastlinskih protimikrobnih snovi je odvisna tudi od vrste Zivila, ki smo ga Zeleli
obdelati z naravnimi izvlegki. Ce so v Zivilskem matriksu Ze prisotne druge polifenolne
spojine in antioksidanti, lahko le-te pomagajo in ohranijo stabilnost in delovanje dodanih
izvleCkov (Negi, 2012).

Testiranja v zivilih zahtevajo drugacno obravnavo, saj so odvisna od nekaterih dejavnikov,
Ki jih v testiranjih in vitro ne zajamemo ali obravnavamo. TeZave oz. dejavniki, zaradi
katerih je uporaba naravnih protimikrobnih snovi omejena, so znacCilen in izrazit vonj in
okus, kar je Se posebej izrazito pri visokih koncentracijah. Problem lahko predstavlja tudi
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topnost teh snovi v Zivilskih matriksih in njihova cena. Zato je del do sedaj raziskanih
izvleCkov, ki so zares uporabni v zivilih, majhen (Gyawali in Ibrahim, 2014; Tajkarimi in
sod., 2010).

Rast in razmnoZevanje mikroorganizmov v hrani je odvisno od razli¢nih dejavnikov.
Intrinzicni dejavniki, ki vplivajo na mikroorganizme, se navezujejo na karakteristike zivila.
Med te dejavnike pristevamo dostopnost hranil, naravno prisotne ali dodane protimikrobne
snovi, dostopnost vode oz. vrednost aw in pH, struktura zivila. Ekstrinzicni dejavniki so
dejavniki iz okolja, ki vplivajo na rast mikroorganizmov. Med temi so pomembni nacin
pakiranja in atmosfera, temperatura in razmere skladiscenja (IFT/FDA, 2003).

Pri izbiri protimikrobnih snovi je potrebno upoStevati te dejavnike in tudi samo sestavo
Zivila. Pomembna je vsebnost beljakovin, mascob in ogljikovih hidratov v Zivilu, ki mu
dodajamo rastlinske izvleCke oz. etericna olja (Davidson in sod., 2015). Ucinkovitost
naravnih protimikrobnih snovi lahko preverimo najprej v modelnih Zivilih in Sele nato
naprej v zivilih. Tako lazje ocenimo ucinkovitost protimikrobnih snovi in predvidimo,
kaksna bo ucinkovitost v Zivilu (Gutierrez in sod., 2009).

IzvleCki roZzmarina so pokazali dober protimikroben ucCinek na bakterije wvrste L.
monocytogenes v modelu brokolija (Mufioz in sod., 2009), bakterije vrst E. coli, L.
monocytogenes, in S. Enteritidis v listnati zelenjavi (de Medeiros Barbosa in sod., 2016) ter
na skupno Stevilo aerobnih bakterij v piscancjih hrenovkah (Riznar in sod., 2006) in ribjem
fileju (Gao in sod., 2014). Kombinacija izvleCka roZzmarina in nizina je bistveno podaljSala
rok trajanja ribjih filejev, hranjenih pri 4 °C, saj je zavrla rast bakterijske mikrobiote filejev
(Gao in sod., 2014).

1.1.6 Vpliv naravnih protimikrobnih snovi na senzoric¢ne lastnosti Zivila

Ena glavnih pomanjkljivosti uporabe naravnih protimikrobnih snovi je njihova visoka
koncentracija, ki jo je potrebno dodati v Zivila, da bi dosegli Zeleni protimikrobni uCinek.
Rastlinski izvlecki in etericna olja lahko spremenijo okus in vonj zivil. Ta sprememba je
obicajno negativna in nezazelena, v nekaterih primerih pa lahko tudi pozitivna in s tem
zazelena (Davidson in sod., 2015). Primer je raziskava vpliva etericnega olja timijana v
mletem ribjem mesu. Etericno olje timijana je bilo senzoriéno nesprejemljivo v
koncentracijah, ki so imele protimikrobni uCinek na bakterije vrste L. monocytogenes v
mletem ribjem mesu. Nasprotno pa senzori¢no sprejemljiva koncentracija na bakterije v
mletem ribjem mesu ni imela dobrega protimikrobnega ucinka (Abdollahzadeh in sod.,
2014). Dodatek naravne protimikrobne snovi lahko celo izboljSa senzori¢ne lastnosti Zivila.
Primer je dodatek izvleCka rozmarina in nizina, ki sta v kombinaciji izboljSala senzori¢ne
lastnosti ribjih filejev (Gao in sod., 2014). Podoben primer je eteri¢no olje origana, dodano
v mleto ovCje meso. Vzorci z dodatkom 0,6 % in 0,9 % eteriCnega olja origana so bili
senzoricno sprejemljivi. Koncentracija 0,6 % eteriCnega olja origana je celo izboljSala
senzoricne lastnosti ovCjega mesa v primerjavi s kontrolo oz. z dodatkom visje
koncentracije eteriCnega olja origana (Govaris in sod., 2010).
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1.2 NAMEN RAZISKAV IN HIPOTEZE
1.2.1 Namen raziskav

Namen raziskav je bil:

- Ovrednotiti protimikrobne ucinkovitosti razlicnih rastlinskih izvleckov na izbrane
grampozitivne bakterije (S. aureus, B. cereus, L. monocytogenes, A.
acidoterrestris, A. hesperidum in A. cycloheptanicus) in gramnegativne bakterije
(Salmonella Infantis, E. coli 0157:H7, C. jgjuni, C. coli).

- Dolociti najbolj primerno metodo ter uporabo ustreznih indikatorjev metabolne
aktivnosti za doloCanje vrednosti MIK izbranih rastlinskih izvleCkov ter med
izbranimi izvlecCki doloCiti najbolj u€inkovite.

- Dolociti protimikrobno ucinkovitost izvleCkov roZmarina na grampozitivne
bakterije vrste L. monocytogenes in gramnegativne bakterije vrste E. coli v izbranih
modelih Zivil, ter doloCili kako na protimikroben ucinek vplivajo razli¢ni dejavniki,
kot so delez zivila, vrsta bakterij in zaCetno Stevilo bakterij, temperatura inkubacije
ter vrsta izvlecka.

- Preuciti kako na prezivelost izbranih bakterij vrste C. jeguni vpliva izvleCek
rozmarina in dodatek bakteriocina nizina v gojiScu, pis€an¢jem mesnem soku
(zivilski model) in piscanc¢jem mesu v kombinaciji z nizjo temperaturo inkubacije
(8 °C) infali kratkotrajnim predhodnim zamrzovanjem.

- Preuciti ucCinek izvleCkov rozmarina na senzoricne lastnosti jabolCnega soka in
dolociti ucinek izvleCkov rozmarina na rast vegetativnih celic in spor bakterij vrste
A. acidoterrestris v gojiscu, modelnem jabol¢nem soku in jabolcnem soku.

1.2.2 Hipoteze

Postavili smo naslednje hipoteze:

Hipoteza 1

Kvantitativno inhibicijo mikrobne rasti izraza vrednost MIK (minimalna inhibitorna
koncentracija), vendar je odvisna od uporabljene metode in ne odraza Kinetike
protimikrobnega delovanja.

Hipoteza 2
Boljsi bo ucinek rastlinskih izvleCkov na grampozitivne, kot na gramnegativne bakterije,
vendar je to odvisno od izvlecka (rastlinske vrste in naCina ekstrakcije).

Hipoteza 3

Protimikrobno delovanje je odvisno od medija, zato bo drugacno v razmerah in vitro
(laboratorijskem mediju), kot v izbranih zivilih (npr. mesnem soku, piS¢an¢jem mesu in
jabol¢nem soku).
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2 ZNANSTVENA DELA

2.1  VREDNOTENJE METOD DIFUZIJE IN RAZREDCEVANJA ZA DOLOCANJE
PROTIMIKROBNE UCINKOVITOSTI RASTLINSKIH 1ZVLECKOV

Klancnik A., Piskernik S., JerSek B., Smole Mozina S. 2010. Evaluation of diffusion and
dilution methods to determine the antibacterial activity of plant extracts. Journal of
Microbiological Methods, 81: 121-126

V raziskavi smo dolocCili protimikrobno ucinkovitost izbranih rastlinskih izvleCkov,
mesanic izvleCkov in posameznih kislin. Za doloCanje vrednosti MIK rastlinskih izvleCkov
smo pri eksperimentih uporabili metodo difuzije z diski, metodo razredCevanja v trdnem
gojisCu, metodo razredCevanja v tekoCem gojiSCu in metodo razredCevanja v mikrotitrski
plosCici. Med grampozitivnimi bakterijami smo izbrali bakterije vrst Bacillus cereus,
Listeria monocytogenes, Staphylococcus aureus in med gramnegativnimi bakterije vrste
Escherichia coli O157:H7, Salmonella Infantis, Campylobacter jegjuni, Campylobacter
coli. Metoda difuzije v trdnem gojiS€u z diski se je izkazala za uporabno samo kot
presejalna metoda, ki je primerna za uporabo pred kvantitativnim dolo¢anjem vrednosti
MIK z metodami razredCevanja. Za doloCanje protimikrobne uCinkovitosti je bila najbolj
ucinkovita metoda razredCevanja v mikrotitrski plosCici. Tetrazolijevi soli TTC (2,3,5-
trifenil tetrazolijev klorid) in INT (2-p-jodofenil-3-p-nitrofenil-5-fenil tetrazolijev klorid)
smo uporabili kot indikatorja Zivosti aerobnih bakterij, medtem ko smo za doloCanje
zivosti mikroaerofilnih bakterij rodu Campylobacter uporabili reagent BacTiter-Glo. S
krivuljami preZivetja smo ob dodatku rastlinskih izvleCkov spremljali kinetiko inaktivacije
bakterij. Tako smo vrednosti MIK, dobljene z metodo razredCevanja v mikrotitrski
plosCici, potrdili kot tiste koncentracije rastlinskih izvleCkov, ki so inhibirale rast
preiskovanih bakterij. Grampozitivne bakterije so bile najbolj obcutljive na delovanje
rastlinskih izvleCkov, med gramnegativnimi bakterijami so bile bakterije rodu
Campylobacter po obcutljivosti podobne grampozitivnim bakterijam. Ostale testirane
gramnegativne bakterije pa so bile na delovanje rastlinskih izvleCkov bolj odporne.
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The aim ol this stucly was o evaloate dilfusion and dilution methods e determining the antibacierial
activity of plant extracts and their mixtures. Several metheds for measurement of the miinimal inhibitory
concentration (MIC) of a plant extract are available. but there is no standard procedure as there s for
anmibiotics, We tested dilferent plant extracts, thelr mixmures and phenobic aclds on selected gram-positive
(Sropirplococcus dureus, Bocillus cefeny, and Lisrerta minocytogenss | and gram-pegative bactesia {Escherichio
catd QTIT:-HT, Salmsnetle nlants, Comgdlodicter feiuid, Elnlr.l_un!ufml.lrl call) with the disk dillusion, AgaAr
dilution, broth microdilution and macmadilution methods, The disk defusion method was appropnate only as
a preliminary soreening test prior to quantilatve MIC determination with dilutson methods, A comparnison aof
the results for MIC obiained by agar dilutien and broth microdilution was possible only [or gram-posithve
bacterla and mdicated the lattey av the most accurate way ol wssessang the antimdcrabial effect, The
mibiredilution method with TIC (235 wiphenyl emazalium chloride) e INT [2-p-odopheny|-3-p-
nitraphenyl-5-phenwyl etrazoliom chlorkde) o mdicate (he viability of acrobic bacteria was foumd 1o be
the best altermative approach. while enly ATP delermination was appropriale Tor micreacrophilic
Camgylobacter spp Using survival cunves the kinetics of bacterial inactivation en plant extract exposwre
wias folbowed for 24 b and in this way the MIC walues determined by the microdifution method were
conlirmed av the condentrations of extracts that inhibited hacterial growth, We suggest svaluation aof the
antibacierial activity of planl exiracts using the broth micnsdilulion method as a sl sooeenimyg method Tor
MIC determination and the macrodilution method at selected MIC valoes to confirm bacterial imactivation
Campylabacter spp. showed a similar sensitnaty to plant extracts as the tested gram-positivee bacierda, but 5
Infantis and E coli 0157:HY wera mare resistant
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1. Introduction

Just as evaluaclon of biological activity s essential for the
assessment of susceptibdiity to antibiotics, it 15 also necessary for
screening new antimicrobials  (ESCMID, 2000), MNatural products,
gither pure compounds or standardized plant escracts, provide
unlimited appostunities for novel and saltable additives and drug
treatments because of their unmatched range of chemical diversity
[Cos et al_ 2006; O'Bryan et al,, 2008). Seweral methods are currently
available to detect their anoimicrobial activity and since not all of
them are based on the same principbes. the results obtaimed are
infloenced not only by the method selected, but also by the
microorganisms used, and by the extraction methed or the degeee
of solubility of each test-compound {Valgas et al,, 2007 Tripoli et al,,
2007 ).

* Corresponding suthor. Tel: 43861423 11 41; bx; 3846 1 2806 42 46,
Emuoil oddress: anjaklancnia@id nm-la (A Klandngk),

DVGET-TMN3E - see frome matter © M0F Efsevier BV, Al nghts reserwd
chot= T R et O 0LAKR 00

Antimicrobial test systems should ideally be simple, rapid,
reproducible, inexpensive and maximize sample throughput in order
o cope with & varied number of extracts and fractions (Hostetoman
et al, 1997, The (LSl {NCCLS, 2003ab) has standardized the agar
dilution method for quantitative determination of anribiotics. Broth
dilution methods for inhibitory determination are alse recommended
by CLSI (MCCLS, 2003 ), using different principles to assess micrabial
giowil or its mbibiteon. Colodimetric methods coulld represent an
alternative approach, using tetrazolium salks as indicators, sinoe
bacteria convert them o coloured formazan derivacives that can be
quantified {johnson et al, 1985; Ellof, 19948; Grare er al., 2008 ). While
they are all good indicators of bactenal growth, difficulties ansing
because of awtofluorescence, salt reduction and the antioxidant
properties of plant products, especially for XTT (3'-[1-|{phenvia-
ik | -carbonyl |- 3. 4-terrazolium)-bis (4-methoxy-G-nitro}benzene-
sulfonic acid hydeate), TTC (2.3.5-triphenyl tetrazolivm chionide)
and resazurin, make them less suitable indicators for MIC assay
{Carson et al., 19%5; Mann and Markham, 1598 ; Hahman et al.. 208047,

Several antimicrobial compounds are extracted from easily
available sources, such as agricultural and horticultural crogs (eg.
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grapeviie, cithis hops, berfies, tea leaves o), or medicinal plants
such a3 pine, sage. rosemary, and many others (Natarajan & al,, 20068,
Sudjana et al. 200%). The aims of this study were: [i) to evaluate the
antibacterial activity of plant extracts as the minimal inhibitory
concenliation (MIC) by dilfusion amd dilution methods Tor gram-
positive (Staphylococous aurews, Bacilus cereus, Listeria moRocyto-
genes | and gram-negative bacteria (Satmonelln Infantis: Escherichie
coli D57 T, Carplobiecter jepen, Comprylabacer coli): (i) to discuss
and suggest some pecommendanons for the use of che most
appropriate methods and indicators for MIC determination by the
micredilution method and (ii] 1o use several extracts from the
tamigceme family {rosemary, sage) or of other origin (grape, olive.
citrus, hop, and tea) with different active compounds to examine the
suitability of the propesed method of testing natural antimicrobials,

2. Materials and methoeds
L1 Brctera streing mmd groweth condinions

Seven bacterial strains, namely B corens WSBC 10530 (clinical
molate), 5 ourews ATCC 25823 (clinical isolate), L moenocvtogenes
EMSE (IHM, Wikrzburg, Germany), 5. Infancis 209 {poultry meat
isodate), £ coli 0157 H7 2M] 129 (clinical isolate}, C fejuni ATCC 33560
(bovine faeces isolate) and C coli ATCC 33559 (pig laeces solate )],
were used for antbactenial testing. The cultivation/assay medium for
L monecytogeres amd E cofi 3157:HY was Tryptone 5oy Broth or Agar
(TSE, TSA, Croid, Hampskire, UK, for B coreus, S awreus and 5, Infantis
It was Biielles Hinton Brodh or Agar {MHE, MHA, Oxosd, Hampshire,
LK}, while for O, jepund and C coli defibrinated horse Mood 3% (Oxoid,
Hampshire, UK] was added to MHE or MHA. Bacterial coltures for
antimicrobial testing were prepared by picking celony from 24-h-old
IsaMHA plates and it was suspended in an appropriate mediom
(5 md). Cultures were grown aerobicably for 20 h and continuously
shaken at 100 rpm at 37 °C, while Compplebacter spp. were grown
microaerabically ar 42 °C, For antibacrerial acriviny issays 1 mLof sach
cultwre was dilured with TSE or MHE medium e 107-10% CALU/mL

A2 Marl extrncts gnd e phienelic acids

The present study included commercial rosemary extract foomala-
tions with camosic ackd (W15, V20, V400 V70 or rosmarinic acid (A15,
A0} as the main accive phenolic compound, grape seed, alive leaves,
green tea and sage extracts and extract mixtures of 11 V0 A40, Vi,
grape seed extract, V40 citris extract, V4Oiolive leaves extract, and
Val/hop exmmact {(Vitiva d.d, Markover Slevenia). Lyaphilized plang
extracts were dissalved in absaluce ethanol te prepare steck solutions
and were further diluted in appropriate media to working solution.
The activicy of carosic and rsmannic acids [ Chromades, Sana Ana
CA) was also tested,

2.3 Minimal mhibitory concemtration (MIC) determinotion

231, sk diffusion method

For the disk diffusion assay {NARMS, 2002 1 mL of each bacterial
suspenskon was uniformby spread on a solid growoh medinm ina Perrt
dish. Four sterile paper disks (6 mm in diameter; Becton, DBickinson &
Co.) were placed on the surface of each agar plate and were
witpregnated with 104l of the dibuted plant extract. Plates wise
incubated for 24 h under appropriate caltivatlon conditions. Antilac-
terial activiry as MIC was detenmined as the lowest concentration of
plamt extract or pure phenolic acid which produced an inhibition zone
dround o disk following the 24-h incubation [Valgas et al, 2007).
Disks impregnated with stenle distilbed water and ethanol served as
negative controls and a disk wirth an antibiotic [exyteoracycling or
nalidixic acid, Sigma-Aldrich GmbH, Steanheim, Germany | served as a
positive control. Replicas at each concentration were performed.

232 Agar ditution mcthod

Fr the agar diluion merhod rwe-fold serfal dibetions of plant
extracts or pure phenolic acids were made in moleen MHA or TSA
medivm coeled down to 45 °C o obgain the desired Gnal concentra-
tions, Bactersal suspensions (1 ml with 10°-10° CFLLmL) were then
ineculated on solid TSA (L monecytogenes and E coli 0157:HY) or
MHA (B cereuws, 5 mioeus and 5. Infantis ) or MHA mediam with 5%
defibrinated horse Mood (O jeuni and © colil, Agar plates were
ingubated aeratscally at 3% °C for 48 h for all resced bacrerial culnire
except for Campylobacter spp. that weere grown microaerobically ac
42 °C for 48 h. The MIC was defined as the lowest concentrstion of
plang extract of pure phenslic compound in solid media where no
growth was observed after 24 or 48 h (Weckesser et al, J007).
Megative controls included ethanol in amounts coresponding to the
highest quanticy present in the agar dilution assay. Inoculated agar
plates without added plant extract served as positive congrols.

A3, Hroth mleredifugion metleed

For the broth micredilution tese 50 pLof each bactersal suspension
in switable growth mediom was added to the wells of @ sterile 95-well
mvicratitre plate abready containing 50l of two-fobd serially difuted
plant exirace or pure phenolic acid in proper growth medium. The
final volume in each well was 100 pL Control wells were prepared
with cubiure medivim, bactenal suspension only, plant extracts only
and echanol in amounss correspanding o the highest quanticy
present. The contents of each well were mied on a microplace
shaker {Eppendor!, Hamburg, Germany ) ol 900 rpan for | min prior to
imeabaticn for 24 ity coltivateon conditiens desoribed above, The
MIC was the lowest concentration where no viability was observed
after 24 1 on the basis of metabolic activiey {Mourey and Canillac,
2032, To ndicete resprratory activity the presence of colour was
determined after adding 10 pLAwell of INT [2-p-icdophenyl-3-p-
nitrophenyl-5-phenyl tetrazoliom chloride, Sipma) or TIC {235
erephenyd terrazodism chlopide, Sigma) dissobved i water (INT 2 mg/ml,
TTE 20 mg/mL) and incubared under appropriare cultivation conditions
for 30 min in the dark {Elief, 1998]. To decermine the ATP activiry the
binhuminescenoe signal was measured by a Mecroplate Reader (Tecan,
Mannedaos [ Zurich, Switzerland | after adding 100 pLowell of BacTines-
Clo™ reagent [ Promega, Madison, WSA) and afier 5 min incubation in
the dark (Klanfnik et al, 2009). Positive controls were wells with a
Bacterial suspension in an approprate growth mediom and @ bacterial
S1EPensEM inan approprate gressth medicm with ethamol in amounts
corresponding to the highest quantity present in the broth mécrodilu-
thon assay, Negative controls seere wells with growth mediom and plant
extract of pure phenotic acid. Al measurements of MIC vahies were
reprated in riplicane,

234! Kinetics of inoctivation using the broth macredilition metfod

The plant extracts and pure phenolic acids were added to 5 ml of
growth mediom to give final concentrations in accordance with the
results obtained by the agar diffusion, agar dilunon and broth
microdilution methods. The diluted bacterial coltures (1 mL with
107107 CFU/mL beforchand diluted in growth mediom) were
inoculated in groweth media already conaining desired concentration
of plant exoract, shaken and incubated as described abowve, Bacterial
growth was followed by taking samples at 0, 3, &, 9 and 24 h and
plating o cliltivation imedia after serdal sample dilutions, The
bacterial mumber was calculated after incubation of the plates for
24 h and colony counting. Positive controbs were performed in the
same way, cxoept without adding the plant extrace. The MIC was
defined as the lowest concentration of plant extract resulting in a
significant decrease (~90%) in inoculum viability after 24 h of
incubation (Huere, 0040, All experiments were independenthy repeat
ed three or more times and the mean log OFU/mL a5 well as the
standard deviations was cabculabed.
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Antiowicendual activiry of plamt exracm and pure phennhic aceds ecpressed 2 MIC {imgmL] determimed by e disk diffussom and agar dadution methods.

Plant exiracy’'puig MIC {rigginsl)
ikt Wity G Siuplyfocncrae spniE Satmaneftu [tant Cumpybsbacer it Canypiahaer il

WEBL 1055 ATCC 5025 L] ATCC 33550 ATCE 13554

Tesk Aga Diek gar Dk fgar Disk Agar Risk Agar

ehiffusan ufion tiiTusinn diluninm difFasiom dilutam diffusion dilzninn diffusion dilution
VIS f625 Q156 540 625 =000 a0 0.0 RO a00 80
i B 156 25 aEs: 10 S 4000 7 w4 i
itk @i no7E A25 1156 180 a0 204 kiLi} 200 in
n aIn mnTe a25 na7H o ENl T af na 50
415 paali] 54 i1y 50 TEHLD =11 S 1] L] =400 160
Al 30 ] ana a0 Lt &0 =410 a4 =400 an
Carnogic aod b 1] L1515 ML k15 ND 6 1] ) il 4 Wil 50
Fsntarine acil Bl (1] NI 100 KO 125 ND 125 1] 135
Crape seod exdract 10 g L] =310 wa 1 1aa ~4010 15 =40 %
e beanves exiract «0n it =300 Al 1000 2010 =410 RH] =400 100
oy el gxiract mir o [ 01) 125 LLITH] mn =H1Q M ne.Q an
e epiract L% X313 .25 o7 LK WD A L) Hi 50
WADA4D [R5 m156 25 1313 LU 00 ~HI0 45 =40 50
VS grape seod Eds ®156 2.5 0,313 o nan =410 i w400 %5
Vaieitrus edract S 156 L5 0625 1000 Pl =12 101 =400 6L
Valolive keaves [Tl ] 0156 24 0313 L] mn 4o 1 mna ao
WSl i extrac (1HLTH {111 ] 428 LO20 1000 10 ND 0 2l %

NI (K derermined
1. Results
3.1, Evalurtion of MIC values determined by different methods

WIC waliees of plant exoracts and pure phenolic aods were deger-
mimed as an evaluation of their antimicrobial activity against selected
food-borme pathogenic bacteria,

Using the disk diffusion ansd agar dilution methods we tested the
abiliry of bacteria to produce visible growth when certain concentration
of plamt extract or pure phenolic acid was added. MIC valoes as
determined by the disk diffusbon method ranged mostly from 00313 mw
A0 mgiml for gram-positive baceria, indicating B cevewy a5 the mast
sssceptibde bacteria while Canmrylobacter spp. and 5. Infants were mode
resistant becase their growth was inhibded onby o e rage of 1000-
TOO mgmL (Table 1), Using the agar difution method we determined
the lowest concenmration of plant extract and phenolic acid expressed as
an W value that, onder the assay coniditions, mbibated visitde groveh of

the hactena investrated (Table 1), In general MIC values obeaned by the
agar dilution method were 3-200 fmes kower than MIC valves abtained
b the disk diffusion method, irmespective of the plant exstract tested.

A good correlatbon in the range of sensitiviy was pbtalned lor
angibactenial activine measured by the agar dilusion and bregh dilution
methods for gram-positive bacteria such as B, cerens and 5 mureus
{Table 2) but not for gram-negative bacteniz where a lower con-
cemtration of plant extract was sufficient for grenwth inhibition by the
broth dilution method {Table 3]

MIC values determined for gram-positive bactena by the broth
macrodilution method were, with few exceptions (Y70, AIS and
carnosic acid/8 rerews; V15 and rosmarinic acid /8. moews; VAL
morocytogenes |, the same as MIC valoes determined by the broth
microdilutien method (Table 2). More exceptions were found ioe
gram-negative srains of & Infantis and Compylobacter spp. (Table 3],

I the study, we also evafuated different indicators for guantifi-
cation of microbial growth in the broth microdalution assay, which

Tahle 2

Antirmeenhial activity of plant extrarts and pure phinatic ancs expredsed a5 MIC [ reziml.] determined by the broth macmdifubon and meomeilition methods fne gram. peestve

hacieria
Plant extract pure WM el
pheniic ach! = -

Bl cenens WSBE 10530 Epplylocicca annenk ATCC 25023 Ll moncyingemed SM3R
Marmoudsiuisan. Sicroadiluimmn Pellapresd ity Merodilosion Maermdlimmm Micrmd s ME
e INT AT TT MT A T INT ATE

Vg 0158 Qe 6513 015e 156 0313 0343 0156 N 313 0313 313
van 0158 s 015 (R 156 156 L%E s MDY L1150 LR ES LR LT
Wam nove anfE o 0TS ara 0,15 naT naTh EELE N5 815 nara
VIR Nty ams EITIE ] (Al ] kil o TR LLEAEL] s AL156 a0 3y
AlS 5 1325 25 25 50 S0 54 sQ MR 1ma 100 100
Al 135 1.25 1.5 1.2% a0 a0 ] L] ND S0 a0 25
Cartiosid acid 0T anse 0150 o0TE 1156 0.156 @156 IE6 56 AL15H LR B 0156
Revsariiic achl 50 5n 54 50 2a sh 54 50 0 50 sn 5l
Gorape seod xtract 13% 135 125 135 1] 1 125 1S MW NE¥ 13 HE»
Orfed L eiracy 50 50 50 =1 K 50 50 50 D 100 50 L
Green tea mirant 0158 0158 {156 0155 iz 015G n1sE 01546 ND 156 015 156
Sage extract [ EREl a3ty 4454 LR 153 EEY [FE ) k| {aTE aise 4150 a.4%5 mise
WAL L1548 0456 156 055 4] 0313 B33 L1546 nam 1313 [ETE] B33
e seed 156 awma  dh1A6 anss e [1ETE ] LELE] 1546 156 156 0,15 156
Vikgitnm extrad MO AL T N ] 018G L1+ a:31% B33 {1113 N 1313 a1z a3
VAl beawvis 0158 a1s6  dL156 0135 RO 031x a3 0313 MD {1156 o158 w156
MK hif extrEre 158 =8 L] 156 aiss w313 03z [FELE] LUEEE] Le8 i) 1L15R .15 K156

WD net determined.
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Tabik: 3
AevtEmicnabdal actvity of pant extracn @nd parg phenolic acids expressed a MIC [mg/ml) determined by the: beoth macmd thsinn and macroddusion mettads for gram-fegatve
bacteria
Fanl eximacy e MIC (mginl]
ek SolmonelTy Infanis 204 Escfrérichia eoli DISTHT Compwobiscier jgfuni ATOC 13560 Compidobocter cofl ATOC 33559
Macrncihnion  Microdilusion Macridiluiion  Mzrodilistion Mpcrodilision  Micredilution Microddilucion  Mticrodifution
TIE  INT AT TIC.  INT AT TICANT ATR TICANT ATE
vis A1) 50 i a0 30 1] 5 5001258 - 1257 12§ - E2T
il in i5 15 7 T 54 fidl Sl s - LGRS hiEzh - i
i 50 510 5.0 3p 50 a0 =11] 500 0UESE = 4456 0313 - ni56
7o 25 FE] L5 | in an 25 L5 DNFE - Q078 0478 = OTH
AT3 1] 100 FL | 25 NI 1aa im0 g 25 - 15 29 - 125
Al 5 i 15 5 ] 50 25 VR - 5 23 - | T
Cameanc and S ng aa 1] 50 sQ 5._0 i1} nwiss i B 50
Rusimdrioe sid 5 5 2.5 i3 3 ] b4 L5 125 = 135 135 5
Corape spedd puiract NI a1 il i | WO 25 a5 45 LMD - ih [L]8] - .
Oive feaves exitact MO 50 id 50 ND 50 LY 50 ND - L] 3] - LY ]
Grien Bea enliar. WD 125 E2S OIS ND 125 125 125 WD - LU, R - {1 Xie
Sape extract O BT i 1 111 ] 15 1| 5. ND - GERS (RS - oLE
VA A 125 125 121 125 25 23 25 L5 D156 = @313 156 - [N &
Ay grage seed 145 | 136 25 I25 5 135 M - 031z NI = Y8
VAlvotrus enrac: WD [25 25 25 L1 15 25 5 NB - 433 KD - 0556
Vamlive leavey w3 1 1235 135 ND 23 15 35 NP A313 ND - (R ET
Valvhog extract 125 1 128 5 25 iy 23 PR R LR - ('8 LT
NIF st citwrmined,
= oot acimced,

coubd represent an alterrachve appreach, The majoriey of bacteria
rested in this study reduced T1C and INT and gave cleasly defined end-
points {Tables 2 and 3). In most cases MIC values were the same
wrespective of the use of TTC or INT. The broth micredilution method
with TIC or INT used as an indiator for metabolic activity was not
suptable for C fefumid and €. coli which are macroagrephilic with bower
reduction kinetics. For Campyfobacter spp. the microdifution method
based on measurement of te metabolic indicator AT was success-
fully wsed { Table 31 When ATP was used as awiability indicaror other
non-Campplobacter strains dlso gave results comparable to TTC or INT.
The resuls suggest that the miceodilution method in combinagion
wilth AT measuremient offers 4 sudrable altemarive o cumently used
miethods.

As evident in Tables 1 and 2, the broth microdidution method 15 mone
sensitive than screening agar methods and consequentdy most
agpropriate for a rapid quantitative determination of the antimicrobial
activity of plant extracts. Using the micredilution method the
antibacterial activity expressed as MIC was af the same or at lower
concenmanons compared oo the other diketion methods. Following the
kinetics at the concentration predetermined as the MIC by the
insrndalunion method, The effect was visibbe as muliiglication inlibion
and consequently ne additional groewth in 24 he Thus, the use of
microdilutionis preferable since the most accurate range ol antibacterial
activity wias detected and the results cormefated with charact crization of
the growth mhibitory efciency of the plant extracs used. assessed from
survival curves. The micredilution method is more economical of dme
dnedl resources and B owell suitsd B screening iany coitbinations ol
different baccera and planc exoracs,

The growth, survival and death curves for B cerous, & ourews,
Cjejuni and 5, Infantis at various concentrations of plant extracts are
shiownn 1 Figs, 1 and 2. Fellowing the Kinetics of inactvation b beoth
media over 24 h ofincubation, growth was inhibeted at concentrations
lwer than these shown by the disk diffusion and agar dilotion
methods for gram-negative bacteria (Table 2, Fig. 2). The examples
shown in Fizs. | and 2 {or gram-positive and gram-negative baciens
clearly demaonstrate that MIC values determined by the micredilution
methods for Valvhop extract were really the concentrations of
exrracts that inhibited bactenial growth, As the tested concenorations
of extracts were high already inifial frvel of bacreria was different.

3.2 Annibecterind acrivity of plant extracts

Thue tested plant extracts differ in their orgin and conseguently in
the content of phenohc acids, Plant extracts with camaesic acid as the
major comiponent ol vorl phenedic coneent (W15, W30, Vad, vl | were
mare effective than plant extracts with rosmarinic acid (A15, A40). In
addition, the mixtures between V40 and 440, grape seed, citrus
extract, olive leaves o hop showed an activioy similar to that detected
Tor chee Va0 extract and pure cannosic acid. Grape, elive and green tea
extracts were much less efficient and sage more =ffective against all
tested bacteria, Though all plant extracts showed antmicrobaal
activiny, the response for each bacteriom tested was different, From
the resulrs, it is abwious that the assayed plant extracts have different
misies of action and exhibvited stronger biological activity against
gram-pasitive bacteria, The best antibacrerial activity, examined by
the broth microdilution method, was seen against 8, cereuy and the

Exposure time (h)

= [lorrifr eeren - contne
== a1 gy - 1 I8 el
= - R i T D

=i Vb« 00T ggtsal
== V& HMwop = (LTH) pgienl
= = Wl |0k < 0T ]

= N Y aplad, O Vil 823 saprrl

g L Bocillus cereus and Sty focoooos muree growl, survival and desth osves oo
CH[OELINE IO IDECMEATY AT INNTuPe W0 hiog, Each pont ropresents U Jog af the
mean 50 [stzndard devanont CAmL,
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g 2 Canipwlatirrer jejes) and Satmomeilo Inmis growil, suraval G deals cuves
o epaAne In iemaTy extract mixtuie Vid0chop, Bich point reprezents the iog of the
mean + 50 (standand deviation) CRVmL

lowvest activiry was agamst 5 infantls, Interestingly, the resales of the
broth microdiluton test developed with C jejpori and C coli also
indicated that Campylobacter spp. are mone sensitive gram-negative
hacterta compared to % Infantis and E coli 0157:H7, which proved o
be more resistant to plant exACT IreEmeIe,

4. Discussion

Antimicrobial agents are chemmical compounds present in, or added
to, foods that retard microbil growth or cowse microbial death, In the
lasr decades, there has besn particular interese in the wie of abandant
naturally occurring antimicrobials (herbs, spices and plants) (Burt,
2004}, The ability to comipare the resulis for antimicrobral plant
compaunds or extracts fram different studias is limired because of
differences in the methodologies wsed and diffcrent definidons of MIC
[Burt. 2004} As the results from different studies need m be
corngarabie, we exarmimed the antimicroddal activiry of plant extraces
and their mixiures by the diffusion and difution methods against
gram-positive and gram-negative bacteria in ooder to propose a
uriiform procedure of Testing plant extrac antibacterial activity, prioe
to their in vive application.

4.1, Mearing of MIC values determined by differend methods

Diffusion metheds are attractive because of their simplicity and
lewy cost, bue chey ae, ke all agar-based methods. labour and time-
intensive, On the basis of the higher MIC walues obtained when the
disk diffusion method was used in our experiments, it appears that
this eiffusion method could not always be a elable method for
sereening the anomicrebdal activity of plant extracts, As previously
reported, the absence of an inhibition zone did not necessanly mean
the compound was inactive, especially for less polar compounds,
which diffuse more slowly into the colture medium (Moreno e al,
e}, The diffusion assay is not suited to natural ansimicrobial
compounds that are scarcely soluble or insoluble in water and thus
thew hydroglobic mature prevents aniferm diffusion through the agar
media (Mann and Markharm, 1998},

For quantitative determination of antibacrerial activity the agar
dilution method is more appropoiate, where antibacterial actoivity of
plant extraces was shown at fower concentrations compared o the
disk diffusion method, The agar dilution and broth micrediluion
methods produced comparable resalts and & good level of ageeament
only for gram-positive bacteria. Qur evalugtion included colorimetric

derermination wsing TTC er INT, and ATP determination by bislumi
nescence measurement, Tetrazolium salts have previoasly been used
in the Broth microdilution method to enhance the detection of
bacterial growth in several studies (Johnson et al,, 1985; Al-Bayari,
2008). Beduction resules in an easlly identified colovr change
occurning at a cell densicy meaninghul for MIC testing. Reduction
occurs diie to its function as an artificial terminal electron acceptor in
respiration, Tetrazolinm salts are not apprepriate for microac rghilic
campyinbacters since they indicate the respiratony acriviny. Cangadlo-
hacter growth or its inhibition by different plant extracts or essential
cils i usually measiied by difusion isethods of llewing the growil
kinetics of inactivation (Friedman er al, 2002; Fisher and Phillips,
2006 |. Qur results shewed that the broth micradilution method with
ATP measurement i rapid and accurate way of testing antirmicrobial
efficiency for all the tested bacteria, induding campylobacters. As the
microdilution method by TTCor INT produced comparable results and
cost may restrict the use of ATP indicator, we suggest using N1 for
quantitariee antimicrobial determinaton for normal growing bacte-
rial strains and AT for mecroaerophilic species like Campylobacter
spp. This method may be an scceprable ahemative for quantititive
determimanion of hucterial susceptibility to plant extracts {Ellol 1998;
Muraima er al, 20000

4.2, Antibacterial activity of plant extraces

All the tesced plant extraces (10], phensolic acids (2) and extract
maxtures (55 had antibacterial activiry thae was determined against
different food-borne bactera. A relatonship between antirnicrobdal
activity and chemical composition was previously demonstrated
(Klandnik ef al, 2008; Katalinit ef al, 2000}, Besenuary {Rosmarims
afficinalis L] extract is widely wsed as a rich source of phenolic
coimpounds with high antimicrobial activity, asseciated with carnosic
and rosmatinic doid {Campo et al. 2000; Petersen and Sirmimonds,
20008; Moreno ef al,, 2006]. As reparted, carnosic acd and carosal,
rosminol and ferruginol are also responsible for the biclogical activity
of sape | Salvin sp.) along with the phenolic rosmarinic and salvianolic
acids (Markowski, 2008 The results in Tables 1-3 show sage exoract
1o be very effective. However, grape, olive and green tea extracts were
masch less efficient against all the tested bacteria. We can conclode
thar pant extracts @fficiently inhibic the growth of gram-posithve
bacteria and Campylobacter, especially commercial extracts and
mixtures containing carmosic aad as the main phenolic component.
BHC values of sage were in the range simidar o thosse detected o
exfracts containing carnosic acld. Pure rosmarinic ackd was much less
elficient against gram-positive bactena and campylobacters than
carfiosit acid. The maln reason far the dilferences in bacterial
susoepiibility could be the cuter membrane surroending the cell
wall in gram-negative hacteria, which restricts didfusion of com-
pounds theough its lpopolysaccharide covering, as previously
repored {Vaara, 19820, In addition, the peniplasmatic space contains
enzymes which are capable of breaking down foreign molecules
introdueed from the outside (Vaara, 1992), Compylobacter spp. ane
known o be unrypical in terms of thelr ecological features, sensktive
o different envirenmental conditions with unknown dilferent
mechanisms and regulation pathways (Park, 2002, In this context,
Campylobacrter <pp. appear to be more sensitive than other gram
negative bacteria ie, 5. Infantis and E, coli O157:HT.

As several methods for measurement of the MIC valoe of plant
etracts are avallable buf there s no standand procedurs, and since the
resules fromn numeroes studies peed 1o be comparable, we can suggest
evaluation of the antibacterial activicy of a plant exoact using the
microdilutdon method asa fast screening method for MIC determination
and the macodilution method at selecied MIC concentrations o
conlinm bacteral inactivateon, Only limiged data are presently avadlable
o the ancimicrobial activicy of plant extraces in food systems and this
indicates continuation of our study and the need for lrther worke
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2.2 PREISKOVANJE NEKATERIH DEJAVNIKOV, KI VPLIVAJO NA
PROTIMIKROBNO  UCINKOVITOST = IZVLECKOV ~ ROZMARINA  V
ZIVILSKIH MODELIH Z METODO RAZREDCEVANJA V MIKROTITRSKI
PLOSCICI

Klancnik A, Piskernik S., Smole Mozina S., GaSperlin L., JerSek B. 2011. Investigation of
some factors affecting the antibacterial activity of rosemary extracts in food models by a
food microdilution method. International Journal of Food Science and Technology, 46:
413-420.

DoloCili smo ucinkovitost izvleCkov roZzmarina V40 (RosmEl) in V70 (RosmE2) na
bakterije vrst Listeria monocytogenes in Escherichia coli in sicer v zivilskih modelih
(50 % delez Zivila in 50 deleZz % gojiSca). Za pripravo Zzivilskih modelov smo uporabili
mesne, zelenjavne in mlegne izdelke. Zeleli smo preveriti nekatere dejavnike, ki lahko
vplivajo na vrednost MIK. Med temi dejavniki so vrsta ter velikost zaCetnega Stevila
bakterij, vrsta ter delez zivila in temperatura inkubacije. Za doloCanje vrednosti MIK smo
prilagodili metodo razredCevanja v mikrotitrski plos€ici, tako da smo pripravili 50 %
modele izbranih zivil. Protimikrobna ucinkovitost izvleCkov rozmarina je bila v modelih iz
monocytogenes so bile na delovanje izvleCkov rozmarina bolj obcutljive, saj smo dolocili
nizje vrednosti MIK, kot pri bakterijah vrste E. coli. V laboratorijskem gojiScu smo pri
nizjem zaCetnem Stevilu bakterij vrste E. coli doloCili nizje vrednosti MIK. Nasprotno pa
smo pri bakterijah vrste L. monocytogenes dolocCili visje vrednosti MIK. V Zivilskih
modelih smo pri obeh vrstah bakterij doloCili enake ali viSje vrednosti MIK kot v
laboratorijskem gojisCu. Metoda razredCevanja v mikrotitrski ploscici se je izkazala za
enostavno, hitro, ponovljivo in poceni metodo, ki jo lahko prilagodimo tako, da doloCimo
protimikroben ucinek rastlinskih izvleckov tudi v Zivilskih modelih.
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Summary

The activity of rosemary phenolic extracts sgansi Listerdo mionecvtogenes and Escherivia colf was evaliated

i 50% food models of meat, vegetnble and dairy products in relation 1o some factars that can affect MIC
{rinimal inhibitory concentration) values (inoculum level, proportion of food, temperature) using a pew
food microdilution method. T was shown that the nleractions of weal and milk components with plant
extracts reduced the antibacterinl effectiveness of rosemury extrocts. MIC values for L. momoc) fogenes were
lewwer than for £ ¢off in all tested conditions. A lower inoculation level cansed a decrease in MIC values for
E. cofi but an Incresse in MIC values for L. mosceiiogenes in control media, In fosd models, MIC values
were higher or equal to MIC values in control medin regardiess of bacterial type. We showed that the food
microdiation method represents o simple. rapid, reproducible and inexpensive method for lesting the
antimicrobial efficiency of plant extracts in food svstems.

Keywords

Introduction

For the pssurance of food sufety, nowadavs consumers
sre increasingly demanding [ood products with natural
alvernatives 1o chemical additives, ot with increased
sulety, quality und sheli-lile. Antimicrobials are used in
food 1o control natural speilage processes (food preser-
vation) and to prevent or control the prowth of micro-
organisms, including pathogenic mcro-erpanisms ([ood
safety) (Corbo eral. 2009 Tajkarimd eraf, 20000
However, despite the wide range of phenolic compounds
pvailuble ns potentin] antimicrobinls, relatively few are
reparted to be suituble for proctical use in perticulsr
food products. To enable the more extensive use of
naturel antmicrobdals as preservatives, there isa need to
examine their ellicacy and luncuonality in the models of
food systems and réul food conditions. Only lumited
date are avalable for differemt Toods and treatments
{Owen & Polombao, 2007 Gutierrer of af., 200%: Haves
e af . 2000; Santas of af., 20009,

I'he antimicrobia] sctivities of plant extracts in loods
are influenced by many factors, such as pH, o, target
microorgunisms, food components, types of Food con-
stitwents, the presence of other preservatives or cerlinn

*LCorrespoinbinoe; Fai: + 3206 1 150 62 90
e=mil: barhara.jersekorbi -1

Ao 101 ETL 3652621 HHDA2 M. x

Antimicrobial activaty, ool micrsdidotion methml, food medels, mimomal iphihitory comoentration., plont extraces

enzyImes, processing and storage (emperiiure, storage
wtmosphers, partition coefliceents, as well as the nter-
gctions between these factors (Anonyvmous, 2003 Burt,
2004; Becerril er al, 2007, Solomakos er al, 2008
Crutierrez of al., 2009). The effect of foods on the
antibacterial activity of plant exteacts has been investi-
pated. The presence of food compoenents may change the
solubility snd phise distnbution parameters of anithac-
tenal constituents or interlfere with the plant extroct aod
alter its antimicrobial efficiency. For example, fat in full
cream milk provides protection for bacteriad cells, but
carbohydrates in foods do not appear to protect bacterin
from the scton of cssentinl oils snd plumt extracts
(Fisher & Phillips, X6, Owen & Palombo, 2007;
Chollet e of, 2008: Koteekidou ef af,, 2008; de Oliveiry
et al. 2000 Tmkadm e of, 2000). In addition, the
antibactenal effect of o plant extract in food may be
decrensed because there s greater wvailablity of nutri-
ents than i laboratory medin and bacleri moay repar
damaged cells fuster {Burt, 2004; Gutierrez of of., 2004)
Orther effects on the antimicrobial sctivity of plant
extracts, such 0s processing and/or stornge temperature
or moculum level, hove not been studied so extensively.
Ravas e af {20000 lound that i general the antimicro-
Bial activity of carvoacrol or thymaol apainst £ eolf
O157:HT increised with decreasing storage Wwmperaiture,
water getivity. pH and inoculum kevel in the medium.

TN Tha Saithims. intaneationad Joumal of Food Soanns and Tecteology © 2011 ke itie of Food Soence st Tethndlogy
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For ekample, by diecesasing the pH values at all other
aperified conditions, the enkanced antimicrobasl - effect
cun be attnbuted to the direct effect of pH or 1w the
hetter dissolution of the entimicrobinl compounds in the
lipid phuse of the bacterinl membriane (Juven o af.,
1994; Kowlsoamnis of @, 1999 Bastl er ol 20075
Growth of L mowocviogeres ina broceodi model sysicm
with rosemary extract sfored a1 8 U was inhibited, with
reduciions in growth rate and an increase of the |ag
phase being wehieved over 30 davs of storage (Mudor
of al, 208, Onher studies of Apostolidis of af. (2008)
showed that the level of inmitial inoculum of F. bre-
cvtogenes on cooked grovnd beel sestemswas imporiant
for ihe inhibirory elfect of phepolic extracts of oregann
and eranberey ot 4 9, When the inoculum level was in
the tnnge of 45 log CFL mL ! jcolony forming unit),
the degree ol inhibition wns- lower thun when initiel
inoenlim levels were of 34 log CFU mL ' Also appli-
cutrom of essential ois o the vapour phaze showed an
incrensed anumicrehil effect over application of the
spme esseatind oils i osold medin and thus potentsl for
ihie wse of aptimecrohbial packaging with Jess setive
compones of oatural antimicrobials (Godd e al,
200%), Recently, modern iechnigues such as liposome
encapsulatzon of bioactive planl compounds were iniro-
duced for stabibisuwtion, profection ogiinst deteroriiion,
prevention of wolsility losses und interactions with
otler ingredients and Tor possible improvement of
antioxidative and antineedtobial activites | Lislios ¢ af,
2009, Wang er ol 20000,

To study the effectiveness of plant extructs in different
[moads nnd 1o assess the inftoence of different faciors in
foed processing, growth inhibition corves wre mormally
ised 1o determee Uhe concentration of & pling extraet
that has antimerobil actvaty (Bert, X, Guterres
et 20000 Muoitox erol, 2000 Rivas eral, 30000,
However, in the ahsence of o well-defined microbiolog-
ical model, it is usually difficull to evalugie the efficiency
of nlernative pntimicrobinls in food or Tood medels and
the sffuence of different Tactors on antimicrobl
neteeity, For these ressons, there oo need 1o develop
[zl sereening methods for ke evalualion of antmicro-
hial activity in severil food systems.

The clivetiveness of rosemary extracts (RosmEl and
KosmE2) as potential food preservatives, in panticular
their activity sgeinst foodbome griom-positive Listeria
mnpecpiogeres and gram-negiiive Escherichia coli, was
exumined dn the current studdy, Their antimicrobinl
effects were evaluated in food models containing 3%,
of wither of meat (minced ment, patel, vogeinble (can-
lifower. poutol and dairy products (cordsh in BEW
{bullered peptone water), The muin parpose of our work
wiis to evitluste selected foctors that can affect determi-
natiodt of the antinerobial activity of rosemary plant
extrmets usmg A [ood msrodiliion method, Besides the
effect of the hacterium and Food proportion, the offecs

Trmernatcsal Joawwal of Frod Soence and Techeodogy 3011

al fmocalem level o combinnton with incubation
wmperatlure on the antibacterial activity of two com-
mercial rosemiry extracts {RosmE] and RosmED) were
also evilunted

Materials and methods

Bacterial strodns and growth condltinns

Lixteria monacyingenss EM 34 (IHM., Wilrzhurg, Ger-
manv) snd Excherichia coli ZM 370 (ATCC 11229,
TSA) wemn used [or antibacterisl testing.  Bactierinl
cultures [or animmwrobial esting were grown m 5 mL
of Miller Vioton Hroth (MITB, Oxoad,  Chidos,
Hampshire, Ill{.? agrabically fow 20 b, continuosly
ahaken at 1.75 ' a1 37 0, For preparation of lower
nnd higher moculum leveis, | mL of ench culture was
diluted  with one-guarter-sirength hulfered  peplonc
water (BPW, Oxord, CMO50%, Humpshine, UK), and
150 gL of this diluted cufture was added toesher 10-mL
of MHBE or one-guarter-strength BEW contpimng 0%
of Tood to ebtain 105107 und 105 107 CFLU mL- Y,
respectively.

Risemary extracts

Thas siedy. insduded commercial  rosemury  extrast
Tormulstions with 0% (RosmE uad 50% (RosmED)
of cariosie achd g the man active phenolic compotind
(Witiva dd,, Markovei, Slovenin). The contents of todal
phenolic compounds were determined for RosmE!l as
198 mgmL™ and for RosmE2 as 438 mgmL™’
(Klanémik e af, 2000 Lyvophilised rosemury extrices
weie dissalved moabsalule ethanal 10 prepare slock
solutions () mg mL " eod were further diloted in
MITE or in one-guarier-sirength BPW (o propure
working solutions.

Preparation of food samples and food microdilution
il

Minced meai. pile, curds, froves conlilower and lrosen
potatt were honght on the retail market. To prepare
lood models. 30 g of each lood was added 1o 50 mL of
onc-quirter-strength BPW in o blender bug  omd
homogemsed i o lnboratory hlender (Stomscher, Sow-
ord S0, UK} for 2 min at aormol power. All suspen-
moma were mulpclaved st 12 °C for 15 man prior Lo use
to eliminte nuciobinl contamintion, The suspensions
were then homogenised with an ullen-trrax. appiriius
{Ulira-Turrax T25, Janke & Kunkel, Staufen. Germany
in sterile gloss bodtles,

The broth microdilution and  food  microdilotion
methads wene vsed [or mensuring misiol nhibiory
congentrations (MIC) 1 MHB or in coe-guaries-
sorength BFW with 50% Food under differet condilioms,
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Filty imieralities of each bactedal suspenson s MR
o in one-quariersirength BEW with 50% food was
wdded to the wells of 4 sterile 9h-well mecrotitre plate
wlready conmmining 56 pL of twofold serially diluted
plant extrict in un appropriate medin. The final volume
im each well was 100 pl. Conirel wells were prepared
with culture medium {sienlity sontrel), plaal extrct in
S0 pl of MUB (negative control), Bactersl susponsion
In S pl of MHEB (positive control)l and ethasol in
nmounis correspoending @0 the highest quantity present
(from 12.5%) {positive control to prove that there was
ne hicterial growth inhibition by cthanol). The contents
of each well were mixed oo 0 microplaie shaker
{Eppendod, Hamburg, Cerminyiat 1.7 57" Toe | min
o Lo ocubation Tor 24 b oat 37 “CL The MIC wis
defimed as the lowest concentration whese no viehility

wis observed aler 24 boon the hasis ol metdsolic
activity, To ndicate respiratory activily, the presence ol
4 purple cofour was determined visually after adding
1 pLwell of TWT (2-p-iodophenyl-3-p-nitrophenyd-3-
phenyl tetrnzolium chioride, Sizma) dissolved in woter
(2memb ") and inenbuted a1 37 9C for 3 min in 1he
divrk (Klanénik er ol 20000 All measurements of MIC
values were repeated in trplicaie,

Diesign ol experimeni

The design of Lhe experiment with sarintions in factors
thiat i alfect minimal inhibetory concentration ol 1he
rosemary exiracts (noculum bevel, proposion of fiood,
temperature] for L awwwcriogenes and £ coli 5 pre-
senjed in Figuee 1
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Drada analysis

I'he experimentnl dotn for MIC were evalongted statis-
tically vsing the SASSTAT program {SAS Software,
1999, SAS Inaituie Toc, Cary, NC, TSAR The hsic
statistical paremcters were calealaled by the MEANS
peacedure. The dats were 1ested For normal diseribations
and amalysed vsing the general linear model (GLM)
procedure. The statisticnl medel incinded the mnin effec
of food {caulitower. potaioes, minced ment, pate, curds)
amel tnieenction belween the type of bacteria, lempera-
tpre amad the proportion of Feod i 1he medivm {groups:
ECORO0, ECUSS0, BECAT0, BCATS0 LTS LMOSSD,
LMIT and LMITHE)) The means for experimentil
gronps were ohtamed wsing Doncan’s procedure and
compared at the 3% probabality level

Results

We changed the inoculy (tvpe, level), growth mediom
{proportion of food, tvpe of Toodl and incobation
lemperature 1o evaluate their effecia on the efficacy of
rosemary phenolic  cxtracts,  Combinations  were
sereened ngiinst Excleriofhia coli and Listerior monpeyi-
e wsiag 1he brosh and food microdilution methods,
The stutisueally evaluated MIC values obtained [or
RosmElD and RoamE2 in MHB and meat | minoed meat,
pate). vegetabbe (cauliflower, potato) aod dairy produosct
{eurds) model media using lower levels of inoculum of
L. muwracviogenes ool £ coli-are presentesd in Tables
amd 2 pnd wsing hipher levels of inocoium: Tor both
bircteria m Tebles 3 and 4. Data analysis showed thae
the muwin effect of food (enoliflower, potaioes. minced
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ment, paié, curds) and interactions between the ype of
hucteria, temperatire and proporion of [ood in the
medinm on MIC values were significant ot less thun the
0.0 level. Thus, the pesults were onolyied ond
presented as shown in Tables -4,

Effect of food proportion on MIC valucs

The results show significant influence of a 0% food
proportion in the medium on MIC veloes with both
rosemary phenolle ealrness used. Thedr antimicrehial
petivity decreased o owdia with food components,
regaidles of o whether o low or high level of baclenal
il wins wid, Sorne exceplions were found, mostly
for £l ot 37 "C in media with cabliflower and
potatoes { Tabizs 1 and 3) where MIC values decreased
in medin with added [ood or remained the same (meat
nnd curds in Table 1.omeat, paté and curds in Tahle 35
A few exceplions were alsg Found (o B pafi ol § °C
medin with cauliflower and potatoes (akles 2, 5 and 4)
where MIC values were the same irespoctive of added
Tood. Only one exceplion wad Tound in the cawe of
L. mbemercvrogenes nt 37 °C in the meat madels [Tahle 1)
where MIC values were the same irrespective of lood
mekdition,

Effect of type of food an MIC values

When E ool and L omwiocytogenes were exposed o
rosemary exiracts in food models. it wos observed that
the MIC vilees were signilicantly higher in the runge of
16-fold to | 3-fold than thes: obtained in the MHB
corteal amedin,  oterestingly, the efficacy of nutura)
alternative amimicrobinls appears 10 be reduced by
certwin food components. However, more signilicant
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were dilferences i rosemary ethonolic exiract elfickency
when apphed to different food models contaming higher
lewels of a nutrient component, such a8 proteim in the
et model, starch b vegetables and far in the daary
product. E cofi incubated at 8 °C wore more susceptible
I ResmE] and RosmEZ in the presénce of cauliflower.
potntoes and curds than in minced meat and pate. MIC
vitlwes of RosmE! in curds were comparabie to those
ibserved 1 the vepetable medis (lable 3. The same
effect wias observed when RosmE2 was wsed i food
miodele. DilTerent types of Food showed that MIC values

T A Tha Aasrs

fog K. ciali at AT °C were lower in caoliffowor and poliato
mndels a1 the lower ineculaton kevel (Tabdea | and 25
tham in cords. meat and pad modets, For the higher
inoculation level, MIC wulues in wegetnble and curds
models were the same and ageio lower than in meas
maodels (Table 4), The cilect of diflerent foods on MIC
virlues determined Tor L s ptogemes was 1o general
comparibie 10 the elfect on MIC values esthlished for
E eall. A1 8 °C and the hvwer inoculation level, MIC
wnlues in caulifiower und potato models were lower than
MIT wvalueés in the other tested Tood models (Tables [
und 2. but for the higher impculivtion kvel MIC values
in cantiflower, potato and curds mwodels were jower than
MIC wulwses dn meai models. An effect of the type of
T on MIC valies determined for £, o viogenes al
17 °C was found, but only in curds broth were they
hipher than MIC valees in other food models, [rrespec-
tive ol the tvpe of exiract and inoculation level,

Effect of inoculom level on MIC vahses

The level of inocolum afected MIC wvalwes: in media
without food, they were lower at the lower inocolation
lewel than at the higher inoculation level Tor E cali ai
8 7C and 37 0. For L. mesocwegenss i MHB, we
Found cqmal MIC values ut 37 =C [or RosmED irespec-
tive of mecolum level and lower MIC values {or 1he
lower dnoculum bevel Tor BosmE2, while lower MIC
viilues Tor the higher woculum size at B C were Tound
[ hoth rosemary exirscis (Tables 1-4) In food mod-
ele, the inluwence of inoculum level was determined for
E coli at §°C in the meat modef for RosmE] and in
cundiflower, meat, pate-and curds models for RosmE2
and ko ol 37 “Cia vegotible media, meal and conds for
RosmE L mogd in vegetable medm and ment for Rosmb2;
in all ¢ases. MIC values were higher Tor the higher
inoculum level {Tables 1 and 3. We can conelude thar
when £, cofi were cxposed 1o either rosemary cxlrict at
A7 =, the inoculom level more significhntly affected
MIC than the type of lood model. The MIC valnes
determined lor L. o yiogeres in food medels a1 both
ested  igmperslures were [ower o caulifower and
potitoes for the lower level of inoculum, but in meat,
pate and curds the values remained the same (Tibles 2
and 41 Similarly ns for £, coll, for L. pemiocyioge nes, we
cun conclude that the level of inoculum hod a greater
influenee on MIC values thon the type of food,

Effect of temperature on MIC vahees

The MIC valuwes ol rosemuary extracts were tlso allected
hy ithe temperature of incubsiion. On lesting thesr
antimecrobial potivity in media withowm food ot 8 “C,
MIC waliea were higher then at 37 °C for L morog -
operes woed st the opposite Tor £ coli, Whet anrin-
crobinl setivity was tested in food modeis at the fower
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teocaelanion level, MIC valies wisre 0 mosl cises highor
at the lower tempserature for both becioria (Tables | and
1. Exceptions were observed for both bacteria in the
cords medel (Table 1), in cards for Lo e vingenes
{Tahle 2} and v potato for £ ool {Table 2) where MEC
viduies were equal, frrespective of tempemiore. Thene
were akso twe expephions where MIC values determined
for E. ewli in potato and cueds models were lower at
RO than at X7 C (Table 21 The elfect of tamperatore
on MIC values determined ar the higher inocalntion
level in food madels was also stntistionlly sipnificant, and
for meat and pute models st the fower lemperiture of
B 50, MIC values were higher than MIC valwes a1 37 <C
{Tables X and 43, There wos ne elfeet of iempenilune on
MIC values when they wiere determined i cauliffower
and polato madels For B, ool and in the cerds moede] for
L. weowreeyeogedies | Toable 3. The opposite effect of
temperature on MIC values was determined in 4 cases,
lor £, coli i the curds model (Table 1), cnulifiower and
potate madels (Toable 4 and for L. msecpiogenes m
the eurds maodel (Table 4L In theze cases, MIC values
were lower at § °C than at 37 2C

Effect of type of hacteria on MIC values

Lizteria monpeptogenes wos more seasitive than K. eali
i wll tested conditions, There were some exceplions. like
the cords model, whene the MIC values obtmned were
el for £ coll and L, monociiogenes segardless of
extract and temperature (Tablos 1-d),

EMect of type of extract an MIC values

Ihet tested rosemnary eaviacts differed i thérr relative
amonimitg of ccnose acid,  Therelore, o relationsiup
between antinticrobial activigies could alse be demon-
strated. MIC valoes determined for RosmE2 were lower
than ar equal to MIC values for RosmE], irrespective of
all tested wvariations. More significant differcnces in
efferensy were ot ohvious, as 10 hoth extrcts the major
component of the total phenolic content was carmosic
acich (Klmménik o wl., 2000)

Meaturl substanees should be lested for their antimi-
crabinl properties n food and then afterwards could be
used us addcitives o foods 1o assure their quality, safey
or/aod extendad shell-life, Marsover, cotanmer de-
mand [or more convenicnl, minimally processed and
natural lood is ever increasing. Therelore, the salely and
ellectivencss of minimal processing in prociice s
ensured by multifacior chemical ond physical treatment
of Tood i conpuoction with other preservation Lech-
pgues (Aaonymoss, 2003 Manas & Pagan, 20051, Asa
greal need exists 1o verify the efficiency of aliernative

Trmernatcsal Joawwal of Frod Soence and Techeodogy 3011

antimicrobials dieng diilirent trealtments and fo dilles-
ent food prodects, we examined the dr v application
of natural products in food models for selected arum-
positive and gram-negative bacterin that can be found
in o wide varety of raw and processed loods, namely
milk and dairy prodocts, varions meats. o meut
products and vegeables (MeClare, 2000 Gandhi &
Chikindas, 20071, Avother pspeet of the mveaigation
was focused on the methodiology W propose 4 unilorm
procedure Tor testing the antibgcterial ectivity of plant
extracts. including multifactor processing conditions.

Several sindics have demionstented that the interaction
of Tood componenis with aliernative  aotimicrobzals
rghi resull in decreased antimicrobdsl activity (Cholle
et al,, X008 Gulwerrez of al, 2008, XM Lhang ot af.,
20091 In our study, roacmary phenolic extracts wese
nlso mote effective agninst bacterin de witee than when
added 1o food models, s shown by increased MIC
values 0 food models in companson with MIC values
determined i omedin withowe Food. This reduction in
efficacy mught represent o lomitation on their wse as
antimicrobial zgeats in foods,; becanse the additon of
high concentrations is likely 1o imgart 2 certain favow
1o [oods. But the wide potonitial application of roscmary
extracts amd 5 major constiuents in food prodecs
suppaorts Lheir ese | Bort, 2040, As reported, the preater
aviilability of nutrents in foods compared o luboratory
miedu may cnable bactersa W repaie damagod cidls Tester
{Burt, 2004). As most foods are miinly composed of
carbohwdrales, fats amd proteins, iU s imporans o
nndlyse the inflvence of these compobents on the
antmicrobial sctivity of any polentinl antimicrehial
compound. For this reison, we sclecied vegetables, meat
andd A dnbiy producl. b ooe study, MIC vilies were
tgleer 10 fugh-protem amd  high-Gn mear and dairy
produes than 1hose in vegetable products. For o moge
detailed analysis, different level of fat, protein aed starch
should be tesied. but we already can conclude that the
efficucy of natoral alternotive ontimicrobinls moy be
reducad by food componemis, mamly prostem anad st
einlenl

Besides food compenents, exirinsic deferminanis such
as temperature or the charactenstics of hacterk can also
affoet bacterial sensitivity { Burt. 2004; Glass & Jahnson,
2004 Klanénik e al, 2000, In this study. we confirmed
our previous resulis — that the rosemilry extmots werne
much more active agsinst grum-positive than against
grum-negative bacteria (Klancnik o0 wl, 2010, In add-
niat. i this study, we obtained sonlar results; MIC
values wiere lower Tor grame-positive L. pastie 1 iogetiey
than for gram-negative E coff for the selecied plant
extracis i all fested conditions. The reason for the
different sensitivity of gram-positive and grum-negative
bacteris could be ascribed 1o the structorsl dalferences
berween these microorgamams, Cirmi-negative baeterin
havie an additional ouler membrane carryving stiuciural
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lipupol vaicchaiade (LPS) compebents, miking the cell
will more mpermezble o antimicrobizls. Gram-posi-
tive bacteria should be more susceptible. having only an
outer peptidoglycan layer that is not an effective
permenbility barner {Scherrer & Gerhardi. 1971)

Hesearch priorities ind futore (rencs in the applico-
iion of oolernl  antmicrobdals are  correnily  being
focused on the impact of food prodoct formublion
and thus is nirinsic parometers, as well s exirinsic
sterape pammeters, on the design of efficient food
preseration systems ( Fiwan e all, 2009). Summarising
vt resulis, MIC values in media withour food were
hagher w8 “C thanat 37 °C Jor L, monscytogenes, and
MIC volue: were lower ot & UC ihan ai 37 “Clor £, eoli
Interestingly, MIC values in foods al the lower mocu-
lation bevel were in most cases higher ag Loaver temiper-
uture for both bacterin. Mo effect of tempersture on
MIC values was obscrved when they were determined in
conlflower wnd potole models for E cofi and m curds
for Loommoeyisgenes. Thos, differences in lempersiurs
miy exert an mporiant influence on bactenal ability o
setively metabolise and grow. As reported, the wemper-
atwre range thil permits the growth of paychroirophic
L. monee Wegenes is between —1.5 and 45 °C (Lado &
Yousel, 2007, Zheng o af., 2007}, while E. coli celis are
nol able o multply and grow ol wmperniores. Jower
than 720 (Mannapaneni ef af,, 2008 In this study,
regardbess of dome excopiions, the elfective use of
eombitationg of rowanry extracts with sealistic (Jow)
storage temperiure i food models indieated the
protection of food products againse L. monocpresees
nnd £ cols

As evident [rom vuration im the rosemuary  pland
eatracts weed and mothe level of toculim, compiitive
aoalvees are questigonble becanse of the various meth-
odobogies. wsed in different conditions in antimicrolol
engeeptibility tesging. MIC values for RosmE2 were
lower or equal to MIC volues for BosmEL As previ-
ously reported, the antimicrobizl activity depended on
the chemical patwre of the phenolic compounds n the
extracts more (han on thelr concentratons (K lanimk
el WEY, 2018, MIC values were lower for the lower
Inocolum kevel than MIC walees determined Tor the
higher mocalum fevel for E, coli, bul MIC values were
higher lor the lower inecalum level Tor L monocyse-
gemes when they wore determined i medin without food.
MIC vulues determined in food madels were higher for
the higher moculum Jevel for £, codli and lngher or eguil
forr L, sowrgeytogenes. The effect of ineenlum level
shovuld be dowermined necording to the type ol bactesio
nnd their meractions with oiber parameters that are
specilic Looa particular Tood,

We can summanse that the MIC of an antimicrabial
eompound is affected by different parameters such as the
nature of the e organism vsed, the moculum level,
lemperatise and the composition of the mediom. As the

T AN The Astiors

Mo teerodilution method wsiing INT prodiucasd tepio-
ducihle reaults, we sugeest this method 1z suitable for the
quantitative determination of antimicrobial effecis for
aerobic normally growing bacterinl strains. This method
muiy be an neceptable aliernative to the more expensive
and tme-consuming classiesl quantitative determinaiion
of bactgnial spscepiiblily wo plant exiracts w Tood
midkels using the kinctics of inactivation in tho Broth
merodilution  method. This Batter method can be
sugposted Tor final confirmation of the antimicrobiol
effect of & plant extract in a particular lood.

Conclusion

Sirme Factors that e imperiind o determining the
cifectivencss of ratural potimicrobinlz: in foods were
considered, Commerciul rosemary  phenolic extracts
RosmE]l and RosmEZ were more cilective againsi
gram-postive  L.omonocyfovenes thin  pgainst  prom-
negative £, eolt and | MHB and i food medels,
Furthermare, hioth extracts wene mare effective aginst
hacweria whee applied 1o Tood products containing high
curbohvdrate levels, but lower kovels of B or prodeins,
Roscrmry exiracts could be more effective at lower
microbial contuminztion kevels, although the vpe of
microorgamsm seems 1o have an mieence. However,
RosmE] pnd RosmE2 can be used alone or in combi-
ruitions wikh the chilling of food products.

Comparizon of publizhed b owivo data iz difficul,
Yariations related 1o Food product formulations. miceo-
orgnnisms present und thelr contaminotion fevels. und
the environmental eonditions contribute vo differences
in results. An additional problem i3 extreme varmhality
in e commpesition of plant phenole eatrets, hesiaie of
their patoral orignn asd different extracnon methods,
Finally, the resulis of penstandardssed pnzibacterial tesis
are not compuarnhle. According 10 sur pesolts stucies
performed in food model, medin are necessary prior to
lurther application in food muotrices. rather thon those
obsturned o lnboratory medis, Llsmg the food microdi-
luteon method, we eviluated some factors i alonse o
o eombmation can alleci the elliciency of oatural
antimierohials and concluded that the method cin be
applied a8 & simple, rapid, reproducible and inex pensive
technigue in o varety of food models,
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23  ZMANJSANJE STEVILA BAKTERI) VRSTE Campylobacter jejuni Z
NARAVNIMI PROTIMIKROBNIMI SNOVMI V RAZMERAH, PODOBNIH
PISCANCIEMU MESU

Piskernik S., Klan¢nik A., Riedel C. T., Brgndsted L., Smole Mozina S. 2011. Reduction
of Campylobacter jgjuni by natural antimicrobials in chicken meat-related conditions.
Food Control, 22: 718-724

Preverili smo protimikroben ucinek izvleckov rozmarina in bakteriocina nizina na bakterije
vrste Campylobacter jejuni v razlicnih razmerah. Za doloCanje protimikrobne ucinkovitosti
smo uporabili metodo razredCevanja v mikrotitrski plosCici ter metodo razredCevanja v
tekoCem gojiSCu za doloCanje kinetike rasti in odmiranja. Na koncu smo ucinkovitost
preverili Se na kosckih pis€anc¢jega mesa. Ucinkovitost smo preverili pri niZji temperaturi
inkubacije, z ali brez predhodnega kratkotrajnega zamrzovanja. Potrdili smo, da ima
izvleCek roZzmarina boljsi ucinek v gojiscu, kot pa v pis¢ancjem mesnem soku, ter da nizja
temperatura inkubacije podaljSa Cas prezivelosti bakterij vrste C. jgjuni v pisCanCjem
mesnem soku. Najvecji protimikrobni uCinek je imel izvleCek rozmarina, medtem ko nizin
sam ni imel protimikrobnega ucCinka na bakterije vrste C. jguni. Prav tako nismo dolocili
protimikrobnega ucCinka kombinacije nizina in izvleCka roZmarina. Kombinacija
predhodnega zamrzovanja in izvleCka rozmarina je imela sinergisticen uCinek tako v
laboratorijskem gojiscu, kot tudi v mesnem modelu.
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ABSTRACT

Peowalays (10 i5 essemial (o dest new preservation and deconmamination procedures using natarally
ccourring chemecals agabnst Important pathogenic bacterla in meat. We tested the antimicrobial effect of
rosermary exXtracis amcl (e bedieriocin nisin againid Campyfolucier jeiumd al a o stockge DEnperdiine
{8 °C) wath or without shorl-lerm pre-Ireeging. The antimicrobial effec ol resemany exiract was four
times greater in laboratory media than o chicken meat juice, Furthemmore, s iemperaiune siorage
conditions prolenged the sureival of C fefeun inchicken meat joice, Misin, with an approximately 1.0 g
reduction was neilher efleclive alone nor in combmatsan wilh the extracl Pre-freering wilh pland exiract
atdition proved 1o be effeciee treatment by maore than 3.0 log reduction in 48 b, The results in chicken
mssat Toad model again shawed Lhe synergistic efect of freeging amd plant extrac anfimicrobial activity
Mg the combination of pre-freceing and plant exmact rreatmend reduced the cell nomber Ty moee tean
20 bog reduction, studies shouwld be condected o further evaluale this promising Creatmend foe
Campylnfeater reductian in the puuliry meal supply.

02000 Elseveer Lid. Al rights reserved

1. Introduction

Campylobracteriosls is the world's leading bacterial food-bormse
illness and the most fregquently repoed zoososis in hmans [EF5A,
2000; Westrell et al, 2009; Smole, Kurincic, Klancnik, & Mavri,
20107, To reduce the incidence of human Campyfabacrer infecrions,
different approxches have been used to reduce human exposure o
Carmpylobacter from Beoiler mweat, the main wehicle of homan
infection {Corry & Atabay, 2007 Humphrey, O'8rien, & Madsen,
20071, According to recent research (Moran, Scates. & Madden,
2009; Smole Mozina, Kurincie, Kramar, Ursic, & Katalinic, 2009,
Supukl & Yamamoto, 2008) and repoits ol official monitaring
systems (EF5A, 2009), as high as 90— 100% of raw chicken meat in
retail markets may be contaminated By Compylobacier. Several
quantitatiag risk assessments for Campwiohecter inbroiler meat have
been developed recently and these conclude that the most effective
intervention measunes abm of reducing the Campylabinerer number,
rather than reducing the prevalence (Maata et al, 2009} Current
food safety approaches for reduction of Compylobecier contamina-
tion of retall mear and pouktry products inchede many gre- and post-

* Lorresponding auhor Tel: 2306 § 28 10 63 ! 2286 1 290 &3 00k
-l acdfriessT sonja smaolediiunt- || (35 Mozinal.

CFE- T35S = see front mater © 2000 Elsevier 1. All dghis reseneed
il ELTEHR R Rl L 2R D LN

harvest practices, such as implementation of biesecurity measures
ar the farm or reduction of Campylebacter counts through physical
andfor chemical decontamination of mear {Loretz, Stephan, &
Dweifel, 2000; Marrung & Buncic, 2008 15mudying physical deon-
tamination of broiler carcasses at slaughter, Boysen and Rosenguist
(2009 showed that none of the physical decontamination tech-
miguees performed in the sliughter hosse with naturally contami-
mateed Broiler chickens was as effective as freeging, In addition oo
plwsical treatments, several recent studies evaluated the eflectve-
ness of chemical compounds in reducing Campylobacter on chicken
carcasses or related food models such as skin and chicken
meat samples {Del ®io, Panlzo-Mosin, Prieto, Alooase-Callejs, &
Capita, 2007; Dl Rio; Gonzales de Caso, Pricto, Alenso-Calleja, &
Capita, 2008; Riedel, Brendsted, Rosenouist. Nygaard Haxgart,
& Christensen, 2004) These analyses emphasized that the chemn-
Istry of the decontamination agent. treatment time as well as the
foad matrix allected the outcome in an unpredictable manner and,
therefore, further studies are necded to evaluate the reduction
effectiveness of specific chemicals {Rindel ot al., 2009}

Beside microbidal reduction capacity, additonal criteria, such
A5 consumer scceptance, human health aspeots; development
ol antimicrobsal resistance and environmental safety have to be
considered in implementation of chemical decontamination of
chicken meat (Riedel et al, 2000), Decomtaminaton Deamments
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alsp must be considered as part of an integral food safiety system
{Loretz et al, 20100 In this respect it is important thar consumers
prefer naturally occurring agents, since ‘green’ consumerism and
use of plang exraces ks becoming mose and more pogeular | Burt,
20041 Therelare, currently thers i a great demand 1o screen fop
suitable  nampal  decontaminants  and  altermative  treatment
methods [Chouliara, Karatapanis, Sawaidis. & Kontominas, 2007}

For the assurance of food safety nowadays consumers are
demanding food products with natural alternatives to chermical
additives, and bur wiih increased safery, quality and shelf-life
Antimlcroblats are wsed in food to controd natwral spoilage
rekesses and 1o prevent of coatiol e growth of micioorganisis,
incheding  pathogenic  microorganisms. [Tajkarimi, lbrafum, &
Cliver, 20400, Much attention has been [ooused on extracts from
herbs and spices which have been traditionally used to improve
the sensory, odour or pigment charactenstics and extend the
shelf-life of foods (Gibbons, 2008). Beside this, it was demon-
strated thar nisin with GRAS (gencrally recognized as safe) stanus
dud ot possess adtivicrobial  activity aganst Gram-tegdative
Eschericiia colf in minced beef, but in combination with essential
0il of thyme showed an additive effeat {Solomakos, Govans, Koidis,
£ Botsoglow, 2008a). Interestingly low temperature and also food
material decreases the sensiriviny of Arcobacter, phylogenetically
related vo Cempylobocrer, o nisin in broth | Cervenka, 2007; Fisher,
Rewoe B Phillaps, 2007 Phillips & Duggan, 2002), Rosemary (Ros
marines officiatiz 1L a member of the Laminceas famitby, 15 used a5
a functional food, and several extract formulations of rosemany
have bepn proven to have antioxidant and also anti-Campylabacter
activity (Klantnik, Guzej, Kolar, Abramovic, & Smole Mozina
20050 Interestingly, campylobacters have besn confirmed to be
more sensitve o rogemany exiraces than other gram-negative
bacteria, Although the exact mechanism Behind this stress sensi
trvaty tovwards matural substances remakine e be elucicaied, it Ty
be speculated that it depends on the lack of stress: adaptive
responses in Compylohocter present in other gram-negative food-
boene bacteria { Klancnik, Guzej, Jamnik ot al, 2009; Klantnik et al.
2005

In this spudy the andimicrobial activity of selected rosemary
extract formulations on Campyiobaceer jefund in different environ
mental conditions was examined. The combined effects of the
exfract and nisin with low (B “C1 storage temperature and lor
freezing on the survival of C jejum in laboratory media and imitated
feod environment chicken meat juice were monitored, Finally, the
activity of selected extract concentratlons on Campylefacer In
a chicken mear model at 8 *Cand in combinarion with short-rerm
pre=Freeting was also evaluated

£ Materials and methods
21, Bacterial strains ond growth conditions

In the study, the reference strains C fefund ATOCIIS60 and
C. Jeduni RCTCIT1GE a5 well a8 poultry meat and human clinical
isalate. € jojuni 4954 and € fefund 375-06 respectively, swere
used, The strains were stored in Brain Heart Broth (Merck
1L10493.0500, Darmstadt, Germany} containing ghecerol and
Iysed horse blpod (Oxold, SBOEBC, Hampshire, UK} at B0 “C and
sub-culmired on Calumbia agar base [Oxoid, CMDA1, Hampshine,
LK} at 42 °C under microacraghilic conditions (5% O, 10% 00,
BS% Mzl

22 Plant extracs feroodatons and nisin

Lyophilized rosemary extract formulations (V40 W70, A40 and
118, supplied by Vitiva dd., Markowcl, Slovenia) were used In the

study. They were dissolved in 95% ethanol to prepare siock solu-
thens at a concentration of 10,0 mgfml and further diluted in Miler
Hintan Broth {MHE, Oxotd, CMO405, Hampshire, UK) to 3 working
solurion of 1.25 mgiml or lower. Misin {Sigma Aldrich, N5764-250,
5t Lousls, USA) stock solutbsns were prepared fn 002 M HC at
a concentragion of 25.0 mgimL

2.3, Testing the offect of chvilling temypenenere gnd/or short pre-
freezing

For determination of the impact of cooling in stress response
analysis, the cells were expased to the cooling temperature either in
MHE ar chicken meat jubce and chilled to 8 + 1 °C in a micro-
aerophille armiosphers, Replicate samples were removed from
storage ¢ach day for 7 days and the surviving campylobacters
enumerated. Mon-stressed bacterial culture, taken at the same fime
as the stressed oultwre, served as the control,

Experiments to test the combined affect of freezing, nisin and
plant exrract were performed in chicken meat Juice. Selecved
concentrations of plant extract in MHB and initial inoculue 5 te
chicken meal juice ot approodimately 107 CRE ML were prepared,
These samples. with e without nisin added, were Irozen to -20 °C
and held at  20°C = 1 “C in the freezer for 24 he After 24 b of
freezing, samples were thawed and sampled immediately. then
stored at B “C under microaerophilic conditiens. A control sample
without added plant extract was abso pregared.

Zd, Annbacrerial efficlency resting

Mindrumi inhibrory concestrations {MIC) were determined
using the broth microdilution method and calculated from the
lowest concentration where no metabalic activity was observed
after 24 hon the basis of the absence of a bioluminescence signal, as
discribed by Klancnik et al (20089] and Klantnik, Piskemnik, Jersek,
angd Smeole Mozina (30100 Control wells were prepared with
culfture medinm, bacterial suspension only, plant extracts only and
ethanal in amaunnts corresponding tothe highest quantity presant,
Al measurements of MIC values were performed in triplicate and
the most representative values were used.

The kinetics ofinhubition and/or inacrivation was cvaluated using
the broth macrodilution method s described by Klaninik o al.
(2009, 2010} No plant exeraces were added to the control samphe,
Bacterial survival was foflowed by taking samples at different
intervals (0, 4, 24, 48, T2, 945, 120, 1GE h)and plading anto modified
Abeyta-Hunt-Bark (mAHB, Owoed, Hampshire, UK] agar plates,
which were prepared as described by Rosenquist, Sommer, Mielsen,
and Christensen {2006 ). The MIC was the lowest concentration that
Inhibited lacterial growth and the minimal bactericidal concentra-
tinn [MBC) was the lowest concentration wiich resuited i non-
detectabie cells after 24 b of inculation, All experiments inclucdsd
twio replicants and were independently repeated three or more
times and the mean log CEUmL as well as stondard deviations seere
calculated,

Far bath micro- and macredilution methods vested planr extract
concentrations were bn the pange from 125 mag/ml o 002 mgimk.
For inocula preparation the strain was incubated for 20 h in MHB
and for antibacterial activity assays 1.0 ml of each, appropriately
diluted { in MHB] to cca, 10" CFUmL, was wsed, To test the effect of
different inocuda, Le inital concentracions of camyplobacters in the
tested samples. three inoculum levels were used: appro 107 CFUmL
as high. 10° CFLjmL as medium and 10° CAEmL as low level of
. jepuni culture,
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25, Food models

AEL Chicken mear fulce

For the preparation aof chicken meat jusce, as a well imitated food
envirenisenl, commencially froen chickens without gilsles were
placed in a container, umwerapped and thawed at room temperature,
Afterwards the collected chicken meat juice was centrifuged
(10,000 rpm for 10 min), sterlized (through a 045 um Alter] and
stored at 20 “C as previously described [Riedel er al, 2009
Before vse, mibes containiing chicken meat julce wiere thawed at
room temperature for 1 1 (Birk, Ingmes, Andersen, Jergensen, &
Brandsted, 2004),

2532 Chicken meat model

Meat samples were prepared as described by Riedel et al
(2009], bt with some modifications. Chicken meat  pleces
were carved from commeercially bought chicken fillers. Since
Campylobacter-free chicken fllets were not available, we sdded an
atlditional control, which was st a canved piece of chicken meat.
Nocubture or extract was added to that picce, It served only for the
purpnse of monitoring the possible presence of campylobacters.

Inoculum for food model analysis was prepared as described by
Fiedel ot al. (2008} with final concentration of appros. 10° CRmL
in the 5 mb of chicken meat jules which resulted in 5.5 « 0% cry)
mil ooy the chicken meal samphe,

Samples were dip-treated apd contrals were prepared con
sisting of chicken meat samples which were just inoculated,
Treatment of the meat samples was performed using 5000 mL of
appropriate extract concentration (0.20 mg/ml in the dipping
solution) and dipping of meat samples for 1 min. Samples were
then divided Into G sers: 3 sees of sanples wers frozen for 24 hat

20°C, followed by thawing and immediate quantification of one
ser of samples. The bwo remaining sets were lurther stored st
8 °C for 24 h, one set of samples under microaerophific and one
set under acrobic conditions. Of the remaining 3 sets of samples,
two sets were stared at 8 °C for 24 h under either microaerophilic
o aembic conditions. One set of samples was quantified mme-
diarely after rearment, As controds, sterile water and 10% triso-
diwm phosphate [T5F, 04278 Ricdel, Sigma—Aldrich, Germany] in

Tabke 2

the dipping solution were used, Sterile water was used to
determine the effect of the dipping procedure [or 1 min [Reedel
ot al, 2009],

Quantification of C jgiomi in meat rinse was performed as
described by Biedel et al (2009), but with some modificatsons,
‘When 10-fold serial dilutions were made, we spread plated 0.1 mL
of the appropriste dilution omta mAHE,

3. Resulis and discussion
A1 Selecnon of plant extrecs for forther festing

Tiv ideniify the rosemary extract that was the most efficient in
reducing the number of Crmpylobacter, MICs weee determined foe
Tous rosemary extract formulatbons, which were selectod previously
fram a larger set of plant phenolic extracts, pure species formula-
tions or their mixtwres (Klantmk et al, 200%, 20000 Klanénik,
Fiskernik, Lipoglaviek & Simole Mogina, 2009} against reference C,
Jemd ATCC33560, MCTC 11168, as well as human clinkcal isolate
(375-06] and retall chicken meat isolate (K494 1 The results showed
that oil-soluble V40 and V70 with carnosic acid as the main anfi-
mpcrabially acvive phenollc compound (Klangnlk of al, 2008} were
the mosl effective extracts against all strdns tested amd Va0 was
selected o [urther determination of antimicrobial activity, Because
the scnsitivity of the four strains was not significantly different
(Table 1% C jojuni K49/4 isolated from fresh retail chicken meat
(#orman & Smale Mafina, 2002 ) was chosen for further resting.

12 Growth mbibmon/cell reducion i MHEB

First, the growth inhibidon)servival of C et in laboratony
media at 42 °C under microasropltilic comditions st different initial
cell concentrations were monitored, A difference fn the efficicy of
the extract was observed when abow initial level of cells (107 CFU{mL)
was tested. Al the concentration .08 meg/mL V40 did not prevent
a shight increase In population of oo 1.0 log unit (ten-fold), but
gher concentrations reduced the popalation under the detectahle
level after 24 b [Talbe 2), (oo similar way the efficiency of earacts
at chilling incubation temperature, 8 — 1 °Cin MHB was tested, The
reduls are présented in F. L

At a lJow initial level of cells (107 CRUYmL) & concentration at
.31 mg/mL of W40 immediately reduced the population by approx:
1.0 log unif (ten times}, and under the detectable level in 24 o The
other twia cancentrations (016 mg/mL and D.08 mgimL) achieved
the sarme result in 48 hy but the control culture also started to
decrease ab the same rate, When an bnitial level of cells of 107 CoU/
ml was amed, the eotrat addition did ot show any signiticant
antimicrobial effect. The number of cells decreased slowly and
reached an undetectable bewel after ¥ days (Fig. 1) In comparisan to
the efficlency In growth Inhibition at 42 “C there was no visible
effect at the chilling wemperamre.

Grovth mhibitonfrell redecton of C juni 45904 m MHEB (42 ¢ for 24 5 ot different Y40 comceniratoes sod three inoostatson bevels {appme: 107 i g R e 30% 18

mesdium CAUfmL, 10 15 low CRUfmL). Detecsion himit sas P CFUfml

MHE 41 CiPlant extract ¥ 40 High Incculaiis kessl

Pelediam Wesoculaibon Jeval Law I lation level

tlog CAUml) (g TP el {log CFUwl)

1-0h P2 h E-0h L=24n L=0h Eo4h
Controd £ pepmi [T 11 £ 006 473 = O 504 £ 014 329 £ hH T £ L12
08 mEgjenl 581 =011 B0+ 0323 455 = Do 754 £ 027 BEZ = k13 447 £ 030
036 migmL SEE - (U SA0-E NS 472 006 40 L D8 203 & IR b LR e
430 mygienl, SEE o OS5 ND 457 s 0dd 18] 233§ k16 L]

MO oL detected.
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13 Growth inhildnon/cel! reduction in chicken mear fdce

The test too determbne MICS wais pq'lfr.lrmrd al 42 C ammder
miernaeraphilie comditions in sither MHB.orchicken meat julce usng
the microdilution method, Our resudts show that the exteact was more
efficient in laboratory media (016 mig/mlL) than in chicken meat juice
[0063 mg/mlL Because chicken meat juice is the Ausd that is produced
when Trozen chickens are thawed and It resembles the composition of
meat [Birk et al, 2004, the acwity of the plant extract may be
dimisisheet dase 1o reaction with feod components sach as lipids,
protaing, and carbalydrates. Previous studies have also shown that
plant extracts and essential oils are myore efective when tested in viiro
than when evaluated in real foods (Burt, 2004), Therefore, our study
weas mainly focused on the acthiaty of the plant extract in chicken meat
Juice rhat resembles the environment of Campyfobacter in meat:

The tested extract concentrations had no effect on growih inhibi-
o of Cfejund in chicken meat jukoe ar the high initial cell concen-
eration 107 CELLmEL AT e anel low iniial cell concentrations the
highest extract concentration used (031 mg/mlb] was efficient i
Compylohrcier reduction as no colonies cowld be detected [Table 33

Wwhen the best in chicken meat juice was performed at the
chilling temperature and pwo indtial cell concentrations, skmilar
results were achieved, as shown in Table 3. Efficient cell reduction
weas obtaingd only ot high extract concentration and bow cell
inocudum, and ondy after 120 h of storage (Fig 2.0,

34 Combined condidens for Cangmylobacter reduction: short-term
Jreezing and planr extracr addiflon

A meeried above, plamt phenodic ¢xtract Va0 was not elfcaenr
i quilck reduction of C fefund in realistic conditions far meat storage,

Tahle 3

a5 chicken meat juice had a protective impadt on O jojuni at low
temperature. $o we continued by testiing for possible synergistic
activity of an acceptable concentration of V40 (020 mufml) with
isln anchior shost-temn freezig, Repeated freess-thawlng e
destroy hacteria and 3t has been reported that strains of Comypydo-
bocter are sensitive to freezing andfor freeze-thawing {Archer,
2004) Very recently Boysen and Rosenguist (2009) confirmed
freezing vo be the most efficlent phwsical treatment for rediection of
Cempylobacter counts in induserial conditions at slaughies. However,
Ahadiri and Cortrell {2004] showed that C jejuni can survive
refrigeration and freezing and that these treatments alons are not
enough, Ansther study showed that the oxidative stress sensitivity
of C. jejuni depends on temperature and bacterial survival is better at
low temperatures [Garenaux of al, 2008 )

C jefund was monitored over a period of 4 days under the
combined effect of W40 (0.20 mg/mL) and nisin {1000 1U0) at 8 °C in
chicken mear julee, under microserophilic conditions (Fg. 3), The
iy eliate offeat of Va0 and the combination of V40 sl nisin wag
an approximately 1.0 log redoction. This reduction was not great
enough and the resulis suggest that nisin had no antimicrobial effect
against O jefumd, not oven when combined with rosemary extract.
This reduction 15 ot correlated with the ncreased susceptibility of
bacteria after treatment with nisin as e.g. just published for Lisrerde
innocua [Lehrke, Hernaez, Muglaroll, von Stisgewska, B |agus, 20100
It has been reported that nisin alone cannot be used a5 an antini-
crofval agent against Gram-negative bacteria (Solemakos, Govdns,
Hoidis, & Botsoglon, 2008b) but our results suggest that for
. jojimi this is also tree in combination with the plant extract. Our
findings are In agreement with the results obtained by Dykes
Amarowlez, and Pegg [2003). They observed po antimicroblal
activiry of nigln alone again C fefunl, and ale nateed a lack of

Growah infitiiomjooll Teduction of C jefes 4574 bn chilcken meat uboe (47 °C foa 24 1) 82 dierent MAD conen trabkees and thres inocusinsen hovelsagpmee 80 b high CFLUmL:

107 is moediisem. CFUfemls 167 m kv CPUmL) Detection Bemit was 107 CAOfmL

hicken meat faice, £ CFant High imcculatian kevel Mediam incculaion Jeved Loy mpcodation level
cxtrart Y 40 o CFLmL} o Bogg CFU il {log CRUmL)

t-0h =1 - fth - 4B [=0h E~Mh
Cemirel £, e A% £ s TRY L0320 AAR = 804 =18 304 = 006 00 =03
EUH gt A0 & G B R R T AXT = mA A5 2005 932 = o LAE = s
L mgind LT A k] 195 - 09 A76 - e 852 D2 327 L0058 B3 - 432
031 mghind fi41 b 10 786 - 0 457 = UGS L]0} 312 = oll G148

W el e tected
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antimicrobial activity af a nisin and plant extract mixture against
. jejuren and some other Gram-negative bacteria,

Far testing the cffect of froezefthaw treatment, followed by
incubation with the extract andjar nisin, the sanples wers kept at
20 T for 24 b, lollowed by thawing, immediate sampliing and
subsequent incubation over a period of four days at 8 "C. under
microaerophilic conditions. Neither the rosemary extract nor nisin
showed any Inital effecton C joienl cells. Again nisin demonstrated
no antimicreblal activery, etther alone or in combinagion with the
extract. But 24 h-freezing had some effect on the survival of O jefien
A5 the Ininlal reclictbod of O jefun cells wak 0.5 log, compaied raths
C fefund celis that were not frogen, Although the frozen control
survived For (at least) 4 days, extract addition killed L jojuni cells in
48 h, When no freezing was employed beforchand, C jefuni oells
treated with the extract survived for a longer period and were killed
anly after 96 b The additen of nein was not confirmed as useful,
cither alone or in combination with plant extracy, bur shorr-term
freering and plant extract synergistically reduced campylobacters
under the detectable level (by more than 3.0 logs) in 48 h (Fig 3,

1.5, Chicken meat model
o the basis of the above results, rosemany extract {at a conoen-
tration 20 mg/ml in the dipping solution) was chasen for the

chicken mear meod el experiment, The effect of a storge tiemperature
of B °C with or without 24 b pre=freezing on the efficacy of V40 an

-‘ﬂ'l

e
}

-

é . } i;-::__ _'_'_;_T'_:‘_;_'-_:
5 N

growth inhibition/cell reduction of C, jejuni was also assessed in this
experiment. As controls, sterile water and 108 TSP dipping solution
wire used. Steribe warer wias used ta determine the efect of the
dipping procedurs for 1 min {Reedel o al, 2008) and réduction was
less than 0.5 logs. Wie used TSP as a contral, since i B assigned as
GRAS by the FDA and is approved for use in the brofler slaughter
process in the USA [Capita, Alonso-Calleja. Garcia-Fernandez, &
Moreno, 2002 The European Union (EU} has evaluated TSP for
applicarion as a decontamination agent on pouliry carcasses, bat
awrvently chemical decontaminatbon is sot approved for use in the
ELT(RCVIPHL 2003 ], TEP (10 + 2%) 15 used a5 a processing wd ina 155
treatment which results in approe 20 log reduction of microbial
contamination {Capita et al., 2002; Okolocha & Ellerbroek, 200%], In
our experiment TSP also achiowed an approcimately 2.0 logs
reduction compared to the non-treated sample (data mot shown ). Al
the samples were prepared inone cxperiment and divided into two
groaps. One group was dip treated for 1 min, followed by 24 h
freezing o - 20 C Alter thawing one tiird of these samiples were
quantified immediately, the remaining two thirds were further
mevbated for 48 h at 8 °C, under microaerophilic or acrabic condi-
tions {data not shown), The same was applied for the other growsp,
oaly that these samgles were not frozen beforehand. This provided
the controls to examing and determine the effect of freezing on the
survival of C jejunt.

Alehougl the selected extracr concentration alane did not
possess a significant antimicrobial effect. in combination with

& Cliwtnd £ gl
]

— .______4 —i- Fresmieg

| = Hizln  Fraexing
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B 1
'_'f —8- W0/ Freesing
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Fig. 3. Sevival curves of € jepuni 494 m chicken - meat juwice at 8 O, plan extract Y40 (020 oogiond ) and o pomiesy {1000 L) and for pre- reenng (24 b at -3 CL
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short-term [ 24 h, Fig. 4) freezing an efficlent average reduction of ©
Jepuend cells of mare than 2.0 logs was achieved in 48 ho A similar
effect [dara mol shown) was achieved when saimples weie ingi-
brared under asrolsic conditions,

4. Conclusion

Mumerous treatments have been implemented so far o redoce
the risk of Campylobaceer before final distribution of fresh chicken
méat o redadl outers, However, campylabactesdosis sl remadng
the most frequently reported bacterial food-borne  roonosis,
Therefare, new treatments are needed to reduce this impartant
pathegen on chicken meat, A reduction of Compylolacter by 2.0 logs
on chicken meat might represent a reduction in Camyplobecer risk
via chicken meat consumption, a5 estimated by several visk
assessments (Lindgvise & Lindbled, 2008; Lorers er al, 2000 Nauta
et al, 2008; Rosenquist, Mielsen, Sommes, Mormung, & Christensen,
2003, One possible method to achieve this reduction could be the
application of physical and chemical treatments that reduce the
Campylobacter concentration on meat. Two importane aspects in
applicagion of these methods are the antimicrobial activity on the
meat and acceptance of the treatment by the consumer. Naturally
aocarring antimicrobial agenrs were cosen as these may e
accepied by the consumer, We combined these treatments with
freezing as the most efficient physical treatment for reduction of
Campylobacter. Freering probably results in sensitisation of the
bacterial cell membrane and thus increases the antimicrobial
activity of natural compounds which are por otherwise antl-
microbially efficient in mear storage conditions,

Ol the application of an acceptable plant phenolic extrac
concentration combined with pre-freczing redoced campylobac-
ters by more than 2.0 logs which are considered to be efficient
in significant reduction of Camyplobacter risk via chicken meat
consumption. A better understanding of how bacteria cope with
stress condirions (eog. resistance to antimicroblal compounds with
differert target sives in the cell, such as hydrophobic plaot phepolic
extracts andjor hacteslocing, Le. nisin) on one hand, and adapt @
a protective envimonment {eg chicken meat jwice/meat comypo-
nents] on the other, will be critical in designing mew {combined)
intervention strategies and control methods for feod safety
It flipe e nt,
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24 KONTROLA VEGETATIVNIH CELIC IN SPOR BAKTERI RODU
Alicyclobacillus V JABOLCNEM SOKU Z IZVLECKI ROZMARINA

Piskernik S., Klancnik A., GaSperlin L., Smole Mozina S., JerSek B. 2016. Control of
Alicyclobacillus spp. vegetative cells and spores in apple juice with rosemary extracts.
Food Control, 60: 205-214

Z metodo razredCevanja v mikrotitrski plosCici smo dolocCili protimikrobni ucinek
izvleCkov roZzmarina na izbrane seve bakterij vrst A. acidoterrestris, A. hesperidum in A.
cycloheptanicus v laboratorijskem gojiS€u. DolocCili smo vpliv izbranih koncentracij
izvleCkov roZzmarina na senzoriCne lastnosti jabolCnega soka ter doloCili, da dodatek
izvleCkov rozmarina v vrednostin MIK ni imel vpliva na barvo, vonj, okus ali motnost
jabolnega soka. S krivuljami prezivetja smo spremljali kinetiko bakterijske rasti in
ugotovili, da izvleCka rozmarina pri vrednostin MIK zmanjSata Stevilo vegetativnih celic
tako v laboratorijskem gojiscu, kot v jabolcnem soku. Preverili smo tudi ucinek izvleCkov
rozmarina na spore bakterij vrste A. acidoterrestris in doloCili indekse inhibicije. Vrednosti
MIK na spore v laboratorijskem gojiSCu niso imele bistvenega ucinka, v jabolcnem soku pa
smo doloCili >15 % indeks inhibicije. Preverili smo Se uCinek 4-kratnih vrednosti MIK na
bakterijske spore, kjer so rezultati pokazali vecji indeks inhibicije v gojis€u kot v
jabol¢nem soku. Izbrana izvleCka rozmarina pri vrednostih MIK nista ucinkovala na spore,
vendar pa so spore pri teh koncentracijah lahko vzklile. Na tako vzklite vegetativne celice
sta izvleCka lahko ucinkovala skupaj z nizjo vrednostjo pH soka in drugimi sestavinami
jabol¢nega soka.
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I khis shimly, we iniially snvesigatiil e antimicorobial sctivilies 40 Paso commetoad s mary cxleacls
[ 20, vy} apainst Alioclobaafuy sirains, with the uliimate purpoye o determine whesther ibes= an be
wsed |napple julce lor vhe coniral of grmath of alioyckabaalli, Mininmin Inhlbuury goodentrabians (MICs)
were [fest dedenmineid, and gl through seisery amalyses, Sddition of the foseituary cxiracts D appde juice
al dbeir MICs didd noe change ihe colowr, oiloar, @sie oropacity of the apple juce. Goowth kinetios siadies
Wil Dl pigeiiudry ealracis bndicsied & rodoctinm i segetalie ool lee Ao bolu iTs acliljeriesinis,
Adiryrinboniies hesperidrem and Alicycishonibes cyclobeptuning in famfes ooidsterresims bruth and in
apphe fuloe. Further studies with A, ecidogrmestils spares shanved tha the BICs of ibese fosemany os-
tracts had relatively low cffodis on spore nambers m I ecidoierresenis brovh, bol had a =puce membser
inhisiton index =158 in apple juice. & four-fold increase m the rosemany extract concentrations shuvwed
Chr npgeosife ¢ffeors greales reduction in s poees i B aodeterresris brodhdinhebition wedes, = 50%] than in
apple poice (inhibition indes, <40 These data mdscaie that at their M, the Y20 and Y40 rmyemary
extrcts allow ciaigrowih of spores bl regduce vegetalve cells, aciing togeiher waih ibie low pH o cgber
particular constiluents of the apple jusce. Rosemany extracts appliod of theic BICs thos represent an
alternatree methad for the moirod of A addotermesms i apple wice

& 2005 Pablistnl by Dsevr Lid

1. Introelsection

wed teas are also msceptible to alicyclobaall (Oueng & femen
2000k Wils & Chuyate, 2000), The maln source of isoladen of

Alicychobacilll are aenobic of facultative apaerobic and Gram-
posttive bacferia, and their general characterstics include ther-
mophilic, acidophitic and endospore-forming  propertics. Their
distincove charactesistics include w-sicyclic farry aclds, which
represent the majority of the [atty-scsd compasitian off theis cell
memmbrane, although there are some species (such as Alicyclobn-
cithis pamorum, Atcectabociihes conmminans, Alcpdabeallis mec
rospormmigide,  Aligclrbaciin  poftlice  amd  Alchefobociius
feormoaydims ) that do nol condain this lype of fanty acics, b
straght andfor branched chain ssturated fary ackds (Sma
Cameron, Venter, & Wikdhohn, 30017 Wisorzkey, Juntshuln, Fo
Dieriahaard, & Tacalli, 19593%

Alicyclobacilli are spoilage bacteria, and they represent a serous
prablem in the frst-pice industry. Thisspoilage by alicyclobasalli is
sl Common in apple jubte, althowgly other pypes of jbces aod
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alicyclobacildl ks solf and thermal acld springs. althowgh they are
abw associated with variows fruit surfaces and juices, aoudic bev
crages, frmt-juice concenerics, dricd hiblscus flowers, various
ryvpes of herbal feas, lced eas and their ingredients [Snue et ®
2010 Wiailked & Mhillips, 23008}, and apple and pear flvousisg
[Qteiz, Sabg, Ortig Alvarepga, Sant Ana, & Glanmszi, X604),
Alicyclobacilll represent & problem becawse of thelr spore-
foomming nalure and thert resslinee. b pasteurisition Healments
[Seyn, Camedan, & Winthabin, 3000) Due ta the rise [0 ‘green
CONSUMErsm’, nanimml antimicrobdals have been gaining greater and
greater signficance [Ta)kariml Thrahim, & Clver, 20100, and the wse
ol naturad antimicrobiak aganst aliovclebaci L such as bealeriocins,
has been investigated [ Grande e al,, 2005, Kamitsponlow, Aoriaris
Divies. Delves-Heauphian. & Adams, 1920 Pel, Yoe, & Yuan 203
Amorg the natueal anfimscroblais that have showvwn doivity aganst
Atfcyclobocithie oddoterresdrs, these are cinammaldelyde, cugenal,
limanene and bsazyme |Bevilacrua, Campanielln, Speranes
Simigagha, & Corbo, HAE: Bevilaooqua, Cloffreda,  Siigagha, - &
Cotlw, 2004 Bevilacgua, Corbo, & Sinkgaglia 20080 Bevilacgi
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Corhn, & Samigaghia, 20085, Revilsoua, Carbn, & Simigaglia, 20709
Here, cinnamaldehyde was skown 1o be more effective against ali-
cyelobacilli than limonene, although combinations of such natural
antimicrobdals (eg., cinnamaldehyde and eugenod, biociiro citre
catract and kemon extract) tend o be mose effective than when
these are tested individually, However, although herbs are used and
appreciated for their oo, there remains the prablem of e
semsary effects that such nateral antimicrobials might have when
used in food products. These £fects have generalky been less stadied,
Ll iy showld ot be disveganded | Taikario cf al 20000

The initial aim of the present study wos 0 mvestipate the
antimicrobial activities of two commercial rmosemany cotmcts (W20,
WD) xgakist A scidelemenrs, Algebeolie hesperidin and Al-
cyclabacillis cyclobeptimicis strains. We then determinad the in-
Auence of these bwo rosemany extracts across a wide cancentration
range o0 the sensary properties of apple juice, as the ultimate
purpose was o determine whether these Two rosemany expras
can be used n apple juice lor the control of growth al dicyelabacilll.
Furthermore, we investigated the antibacterial effects of the
semnry-acceptabie concentrations of these rosemany exiracts on
the growth of A. acidarerreseris, A, hespertdiam and A evelohepeanicas
siraints in 50% apple juice and apple juice. The activities of the
selectedd - posemary extract concentrations were alse shsdied in
terms of thelr effects on the endospores of A aodotermesirs.

2 Materials and methods
21, Rosemary exrracrs end apple juice

In the present stucy, two commercial rosemany extract farms-
lamdons knowwn as V20 and V40 were used (Vitva dd. Markoyel,
Slovenial, Acconding to the manulacturer, the main aclive phenmdic
compaund m theie extract formulations & camosic acid, which
they document as representing 1906606 and 40.694% In w20 and
Wil respectively. Stock solutions { 13 mgfmi) of these extracts were
prepared in alsolute ethanol (Merck, Darmstade, Gemadany), and
further diluted in Socitiz acdoferresiris (BAT] broth (Dahles,
Darmstade, Germamy), 50% apple juice, or apple juloe as the work-
ing extract sofutions. For the prepration of 5056 apple joice, el
portions of comsmercial apple juice (Fructal dooo, Slovenia) and BAT
broch were miserd aseptically n a stende fask. with the commer-
clally tought appde juice also wsed as sheained

22 Smwing of Alicyclmbarilius

A acidorerresims ZMIE4 (DEMZ 3922, Ditsele Sammlung von
Mikmorganismen und Zeflkalturen, Germany ) was used in the
study as the mlerence strain, along with twa alioedobacllus feod
Isodates. isolated from sugar: A, hesperidum ZMITS3 and A cydo-
heproeici: ZMITYT These strains were stored al- - B *Clin BAT brath
with 205 glyceml

23 Derennination of entibacteriad aotivities

231 Broth micmdiiedon medhod

The broth microdlluson method was wsed te determine the
antbmdcrobiat effecrs of the V20 and V4D rosemary extracts xgaknst
A poidoterrestris, A, hesperidiem and A, cpcdehepromiouy. Experiments
ware carried aut in BAT broth in 96-well microtitre plates { Nunc,
Denmark), as described by Klaninik, Mskornik, Jersek, and Smole
tlarima | 2000 ] Tested concentrations of both extracts were in the
range from 125 ugiml ta 1 pgfml Inocudum was prepared by dilating
the overnight culture to approximatety 10° cfufmi of which spares
represenied  approximarely 107 cfml. The minimal inhibitery
rconcentratinns [MICs] were determined by the change in colonsr

after the addition of 2 mg/mi 2-[$-lodophenyl]-3-[4-nitmophenyl -
S-phonyl-2H-tetrazellum dye (Sigma—Aldrnch. Steinheim, Ger-
many L All af the experiments were cacricd out in taplicate.

232 Broth mocrodiiurion method

The growth kinetics stadbes for the antbactenial acivities of the
WD antel Vi posemary eXIracts wers monitored over a period of
24 b, in BAT broth, 50% apple juice, and apple jusce, The concen-
trations of the rosemary extracts used were hased on the MICs for
e refeneince serain (A acidorgrress) amd for the two fod Boelaes
1A hespeddien, A cyvolofeptonicts ), as determined with the brath
migradihtion method. The comtrod samples consisted of BAT hroth,
SO% appdit juice, ar sppde judce and the appropriate alicyclobacllus
sirain without the addition of the rosemary extracts. The experi-
ments were carried out as previously described by dlancmilc ot al,
2010 To determine the bacterial growth, samples were taken at
different times (Le_ 0, 4, B, 24 h) and plated on BAT agar { Merck,
Durrnstadt, Carmany ], These plates were inculbsed for 3 days—5
days ar 45 “C Experiments were repeated three times and the
mean mimber of cells and smandard deviations were calcnlated,

24, Sensory amelyxds

To evaluate the sensory qualities, a panel of four qualified and
experienced panellists in the fekd of fnet jeices wos fermexd, with
the sensory propertics of coded [blinded ) samples of apple puce
tasted ina standard sensory laboratory, The same panel evaluated
alt of the sampbes. On the basis of a preliminary tsting for the
purpase of the presewt pvaluation, the panel dedided in Lvvaur of,
and  appliced, an  analytical-closcripive. test (Golob,  faminik
Bertnncel, & Kropl, 2005} The analysls was performed by scoring
Lhe sensory atbribudes of spple joice samgdes sccording Lo a oo
structured scale from 1 o 4 o 7 (ie, 1-4-T1 Here, a score of 4
poings was considered optimal, while scores =45 Indicated greater
expression of 8 property (Lo, to excess; g, darker colour, bedter
saell, befter Davonr ), and thase of < 3.5 dndicated lesser sxgpression
of a property (10, Insfficient; e.g. paler colour, worst smell worse
favour . The exceprion here was for mcbidity, which was evaluated
Iy acoring om a stmictured scale af 17 points, where a higher scong
indlicated] greater sxpression of 2 given property.

For the sensory ewaluation, the apple juice samples were
conditkoned ar room temperatuse (20 °CL and then offered 1o the
panellists in separate gligses for the evalsation: To neatralise e
taste betworn sampling, the paned used the central dough of white
beead that was soaked in tepid lemon-flavourcd water (15

Thie samyples for the sersory analysis were prepaed ag follows,
The V30 and V4D rosemary extracts were dissohved in ethanol at
varos stock cancentrations, The apple joice sampées were labelled
alphabetically, & A to | As detalied in Table 1, sampies A o D had
V3D acdded b Binal concentrations from G225 pghnl to T8 pglml,
respectively. Sampées E to H had the same for the W40 extract, o
final concentrations fram 313 ugiml fo 39 pg/ml, espectively,
Sarmiple | was the control sample with added echanol ar 0.78 pglml,
as the amount of ethanol that was present in sampdes A do H,
Karmpde | was apple uice without any extract or cthanol addstinns,

25, Spore preparatan and airabels

Spares af A, aadotorrestrs were prepared using sporulation broth
and agar medium as described by Sitva, Globs, Vielra, and Sikva
J1Eaby Briefy, overnight cultures of A, moidoderresiris grmdvm in
sporulatson lrath at 45 °C were spread - plated anto sporulation agar
plates and further incubated at 45 °C for 3 days. Then, 2 mi swerile
water was added 1o each plate, tee spores were removed (rom the
surface, and spore aspensicne from the varnous plates were
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Sensary aibrbaies (medes = damlad deviation] of the appde juice sooordey in ihe dilfereni concen boss af e V20 and V40 rosemary exirits adbaed
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extract added ). With o sirucred scale 1-4-7, 2 score of 4 painty m optimal, 4 scoore of S4.5 represenits improsed aribiaies, and & soove of <05 represeniy diminbshed s

Lrbutss, With

combined and centrifuged at 8500 g for 15 man at 4 “C The pellet
wias ressispended In 508 [ viv ] aguweous ethanal, and ceprrifisged after
G0 maim, a5 before. Th supernatant was discarded. and the pelle was
washed four times with sterile water, with centrifugation as before,
The spure sispension insterile waterwas keptatd O for a mimimum
af 1 week before use. Before the experiments, the spore sus pension
wvadd heal treated af 80 °C for 10 min o Kill yegetative cells, and the
tortal spore connt wak determined [Silva ot al, 1990

The effocts of the rosemary cxtracts oo A acidoiermesins spores
were evaluared wsing the broth macrodilution methold. These ex-
poeriments wene carried out in AT broth, 50X apple fuice, and apple
Juice, The V20 and V40 rosemary extracts were tested t bwo con-
ceftTations, as the MICs and at a four-fold higher concentration
with a contrd sarmple without the sddetion of the rosemary extracts
mehaded. These samples were imoculated with the spore suspen-
sion and Incubated at 45 "C with the numbers of spores followed
by taking samples ar different tmes {Le. 0. 4. 24. 48 h ). Each sample
at pach time wis heated to 8 5C far 10 min, 1o destroy the vege:
fative cells, and was then spread-plated onto BAT agar, These plates
wiere incubated for 3 days-5 days at 45 “C Experiments wese
repeated thres fimes and the mesn cell mmbers and spore
munsbers were determaned ag dewribed Tor the mean namber alf
wiable cefls. Vegetative cell numbers were caloulated as the differ-
e | the cefl numbers between e non-heated sl heated
samples af esch given sampling tme, The ihdsdion index wis
calrulated as follows:

i -ﬁﬁ#‘lﬂﬂ. (1

wihere Mo is the member of spares {log cfinfml}) in the control sam-
pie; and Ne s number of spores [bog cfu/ml) in the cxperimental
sarples |Bevilacgus ef al, 20064}

26, Dana aivalysis

One-wiy analysis of vamanee (ANOVA] and Duncan®s mudtiple
range tests with Exgcel, version 2003 wene used to determine the
significance of the differences berween controf samsples and sam-
pies treated with either ¥20 or Y20 mosemary exctracts, The differ
ences were calculated for vegetative cell numbers and  spane
nurbeers after either 24 ko or 48 b of inoubation. The experimental
data for sensory guafities and inhibition indices were evalisated
statistically using the SASISTAT programnee (545 Safbware, 154959)
Thi baskc statistical parsmeters were caloulated using the MEANS
procedure. Thie data obained wede ested for nommal distributions
and anmalysed wsing the general finear maodel pocsdurs, The

tmurtarnd scakred 1-7, a higher soree pepreris an erharced atrite (didioy)

statistical model for the sensory attributes. of the apple. juice
inchisded the main effecrs of the trearment groups (Le. rosemary
extract amd concentragion wsed; A—J). The stasscal model for e
imhibition indices agairst the A, addoterresers spores included the
main effects of the meatment groups {Le. two rosemary extracs af
W0 Concenirations ), the three nypes of media {Le, BAT broth, 500
dpple juice, apple juice], and the intetaction for the reatment
group « type of medie The least square micans (referred o as
mieans in the e ) for the experimental groops were ohained using
the relevant procedure, and they were compared ar the 5% proba-
hility level

3. Resalts

I Anbacterin! eficdexy resang

The: MICs hor the V2 and Vi rodemary exiracts were deler
mined wsing the broth microdifution methed, on the asis of the
concemration where no metabolic activity was observed, as
described by Klancnik et al. {2000 L The results showed thar bogh af
tiese msemary edtracts thal contxined carnoss acid as the mam
anmmicrahially active phenolic compound were effective agains
A. aciddarerresiris, A hesperdum and A crclohepromicus, with MICs of
7.6 pg/ind for V20, and 3.9 pglml for Vi,

1.2 Sensary mnlysis

Wi then determined the Bufluence of these sdded Wl and Vb
rasemary extracts i the sesory propenies of apple juice, The
FOSEILATY EXIFEs wore Mded over the range of doubling concen-
trations starting fram their MICs, as the final concenration ranges
ol 7.8 pg el o 2.5 ppiml for VA [ sample code A~D), and 38 pgiml
m 313 pgiml for V40 (sample code E<H) An ethanal cantmol
samgple wias Included as 078 pl/ml added o apple juice (sample
cotbe |}, because the rasemarny extracts were dissalved in ethamal
prinrio their addition. The no-addition controd was apple joce with
no rosemary extract of ethanol added {sample code |}

The sensory amribates of the apple julce samples were stored
with a nom-stmetured scale fom 1 1o & m 7, where a soore af 4
points was reganded as optimal. scores of =45 indicated improved
aftribistes, and scores of = 3.5 indicated diminshed attribates, With
segards to the turbadity, a structored scale was nsed, with a soore
scale fram 1 o 7 points, where a higher soore indicated an
enhanced tuartddicy,

As can be seen from the data (n Tabbe 1, the additons of e
didferent concentrations of the V20 and Y40 rosemary extracts (s
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Apple juice had significant effects on the descripiors evaluated for
that color, smell, flavour amd turtsiding, At the MICs, a3 the coboen-
trations of 7.8 pgml V20 and 3.9 ygiml Va0 rhese did not signifi-
cantly affect the sensory qualities of the apple juice [labie 1, D, H;
p 2= DUKS), However, the addition of the higher concentrations of the
W and V40 rosemary extracts o apple juice (Talde 1, A= E-G]
significantly affected the sensory gualities, which wese o longer
acceptabile: the colour became boghter, the smell and favour woere
warse, and mrbidity appeared. Although the colour chamges were
anly slgmificant for the highest concentrations of V20 aond V40, the

[ A AL rchdaderresiey
o aConiml C HAT medium
== WITE pgmli C BAT madinm

two-fold and four-fold increases in V20 and Va0 showed significant
worsening effecis for smell flavour and vurbsding [Table 1)

31 Growth Wneticn and growth inhibition of vepetative cells

The growth kipetics over the 24-h penod in the laboratory BAT
Twaeh Far the A acidarerrestris refesence straln and for the twa Foad
isolates of A hesperidiom and A, cyclohepeonines were comparalde
EFp 11 The additan of Va0 and V40 at their MICs showed signif-
icant atimcrobial elfects and growth mbibition of the vegetative
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cells of afl three of these strains of alicwckobacilll. Both of these
extracts showed the greatest effects during the first B boof ivou-
batian, with cell concentrations af 3.2 log chylmil and 2.5 log claf/ml
for V20 and Vad, respectively (g, 1AL The antibacterial effects
remained almost the same over the final 16 h of incubarion, and
reached cell concentrations of 3.4 log cfufml and 2.6 bog cfufml for
V20 and V40, respectively (Fig 1A), Similar cell copcentrations
wiore confirmed  with V20 and V40 Jor A hesperidum and
A cyclotirproniows [Fig. 18 and €1 This growth inhibition showed
greater effects of Vil over V20 on these alieyelobacilll sxcept for
A, hesperidhum, There was a significant dilference between mean cell

LA A, aplsinderroiny

8

numbers of the control sample amd samples contaning both of the
extracts after 24 b of incubation (p < 005

Previous sudies have alio shown that plant extracts can be
mure offective for inhibition of bacterial cell growth when lested
in witra than when evaluated in acal foods [fBur, J004; Plskemnik
Elindnlk  Tapdiap Riedel, Brosdsied, & Simgle Sodins, HEL
Therefore A acidaterrestris, A, hesperidem, and A cyclahepramicus
were monltored over a penod of 24 b under the treatments with
the MECs of V20 {78 ugiml ) and V40 (3.9 ugiml) in 50% apple juice
and apple jusee [(Fir 21 Here the alicwlobacillus growth was
inhiibited  with both of these growth media, with finad oolb

M (hog el ml)

=& pmind ! 3% apple pice

V30 T il P e i
e VA il s ¢ SO e i

=e=Canind (apple juoe
B T gl e ek
+er =W 30 i) ¢ gl e

i 4 H

il a4 x

(ChA. cytahapinrio

.." i n | [ i
: I Time (hi o

12 Lis

2 Thame [y 4
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12 1 2 Time dhy4

F L Cresvah kinetion ol A. sohlalerrestng [4) A b= periiiin (B and A. cpclaheapionios (O] in S0 apgle jaioe ol apgle jie wilbsil (o} el wliln sodesd VOO0 |08 sginil ), and

S0 U g | rosepnary wabracts, [RkS die s, ¢ plaedand dovlabiom 8 - 1)
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cancentrations in S0 apple ice from 6.3 log cfilmi to 6.9 Ing chof
mi according to the different alicyclabacillus strains, and in apple
jubce Irom 4.7 log clfu/ml 1o 5.4 log elufml for all three seeains. Thiss,
significant growth inhibdtion was abtained ar the MICs of both the
WID and W4l extracts. with the coll concentrations at around
3 log clufml after 24 h bn 50% apple fulce and apple jsice (p < 0.05}
Interesgingly, with no additions made o the incubations, wihen
ali three of these alicyclobacilli strains were manitored in 505 apple
Jukce-and appie juice, the data shawed lower growth kinetics when
comipaiing oo BAT brotly as seen foom the dilfensnces in e cell
corcentratyons for A, ocidotermestis after 24 h: G695 bog ofafml in 505
apple ke, and 54 log chifml in apple juice, i comparison to
7.3 log cfufinl b BAT broth (Fies 1A and 2AL The data for the
prowth kinetics of the other two strains, A hesperidum and
A cyriafeprondrus (s, THC and 28,0 confirm these differences in
the vegetative cell nuimbers for the 50% apple juice and apple jnice
compared go BAT broth, of 1.5 log cfufml to 2.1 log cfu/mL

14 Efects of msempry extrocts on Alicpclafaciius sporey

After we determined thar these rosemany extracts inhibar the
grawth of Aicpclabacilius vegeiative oelis also m 508 apple jwice
ane apple juice, we tesed the effeces of the V20 and Va0 rasemany
outracts on the spores of the selected A aoldonerresivis strabn. Here,
again, we tested the sensory-acceptabbe MICs of the V23 [ 7B pgiml)
and V&0 (3.9 pgiml) extracts, Addidonally; the foor-fold higher
concentratins of the rosemary extracts, of 313 pgiml and 156 pal
k. respeot ively, were tested, and these data serve as a comparisen
todetet rmaine in what way these extracts affect the spore numbers,
The reason for the inchssion of the four-fold higher concenirations
related o the nature of the spares. We expected thae at their MiCs,
these oserary extracts wohd nol show sadlicient activity against
the spores, 30w also tested these higher concentrations,

s the spore suspensions were heat treated before the experi-
ments {see Section 151, there were na vegetative cells present in
the initial inoculam When the spore dy namscs wene monitoced in
BAT broth, under the control dandinans (noaddition of eatracts},
the number of speres initlally decreased ae 4 b (3.0 log cfijml ), and
then increased over the following 24 b (B4 leg clufmil], which was
then maimdained frons 24 b to 48 h of incobation (6.5 lag efuiml).
With the addition of both concentrations of V&L the number of
spores also initially decreased an the same rate over the First 4 b, bar
then remained B over dhe following 24 I (Spore nombers,
A0 log cfulml and 26 log cfujml far MIC and four-fold higher
concentration. respectively; Bz 4AL However, when manliored
Again atter 48 ol tneulation, V20 eract at thee MIC was ne boager
cffcative, as the spore numbers increased to 65 fog clo/ml In
rantrast, when the fnr-finld higher concentration af V20 was wsed,
the spore numberss remained unchanged from 24 b o 48 h, at
25 lag clufml (Flg. 1AL For the number af vegetative cells, these
increasced during the frst 4 b of incubation for the conbml sample
{46 log cful/ml} as well as for samples containing both concenira-
tlons of V0 extracy (2.8 kog cfufml and 3.0 log cfufml far MIC and
Four-fold higher concentration, respectively], which was due to
outgroweth of spores. From this point, the kinetics of the vegreratne
cells for the controd sample and both of the Va0 exitrao conoen-
tratbons were simélar for the spore dynamics. The number of
vegrtative cells remained  approcimately the same over the
fallowaing 4 h of incubation, bait increased 1o 6.3 log chu/mi at 48 h
of incwbation. V20 at its MIC was not effective enough, and the
vegetagive cell mmmbers increased (o G log chefml at S8 b of in-
cunatian, Phe foor-fold higher V20 moncentration maintaaned the
vegerarhve coll numbers at 200 bog ofufmi {Fig 3430 With both spore
and vegerarive cell mumibers, signlficant differences were observed
betvwesen the conimsd sample and the samples treated with the faor-

fald higher concemtration of V20 extrart (p < 005

The data for the spore numibers of these alicyelobacilli in the 505
apple juice and apple juice confinmed the elfectd an the vegetative
ool growth kinetics, again indicating that these media are Less
Fawpurabic for the growth of these alicyclobacilll, compared to BAT
broth, Howewer, as can be seen from the data in Fiy 38 and ©
nejther S0% apple fiice nor agple juice were optimal for spose
germination. This can be seen from the lower spore numbers of the
ni-treated contral A, acfdoferresaris in 505 apple juice (5.2 log cfu/
mEy and agpde juice (4.6 bog chafisl) over the il 48 b inculsaticns.
These final spore mambers were comguarable to the initial spore
numbers, which indicates that only low nombers of the spares
perminated {Fy 18 and C3 There were significant diffesences in
spore mimbers barween the control and treated sampdes. in 50%
apple juice [p o« 0.05) and hetween the comrol sample and the
sample with the MIC of Y20 in apple juice (p = 005], For the
vegetative cells, an outgrowth of spores was seen ot 4 h of incu-
bation (3.7 b cfulmi in S0% apple jusce, and 3.7 bog efiafml in apple
jupce) ot the vegetative cell numbers were maintained at
approaimately the same lewels during the funher incubations
1.7 log cfulml in S0 appbe jusce, and 4.1 log chufml in appde puice]
{Flg. 18 and C). Here, there was a significant difference between
vegetative cell numbers of the comtrd sample and the sample
treaged wifth the four-fold higher concentration of V20 mdract in
apple piie (poc 0005) These data in Fe. T8 and C also show that the
WD rosemary extract wias elffective in 506 apple juice and appic
Jubce, although its effects were dedayed, as the conditions for spose
germination wene not optimal Simdlar spore dynamics and voge-
tative cell kinetics were observed for te Vdd extrace (P 41

T mare directly compare these effects of the additian of the two
roncentratkons of the V20 and V40 resemary oxtracts on the spore
numbers of A eoidoterretris obiained in BAT broth, 505 apple jwice,
and apple pnice, the inhibition indices were calookated from the
data for the spore numbers at the end of the incubations. &5 sug-
gested by Bevilacque of al | 20084} (Table 2} To determine the af-
fects af the media on spore numbers of A oddelerrestis, the
infihition indices were compared with respect to growth mediom,
and o the V20 and V4 concentrations [ Tabie 2 The highess index
of inhibiton was obtxined in BAT brsth o the fouc-fold higher
rapcentration af V2D (61030 and at the four-fold higher conten-
tration of Ve (65 45 while it was boweer in 50% apple juice [MIC of
WA 2715 Tour-fold higher concentratien of W40, 19.2%) and in
Apple juice (AIC of V3D, 16.3%: MIC al vdl, 206K} Howeus, in tise
camparisens of the inhibition indices shtained in all three of the
media after 48 hoof incebation, there was a difference between
tvesa in all three of the media foe both the resemary extracts and
tieir concentrstions.

Todetermine the effects of the resemary extraces (Y20, w405 and
thelr concentrations MIC, four-fedd higher conoentrarion | on spose
munibers of A acidoterrestris, the inhilidon indices wene cotmpaied
with respect o the tested media (lable 2, ARer 48 b of imhibiton,
the inhibition indices were higher at the four-fold higher concen-
tratlors of V20 and V40 in BAT broth, while In 50% apple juice and
apple fuice this was nol seen with Y20 [the inhiletion index was
higher at the MIC than at the four-fold higher concentration ), and
alse in apple juboe, the inhibdtion index of V40 at (ts MIC was higher
{20.6% ) than at irs four-fold highes concentration [92%),

4, Msowssbon

The fod isdustry 15 increasingly focwised on allernative pres-
ervation methads that might replace traditsonal food presendatian
technlgues, This 1s especially the case for the heat-resistant alloy-
clobachlll, which have numeroas roures b contaminatkon,
including. the raw matevials, squipment, and water ozed in the
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pmcessing, The control of alicyclabarilll vegerative cells and spores
during frudt processing. and especially i fruir jubce. |5 thus
impareant far the prevention of forher spailage during storage and
10 avaid off-ndoars (Chang & Kang, 2004; Mecde & Monreille, 2074,
Tianli, liangha, & Yaheng J004)

In the present stsdy, we bwestgated the conrol of vegetative
cells and spores of aicyciabacill i apple julce osing Do redemary
extracts. To the best of sur knowledge, anly a few stiglies have

nvestigated the antimicrobial activities of natural substances i
apple jubce or other julces, and also while including a sensory
analysis {Bevilacgea et al, 2000 Giner of ak, 2012 Tyagh, Gottardi
Mabik, & Guerzani, 2013 Indead, io determine how usclol these
rasemary Tairacts might actually be, the sensory analysis gives us
an important gerspective. Here, we have confirmed o didfersm
copcenrations and types of comimnencial roseinary ©OTacls can
have sigrificant impact an (he sensony qualities when added o
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apple joice. However, we demonstrated that ai the MICs against
A ocidsterresris, 4, hegperidum and A, oycloheprandous of bath the
VR {VEugmly and w40 (3.9 wg/mi] rosemary extracts, there were
i eflects on the sensory characteistics of apple juice. Thess W20
antd Vi concentratsons were lurther tested far growth inhibiteoen of
vegremtive cells and for redoction of spore numbers.

According o these MICs of the V0 and Y40 resemany extraos
tested. wihich differ in their chemical compogitions mainly i erms
of their contents of camosic acid (1975 4075 respectively,

according to the manufaciurer], they are mwee effettive ain these
alicyclpbacillus strains compared to several Sram-negative bacteria,
such as Campylobmcter joium and Campylobacter coli |MEC range,
15,6 ugfenl ma 625 pgimi), aod Escherichia eoll and Salmimie fa i famss
(M0, =350 g fmal |, and also several Gram-positiee bacteria, sochas
Barillus reveus, Sraphylorocres awreus and Listenia marocyrogenes
IMIC range. 28 pg/mi to 156 pgfml] [(Klancnik et al, 2o

The data for inhdlition of the growth Kinetys of these alicyclo-
bacilli showedd better sernmval of A andmerresrs, A, hespenidom and
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A, cyclohepimices in the laboratory BAT broth, which indicates that
& characteristic or consttwent of apple jice and other factors
contributes o this slower growth b apple fdce, There are many
factors that can affect the activity of plant extracts, such as pH and
compasition of the food, and the type and amount of antimicrobial
used [Megl, 2012) As reported by Crande o0 sl (2005), differeni
frult juices also have different influences on the growth of alicy-
clobarilli, with better survival of thieir vegerative cefls seen for peas
Juice than pinexpple julce, Bevilacoua et al [ 2010) alss noted that
lowier amounts of natural antimicrablals were needed e ity
growth of alicyclobadll in apple jusce than in their Bbaratory
media, which was due to the apple juice wsed being a less favour
abde enviranment for thelr groweh. However, in the present study.
both of the resermary extracts were efficient in preventing of con-
trofling the grawth of alicyclobacilli vegetative orlls, both in the
laboratory media and when added o 505 apple juice and apple
juice.

When comparing the mhibiton indices after 48 h of incuba-
tion, the four-fold higher concentrations of both extracts were
effective in BAT broth, bat (n apple juice. the MICs were mare
elfective than the foar-fold higher concentrations of bolh extracts
Ax can Be seen from the results for vegetative cell mumbers, the
outgrowth of spores was the greatest in BAT brath, Alsa, the ef-
fecrs of higher concentrations of boch extracts were greater in BAT
brath, a8 can b seen mom the higher inkibition indices. The
outgrovtl of s pores was weaker in both S0 apple juice and apple
Juice. The inhibition indices were fower in 50% apple jwice and
apple juice than in BAT beoth, which Is due to the influence of the
apeple juice on alicyckebacilli growth, which was weaker here than
in BAT broth. Also, as shown by Bevilacgua et al, (20080], & lower
pH of the medium improved the activity of cinmamaldelyde,
comgared 10 kgher mediem pH. As apple juice already has &
loweer pH Chere, it was 3,71} than BAT broth (ab pH 4.06), it appears
that this also hedps o explain the better effcicnoy of the extracts
in the apple juboe.

Thet highist inhibilion index was achievid with the MIC values
for bath of the extracts fested after 48 hof irculbation in apple o
This is commparable ta the redwcion in speres in apple joice pra-
minted by B0 ugfmil biocitre and lemon extracts in combination with
mild heat treatment [Eevilacmma ot al, X003} However, oor data
show that the higher concentrations of the extracts, as thase thai
wiere four-fold their MICs; makes it more difficule for sposes to
germinage. Bevilacoaa e al. (20080 showed that cinnamaldetyde
canses A boss of genmivation ability according to i increasing
concentrations. Our data show that when germinaton was
inhilced, fewer vepetathoe cells manage o form, and therefore the
extracts hal lower effects on the spore numbers The indinect ef-
fects of epigallocatechin gallate on vegetative cells of diferem
strats of Bocitus alter germination suggested that sposes cannot
adlsorb these phenolic compammsds | Shigemone of al, 20121 Molva
and Byl (20157 demonstrated that a grape-seed exiract can

cause changes ta the cell seructare and alsa inhibit the formation af
spowes of A aoidoterresinds, although their exirac did nat comgmo-
mise Lhe spores. They also did not see germination of the spores
mta vegetative cells in samples treated with their grape-seed
extract, whereas bath vegetative cells and sposes were present in
non-treated samples (Molva & Raysal, 200%),

Overall the data i the present study show that more sposes
germinate at the lower concentrations of the extracts, and therefore
there were greater effects-of the extraces on the vegetative cefls.
This, the bioacivites of these rosemary exiracts on the alicyclo-
bacilli spores thak will be present in apple juice cleardy demenstraie
their potertial far wse wo reduce microholagical risk of a variety af
frult products.

5. Conchssions

These FOSemAany exirades (V20, Wa0) can be used &5 narrak ad-
ditives to apple juice, as they do nat chamge the sensory qualities of
the juice at the same concentrations that they inhibit vegetative
cells of A sodorerreserls, A hesperidim and A cyclohepramics
Furthenmore, in this stody of the activities of these rosemary e
tracts againg the gpores of A, noidotermeshas i apple juice, we have
shiwn thar these low concentrations of extracts {Le., at their MiCs)
cffectively reduce the spore numbers, These rosemany extracts at
these low concentrations did nol show sporicidal efects, bt they
allowed germination of the spores and instead inhibie cell growth,
thus reducing the vegetater cell numbers. The addition of these
FOsEIrY eXIraCE 1o apple juice might thas be ane-ol L promising
altermatves in the control of aliopclobacillc which ropresemt
Impartant food-spotlage bacteria,
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3 RAZPRAVA IN SKLEPI
3.1 RAZPRAVA
3.1.1 Primerjava metod za dolo¢anje protimikrobne ucinkovitosti

V literaturi najdemo Stevilne metode za doloCanje protimikrobne ucinkovitosti rastlinskih
izvleCkov. Poleg razlicnih metod, obstaja tudi vec razli¢nih definicij vrednosti MIK. Zaradi
teh razlik je tezko med sabo primerjati razlicne Studije in njihove rezultate (Burt, 2004;
Tajkarimi in sod., 2010). Z razlicnimi metodami smo preverili in doloCili protimikrobno
ucinkovitost razlicnih rastlinskih izvleCkov, meSanic rastlinskih izvleCkov ter posameznih
Kislin. Uporabili smo metodo difuzije v trdnem gojiscu, metodo razred¢evanja v trdnem in
v tekoCem gojiSCu. Metodo razredCevanja v tekoCem gojiSCu smo uporabili za doloCanje
kinetike rasti in odmiranja preiskovanih bakterij ob dodatku izvlecka ter za doloCanje
vrednosti MIK izvleCkov z uporabo metode razredcCevanja v tekocem gojisScu v mikrotitrski
plosgici. Zeleli smo primerjati rezultate dobljene z razliénimi metodami in glede na te
rezultate podati priporoCila za enoten postopek doloCanja protimikrobne ucinkovitosti
rastlinskih izvleckov.

3.1.1.1  Primerjava rezultatov dobljenih z metodo difuzije in metodo razredCevanja v
trdnem gojiscu

Z metodo difuzije in razredCevanja v trdnem gojiS¢u smo preverili razliCne koncentracije
izbranih izvleCkov, meSanic izvleckov in Cistih fenolnih kislin. Vrednosti MIK doloCene z
metodo difuzije so bile pri grampozitivnih bakterijah v razponu od 0,313 mg/ml do 40,0
mg/ml. Med grampozitivnimi bakterijami so bile na rastlinske izvleCke najbolj obcutljive
bakterije vrste B. cereus. Gramnegativne bakterije so bile na delovanje izvleCkov bolj
odporne, vrednosti MIK so se gibale od 10,0 mg/ml do 100,0 mg/ml, med njimi pa so bile
najbolj obcCutljive bakterije rodu Campylobacter. Pri primerjavi rezultatov dobljenih z
metodo difuzije v trdnem gojiSCu in metodo razredcevanja v trdnem gojiScu smo dolocili
razlike v dobljenih vrednostih MIK pri vseh uporabljenih izvleckih. Vrednosti MIK
dobljene z metodo difuzije v trdnem gojiSCu so bile od 2 do 30 krat viSje, kot vrednosti
dobljene z metodo razredCevanja v trdnem gojiscu.

Izvedba metode difuzije v trdnem gojiS€u z diski je enostavna in cenovno ugodna. Z
uporabo te metode smo dobili visje vrednosti MIK, zato ta metoda ni ustrezna oz. primerna
za preverjanje protimikrobnega ucinka rastlinskih izvleCkov. Visje vrednosti MIK,
dobljene z metodo difuzije z diski v primerjavi z ostalimi metodami, so dolocili tudi drugi
avtorji (Bubonja-Sonje in sod., 2011; Djenane in sod., 2012). Pomanjkljivost metode
difuzije z diski predstavlja tudi dejstvo, da pri nekaterih izvleckih ne doloCimo vidnih
inhibicijskih con, kar pa ne pomeni, da izvleCek ni u€inkovit. Na inhibicijske cone lahko
vpliva topnost izbrane protimikrobne snovi in obseg difuzije. Izvlecki, ki so slabo topni v
vodi tezje prehajajo v gojisCe, kar pomeni slabSo protimikrobno ucinkovitost (Bubonja-
Sonje in sod., 2011; Valgas in sod., 2007). Podobno na premer inhibicijske cone vpliva
polarnost protimikrobne snovi, saj nepolarne oz. manj polarne spojine tezko prehajajo v
gojisCe (Tan in Lim, 2015). Zato je med tema dvema metodama boljSa izbira in uporaba
metode razredCevanja v trdnem gojiscu.
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3.1.1.2  Primerjava rezultatov dobljenih z metodami razredCevanja

Pri primerjavi rezultatov dobljenih z metodo razredCevanja v trdnem in metodo
razredCevanja v tekoCem gojisCu, smo za vec€ino izvleCkov pri grampozitivnih bakterijah
doloCili dobro povezavo o0z. skladanje med dobljenimi vrednostmi MIK. Pri
gramnegativnih bakterijah pa se rezultati teh dveh metod ne skladajo, saj dobimo nizje
vrednosti MIK z metodo razredCevanja v tekoCem gojiscu.

Podobno je razvidno pri primerjavi rezultatov dobljenih z metodo razredCevanja v trdnem
gojisCu in metodo razredCevanja v mikrotitrski ploscici. Pri grampozitivnih bakterijah se
rezultati skladajo za veCino izvleCkov, pri gramnegativnih pa je razlik med obema
metodama vec. Vrednosti MIK dobljene z metodo razredCevanja v mikrotitrski ploscici so
bile enake ali nizje, kot vrednosti MIK dobljene z ostalimi uporabljenimi metodami
(metoda difuzije ter razredCevanje v trdnem oz. tekoCem gojiSCu). Za grampozitivhe
bakterije se te vrednosti MIK gibljejo v razponu od 0,039 mg/ml do 10 mg/ml, za
gramnegativne od 1,25 mg/ml do 10 mg/ml, medtem ko smo pri bakterijah rodu
Campylobacter dolocili vrednosti MIK v razponu od 0,078 mg/ml do 2,5 mg/ml. Zaradi
boljSe obcutljivosti je metoda razredCevanja v mikrotitski plos€ici bolj primerna za hitro in
enostavno kvantitativno doloCanje protimikrobne uCinkovitosti rastlinskih izvleckov.

Pri metodi razredCevanja v mikrotitrski plosCici smo za kvantifikacijo mikrobne rasti
uporabili vec razlicnih indikatorjev metabolne aktivnosti, in sicer tetrazolijevi soli TTC in
INT ter reagent BacTiter-Glo za merjenje bioluminiscentnega signala. V vecCini primerov
smo dobili jasne rezultate, prav tako nismo beleZili bistvene razlike med vrednostmi MIK
doloCenimi z indikatorjem TTC ali INT. Tetrazolijeve soli so uporabne za doloCanje
protimikrobne ucinkovitosti razlicnih izvleCkov (Al-Bayati 2008; Eloff, 1998; Palaniappan
in Holley, 2010). Raztopina spojin TTC in INT je brezbarvna, obe spojini delujeta kot
akceptorja elektronov, ki se ob prisotnosti metabolno aktivnih celic reducirata do
obarvanega formazana (Eloff, 1998). Z uporabo tertrazolijevih soli lahko enostavno
dolo¢imo metabolno aktivnost oz. dihanje pri aerobnih bakterijah, omejitev pa
predstavljajo mikoraerofilne bakterije rodu Campylobacter. Zato je za te bakterije
primerna uporaba reagenta BacTiter-Glo o0z. doloCanje koli¢ine ATP z merjenjem
bioluminiscentnega signala. Bioluminiscentni signal je sorazmeren koliCini ATP v vzorcu.
Koli¢ina ATP pa je sorazmerna kolic¢ini metabolno aktivnih celic v vzorcu (Promega,
2015). Dolocanje zivosti in s tem metabolno aktivnih celic z reagentom BacTiter-Glo je
bilo primerljivo z uporabo tetrazolijevih soli TTC in INT tudi pri ostalih testiranih
bakterijah. Zato za doloCanje zivosti pri aerobnih bakterijah priporo¢amo uporabo reagenta
INT, saj so rezultati primerljivi z dolo¢anjem koliCine ATP, vendar je izvedba z INT
cenejsa in zato bolj primerna. Za doloCanje metabolno aktivnih celic bakterij rodu
Campylobacter pa priporoamo uporabo reagenta BacTiter-Glo.

Kinetiko rasti bakterij ob prisotnosti razlicnih koncentracij izvleCkov smo dolocali z
metodo razredCevanja v tekoCem gojiSCu. Rezultati spremljanja kinetike rasti
gramnegativnih in grampozitivnih bakterij pokaZzejo inhibicijo rasti pri koncentracijah
nizjih od tistih, ki smo jih kot vrednosti MIK doloCili z metodami difuzije v trdnem gojiscu
z diski in metodo razredCevanja v trdnem gojiScu. Prav tako rezultati spremljanja kinetike
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rasti pokazejo in potrdijo, da vrednosti MIK doloCene z metodo razredCevanja v
mikrotitrski plosCici inhibirajo razmnozevanje bakterijskih celic.

3.1.1.3  Protimikrobna ucinkovitost rastlinskih izvleCkov v laboratorijskem gojiscu

Preverili smo ucinkovitost veCih vrst rastlinskih izvleCkov, kombinacij izvleCkov in
posameznih fenolnih kislin, ki so pogoste sestavine izbranih izvleCkov. lzvleCki se med
seboj razlikujejo po izvoru, naCinu ekstrakcije in po vsebnosti fenolnih kislin oz.
posameznih komponent. Pri vseh testiranih izvleCkih o0z. kislinah smo dolocili
protimikrobni ucinek. Pri tem smo dolocCili razlike, saj smo pri izvleCkih s prevladujoco
karnozolno kislino (V15, V20, V40, V70) doloCili boljSo ucinkovitost, kot pri izvleckih
kjer je prevladovala roZzmarinska kislina (Al1l5, A40). MeSanice izvleCkov V40/A40,
V40/grozdne pecke, V40/citrusi, V40/oljcni listi in V40/hmelj so bile po ucCinkovitosti
podobne izvleCku V40 ali Cisti karnozolni kislini. Prav tako smo pri izvleCku Zajblja
dolocili podobno ucinkovitost, kot pri izvleCkih s karnozolno kislino. Pri ostalih izvlecCkih
(grozdne pecke, oljcni listi in zeleni ¢aj) smo doloCili slabSo uCinkovitost, predvsem v
primerjavi z izvleCki s karnozolno kislino. Tudi Sacco in sod. (2015) porocajo o boljsi
ucinkovitosti izvleCkov z vecjo vsebnostjo karnozolne Kisline, v primerjavi z izvlecki z
veCjo vsebnostjo rozmarinske kisline. Rezultati potrjujejo druge Studije, ki prav tako
navajajo povezavo med protimikrobno ucinkovitostjo in sestavo izvleCkov (Katalini¢ in
sod., 2010; Klancnik in sod., 2009).

IzvleCki so imeli boljSi uCinek na grampozitivne bakterije ter bakterije rodu
Campylobacter, kot pa na preostale testirane gramnegativne bakterije (S Infantis in E.
coli). Med preiskovanimi bakterijami so bile na delovanje izvleCkov najbolj obcutljive
bakterije vrste B. cereus, najbolj odporne pa S Infantis. Razlike v odpornosti
gramnegativnih bakterij na delovanje rastlinskih izvleCkov, so lahko zaradi sestave zunanje
membrane, ki obdaja njihovo celi¢no steno. Ta predstavlja dodatno zascCito in prepreci
prehajanje spojin skozi lipopolisaharidni dvosloj (Vaara, 1992). Izjema so bakterije rodu
Campylobacter, ki za rast potrebujejo posebne razmere, poleg tega pa so obcutljive na
razlicne vplive iz okolja (Park, 2002). Podobno so pokazali tudi Friedman in sod. (2002),
Ki so za bakterije vrste C. jgjuni sicer doloCili ve€jo obcutljivost na eteri¢na olja in njihove
sestavine, kot za bakterije vrst L. monocytogenes, E. coli in S enterica. Obcutljivost teh
bakterij lahko izhaja iz zahtevnih razmer za rast (npr. mikroaerofilna atmosfera, obogatena
gojisca). Lahko pa je vzrok tudi v sestavi zunanje membrane in celiCne stene bakterij vrste
C. jguni v primerjavi z ostalimi gramnegativnimi in tudi grampozitivnimi bakterijami
(Friedman in sod., 2002).

Metodo razredCevanja v mikrotitrski ploscici oz. modifikacijo te metode smo uporabili tudi
v vseh nadaljnjih eksperimentih. Z metodo razredCevanja v mikrotitrski plosCici smo v
laboratorijskem gojiscu dolocili vrednosti MIK izvleCkov V40, V70, A40 in 118 na seve
bakterij vrste C. jgjuni ATCC 33560, C. jguni K49/4, C. jgguni NCTC 11168 in C. jguni
375-06. Dolocene vrednosti MIK so bile v razponu od 0,08 mg/ml do 0,31 mg/ml. Kot
indikator Zivosti smo uporabili reagent BacTiter-Glo. Na podlagi teh rezultatov smo potem
izbrali izvleCek V40 in sev C. jguni K49/4 za nadaljnje eksperimente. Prav tako smo z
metodo razredCevanja v mikrotitrski plos€ici in indikatorjem INT dolocili protimikrobno
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ucinkovitost dveh izvleCkov rozmarina, V20 in V40 na bakterije vrst A. acidoterrestris, A.
hesperidum, A. cycloheptanicus. VVrednosti MIK so bile za vse seve enake, in sicer za V20
7,8 pg/ml in za V40 3,9 pg/ml. Dolocene vrednosti MIK (7,8 ug/ml za V20 in 3,9 pg/ml
za V40) kazejo, da sta oba izvlecka bolj uCinkovita na izbrane seve aliciklobacilov, kot pa
na ostale testirane gramnegativne in grampozitivne bakterije.

Poleg metode razredCevanja v mikrotitrski plosCici za doloCanje vrednosti MIK, smo
uporabili Se metodo razredCevanja v tekoCem gojiSCu za doloCanje kinetike rasti oz.
odmiranja preiskovanih bakterij ob dodatku izbranega izvlecka in na ta naCin dodatno
preverili uCinkovitost izvleCkov in potrdili vrednosti MIK.

3.1.2 Dejavniki, ki vplivajo na protimikrobno ucinkovitost rastlinskih izvleCkov

Pomembno je, da ucinkovitost naravnih protimikrobnih snovi doloCimo in ovrednotimo
tudi v zivilih oz. sistemih, ki vsebujejo parametre specifiCne za posamezno skupino zivil.
Zivila so sestavljena predvsem iz beljakovin, mastob in ogljikovih hidratov, ki lahko
medsebojno delujejo s protimikrobnimi snovmi in zmanjSajo njihovo ucinkovitost
(Davidson in sod., 2015). Zato smo Zeleli preveriti, kakSen vpliv ima dodatek razli¢nih
zivil na vrednosti MIK izvleCkov rozmarina. Preverili smo delovanje izvleCkov rozmarina
V40 in V70 na bakterije vrst L. monocytogenes in E. coali, ki ju najdemo v razli¢nih Zivilih,
predvsem mleku in mlecnih izdelkih, mesu in mesnih izdelkih ter v zelenjavi (Gandhi in
Chikindas, 2007; McClure, 2000). V ta namen smo izbrali razli¢na Zivila, in sicer meSano
mleto meso, mesno pasteto, cvetaco, krompir in skuto. Pripravili smo modele zivil s 50 %
deleZzem posameznega Zivila in 50 % delezem Y4 razredCenega gojis¢a BPW. Za primerjavo
smo uporabili laboratorijsko gojisCe MHB. Vrednosti MIK smo doloCili z metodo
razredCevanja v mikrotitrski plos¢ici v 50 % Zivilskem modelu in v gojis¢u MHB. Kot
indikator metabolne aktivnosti smo uporabili INT. Poleg dveh razlicnih izvleCkov in
razlicnih vrst bakterij, smo preverili tudi, kakSen vpliv na protimikrobno ucinkovitost
rastlinskih izvleCkov imata zacCetno Stevilo bakterijskih celic (vije zaCetno Stevilo celic
~107 cfu/ml in nizje zagetno Stevilo celic ~10% cfu/ml) in temperatura inkubacije (8 °C in
37 °C). V literaturi najdemo Stevilne Studije protimikrobnega ucinka naravnih
protimikrobnih snovi v razlicnih Zivilskin modelih in Zivilih. Vse te rezultate je tezje
primerjati z naSimi in tudi med sabo nasploh, saj se v raziskavah z modelom Zivil oz.
samimi Zivili za doloCanje protimikrobnega ucinka uporabljajo razlicne metode in tudi
razlicni pogoji pri katerih se ta uCinek preverja.

3.1.21  Vpliv deleza in vrste zivila na vrednosti MIK

Ze v samem goji3Cu, brez dodatka protimikrobne snovi, lahko na rast bakterij vplivajo
razlicni dejavniki, kot so npr. temperatura, vrednost pH, aktivnost vode (Rivas in sod.,
2010). Pri dolocanju ucinkovitosti naravnih protimikrobnih snovi dodatek Zivila vpliva na
ucinkovitost. Nasi rezultati kazejo, da sta bila oba rozmarinska izvlecka bolj ucinkovita v
laboratorijskem gojiscu, kot v Zivilskih modelih, saj smo dolocili visje vrednosti MIK tam,
kjer je bil gojiScu dodan 50 % delez Zivila, ne glede na to, kaksno je bilo zacetno Stevilo
bakterijskih celic. Podobno poro€ajo tudi Djenane in sod. (2011, 2012), saj so za
protimikroben ucinek v mletem govejem mesu porabili dvakrat veC etericnih olj, kot pri
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eksperimentih v laboratorijskem gojiScu (Djenane in sod., 2011, 2012). Tudi v modelu
brokolija je etericno olje rozmarina manj ucinkovito, saj so za protimikrobni ucinek
potrebne visje koncentracije, kot pa v laboratorijskem gojis¢u (Mufioz in sod., 2009). V
zivilu z velikim delezem beljakovin je bila rast bakterij vrste L. monocytogenes boljsa,
prav tako pa je bil boljsi tudi protimikroben ucinek etericnega olja origana in timijana. Na
boljsi ucinek etericnih olj vpliva tudi nizja vrednost pH. Prisotnost Skroba oz. ogljikovih
hidratov in soncniCnega olja pa zmanjSa ucCinkovitost delovanja etericnih olj. Tudi v
modelu solate je bila uCinkovitost etericnih olj boljSa kot pa v laboratorijskem gojiscu
(Gutierrez in sod., 2008, 2009).

Tudi vrsta Zivila statisticno znacilno vpliva na vrednosti MIK obeh izbranih izvleCkov pri
obeh vrstah testiranih bakterij. Dobljene vrednosti MIK so od 16 do 156 krat viSje v
prisotnosti 50 % deleZa Zivila, kot v primerjavi z gojis¢em MHB. Vseeno pa je razlika v
delovanju izvleCkov rozmarina v prisotnosti izbranih zivilskih modelov. VV mesnih in
mlecnih Zivilskih modelih z ve€jim delezem beljakovin in mas¢ob smo dolocili visje
vrednosti MIK, kot v zelenjavnih zivilskih modelih in tako pokazali, da imajo komponente
Zivil, predvsem beljakovine in mascobe vpliv na protimikrobno ucinkovitost rastlinskih
izvleCkov. Zhang in sod. (2009) prav tako porocajo, da se z ve€jo koncentracijo mascob in
Skroba veca tudi vrednost MIK monolavrina, medtem ko deleZ proteinov na vrednosti MIK
ni imel vpliva. Vpliv zivila in vrednosti pH na delovanje timola so potrdili tudi Shah in
sod. (2012). Timol je imel protimikrobni uCinek na bakterije vrst E. coli in L.
monocytogenes v dveh izbranih zivilih — jabolcnem vinu in mleku. Za inhibicijo rasti v
mleku je bila potrebna 9 krat veCja koli€ina timola kot v jabol¢nem vinu. de Madeiros
Barbosa in sod. (2016) porocajo, da so bila izbrana eteriCna olja origana in timijana slabSe
ucinkovita v sveZi zelenjavi, kot pa v zelenjavnem bujonu.

3.1.2.2  Vpliv zaCetnega Stevila bakterij na vrednosti MIK

Zacetno Stevilo bakterij je prav tako imelo vpliv na vrednosti MIK izbranih izvleCkov
rozmarina. V gojis¢u MHB so bile pri bakterijah vrste E. coli vrednosti MIK nizje pri
nizjem zacCetnem Stevilu bakterij, ne glede na temperaturo inkubacije. Za bakterije vrste L.
monocytogenes v gojis¢u MHB smo pri visji temperaturi inkubacije, ob dodatku izvlecka
V40 doloCili enake vrednosti MIK, ne glede na zacetno Stevilo bakterij. Ob dodatku
izvleCka V70 in niZzjem zaCetnem Stevilu celic, so bile vrednosti MIK niZje, kot pri visjem
zaCetnem Stevilu celic. Pri nizji temperaturi inkubacije so bile vrednosti MIK pri obeh
izvleckih nizje pri visjem zaCetnem Stevilu bakterij, kot pri nizjem zacCetnem Stevilu.

V eksperimentih z Zivilskimi modeli smo pri viSjem zaCetnem Stevilu bakterij vrste E. coli
dolocili visje vrednosti MIK. Pri bakterijah vrste L. monocytogenes pa smo dolocili visje
ali enake vrednosti MIK. ZaCetno Stevilo bakterij je imelo vpliv tudi na protimikroben
ucinek timola in karvakrola na bakterije vrste E. coli O157:H7 v laboratorijskem gojiScu.
Obe spojini sta imeli boljSi protimikrobni uCinek pri niZzjem zaCetnem Stevilu bakterij
(Rivas in sod., 2010). V modelu zZivila s kuhanim mletim govejim mesom je imelo zacetno
Stevilo bakterij vrste L. monocytogenes vpliv na protimikrobni ucinek izvlecka origana in
brusnic. Pri nizjem zaCetnem Stevilu bakterij je bila inhibicija rasti veCja, kot kadar je bilo
uporabljeno visje zaCetno Stevilo bakterij (Apostolidis in sod., 2008). Rezultati tako za
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bakterije vrste E. coli, kot L. monocytogenes kazejo, da ima zacCetno Stevilo bakterij, ne
glede na uporabljen izvlecek, vecji vpliv na vrednosti MIK, kot vrsta Zivila.

3.1.2.3  Vpliv temperature na vrednosti MIK

Tudi temperatura inkubacije ima vpliv na vrednosti MIK testiranih izvleCkov. Primerjava
vrednosti MIK obeh izvleCkov v gojis¢u MHB kaZe, da so za bakterije vrste E. coli
vrednosti MIK nizje pri 8 °C, in visje pri 37 °C. Nasprotno smo doloCili za bakterije vrste
L. monocytogenes, saj so bile vrednosti MIK visje, ko so bili vzorci inkubirani pri 8 °C.
Vrednosti MIK dolocene v Zivilskih modelih pri nizjem zacCetnem Stevilu celic obeh vrst
bakterij so bile v vecini primerov visje pri 8 °C. Pri kombinacijah Zivilskega modela s
cvetaCo in krompirjem in bakterijami vrste E. coli ter zivilskega modela s skuto in
bakterijami vrste L. monocytogenes nismo dolocili vpliva temperature na vrednosti MIK.
Bakterije se na spremembe temperature odzivajo razlicno, tem razlikam prilagodijo
metabolizem in samo rast. Bakterije vrste L. monocytogenes so psihrotrofne in rastejo v
temperaturnem obmocju od -1,5 do 45 °C (Lado in Yousef, 2007). Na drugi strani pa
bakterije vrste E. coli pri temperaturah pod 10 °C ne rastejo (Ray in Bhunia, 2008).
Zanimiv je primer uporabe vanilina v mleku proti bakterijam vrst L. monocytogenes in E.
coli, kjer je bil vanilin bolj uCinkovit pri 14 dnevni inkubaciji pri 7 °C, kot pri 35 °C.
Avtorji to razliko pripisujejo stopnji nenasicCenosti lipidov v membrani, kar povzroci
motnje v membrani in s tem boljSe delovanje vanilina (Cava-Roda in sod., 2012). Tudi
protokatehujska kislina, kot glavna uCinkovina izvlecka rastline gorski jeticnik (Veronica
montana L.), je imela boljsi protimikroben uCinek na bakterije vrste L. monocytogenes v
kajmaku pri 4 °C, kot pri 25 °C (Stojkovi¢ in sod., 2013). Eteri¢no olje timijana, nizin ter
njuna kombinacija sta imela na bakterije vrst L. monocytogenes in E. coli O157:H7 v
govejem mesu (Solomakos in sod., 2008a, 2008b) ter na bakterije vrste S Enteritidis v
ovCjem mesu (Govaris in sod., 2010) boljSi uCinek pri 10 °C, kot pa pri 4 °C.

3.1.2.4  Vpliv vrste bakterij na vrednosti MIK

Pri vseh testiranih razmerah so se za bolj obcutljive izkazale bakterije vrste L.
monocytogenes. Izjema predstavlja Zivilski model s skuto, kjer so bile dolocene vrednosti
MIK enake za obe vrste bakterij. Rezultati tako potrjujejo predhodne rezultate, kjer smo
ravno tako doloCili veCjo obcutljivost grampozitivnih bakterij. Podobno porocajo tudi
Gutierrez in sod. (2009), ki so v eksperimentih doloCili boljsi protimikrobni ucinek
etericnih olj na grampozitivne bakterije, tako v gojis€u, kot v modelu solate in govejem
izvleCku.

Grampozitivne in gramnegativne bakterije se razlikujejo v obCutljivosti oz. odpornosti na
rastlinske izvleCke. Vzrok za to je lahko razlika v sami strukturi obeh skupin bakterij.
Gramnegativne bakterije imajo bolj kompleksno sestavo, ki vkljuCuje tudi zunanjo
membrano. Ta vsebuje lipopolisaharide, ki predstavljajo Se dodatno oviro. Zaradi tega je
celiCna stena bolj zaSCitena in hidrofobne protimikrobne spojine tezje prehajajo skozi
(Davidson in sod., 2015; Holley in Patel, 2005).
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3.1.25  Vpliv vrste izvlecka na vrednosti MIK

Glavna razlika med uporabljenima izvleCkoma je predvsem vsebnost karnozolne kisline.
Za izvleCek V70, ki vsebuje veC karnozolne kisline smo pri vseh testiranih kombinacijah
dolocili nizje oz. enake vrednosti MIK, kot za izvleCek V40. Kljub temu nasi rezultati,
nakazujejo, da lahko s kombinacijo roZzmarinskih izvleCkov in nizkimi temperaturami
skladisCenja inhibiramo rast bakterij vrst L. monocytogenes in E. coli v zivilskih modelih.

3.1.3 VplivizvleCka rozmarina na bakterije vrste C. jgjuni

3.1.3.1  Protimikrobna ucinkovitost izvleCka V40 na bakterije vrste C. jguni v gojiscu
in piS€ancjem mesnem soku

Bakterije vrste C. jguni predstavljajo velik problem pri varnosti piS¢ancjega mesa, zato
smo poleg doloCanja protimikrobnega ucinka izvleCka rozmarina na bakterije vrste C.
jegjuni v gojiscu, doloCili tudi protimikroben ucinek izvlecka v pis¢an¢jem mesnem soku.
PisCancji mesni sok dobimo tako, da odtajamo zamrznjene pis€ance in zberemo izcejeno
tekoCino, Ki je po sestavi podobna pis€an¢jem mesu (Birk in sod., 2004). Za eksperimente
smo ga izbrali, ker posnema naravno okolje kampilobaktrov na pisCanCjem mesu. Z
metodo razredCevanja v mikrotitrski plosCici smo najprej preverili ucinek izvlecka V40 na
bakterije vrste C. jguni K49/4 v gojisu MHB in pis€an¢jem mesnem soku v
mikroaerofilni atmosferi po 24 h pri 42 °C. Za doloCanje metabolne aktivnosti smo
uporabili reagent BacTiter-Glo. Vrednosti MIK so bile nizje v gojiscu (0,16 mg/ml), kot v
pis¢ancjem mesnem soku (0,63 mg/ml), kar je skladno z ostalimi rezultati, ki nakazujejo
boljSo ucinkovitost rastlinskih izvleCkov in vitro.

Z metodo razredCevanja v gojisCu smo z doloCanjem kinetike rasti preverili uCinkovitost
treh razlicnih koncentracij izvleCka V40 pri treh razlicnih zacetnih Stevilih (visje
~107 cfu/ml, srednje ~10° cfu/ml, nizje ~10° cfu/ml) bakterij vrste C. jejuni K49/4 v
gojistu MHB in v pis€anc¢jem mesnem soku. Vzorce smo inkubirali mikroaerofilno pri
42 °C in 8°C. Pri optimalni temperaturi inkubacije je bila v gojisSCu MHB najbolj
ucinkovita najvisja uporabljena koncentracija (0,31 mg/ml), kjer je Stevilo celic po 24 h
inkubaciji padlo pod mejo detekcije, ne glede na zaCetno Stevilo bakterij. V pisCancjem
mesnem soku je bila ta koncentracija u€inkovita samo pri srednjem in niZjem zaCetnem
Stevilu bakterij in znizala Stevilo bakterij pod mejo detekcije.

Pri inkubaciji na 8 °C smo ucCinek izvleCka V40 preverjali pri dveh razlicnih zacetnih
Stevilih bakterij (visje ~107 cfu/ml in nizje ~10° cfu/ml zagetno Stevilo celic). V gojiscu
MHB pri viSjem zacetnem Stevilu izvleCek V40 ni imel ucinka, Stevilo celic je padalo
enako, kot pri kontroli. Pri nizjem zaCetnem Stevilu je bila ucCinkovita samo najvisja
koncentracija (0,31 mg/ml). Podobne rezultate so v gojiSCu ob dodatku izvlecka lupine
kostanja dobili tudi Lee in sod. (2016). Rezultati v piS€ancjem mesnem soku nakazujejo
podoben ucinek, kot pri inkubacija na optimalni temperaturi. 1zvleCek V40 je bil uCinkovit
Stevilo celic po 120 h inkubacije padlo pod mejo detekcije. Pri ostalih koncentracijah in
kontrolah je Stevilo celic pocCasi padalo, ni pa padlo pod mejo detekcije. l1zvleCek V40 v
piscancjem mesnem soku pri nizji temperaturi ni imel uCinka. Mozen razlog je lahko
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dejstvo, da ima pri niZjih temperaturah skladiS¢enja piS€ancji mesni sok zascitni uCinek na
celice bakterij vrste C. jguni. Tudi Birk in sod. (2004) so pokazali, da celice bakterij vrste
C. jguni NCTC 11168 pri 5 °C prezivijo dlje v piscancjem mesnem soku, kot v gojiscu.
Prav tako so pokazali, da pri 5 °C bakterije prezivijo dalj Casa kot pri 10 °C. Sestavine
piS¢ancjega mesnega soka naj bi pripomogle pri podaljSanju preZivelosti.

3.1.3.2  Kombinacija u€inkov zamrzovanja in izvleCka V40 na bakterije vrste C. jguni
v pis€ancjem mesnem soku

Preverili smo mozen sinergisticni ucinek izbrane koncentracije V40 (0,2 mg/ml) skupaj z
nizinom (1000 1U) in/ali kratkotrajnim zamrzovanjem pri -20 °C v piS¢ancjem mesnem
soku. Zamrzovanje smo vkljucCili, ker naj bi bile bakterije rodu Campylobacter obcutljive
na zamrzovanje ter kombinacijo zamrzovanja in tajanja (Archer, 2004). Na drugi strani
imamo rezultate Studije, ki nakazuje, da lahko bakterije vrste C. jguni prezivijo
temperature hlajenja in zamrzovanja, tako da samo uporaba nizkih temperatur ni dovolj
uCinkovit ukrep (Bhaduri in Cottrell, 2004). PiS¢an¢ji mesni sok v primerjavi z
laboratorijskim gojis¢em verjetno vsebuje veC zasCitnih dejavnikov, ki lahko zasCitijo
bakterijske celice med zamrzovanjem. Zato ima zamrzovanje na bakterije vrste C. jguni
vecji ucinek v gojisCu in tako lahko dosezemo veCjo zmanjSanje celic v gojiscu, kot v
pis¢ancjem mesnem soku (Birk in sod., 2006).

Z metodo razredCevanja v piScancjem mesnem soku smo dolocili kinetiko rasti in tako
preverili ucinek izvleCka V40 (0,2 mg/ml) in nizina (1000 IU) ter njuno kombinacijo na
bakterije vrste C. jgjuni K49/4. VVzorce smo inkubirali 4 dni mikroaerofilno pri 8 °C. Takoj
ob dodatku izvleCka V40 in kombinacije V40/nizin, se je Stevilo bakterij znizalo za
priblizno 1 log enoto ter do konca inkubacije padlo pod mejo detekcije. Rezultati kazejo,
da nizin sam ni imel uCinka na bakterije vrste C. jguni K49/4, kot tudi ne v kombinaciji z
izvleCkom V40. Na gramnegativne bakterije vrste E. coli nizin sam po sebi ni pokazal
protimikrobnega ucinka, je bil pa ucinkovit v kombinaciji z etericnim oljem timijana in
njuna kombinacija je imela aditiven protimikroben ucinek (Solomakos in sod., 2008a). V
naSem primeru rezultati protimikrobnega delovanja kombinacije V40/nizin na bakterije
vrste C. jguni niso potrdili protimikrobnega ucinka. Do podobnih zakljuckov so prisli tudi
Dykes in sod. (2003), ki prav tako niso potrdili protimikrobnega uCinka samega nizina na
bakterije vrste C. jgjuni, kot tudi ne v kombinaciji z rastlinskim izvleCkom vednozelenega
gornika (Dykes in sod., 2003). Predhodno 24 urno zamrzovanje je imelo ucCinek na
bakterije, saj je Ze na zaCetku zniZalo Stevilo bakterij za 0,5 log enote v primerjavi z
bakterijami, ki niso bile predhodno zamrznjene. Bakterije so v predhodno zamrznjenem
kontrolnem vzorcu prezivele 4 dni inkubacije pri 8 °C, saj se njihovo Stevilo tekom
eksperimenta ni spremenilo. Dodatek izvleCka V40 je v kombinaciji z zamrzovanjem
znizal Stevilo bakterij pod mejo detekcije po 48 h inkubaciji pri 8 °C. V vzorcu, Kjer je bil
dodan samo izvleCek V40, brez zamrzovanja pa se je Stevilo bakterij znizalo pod mejo
detekcije po 96 h inkubacije. Dodatek nizina (tudi v kombinaciji z zamrzovanjem) ni imel
protimikrobnega ucCinka. Kombinacija kratkega predhodnega zamrzovanja in izbrane
koncentracije izvleCka V40 je pokazala sinergisticno delovanje in zniZala Stevilo bakterij
pod mejo detekcije (kar predstavlja veC kot 3 log enote).



Piskernik S. Protimikrobna ucinkovitost rastlinskih izvle¢kov in vitro in v izbranih zZivilih. 54
Dokt. disertacija. Ljubljana, Univ. v Ljubljani, BiotehniSka fakulteta, 2016

3.1.3.2  Protimikrobna ucinkovitost izvleCka V40 na baterije vrste C. jgjuni na povrsini
piSCancjega mesa

Za ta del eksperimenta smo uporabili izvleCek V40 in kombinacijo predhodnega
zamrzovanja ter inkubacije pri 8 °C. Na kosCke mesa smo nanesli bakterije vrste C. jgjuni
K49/4 in jih tretirali s pomakanjem v raztopino izvlecka VV40. Del vzorcev smo predhodno
za 24 h zamrznili. Kontrolni vzorec (namesto izvleCka rozmarina) je predstavljala tudi 10
% raztopina TSP (trinatrijev fosfat). TSP je v ZDA oznacen kot GRAS in je dovoljen za
uporabo v procesu klanja brojlerjev (Capita in sod., 2002), medtem ko v Evropski uniji
uporaba kemicne dekontaminacije ni dovoljena (Purnell in sod., 2014). Pomakanje
piScancjega mesa v 10 % raztopino TSP pomeni zmanjSanje mikrobne populacije mesa za
priblizno 2 log enoti (Capita in sod., 2002), kar smo potrdili tudi v naSih eksperimentih.
Tako zmanjSanje Stevila bakterij rodu Campylobacter na pis€ancjem mesu lahko pomeni
tudi zmanjSanje tveganja za zauZitje teh bakterij prek kontaminiranega mesa (Loretz in
sod., 2010; Nauta in sod, 2009). ZmanjSanje bakterij vrste C. jgjuni za 2 log enoti smo
dosegli tudi v naSih eksperimentih, vendar ne samo z dodatkom izvlecka V40, saj izbrana
koncentracija izvleCka rozmarina ni imela takega protimikrobnega ucinka. Skupaj s
predhodnim zamrzovanjem in inkubacijo pri 8 °C pa smo dosegli zmanjSanje za vecC kot 2
log enoti v 48 h. Pri tem nismo doloCili bistvenih razlik med mikroaerofilno in aerobno
inkubacijo vzorcev. Tudi Birk in sod. (2010) so s kombinacijo marinade in shranjevanja pri
4 °C znizali Stevilo bakterij vrste C. jgiuni na piscancjih filejih za 1,2 log enote. UCinkovita
je bila tudi aplikacija vinske kisline v kombinaciji s shranjevanjem na 4 °C, saj so na ta
nacin znizali Stevilo bakterij vrste C. jgjuni na kosckih pisCancjega mesa za 2 log enoti.

3.1.4 Vpliv izvleCkov rozmarina na bakterije rodu Alicyclobacillus v jabol¢nem soku
3.1.4.1  Vpliv izvleCkov roZzmarina na senzoric¢ne lastnosti soka

SenzoriCna ustreznost oz. sprejemljivost rastlinskih izvleCkov je pomemben dejavnik pri
doloCanju njihove uporabnosti (Davidson in sod., 2015). Kljub temu ni veliko Studij
delovanja naravnih protimikrobnih snovi, ki vkljuCujejo tudi senzoricno analizo
(Bevilacqua in sod., 2010; Giner in sod., 2012; Tyagi in sod., 2013). Preverili smo, kakSen
vpliv ima dodatek razlicnih koncentracij izvleCkov V20 in V40 na senzoriCne lastnosti
jabol¢nega soka. Potrdili smo, da imata oba izvleCka pri razlicnih koncentracijah lahko
vpliv na senzoricne lastnosti jabolcnega soka. Predvsem je bil vpliv izvleCkov V20 in V40
opazen pri visjih testiranih koncentracijah, saj je barva jabolCnega soka postala svetlejsa,
vonj in okus sta se poslabsala, sok pa je postal moten. Dokazali pa smo, da vrednosti MIK
izvleCka V20 (7,8 pg/ml) in izvlecka V40 (3,9 pg/ml) nista imeli vpliva na senzoricne
lastnosti jabolCnega soka.

3.1.4.2  Vpliv izvleCkov rozmarina na vegetativne celice bakterij rodu Alicyclobacillus

Delovanje obeh izvleCkov rozmarina (V20 in VV40) na bakterije vrst A. acidoterrestris, A.
hesperidum, A. cycloheptanicus smo s spremljanjem kinetike rasti preverili tako v
laboratorijskem gojisu BAT, kot tudi v modelu soka. Uporabili smo modelni jabol¢ni sok
(50 % delez jabolCnega soka in 50 % delez gojisca) in jabolcni sok ter vrednosti MIK obeh
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izvleCkov. Pri teh rezultatih je opazen vpliv dodatka Zivila na samo rast vegetativnih celic,
saj je bila rast ze v kontrolnih vzorcih inhibirana. To je opazno ze v modelnem jabol¢nem
soku (kontrolni vzorec ob koncu inkubacije doseze ~10° cfu/ml) in tudi v jabolénem soku
(kontrolni vzorec ob koncu inkubacije doseze ~10° cfu/ml), v primerjavi s kontrolo v
gojis¢u BAT (=107 cfu/ml ob koncu inkubacije). Na slab3o rast v jabolénem soku lahko
vplivajo lastnosti in specificne komponente soka, 0z. sama vrsta soka, saj je bila npr. rast
bakterij vrste A. acidoterrestris boljsa v hruskovem, kot v ananasovem soku (Grande in
sod., 2005). Na delovanje izvleCkov vplivajo razlicne sestavine zivil, pH Zzivila in tudi vrsta
ter tudi koliCina protimikrobne snovi (Davidson in sod., 2015; Negi, 2012). Bevilacqua in
sod. (2010) porocajo o vplivu medija na delovanje cinamaldehida in evgenola. Jabol¢ni sok
naj bi bil v primerjavi z laboratorijskim gojis$¢em manj ugodno okolje za rast bakterij vrste
A. acidoterrestris in za protimikroben ucinek je bila potrebna manjsa koliCina izbranih
protimikrobnih snovi, kot v laboratorijskem gojiscu (Bevilacqua in sod., 2010).

3.1.43  VplivizvleCkov rozmarina na spore bakterij vrste A. acidoterrestris

Dokazali smo, da oba izvleCka rozmarina (V20 in V40) protimikrobno ucinkujeta na
vegetativne celice izbranih sevov bakterij rodu Alicyclobacillus. Zeleli smo dologiti tudi
njun ucinek na spore teh bakterij. Za ta del eksperimenta smo uporabili suspenzijo spor
bakterij vrste A. acidoterrestris in vrednosti MIK obeh izvleCkov. Predvidevali smo, da
tako nizke koncentracije ne bodo ucCinkovale na spore, zato smo uporabili tudi Stirikrat
visje koncentracije tako izvleCka V20 (31,3 pg/ml), kot tudi izvleCka V40 (15,6 pg/ml).
UcCinek obeh izvleCkov rozmarina smo spremljali 48 h v gojis¢u BAT, modelnem
jabol¢nem soku in jabolcnem soku.

Pri kontrolnem vzorcu v gojiScu BAT se je po prvih 4 h inkubacije Stevilo spor zmanjSalo
in Stevilo vegetativnih celic povecalo, kar nakazuje na vzklitje spor. Stevilo spor se je v
Casu do 24 h povecalo in do konca inkubacije ostalo na priblizno enaki vrednosti. Ob
dodatku obeh izvleCkov roZzmarina se je Stevilo spor po 4 h inkubacije zmanjSalo, podobno
kot pri kontrolnem vzorcu. Stevilo spor je do 24 h inkubacije ostalo priblizno enako pri
vseh koncentracijah izvleCkov. Po 48 h inkubacije pri vrednostih MIK se je Stevilo spor in
vegetativnih celic povecalo, koncentraciji uporabljenih izvleCkov nista veC uCinkovali. Pri
4 krat visjih koncentracijah izvleCkov je Stevilo spor ostalo priblizno enako, kot po 4 h
inkubacije. Pri vzorcih z dodanim izvleCkom rozmarina se je Stevilo vegetativnih celic v
prvih 4 h inkubacije povecalo, spore so vzklile enako, kot pri kontrolnem vzorcu. Do
konca inkubacije kinetika rasti vegetativnih celic poteka podobno kot dinamika spor.

V modelnem jabol¢nem soku in jabolcnem soku je bila spet vidna slab3a rast ze pri
kontrolnem vzorcu, kar nakazuje, da je sok manj ugodno gojiSCe za rast bakterij vrste A.
acidoterrestris v primerjavi z rastjo v gojiScu BAT. Modelni jabolCni sok in jabolCni sok
nista primeren medij za vzklitje spor. Stevilo spor na zacetku in koncu inkubacije je
primerljivo, kar nakazuje, da je vzklilo le majhno Stevilo spor. V prvih 4 h inkubacije se je
Stevilo vegetativnih celic poveCalo in ostalo v tem rangu do konca inkubacije.
Protimikrobni uc€inki izvleCkov rozmarina so v jabol¢nem soku vidni z zakasnitvijo, saj so
opazni kasneje kot v laboratorijskem gojiS¢u BAT, kar je povezano s tem, da sok ni
idealno okolje za Kklitje spor.
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3.1.4.4  Indeks inhibicije

Iz dobljenih rezultatov vpliva izvleCkov rozmarina na spore bakterij vrste A. acidoterrestris
smo izraCunali indekse inhibicije (enacba povzeta po Bevilacqua in sod., 2008a) in na ta
nacin primerjali ucCinek obeh izvleCkov rozmarina. Indekse inhibicije smo primerjali ob
koncu inkubacije, se pravi po 48 h. Vi$ja koncentracija obeh izvleCkov roZzmarina je bila
najbolj uCinkovita v gojiscu BAT, indeks inhibicije za izvlecek V20 je bil 61,0 % ter za
izvleCek V40 65,4 %. V jabolcnem soku je bila bolj ucCinkovita vrednost MIK obeh
izvleckov, kjer smo za izvleCek V20 dolocCili 16,3 % in za izvleCek V40 20,6 % indeks
inhibicije. Glede na rast vegetativnih celic, spore najlazje vzklijejo v gojiscu BAT. Velji
indeks inhibicije pri vi§jih koncentracijah obeh izvleCkov v gojisCu BAT pomeni, da smo
najvecCji protimikrobni uCinek doloCili pri teh koncentracijah obeh izvleCkov. Klitje spor v
vegetativne celice je bilo slabse v modelnem jabol¢nem soku in tudi v jabol¢nem soku, saj
so bili indeksi inhibicije nizji, kot v gojis¢u BAT. Zaradi vpliva jabol¢nega soka na rast
bakterij, je rast v modelnem jabol¢nem soku in jabol¢nem soku slab3a kot v gojiscu BAT.
BoljsSo ucinkovitost izvleckov v jabolnem soku lahko pripiSemo tudi razlikam v vrednosti
pH. Jabolcni sok ima nizji pH (v naSem primeru je bila vrednost pH 3,71), kot gojiS¢e BAT
(vrednost pH 4,01). Bevilacqua in sod. (2008b) so ugotovili, da niZje vrednosti pH gojis¢a
vrednostmi pH. Protimikrobni uCinek cinamaldehida je tudi povezan s koncentracijo. Nizje
koncentracije cinamaldehida so povzroCile reverzibilno inhibicijo klitja spor, pri visjih
koncentracijah pa spore izgubijo sposobnost klitja (Bevilacqua in sod., 2008b). Nasi
rezultati kazejo, da pri vi§jih koncentracijah obeh izvleCkov rozmarina spore tezje
vzKlijejo. Ker je bilo Klitje spor v jabolcnem soku slabse, se je posledi¢no tvorilo manj
vegetativnih celic, zato sta imela izvleCka rozmarina slabsi ucinek na skupno Stevilo spor v
vzorcu. Shigemune in sod. (2012) podobno porocajo o vplivu epigalokatehin galata na
bakterije vrste B. cereus. Epigalokatehin galat na spore ne deluje oz. ne inhibira klitja,
deluje pa na vegetativne celice. Epigalokatehin galat se na vegetativne celice adsorbira,
medtem ko se na spore ne, verjetno zaradi razliCne strukture povrsin vegetativnih celic in
spor (Shigemune in sod., 2012). Uporaba izvlecka grozdnih peck je prav tako pokazala, da
izvleCek ne vpliva na same spore, povzroCi pa spremembe v strukturi celic in inhibira
nastanek spor bakterij vrste A. acidoterrestris. Prav tako avtorji niso dolocili vzklitja spor v
vegetativne celice pri vzorcih tretiranih z izvleCkom grozdnih peck. Pri kontrolnih vzorcih
pa so bile vegetativne celice in spore prisotne (Molva in Baysal, 2015).
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3.2  SKLEPI

Minimalna inhibitorna koncentracija (MIK) rastlinskega izvleCka je merilo
ucCinkovitosti protimikrobne aktivnosti. Za doloCitev vrednosti MIK rastlinskih
izvleCkov je najbolj primerna metoda razredCevanja v mikrotitrski plos€ici z uporabo
INT ali dolocCitvijo ATP, za doloCitev kinetike rasti pa metoda razredCevanja v tekoCem

.....

Grampozitivne bakterije (bakterije rodov Alicyclobacillus, Bacillus, Listeria,
Staphylococcus) so bolj obCutljive na delovanje rastlinskih izvleCkov kot gramnegativne
bakterije (bakterije rodov Campylobacter, Escherichia, Salmonella). Testirani izvlecki
se razlikujejo glede na izvor in nacin ekstrakcije (najvecjo protimikrobno ucinkovitost
so imeli izvleCki rozmarina, v katerih je prevladovala karnozolna kislina in izvleCek
Zajblja, manjSo pa izvlecki roZzmarina, v katerih je prevladovala roZzmarinska kislina ter
izvlecki grozdnih peck, oljcnih listov in zelenega Caja).

Na protimikroben ucinek rastlinskih izvleCkov vpliva veC dejavnikov:
Zivilskih modelih in Zivilih);

- sestava zivila (rastlinski izvlecki so bili bolj uCinkoviti v zivilskih modelih, ki so
vsebovali vecji delez ogljikovih hidratov in manj mascob ali beljakovin);

- Stevilo bakterij (pri ve€jem Stevilu bakterij je za enako uCinkovitost izvleCka potrebna
vecja koliCina izvleCka v laboratorijskem gojiSc€u in v Zivilskih modelih) in njihova
oblika (izvleCka rozmarina delujeta na vegetativne celice bakterij vrste A.
acidoterrestris v jabolCnem soku, nimata pa ucinka na spore; vendar pa iz spor
vzklijejo vegetativne celice, na katere lahko izvleCka rozmarina ucinkujeta);

- temperatura (ucinkovitost izvleCkov roZzmarina je bila boljSa pri nizji temperaturi,
vendar je aktivnost odvisna tudi od preiskovanih bakterij);

- kombinacija protimikrobnih dejavnikov (na bakterije vrste C. jguni v pis¢ancjem
mesu ima najveCji protimikroben ucinek kombinacija izvleCka rozmarina in
zamrzovanja, medtem ko dodatek nizina k protimikrobnemu ucinku ni pripomogel).

Pri vrednotenju protimikrobne ucinkovitosti rastlinskih izvleCkov je poleg Ze navedenih
dejavnikov pomembna senzoriCna analiza Zivila, saj le-ta lahko ne glede na dobro
protimikrobno ucinkovitost omeji uporabo rastlinskih izvleckov v Zivilih.
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41 POVZETEK

Mikroorganizmi so prisotni na vseh podrocjih Zivilsko predelovalne industrije, od
pridelave do predelave ter skladisCenja zivil. PovzroCajo dva glavna problema, in sicer na
eni strani patogene bakterije povzroCajo okuzbe s hrano, na drugi strani pa kvarljivci
povzroCajo kvar hrane. Zato se za kontrolo mikroorganizmov Zzivilom dodaja
protimikrobne snovi (Davidson in sod., 2015). Med mozne vire protimikrobnih snovi lahko
Stejemo tudi rastline, ki vsebujejo Stevilne spojine in so s tem pomemben vir novih
bioloSko aktivnih molekul, ki imajo lahko tudi protimikrobno delovanje. Rastline, pri
katerih poznamo protimikrobno delovanje, so lahko pomembne pri konzerviranju zivil in s
tem zagotavljanju varnosti (Negi, 2012).

Za doloCanje protimikrobne ucinkovitosti rastlinskih izvleCkov in njihovih posameznih
komponent obstajajo Stevilne metode. Te so veCinoma izpeljane in prilagojene iz
postopkov doloCanja ucinkovitosti antibiotikov in niso standardizirane za doloCanje
ucinkovitosti naravnih protimikrobnih snovi. Poleg tega obstaja veC razlicnih nacinov
ovrednotenja rezultatov. Vse to pomeni, da rezultate tezko primerjamo med seboj, zato
potrebujemo enotno metodo, Kkatere rezultati bi bili lazje primerljivi. Za doloCanje
protimikrobnega ucCinka smo uporabili metodo difuzije v trdnem gojiS¢u, metodo
razredCevanja v trdnem ali tekoCem gojiSCu in metodo razredCevanja v mikrotitrski
plosCici. Metoda difuzije z diski ni primerna za doloCanje protimkrobnega ucinka
rastlinskih izvleCkov, saj smo dobili visje vrednosti MIK kot pri ostalih metodah. Glede na
dobljene rezultate predlagamo uporabo metode razredCevanja v mikrotitrski ploscici. Ta
metoda je uCinkovita in relativno enostavna za izvedbo ter omogoca doloCitev vrednosti
MIK in MBK. S to metodo lahko na hiter in enostaven nacin pregledamo in dolo¢imo
protimikrobno uCinkovitosti vecjemu Stevilu rastlinskih izvleCkov.

Izvlecki rozmarina so poznani kot bogat vir fenolnih spojin z dobrim protimikrobnim
ucinkom, ki se navezuje na karnozolno in roZzmarinsko kislino (Sacco in sod., 2015). Poleg
rozmarinskih izvleckov, je dobro ucinkovitost pokazal tudi izvleCek zajblja, ki vsebuje
karnozolno kislino, karnozol, rosmanol, feruginol in roZzmarinsko kislino (Matkowski,
2008). Manj ucCinkoviti so bili izvleCki grozdnih peck, oljcnih listov in zelenega Caja, ne
glede na preiskovano bakterijo. RoZmarinska kislina je pokazala slabsi uCinek v primerjavi
z karnozolno kislino, tako pri grampozitivnih bakterijah, kot tudi pri bakterijah rodu
Campylobacter. Testirani izvlecki so bili bolj uCinkoviti pri inhibiciji grampozitivnih kot
gramnegativnih bakterij. Med gramnegativnimi bakterijami so izjema bakterije rodu
Campylobacter, ki so po obcutljivosti na delovanje izvleCkov primerljive z drugimi
grampozitivnimi bakterijami. Med grampozitivnimi po obcCutljivosti izstopajo bakterije
rodu Alicyclobacillus, ki so se izkazale za dale¢ najbolj obcutljive.

Protimikroben ucinek izvleCkov je potrebno dolociti tudi v Zivilskih modelih in kasneje Se
v zivilih, saj le na ta naCin lahko potrdimo njihovo ucCinkovitost in uporabnost. Na
delovanje izvleCkov rozmarina in tudi ostalih naravnih protimikrobnih snovi lahko vplivajo
razlicni dejavniki, med njimi delez in vrsta zivila, temperatura shranjevanja, vrsta testiranih
bakterij. Vpliv teh dejavnikov smo dolocCili z metodo razredCevanja v mikrotitrski plos€ici
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v 50 % Zivilskih modelih. 1zvleCka rozmarina V40 in V70 sta imela boljsi uCinek v Zivilih
z vecjim delezem ogljikovih hidratov. V zivilih z vecjim delezem mascob in beljakovin sta
bila izvleCka manj uCinkovita. IzvleCka sta imela vecji uCinek na grampozitivne bakterije
vrste Listeria monocytogenes, kot na gramnegativne bakterije vrste Escherichia coli. Prav
tako lahko za inhibicijo bakterij uporabimo oba izvleCka skupaj v kombinaciji z nizjo
temperaturo shranjevanja, Ceprav je delovanje v zivilskih modelih pri nizji temperaturi
odvisno od testirane vrste bakterij. Tudi pri dolo€anju ucinkovitosti izvleCkov v Zivilskih
modelih ni standardiziranih metod, kar pomeni, da tudi take rezultate razlicnih Studij tezko
primerjamo med seboj. Zato predlagamo uporabo metode razredCevanja v mikrotitrski
plosCici v zivilskih modelih za pregled ucinkovitosti izvleCkov v razlicnih zivilih in s tem
preverjanje vplivov razli¢nih dejavnikov na njihovo ucinkovitost.

Naslednji korak pri doloCanju uporabnosti izbranega izvleCka rozmarina V40 je bil
dolocCanje njegove ucinkovitost v Zivilu in sicer na piS¢anc¢jem mesu. Za zmanjSanje Stevila
bakterij vrste Campylobacter jgjuni na svezih pis¢ancih pred distribucijo v maloprodajo
obstaja veC metod oz. postopkov. Kljub vsemu ostajajo bakterije rodu Campylobacter in s
tem kampilobakterioza med najveCkrat javljenimi zoonozami. Zato potrebujemo nove
ucinkovite postopke za zmanjSanje teh bakterij na pis€anCjem mesu. Bakterije vrste C.
jguni smo nanesli na kose pis¢anCjega mesa in jih tretirali z izvleCkom roZzmarina.
Dokazali smo, da je uporaba izbrane koncentracije izvleCka, skupaj z zamrzovanjem,
znizala Stevilo celic za 2 log enoti, kar posledicno pomeni tudi zmanjSanje tveganja za
okuzbo s temi bakterijami prek okuzenega pis€ancjega mesa.

Preverili smo Se uCinek izvleCkov rozmarina na bakterije rodu Alicyclobacillus, ki so eden
izmed pomembnih kvarljivcev sadnih sokov in povzrocajo veliko Skode v industriji sadnih
pijac. Preverili smo tudi, kakSen vpliv imata izvleCka rozmarina V20 in V40 na senzoricne
lastnosti jabolCnega soka. Naravne protimikrobne snovi v koncentracijah, ki imajo
protimikrobni ucinek, lahko vplivajo na senzoricne lastnosti Zivila. ObicCajno je ta ucinek
negativen in tako Zivilo ni sprejemljivo za potroSnika. Oba izvleCka roZmarina v
koncentracijah, ki inhibirajo rast vegetativnih celic izbranih sevov bakterij rodu
Alicyclobacillus ne spremenita 0z. ne vplivata na senzori¢ne lastnosti jabolcnega soka. Pri
vrednostih MIK oba izvleCka uCinkovito zmanjSata Stevilo spor bakterij vrste A.
acidoterrestris v jabol¢nem soku. Pri vrednostih MIK sicer nimata sporocidnega ucinka,
vseeno pa pri teh koncentracijah lahko iz spor vzklijejo vegetativne celice, na katere lahko
izvleCka potem ucinkujeta inhibitorno. Tako lahko dodatek izvleCkov roZzmarina v jabolcni
sok predstavlja alternativen ukrep za kontrolo vegetativnih celic bakterij vrste A.
acidoterrestris.

Rastlinski izvlecki so alternativen naCin konzerviranja zivil in lahko kot snovi z
protimikrobnim delovanjem veliko pripomorejo k varnosti Zivil. Kljub temu je pred
njihovo uporabo v Zivilih potrebno preveriti veC dejavnikov, ki lahko vplivajo na njihovo
protimikrobno uginkovitost. Ze ena sama ’'negativna ocena’ lahko namre¢ pomeni
nesprejemljivost rastlinskega izvleCka v zivilu.
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42 SUMMARY

Microorganisms are present throughout the food industry, beginning at the farm level, and
on through food processing and storage. Microorganisms pose two major concerns: on the
one hand, there are pathogenic bacteria that cause foodborne diseases, and on the other
hand, there are the spoilage microorganisms that cause food spoilage. Antimicrobials are
therefore added to food to inhibit the growth of (or to kill) these microorganisms
(Davidson et al., 2015). Plants can also be considered as antimicrobial agents, as they are
known to contain many different compounds and to be important sources of biological
molecules that have antimicrobial activities. Such plants, or extracts from such plants, can
be used for the preservation of food and to ensure food safety (Negi, 2012).

Many different methods are available for the determination of antimicrobial activities of
plant extracts or their components. Most of these are derived and adapted from methods for
the determination of the antimicrobial activities of antibiotics, although they have not been
standardized for use with natural antimicrobials. Also there are different ways of
interpreting the data that can be obtained with these various methods, and this thus makes
it difficult to compare data obtained from different studies in different laboratories. In the
present study, we used the agar disk diffusion and dilution, and broth microdilution and
macrodilution methods to determine the antimicrobial effects of selected plant extracts.
The disk diffusion method is not suitable for the determination of the antimicrobial effects
of plant extracts, as MIC values obtained with this method were the highest of these
methods used. Overall, according to the results obtained with these methods, we
recommend the use of the broth microdilution method to determine the antimicrobial
effects of plant extracts. The microdilution method was the simplest and most effective
method to determine the MICs of these plant extracts, and it is also an easy and rapid way
to screen large quantities of plant extracts.

Rosemary extracts are known to be a rich source of phenolic compounds related to
carnosic and rosmarinic acid that show antimicrobial activities (Sacco et al., 2015).
Furthermore, a sage extract has also demonstrated good antimicrobial effects. The main
components of this sage extract were carnosic acid, carnosol, rosmanol, ferruginol, and
rosmarinic acid (Matkowski, 2008). Extracts of grape seeds, olive leaves, and green tea
appear less effective, independent of the bacteria tested. Rosmarinic acid was less effective
against Gram-positive bacteria and Campylobacter spp., than carnosic acid. The other
extracts tested proved to be more efficient against Gram-positive than Gram-negative
bacteria. Campylobacter spp. were the most susceptible among the Gram-negative
bacteria, with comparable effects seen to those of Gram-positive bacteria. Among the
Gram-positive bacteria, Alicyclobacillus spp. were by far the most susceptible.

To define the effectiveness and usefulness of any plant extract, it is important to determine
its antimicrobial effects not only in laboratory media, but also in food models or systems,
and in foods. Among the different factors that can affect the activities of these natural
antimicrobials, and of rosemary extracts in particular, there are the form and the type of
food and its storage temperature, and the type of bacteria used in the testing. The effects of
these factors were determined using the broth microdilution method in food models that
contained 50 % of the food model examined. The V40 and V70 rosemary extracts were
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more effective in food models that contained high levels of carbohydrate, and less effective
in food models that contained high levels of fat and protein. Both of these extracts showed
greater effects against the Gram-positive Listeria monocytogenes than the Gram-negative
Escherichia coli. These extracts can also be used in combination with low storage
temperatures to inhibit growth of the bacteria, although these effects are also species
specific.

The next phase of antimicrobial testing of the V40 rosemary extract was to determine its
activity in food — in particular, on chicken meat. Although there are different methods
available for the reduction of Campylobacter jejuni cells on fresh chicken meat before it is
transported for retail sale, Campylobacter spp., and the associated campylobacteriosis, is
still the most frequently reported foodborne illness. Therefore, there is the need for new
and efficient treatments for the reduction of these bacteria in chicken meat. In the present
study, we showed that a combination of rosemary extract and short-term pre-freezing of
chicken meat can reduce C. jguni populations by 2 log units. This level of reduction
should also mean a reduction in the risk of Campylobacter infection through contaminated
chicken meat.

We also determined the effects of the V20 and V40 rosemary extracts on Alicyclobacillus
spp. These bacteria are an important spoilage microorganism that is of great concern in the
fruit-juice industry. As natural antimicrobials can also have effects on the sensory
properties of food when added at the levels required for their antimicrobial activities, we
also determined the effects of these rosemary extracts on the sensory properties of apple
juice. When these rosemary extracts are added at their in-vitro MICs, this did not change
the sensory properties of the apple juice, and thus they can be used as natural additives in
apple juice. At their MICs against Alicyclobacillus acidoterrestris, both of these extracts
inhibited the growth of the vegetative cells, although they did not show sporicidal effects
on the spores; however, they did reduce the spore numbers. Thus, although the addition of
these extracts to apple juice at their MICs still allowed the spores to germinate, the growth
of the vegetative cells that formed was inhibited. The addition of these rosemary extracts to
apple juice thus represents an alternative strategy for the control of A. acidoterrestris.

Plant extracts can be considered as an alternative form of food preservation and can
contribute to food safety based on their antimicrobial activities. Several factors can affect
the antimicrobial activities of plant extracts in foods, and these factors need to be examined
and defined before their use in any particular system. Indeed, with the important
considerations of food safety, even one 'negative assessment’ might render a plant extract
as unacceptable for human use, and therefore not to be used in foods.
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