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ABSTRACT

Taking into account the preliminary antagonisticfegradation property showed by Pichia membrangasiand
Sporobolomyces roseus, which decreased the im##ailin concentration of 588.4 to 290/@/mL, ability of P.
ohmeri 158 in biocontrol against Penicillium expansand patulin decrease in vitro was performed. Gikure
supernatant of P. ohmeri 158 was effective agaBsi7% micelial growth, indicating antibiosis redat with the
killer phenomenon. The initial patulin concentratiof 22344 in the presence of P. ohmeri 158 cells was degda
over 83% of the original concentration, when incidthat 25°C/2 days and > 99% after 5 days inculpatime,
with undetectable patulin level after 15 days. Tigal pH 4.0 decreased to pH 3.3 along 15 daypesiment,
suggesting that patulin decrease was an active ggecand a consequence of yeast metabolism. Thésresu
suggested that P. ohmeri 158 could be a promisitegraative for the inhibition of P. expansum grovetid patulin
degradation.
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INTRODUCTION Drug Administration-FDA, 2002). The Food and
Agricultural  Organization (FAO) estimated
The perishable post-harvest fruits should be free gontamination with mycotoxins in 25% of the
fungal deterioration trigged by the environmentaworld’s crop, and the main fungi involved
factors as mechanical damages caused by tielonged to theAspergillus Penicillium and
harvest and storage (Arras et al., 1998; Hussefnusarium genera (Pitt et al., 2000; Ono et al.,
and Brasel, 2001). Phytosanity can be the criticad006). However, the predominant post-harvest
point in the food safety in the globalizedfungus in apple is patulin producirféenicillium
agribusiness, where the Brazilian fresh fruits havexpansumThis mycotoxin causes gastrointestinal
been introduced as promising natural food (Worldlistress and neurotoxic effect in the rodents,
Health Organization-International Agency forimmunotoxicity in mice and rabbit, and
Research on Cancer-WHO-IARC, 1996: Food ang@enotoxicity in the mammalian cells (Hopkins,
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1993; Sharma, 1993; Wouters and Speijers, 199&;ith 0.1% (v/v) Tween 80, and it was adjusted to 1
Moss and Long, 2002). x 10 spores/mL (Newbauer chamber)C.
The control of diseases in the post-harvest fruit iguilliermondii P3 andP. ohmeril58 were isolated
based on the chemical fungicides, but progressiieom the papaya and anthill, respectivelly, and
loss of the effectiveness and the emergence wiochemically characterized by the conventional
resistant pathogens are the topic of concern, due toethod (Kreeger Van Rij, 1984; Barnett et al., 1990)
the increasing level of agrotoxic residues (Sugaand APl 20 C AUX test (Biomérieux Vitek,
and Spotts, 1999; Castoria et al., 2001). Biologicallarcy-I'Etoile, France), followed by identification
control using antagonist microorganism has beenaccording to Kurtzman and Fell (1998%.
promising alternative, which provides safeguilliermondii P3 andP. ohmeril58 grown on the
application in both human health and ecosystersurface of GYMP agar slant (2.0% glucose, 1.0%
(Janisiewicz et al., 2000; Usall et al., 2001)malt extract, 0.5% yeast extract, 0.2% NaHPO
Emphasized is the biological control using yeastand 1.8% agar) were maintained at 4°C, carrying
i.e. safe antagonist without health hazard coupledut each six months reactivation in the same
with low ecological impact, reliable in refrigerated culture medium. For assay, the strains were
storage of fruit (Usall et al., 2001). Patulinactivated on Yeast medium (YM agar-2.0%
degradation to (E)-ascladiol involved fermentativeglucose, 0.5% yeast extract, 1.0% NaCl, 0.23%
process bySaccharomyces cerevisig@umbu et NaH,PQO,, 0.5% (NH),SO,, 1.8% agar) at 25°C/48
al., 1983; Moss and Long, 2002). h (Levy, 2003).
In our previous study, screening of 44 yeasts
isolated from the different ecosystem sourceéAntagonism in broth culture
showed fifteen isolates with inhibitory activity C. guilliermondii P3 andP. ohmeri 158 were
againstP. expansunstrain #2 based on the nutrientactivated in YM broth culture at 25°C/24 h (150
and space competition, and five strains withrpm), and 100uL of cell suspension (3.0 x 10
antagonism based on antibiosis, with the cultureells) was inoculated in five Erlenmeyer flasks (25
supernatant o€. guilliermondiiP3 andP. ohmeri  mL of YM broth) and incubated at 25°C in static
158 showing the higher antagonism (Levy et al.condition. Each 24, 48, 72, 96 and 120 h, one of
2002; Levy, 2003; Coelho, 2005). Lewt al flask was centrifuged (6500 x g/15 min) and filter
(2002) demonstrated the decrease of patifiin sterilized (Millipore 0.20um). An aliquot (1 mL)
vitro  using Pichia membranifaciens and  of sterilized supernatant was added into 1 mL of
Sporobolomyces rosetsdrains. However, the use YM medium (tube 120 x 13 mm), and inoculated
of antagonist yeasts with wide activity and patulinyith P. expansunstrain #2 (10 spores). A control
decrease could be promising, and additionalithout supernatant (£0spores ofP. expansum
studies about the mode of action would bestrain #2 in 1 mL sterile water plus 1 mL YM
necessary beforen vivo application. Taking into medium) was used for the comparison. The tubes
account the prominent activity &f. ohmeril58 were incubated at 25°C/12 h, and microscopic
against mycotoxin producing. expansunin solid  analysis of conidia germination percentage and
culture, the antifungal activity in broth culture andfungal growth determination by measuring the
patulin decrease bRichia ohmeriwas evaluated hyphal length. One inhibition unit (Ul) was
in vitro in this work. defined as 50% conidia inhibition or 50% hyphal
growth inhibition (Chen et al, 1999). The
experiment in three repetitions was carried along

MATERIALSAND METHODS four months. For each repetition, the hyphal
lengths were measured for 40 randomly selected
Microor ganisms hyphae and the mean hypha length was used for

Single sporedP. expansunstrain #2 isolated from the comparison. Conidia germination was based on
the apple was used as test microorganism (1Géur counts of 100 conidia per repetition (Chen et
pg/mL  patulin  production).P. expansumwas al., 1999). The data of three repetitions were
subcultured each six months on Potato Dextrosanalysed by Tukey test (ANOVA/MANOVA)
agar (PDA, 21°C/120 h), and stored at 4°C. Theomparing the mean values obtained from 120
spore inoculum was prepared suspendingata for hyphal length and 12 data for propagules
reactivated culture into 3 mL sterile distilled waterpercentage.
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Patulin degradation by P. ohmeri
Toxigenicity of P. expansum The assay of patulin degradation was carried out
P. expansunstrain #2 toxigenicity was determined adding 223ug of patulin (previously produced by
by the high-performance liquid chromatographyP. expansumas described on item 2.4.) in four
(HPLC, Shimadzu, Japan). Ten mg of workingErlenmeyer flasks with 25 mL of Yeast Medium
standard of patulin (99.0% purity-ACROS, New(YM) pH 4.0, and inoculated witR. ohmeri(3.0 x
Jersey, USES) was dissolved in 1 mL chloroform1d® cells). Four more Erlenmeyer flasks (25 mL of
subdivided in five flasks (20QL), dried under ¥ YM pH 4.0) were added with patulin alone
gas and stored at -20°C. Patulin was suspended (imithout yeast) as control, in order to check patulin
ethanol and quantified at 275 nm (Cintra 20)stability during assay. After 2, 5, 10 and 15 days
according to the “Official Methods of Analysis”- incubation at 25°C in a Biochemical Oxygen
AOAC (2000), procedure n. 974.18. Demand (B.O.D., MERCK), remained patulin was
P. expansumwas grown in 10 Erlenmeyer flasks quantified as described above (AOAC, 2000) and
with 25 mL of malt extract (pH 4.4) (malt extract pH value was determined.
0.6%, dextrose 0.6%, maltose 0.18%, yeast extract
0.14%) at 25°C/15 days and the filtrate wasStatistical analysis
submitted to three partitions with 25 mL of ethylThe mean values of hyphal length measurement
acetate. Pooled organic phases (750 mL) wemnd propagules percentage from the antifungal
dried with 100 g anhydrous sodium sulfate (3Gassay analysed for the antagonistic activity were
min) and evaporated at 40°C until aproximately 2s5ompared by Tukey test using
mL. The solution was cleaned up using silica geANOVA/MANOVA program (STATISTICA
column (500 x 10 mm, with 8.5 g of silica gelversion 5.0, 1995).
60G, 70-230 mesh, MERCK). Briefly, the solution
was introduced into the column and the elution
was carried out with 100 mL benzene/ethyl acetatRESUL TS AND DISCUSSION
(75:25). The eluate was collected, evaporated at
40°C until aproximately 5 mL, and dried under N In the previous studies, screening of 44 yeasts
gas (AOAC, 2000). isolated from the different ecosystem source
Residue was dissolved in 100pL of resulted 20 antagonists with any aRgnicillium
acetonitrile/water (1:9), and analysed by theexpansumstrain #2 activity (Levy et al., 2002;
reversed-phase  HPLC (Shimadzu, Japan)evy, 2003; Coelho, 2005). Eight antagonist
equipped with a CTO-10A VP column oven, ayeasts were isolated from the appleP. (
LC10AD pump, and a SPD-10 UV detector.membranifaciens strains Al to AT,
Separations were performed on a 250 x 4.6 miB8porobolomyces rosewssrain A8), three from the
I.D. Cig column of 5um diameter (Trennsaule). corn silage Debaryomyces hansenstrains C1,
The mobile phase was acetonitrile/water (5:95)C5; C7), 6 from anthill R. ohmeri 158;
and the flow rate was 1.5 mL/min; the elution wasAureobasidiunsp. 102;Candida homilentom&9;
monitored by UV absorption at 275 nmD. hansenii3l;P. anomalal42;P. guilliermondii
(Kawashima et al., 2002). Under these conditiong}2), 1 from papayaQ. guilliermondii P3) and 2
patulin has a retention time of 7.4 min. Patulin wagrom grape fruits Rhodotorula mucilaginosa
guantified by comparing the peak areas in thestrains G3 and G5). Fifteen antagonists showed
sample with those of an authentic referencénhibitory activity againstP. expansunstrain #2
standard (ACROS, New Jersey, USA) at 7based mainly on nutrient and space competition.
concentration levels: 0.020; 0.035; 0.050; 0.100The assay in solid medium (25°C/120hrs) pointed
0.200; 0.250; and 0.350y/mL (RZ = 0.999). The the strongest nutrient competition antagonism by
detection limit of the toxin was measured as thre®. hanseniistrain C1 (31 mm inhibition diameter),
times the baseline standard deviation of blankvhile D. hanseniistrain C7 (15 mm) showed
(0.020 pg/mL), and the quantification limit was higher antibiosis and parasitism pattern (Levy et
measured as five times the detection limit (Code®l., 2002; Coelho, 2005).

Alimentarius Commission, 1998; Valente Soares]aking into account the approach concerning the
2001). antagonism based on antibiosis, the extracellular

activity was tested performing the assay with
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culture supernatant in YM agar, againBt activity, 9 were identified as Kkiller positive,
expansumstrain #2 (10 spores). This assay suggesting involvement of such factor as
reduced the number of active isolates into five ( promising agent in the control of patulin producing
hanseniistrain C7;P. membranifacienstrains A4 P. expansum Walker et al. (1995) reported
and A8;C. guilliermondiistrain P3; and. ohmeri  susceptibility of yeast and filamentous fungi
strain 158), with the culture supernatant ©f caused by killer positive strains 8f cerevisiagP.
guilliermondii P3 andP. ohmeri 158 showing anomalaandWilliopsis mrakii.

higher antagonism, indicating probable productiohe killer phenotype is based on the secretion of a
of effective extracellular compounds (data noiow molecular mass protein or glycoprotein toxin
shown, Coelho, 2005). able to kill sensitive cells belonging to the same or
In this work, the antagonism d®. ohmeri 158 related yeast genera, but without direct cell-cell
against P. expansumwas evaluated in broth contact (Bevan and Makower, 1963). Richia
culture due to the sensibility of the method, withstrain (CCA 510) showed the best killer activity
microscopic  analysis that allowed theagainst 92% of isolated fermentative yeasts of the
measurement of hyphal length and conidigrocess(Ceccato-Antonini et al., 2004). De La
germination percentage. Testing the incubationPena et al. (1981) demonstrated tBatcerevisiae
time range from 24 to 120 h &. guilliermondii  toxin was a protein which bond to a receptor on
P3 andP. ohmeril58 in YM broth, both yeasts cell wall of sensitive yeasts, disrupting the
culture supernatants showed higher inhibitorelectrochemical gradient across the cell membrane
activity at 48 and 72 h incubation time&. and hence the intracellular ionic balance. The
guilliermondii P3 was more effective againstzigocin secreted b¥ygosaccharomyces bailivas
conidia germination (inhibition rate of 58.15%) a rapid process mostly related with the disruption
while P. ohmeri showed better inhibition on of cytoplasmic membrane functiégm vivo (Weiler
micelial growth (66.17%, Figure 1). The and Schmitt, 2003). Wicaltin, a chromosomal
exogenous compound activity associated witkkiller toxin in Williopsis californica as the HK
antibiosis could probably be related with the killertoxin of Hansenula mrakiivere targeted t@-1,3-
phenomenon, once both strains were killer positiv®-glucan skeleton in the cell wall (Yamamoto et
againstS. cerevisiadNCYC 1006 (Coelho, 2005). al., 1986; Theisen et al., 2000).

Among the 20 yeasts showing aR&nicillium
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Figure 1 - Inhibitory activity of C. guilliermondii P3 (A) andP. ohmeri 158 (B) culture
supernatant againgermination and hyphal growthf P. expansur#2 (16 spores)
after 12 hrs at 25°C in static condition.
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Previous microscopic analysis data showedpple fruits (Jay et al., 2005). The initial pH of 4.0
consistent attachment @f. hanseniiC7 onto cell decreased to pH 3.3 along 15 daysPofohmeri
wall of P. expansumhyphae (Levy, 2003). cultivation in YM broth (Figure 2), suggesting that
Attachment of yeast cells on mycelium surface opatulin decrease was an active process and a
the pathogen and subsequent changes in hypheensequence of yeast metabolism, i.e., this
viability suggested the antagonistic activity baseanycotoxin was unstable at alkali solutions (Engel
on hyperparasitism. Arras et al. (1998) alsand Teuber, 1984). The patulin decrease using
reported attachment d?. guilliermondiionto P.  yeasts could be explained by two possible
italicum mycelium. Wisniewski et al. (1991) hypotheses. The first one suggested patulin
reported the attachment & guilliermondiionto  degradation by an enzymic action during the
Botrytis cinereamycelium.C. oleophilal-182 in  fermentative condition associated with an
Aspire® by Ecogen, Langhorne, PA (Sugar andnducible process. Sumbu et al. (1983)
Spotts, 1999; El Ghaouth et al., 2000) andlemonstrated that yeast cells preconditioned to
Cryptococcus albidusin  Yield Plu$® (Ancor grow in the presence of 5@/mL of patulin for 3
Yeast, Cape Town, South Africa), both withh and submitted to apple juice spiked with higher
antagonistic activiy based on hyperparasitismpatulin concentrations, they became resistant to the
which have already been commercialized in theloses of > 20Qug/mL, indicating an inducible
United States (ElI Ghaouth et al., 2000; Droby eprocess. This phenomenon was confirmed when
al., 2003). the toxin was added into juice simultaneously with
Considering that such a biological control propertycycloheximide, an antifungal agent which blocked
would be enhanced if the bioactive yeasts alsthe peptide bond formation, resulting in repression
could degrade the produced mycotoxin, theof protein synthesis without toxin decrease
preliminary study withP. membranifacienandS. (Sumbu et al., 1983). Stinson et al. (1978) reported
roseus decreased the initial patulin level fromcomplete degradation of patulin  during
588.4 to 290.Qug after incubation at 25°C/15 daysfermentation of apple juice to wine by.
(Levy et al., 2002). Taking this into account, andcerevisiae Moss and Long (2002) showed
the best effectivness &f. ohmeri158 againsP. decreasing patulin level byS. cerevisiae
expansumhyphal growth in the present work, fermentative process, reducing this toxin to (E)-
ability of P. ohmeril58 in patulin degradation was ascladiol, in contrast with lower biodegradation
performed. Added patulin was decreased over 83%ffectiveness in shaken flask culture.

of the original content, when incubated with The second hypothesis suggested that the toxin
ohmeri at 25°C/48 h in the static condition anddecrease could be associated with the adsorption
completely destroyed after 15 days withability of yeast cell wall components, such as
undetectable patulin level (Figure 2). glucan/mannan. For example, Yiannikouris et al.
The patulin content in the controls remained2004) showed the. cerevisiaestrains with high
between 14Qug/25 mL (or 5.6pg/mL) and 180 cell wall glucan content exhibited higher affinity
Hg/25 mL (or 7.2 ug/mL) along 15 days rates for zearalenone, when their total cell wall
experiment and the different values observedfaction (TCW) and its alkali-insoluble glucan
Suggested prob|ems during the mycotoxirfraction (AlG) were submitted to the toxin.
extraction procedure (Fig. 2). The detection limitFurthermore, the best adsorption efficacy of AIG
by HPLC-UV detector for the pure standard wagvas evidenced by the chitin content decreasing
6.7 ng/mL. The limit of the quantification was compared to the TCW fraction, thus increasing
determined as the smallest quantity of the toxiglucan flexibility and toxin accessibility to the
that allowed confirmation by the spectrumglucan network (Yiannikouris et al., 2004).
obtained. In this study the quantification limit wasAlthough any toxicological or epidemiological
0.03ug/mL. data in humans was not reported, the presence of
The pH values were accomplished in order tdatulin could be indicative of the quality of fruit
determine patulin stability during the assay, as thigsed in the processed apple products (Moss, 1996;
mycotoxin was stable in solutions at pH rangindlseggon et al,, 2001). Recently, “The Guidance
from pH 3.0 to 5.5 (Engel and Teuber, 1984), i.e.Document of FDA Components and Industry on
compatible with pH values (pH 2.9-3.3) in natura/APPle  Juice and Apple Juice Products”
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recommended that level of patulin in fruit juicechildren (European Commission, 2003;
and fruit products should be lower than /L  Boonzaaijer et al., 2005). The World Health
(Richard et al., 2003), and the EuropearOrganization (WHO) altered the limit of patulin
Commission established 2fg/kg as maximum ingestion from 7.0 to 0.419/kg bw/day (Bolger,
level for patulin in solid apple products, including2002; Baert et al., 2004).

apple compote and puree and [dffkg in apple

products intended for the infants and young
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Figure 2 - Decrease of patulin (A) and pH determination (B)ngl 15 days by. ohmeri158
cultivation in Yeast MediumA, Yeast Medium added with patulin alone (contral);
Yeast Medium added with patulin aRdohmeril58.

Burda (1992) found patulin levels between 51 andr undetectable level wusing yeasts as
1130pug/L and Gokmen and Acar (1998) reportedbiodegradation agents, onc®. ohmeri was
the presence of patulin in 215 samples rangingommonly used in fermentative process in the
from 7 to 376ug/L. Concentrations between 15food industry (Kurtzman and Fell, 1998). The
and 285.3ug/L of patulin in apple juice produced effective antagonism ofP. ohmeri versus P.

in Iran were found by Cheraghali et al. (2005)€xpansumhyphal growth showed in this work
However, this toxin could reach higher levelssuggested that the inhibition of fungal
when juices were made from the visibly rottendevelopment was a promising alternative for the
apples, ranging from 500 to 25Q@/L (Steiner et biologial control, and consequently _ should
al., 1999), or when fruits artificially contaminatedguarantee a low or undetectable patulin levels.
with P. expansumNRRL 1172 or toxigenicP. However, furthgr studies would _be necessary to
variabile were stored at 0 and 4°C during 90 daySQetermlne the likely mode of action Bf ohmeri

with patulin levels between 1066 and 640l  29ainst patulin decrease.
(Ross-Urbano et al., 1998). To concludes, the frequent occurrence f

It should be noted that the patulin level used in thXPansumin apple fruits associated with patulin
present study (228g/25 mL: or 8.92ug/mL) and hazard in quality control at the harvesting and

the patulin content in the controls along 15 day%tc’lrat‘ge. stagest, suggtested tthat the u;ef of ntch]n-
experiment (140-18Qug/mL; or 5.6-7.2ug/mL) eleterious antagonist yeasts screened from the

were higher than that recommended by th atural ecosystem, with additional biodegradation

European Commission (2003) and those normall dsorption properties should be an effective and
found in the apple and apple juices, an rofitable choice of biological control to avoid the

consequently not safe for human consumptionrUIt spoilage and mycotoxin production by the

indicating that it would be possible to reduceeoits'harVGSt fungi, to the increased trading of
significantly high doses of patulin to an acceptablé ults.
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