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ABSTRACT

Patulin contamination of apple and other fruit-based foods and beverages is an important food safety issue, as consumption
of these commodities throughout the world is great. Studies are therefore necessary to reduce patulin levels to acceptable limits or
undetectable levels to minimize toxicity. This study was undertaken to investigate the efficacy of two Metschnikowia pulcherrima
strains (MACHI1 and GS9) on biodegradation of patulin under in vitro conditions. These yeast strains were tested for their
abilities to degrade patulin in liquid medium amended with 5, 7.5, 10, and 15 pg/ml patulin and a yeast cell concentration
of 1 x 10% cells per ml at 25°C. Of the two strains tested, MACH1 completely (100%) reduced patulin levels within 48 h, and
GS9 within 72 h, at all concentrations of patulin. MACH1 effectively degraded the patulin within 24 h by 83 to 87.4%, and GS9
by 73 to 75.6% at 48 h, regardless of concentration. Patulin was not detected in yeast cell walls. This indicates that yeast cell
walls did not absorb patulin, and that they completely degraded the toxin. Patulin had no influence on yeast cell concentration
during growth. Therefore, these yeast strains could potentially be used for the reduction of patulin in naturally contaminated fruit
juices. To our knowledge, this is the first report regarding the potential of M. pulcherrima strains for patulin biodegradation.

Patulin (4-hydroxy-4H-furo[3,2-c]pyran-2(6H)-one) is
a toxic secondary metabolite produced by Penicillium,
Aspergillus, and Byssochlamys spp. (6). Penicillium spp.,
mainly P. expansum, is a common contaminant of fruits and
fruit products. For example, it causes blue mold rot, result-
ing in the production of patulin (/0). Apples and apple
products are excellent substrates for P. expansum, a major
producer of patulin (12, /4). It is also a common contami-
nant of apricots, grape, pears, and peaches, and patulin
appears during the production of fruit juice concentrates,
owing to its solubility in water (/7). Patulin is classified as a
Group 3 carcinogen by the International Agency for
Research on Cancer, which means that there is no evidence
of it being carcinogenic to humans, and that data in
experimental animals on carcinogenesis are sparse (3).

Patulin production within fruits and their products has
been investigated; it appears dependent on water activity,
temperature, pH, and other chemical characteristics intrinsic
to fruits (8). Patulin production and pH are inversely related,
with patulin being unstable at high pH (9). In addition,
temperature has been shown to affect pathogen growth and,
largely, to the production of patulin (8, 9, 12). Patulin is
stable in an acidic environment and is not destroyed during
thermal processing. Therefore, it can exist in juices even
after processing (/). Patulin contamination of fruit juices has
reported worldwide (12).
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Several strategies have been reported for the detoxifi-
cation of patulin. These include physical, chemical, and
microbiological approaches (7, 9). However, microbiolog-
ical methods are much better understood as compared with
other decontamination methods (9). Coelho et al. (3)
reported a greater than 90% reduction of patulin during
yeast fermentation. Stinson et al. (/9) examined and found
that, of eight yeast strains tested, six reduced patulin levels
to below detectable levels, while all eight strains resulted in
a decrease of 99% or better in total patulin content. In our
previous study, we found greater than 80% ochratoxin A
degradation by using Metschnikowia pulcherrima strains
under in vitro conditions (//). However, in this study,
attempts have been made to evaluate the M. pulcherrima
strains on biodegradation of patulin.

MATERIALS AND METHODS

Microorganisms and culture conditions. M. pulcherrima
strains (MACH1 and GS9) previously isolated from apples were
obtained from the Agroinnova Culture Collection Center, Univer-
sity of Torino, Torino, Italy, and subcultured in a potato dextrose
agar slants (Merck, Darmstadt, Germany) containing 50 mg/liter
streptomycin (Merck) and stored at 4°C for further studies. Cell
suspensions of the individual strains were prepared by growing
the yeast strains in yeast-peptone-dextrose broth and by bringing
them to a final concentration of 1 x 10® cells per ml by using a
hemocytometer, according to Spadaro et al. (18).

Yeast antagonists on biodegradation of patulin. The
efficacy of yeast strains (MACH1 and GS9) on the biodegradation
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TABLE 1. Efficacy of yeast strains on in vitro biodegradation of patulin at 25 °C

BIODEGRADATION OF PATULIN BY YEASTS

155

Patulin used

Patulin concn and % degradation*

1

24 h

48 h

72 h

Treatments (pg/ml) Patulin (pg/ml) Reduction (%) Patulin (pg/ml) Reduction (%) Patulin (pg/ml) Reduction (%)
MACH1” 5.0 0.85 + 0.126 83.0 + 1.2 4 00 + 00F 100 + 0.0 A 0.0 +£ 00E 100 + 0.0 A
7.5 1.09 + 0.156 854 + 1.0 a 00 + 00F 100 + 0.0 A 0.0 + 00E 100 + 0.0 A
10.0 1.65 + 021 r 835 + 1.6 A 0.0 + 00F 100 + 0.0 A 0.0 + 00E 100 + 0.0 a
15.0 1.89 + 035 874 + 138 00 + 00F 100 + 0.0 A 0.0 +£ 00E 100 + 0.0 A
GS9” 5.0 213 £ 0.14e 574 + 09 c 1.35 £ 0.12e 730 + 1.2 B 00 + 00E 100 + 0.0 A
7.5 295 + 012 606 + 1.2 D 198 + 042p 736 + 238 00 + 00E 100 + 0.0 a
10.0 396 £ 025p 604 + 14D 262 +025p 738 + 168 0.0 £ 00E 100 + 0.0 A
15.0 6.21 + 0.62c 586 + 08D 365 £ 038c 756 + 218 00 + 00E 100 + 0.0 a
Control 5.0 468 + 041 p 6.4 + 02E 4.65 + 0.62 ¢ 70 + 03 c 458 + 031 b 84 + 048
7.5 7.12 + 025 ¢ 50 + 0.1E 7.05 + 0.26 B 6.0 + 02c 6.98 + 0.56 c 69 + 03c
10.0 9.15 + 036 B 85 +04F 9.23 + 0.16 B 7.7 + 04 c 925 +£ 0258 75 + 058
15.0 1432 + 0.54 A 45 +£ 03 1425 + 023 a 50+ 02p 1399 + 04 A 6.7 + 02 c

“ Values are averages of five replications. Values (+standard deviations) in the same
statistically different by Duncan’s multiple range test at P < 0.05.

» MACH]1 and GS9 are different strains of M. pulcherrima.

of patulin in liquid media was assessed. Twenty-milliliter aliquots
of peptone malt extract (PM) broth (0.5% yeast extract, 1%
sucrose, 0.5% peptone, and 0.2% malt extract [pH 4.0]) in 100-ml
conical flasks containing 5.0, 7.5, 10.0, and 15.0 pg/ml patulin
(dissolved in 10 mg/ml water and adjusted to pH 4.0) (Sigma, St.
Louis, MO) were inoculated with 0.1 ml of cell suspension of each
yeast strain containing 1 x 10® cells per ml and then incubated at
25°C for 96 h in the light under shaking conditions at 200 rpm
(Innova 40, New Brunswick, NJ). The following treatments were
included: (i) control with only patulin, (ii) patulin plus MACHI1,
and (iii) patulin plus GS9. The cultures were harvested at different
time intervals of 24, 48, 72, and 96 h and centrifuged at 5,000 rpm
for 10 min at 4°C to obtain cell-free culture filtrate for extraction of
patulin. The patulin was then extracted from the culture filtrates
and prepared for high-performance liquid chromatography (HPLC)
analysis. The cell pellet was used for further studies.

Extraction and determination of patulin by HPLC
analysis. The patulin was extracted from each culture filtrate
(15 ml) three times with ethyl acetate (30 ml each time; Sigma),
cleaned by extraction with sodium carbonate, and dried with
anhydrous sodium sulfate (Merck) (/2). Ethyl acetate was removed
by rotary evaporation (Rotavapor Laborota 4000, Heidolph,
Schwaback, Germany), and patulin was redissolved in 2 ml of
water, adjusted to pH 4.0 with acetic acid, and determined by
HPLC analysis, according to Reddy et al. (/2).

Method validation. The recovery was determined on a blank
PM broth spiked at three concentrations of patulin (8, 30, and 50 ng/
ml). Each test was performed three times, and the mean recovery
values with standard deviations were 96.5% + 1.2%,93.5% + 2.0%,
and 94.1% + 1.5%, respectively. The relative standard variation
ranged from 4.7 to 7.7% for triplicate analyses. The detection and
quantification limits were 1.04 and 1.57 ng/ml, respectively.

Studies on confirmation of either degradation or cell wall
absorption of patulin. The cell wall pellet obtained from the
above experiment was sonicated with saline solution (0.85% NaCl
[wt/vol]) for 30 min and washed twice with saline solution by
centrifugation at 4,000 rpm for 10 min at 4°C. The pellet was

column followed by the same letter are not

resuspended in 10 ml of saline solution and 10 ml of ethyl acetate.
Afterward, they were thoroughly mixed and centrifuged at
4,000 rpm for 10 min at 4°C. The organic phase was separated
and evaporated by flash evaporation (Rotavapor Laborota 4000,
Heidolph, Schwaback, Germany), redissolved in 2 ml of water, and
adjusted to pH 4.0 with acetic acid. The patulin contents were
determined by HPLC analysis, according to Reddy et al. (12).

Influence of patulin on yeast cell concentration. CFU were
determined through serial dilution technique after 24, 48, 72, and
96 h of incubation in PM medium with patulin (5.0, 7.5, 10.0, and
15.0 pg/ml) and without patulin. Yeast cultures were spread on a
surface of PM solid-medium plate and incubated at 25°C, and the
number of colonies formed was counted before and after the
incubation periods.

Statistical analysis. Five replications were maintained for
each strain and each treatment. The design of the experiment was
completely randomized with replicates. Data were subjected to
analysis of variance by using SPSS (version 13.0, SPSS Institute,
Inc., Chicago, IL), and statistical significance was assessed with P
< 0.05. Duncan’s multiple range test was used to separate means.

RESULTS

Two M. pulcherrima strains were evaluated to test their
potential of patulin degradation under in vitro conditions.
Patulin concentrations and percent degradation are present-
ed in Table 1. Of the two strains tested, MACH1 completely
(100%) degraded patulin at 48 h, and GS9 degraded patulin
at 72 h of incubation. MACHI1 effectively degraded the
patulin by 83 to 87.4%, and GS9 by 73 to 75.6%, within 24
and 48 h, respectively. Both strains effectively degraded the
patulin by 58.6 to 87.4% at 24 h, and by 75.6 to 100% at
48 h of incubation, even at high concentrations of patulin
(15 pg/ml). We observed minor reductions of patulin in
controls by 4.5 to 8.5% at all concentrations (Table 1). No
detectable level of patulin was observed in yeast cell walls.
This means that yeast cell walls did not absorb patulin, and
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they completely degraded it. There was no influence of
patulin on yeast cell concentration during growth even at
higher concentrations of patulin.

DISCUSSION

Patulin contamination of fruit juices is a serious health
hazard throughout the world (72, 15). Our results show that
the M. pulcherrima strains were able to degrade patulin to
acceptable limits or undetectable levels during their growth in
nutrient medium under in vitro conditions. Patulin degradation
mediated by yeast has been studied by many authors. For
example, Ricelli et al. (13) observed the reduction of patulin
by more than 90% (initial concentration 100 pg/ml of media)
by using Gluconobacter oxydans incubated for 32 h at 25°C.
The degradation product was confirmed to be ascladiol. In
another study, Coelho et al. (3) reported that Saccharomyces
cerevisiae degraded more than 96% of patulin after 143 h of
incubation at 25°C. In our investigation, we observed the
complete degradation of patulin within 48 and 72 h by using
yeast biocontrol agents, MACH1 and GS9, respectively,
isolated from apples (Table 1). To our knowledge, this is the
first report regarding biodegradation of patulin using M.
pulcherrima strains.

Stinson et al. (/9) examined and found that, of eight
yeast strains tested, six reduced patulin levels to below
detectable levels, while all eight strains resulted in a 99% or
better decrease in total patulin contents. However, a control
stored for the same period (2 weeks) had only a 10%
reduction. In our study, we also found reduction of patulin
in controls ranging from 4.5 to 8.5% at all concentrations of
patulin (Table 1). Effective biological control with yeast is
limited to products that can be fermented. Furthermore,
yeast is itself sensitive to patulin, and at concentrations
greater than 200 pg/ml, yeast has been completely inhibited,
preventing fermentative detoxification (20). The patulin
concentrations used in this study had no influence on yeast
cell concentration. Our results show that no detectable levels
of patulin were extracted from yeast cell walls.

The patulin levels used in the present study (5 to 15 pg/ml)
(Table 1), as well as the patulin contents in the controls after
72 h of incubation (4.58 to 13.99 pg/ml) (Table 1) at 25°C,
were greater than the levels recommended by the European
Commission (4) and those normally observed in fruit juices (2,
16). This means that it is possible to significantly reduce higher
doses of patulin to an acceptable or undetectable level by using
yeast as a means of biodegradation under in vitro conditions. In
terms of practical application, the two yeast strains tested seem
to have the potential to detoxify patulin in fruit juices. In
summary, the results of this study show complete degradation
of patulin by both yeast strains during their growth under in
vitro conditions. However, further studies are needed to
understand the mechanism of action of yeast strains during
patulin degradation.

ACKNOWLEDGMENTS

K. R. N. Reddy acknowledges the Italian Ministry for University
Research and the Compagnia di San Paolo for the postdoctoral grant
““Bando per borse a favore di giovani ricercatori indiani.”’

10.

11.

12.

13.

14.

15.

16.

17.

18.

20.

J. Food Prot., Vol. 74, No. 1

REFERENCES

Acar, J., V. Gokmen, and E. E. Taydas. 1998. The effects of
processing technology on the patulin content of juice during
commercial apple juice concentrate production. Z. Lebensm.-Unters.
-Forsch. A 207:328-331.

Cho, M. K., K. Kim, E. Seo, N. Kassim, A. B. Mtenga, W. B. Shim,
S. H. Lee, and D. W. Chung. 2010. Occurrence of patulin in various
fruit juices from South Korea: an exposure assessment. Food Sci.
Biotechnol. 19:1-5.

Coelho, A. R., M. G. Celli, E. Y. Sataque Ono, F. L. Hoffmann, F. C.
Pagnocca, S. Garcia, K. Sabino, M. Harada, G. Wosiacki, and E. Y.
Hirooka. 2008. Patulin biodegradation using Pichia ohmeri and
Saccharomyces cerevisiae. World Mycotoxin J. 1:325-331.
European Commission. 2006. Commission Regulation (EC) No 1881/
2006 of 19 December 2006 setting maximum levels for certain
contaminants in foodstuffs. Off. J. Eur. Union L 365:5-24.
International Agency for Research on Cancer. 1987. IARC
monographs on the evaluation of carcinogenic risks to humans.
Overall evaluation of carcinogenicity. An updating of IARC
monographs volumes 1 to supplement 7. International Agency for
Research on Cancer, Lyon, France.

Kurtzman, M. A. D., and J. A. Blackburn. 2005. Evaluation of several
culture media for production of patulin by Penicillium species. Int. J.
Food Microbiol. 98:241-248.

Leggott, N. L., and G. S. Shephard. 2001. Patulin in south
commercial apple products. Food Control 12:73-76.

McCallum, J. L., R. Tsao, and T. Zhou. 2002. Factors affecting
patulin production by Penicillium expansum. J. Food Prot. 65:1937—
1942.

Moake, M. M., O. I. P. Zakour, and R. W. Worobo. 2005.
Comprehensive review of patulin control methods in foods. Compr.
Rev. Food Sci. Food Saf. 1:8-21.

Moss, M. O. 2008. Fungi, quality and safety issues in fresh fruits and
vegetables. J. Appl. Microbiol. 104:1239-1243.

Patharajan, S., K. R. N. Reddy, D. Spadaro, A. Lore, M. L. Gullino,
A. Garibaldi, and V. Karthikeyan. 2010. Potential of yeast antagonists
on in vitro biodegradation of ochratoxin A. Food Control. doi:10.
1016/j.foodcont.2010.07.024.

Reddy, K. R. N., D. Spadaro, A. Lore, M. L. Gullino, and A.
Garibaldi. 2010. Potential of patulin production by Penicillium
expansum strains on various fruits. Mycotoxin Res. doi:10.1007/
$12550-010-0064-5.

Ricelli, A., F. Baruzzi, M. Solfrizzo, M. Morea, and F. P. Fanizzi.
2007. Biotransformation of patulin by Gluconobacter oxydans. Appl.
Environ. Microbiol. 73:785-792.

Salomao, B. C., G. M. Aragio, J. J. Churey, O. L. Padilla-Zakour, and
R. W. Worobo. 2009. Influence of storage temperature and apple
variety on patulin production by Penicillium expansum. J. Food Prot.
72:1030-1036.

Shephard, G. S., L. van der Westhuizen, D. R. Katerere, M. Herbst,
and M. Pineiro. 2010. Preliminary exposure assessment of deox-
ynivalenol and patulin in South Africa. Mycotoxin Res. 26:
181-185.

Spadaro, D., A. Ciavorella, S. Frati, A. Garibaldi, and M. L. Gullino.
2007. Incidence and level of patulin contamination in pure and mixed
apple juices marketed in Italy. Food Control 18:1098-1102.
Spadaro, D., A. Garibaldi, and M. L. Gullino. 2008. Occurrence of
patulin and its dietary intake through pear, peach, and apricot juices in
Italy. Food Addit. Contam. 1:134-1309.

Spadaro, D., R. Vola, S. Piano, and M. L. Gullino. 2002. Mechanisms
of action and efficacy of four isolates of the yeast Metschnikowia
pulcherrima active against postharvest pathogens on apples.
Postharvest Biol. Technol. 24:123—134.

Stinson, E. E., S. F. Osman, C. N. Huhtanen, and D. D. Bills. 1978.
Disappearance of patulin during alcoholic fermentation of apple juice.
Appl. Environ. Microbiol. 136:620-662.

Sumbu, Z. L., P. Thonart, and J. Bechet. 1983. Action of patulin on
yeast. Appl. Environ. Microbiol. 45:110-115.



http://www.ingentaconnect.com/content/external-references?article=0168-1605()98L.241[aid=9418193]
http://www.ingentaconnect.com/content/external-references?article=0168-1605()98L.241[aid=9418193]
http://www.ingentaconnect.com/content/external-references?article=0362-028x()65L.1937[aid=8700593]
http://www.ingentaconnect.com/content/external-references?article=1364-5072()104L.1239[aid=8796522]
http://www.ingentaconnect.com/content/external-references?article=0099-2240()73L.785[aid=9048812]
http://www.ingentaconnect.com/content/external-references?article=0099-2240()73L.785[aid=9048812]
http://www.ingentaconnect.com/content/external-references?article=0362-028x()72L.1030[aid=9011010]
http://www.ingentaconnect.com/content/external-references?article=0362-028x()72L.1030[aid=9011010]
http://www.ingentaconnect.com/content/external-references?article=0265-203x()1L.134[aid=9418191]
http://www.ingentaconnect.com/content/external-references?article=0925-5214()24L.123[aid=7499967]
http://www.ingentaconnect.com/content/external-references?article=0099-2240()45L.110[aid=2200445]

