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Mycotoxin production and pathogenicity of Penicillium spp. involved in apple
blue mold were investigated. Twenty four isolates representing nine species recovered
from blue moldy apple samples were used. Mycotoxin production of these isolates was
assayed using HPLC. Statistical analysis of pathogenicity test was undertaken and LSD
was used to compare means. Mycotoxin assay revealed that all isolates were capable of
producing patulin in their culture media with the highest production (19.70 ppm) from
Penicillium griseofulvum isolate No. 14. In respect of other mycotoxins, Penicillium
puberulum isolate No. 17 was the highest producer of citrinin (21.63 ppm), while
Penicillium verrucosum isolate No. 22 was the highest producer of penicillic acid (8
ppm). Pathogenicity test revealed that all Penicillium isolates were pathogenic, exhibiting
variable disease severity toward infested apple fruits. This study showed that all tested
Penicillium isolates were virulent for apple fruits and in vitro toxigenic, capable of
producing patulin, the characteristic mycotoxin of Penicillium species.
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common

Mycotoxins that frequently occur in
foodstuff, under variable conditions are associated
with chronic health risks, such as allergies, cancer
induction, digestive blood and immune
suppression’2. Penicilliummycotoxins are among
the toxic secondary metabolites of fungi that may
be detrimental to humans and/or animals health® 4.
Agricultural commodities are vulnerable to
mycotoxin contamination under adverse range of
conditions. Contamination of apple and apple
based products with Penicillium mycotoxins is
also well known?*.

* To whom all correspondence should be addressed.
E-mail: myassin@ksu.edu.sa

Penicillium fungi are
contaminants, known as an apple blue mold agents
worldwide. They cause a soft rot of transit,
marketed and storage apples, resulting in
destruction of the whole fruit in 5-7 days at ambient
temperature’. The quality and maintenance of apple
fruits are greatly affected by blue mold, the very
common postharvest fungal disease, which may
cause more than 70% of decay in stored apples
(Malusdomestica Borkh.). Apple blue mold caused
mainly by Penicillium expansum but more than
50 Penicillium species found to be involved in
such disease®!".

Apple molding Penicilliaare responsible
for invitro and in situ production of various kinds
of potent mycotoxins!"- 2. These fungi are
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widespread, attack different food commodities
particularly in the storage and often produce variety
of toxic secondary metabolites. Harmful mycotoxins
and carcinogenic compounds such as citrinin,
patulin, penicillic acid, roqoefortine and other
secondary metabolites, which affect fruit value and
harm the customers, could be produce by
Penicillium fungi 2.

This study was aimed to investigate the
mycotoxin productivity and pathogenicity of
Penicilliumspecies involved in postharvest apple
blue mold.

MATERIALSAND METHODS

Penicillium isolates

Isolates used in this study were
recovered from apple fruit samples, exhibiting
typical blue mold symptoms collected from different
locations (markets) in Riyadh, Saudi Arabia. Twenty
four isolates representing nine Penicilliumspecies
were investigated. All tested isolates were
identified by Assiut University Mycological Centre
(AUMCO), Egypt. Macro- and micromorphological
features of Penicillium cultures were used for
fungal identification as described by Pitt'*.
Mycotoxin assay

Mycotoxin productivity of 24 Penicillium
isolates representing 9 species was studied using
HPLC (PerkinElmer® Brownlee™ validated C18,
250 mm, equipped with UV detector. The total run
time for the separation was approximately 25 min
at a flow rate of 1 ml/min). Isolates were aseptically
cultured in 100 ml flasks of malt extract broth in
triplicates and incubated at 27+2°C for 10 days.
Cultures were blended for 2 min using a high speed
homogenizer and filtered using glass filter paper.
Patulin was extracted from homogenized filtrate
using acetonitrile: water (5:95 v:v) solution. The
solvent was then evaporated at 35°C under
vacuum. The dried residues containing Patulin were
dissolved in 1 ml of acetonitrile: water (5:95 v:v)
solution. Extract was then passed through a 0.45
im micro-filter prior to HPLC analysis. The method
described by Christian'® was used to determine
patulin.

Citrinin was extracted from homogenized
filtrate using dichloromethane with the addition of
phosphoric acid, and extract was then cleaned up
on polyamide columns. HPLC analysis of citrinin
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employed the method described by Franco et al.!¢.
The mobile phase consisted of methanol/
acetonitrile/water (3:3:4 v:v:v), the pH value of the
mixture was 2.5, and the flow rate was the 0.15 ml/
min.

Penicillic acid was extracted with an acidic
acetonitrile solution and cleaned using bonded
phase cyano column. Hexane/propanol/acetic acid
mobile phase was used in HPLC analysis of
penicillic acid".

Pathogenicity

Apple fruits were surface sterilized by
soaking in 70% ethanol for 3 min and wounded
four times halfway between the calyx and the stem
end, by removing plugs of Smm diameter and 3mm
depth from the surface. Fuji, green and red apple
fruits were artificially inoculated in triplicates
according to Pianzzola et al.'’®. A loopfull of dry
spores (about 107or 10000000 conidia on a 4-mm-
diameter loop) was transferred from a 4 to 7-day-
old culture to each of the four wounds on a fruit
surface. Inoculated fruits were immediately
enclosed in individual plastic bags and incubated
on the laboratory bench at 18-23°C. The diameter
of the decayed area was measured after 7 and 12
days.

Statistical analysis

Analysis of variance (ANOVA) was
performed with the MSTAT-C statistical package,
Michigan State Univ., USA). Least significant
difference (LSD) and Duncan’s multiple test were
used to compare means.

RESULTS

Mycotoxin assay

Mycotoxin assay revealed that
Penicillium isolates were varied in the kind and
concentration of mycotoxins produced. All isolates
were capable of producing detectable amounts of
patulin (ranged from 0.50-19.70 ppm) in the culture
media, with the highest production (19.70 ppm)
from P. griseofulvum isolate No. 14. Meanwhile,
some isolates were completely failed to produce
any citrinin or penicillic acid in the culture media.
On the other hand, P. puberulum isolate No. 17
was the highest producer of citrinin (21.63 ppm),
while P. verrucosumisolate No. 24 was the highest
producer of penicillic acid (8 ppm) (Table 1).



MOSLEM et al.: MYCOTOXIN-PRODUCING Penicillium sp 189

Pathogenicity

ANOVA (Table 2) revealed that
Penicillium isolates, apple cultivars and their
interaction were highly significant sources of
variation in disease severity on apple fruits. Due
to the significance of Penicilliumisolates x apple
cultivars interaction; Penicilliumisolates exhibited
different virulence’s against apple cultivars as well
as within the same cultivar. Penicillium isolates

were the first in importance as a source of variation
in disease severity on apple fruits, while isolates x
cultivars interaction, was the second important
topic (Fig. 1A).

Table (3) shows the pathogenicity of 24
Penicillium isolates on Fuji, green and red apple
cultivars. Due to the significance of Penicillium
isolates x apple cultivars interaction; LSD for
general mean was unconsidered. Pathogenicity test

Table 1. Mycotoxin productivity of
Penicilliumisolates involved in apple blue mold

S. Penicilliumisolates

Mycotoxin (PPM)

No Citrinin Patulin Penicillic acid
1. P asperosporum 5.20 6.60 0.00
2. P. aurantiogriseum 2.41 17.20 0.00
3. P. canescens 1.37 4.60 0.30
4, P. citrinum 0.87 2.80 0.00
5. P. citrinum 0.00 14.2 0.00
6. P. citrinum 0.00 1.40 0.00
7. P. citrinum 0.00 4.50 0.00
8. P. citrinum 0.60 0.50 1.20
9. P. expansum 0.00 1.60 0.00
10.  P.expansum 0.00 2.00 0.30
11.  P.expansum 1.80 5.50 0.90
12.  P.expansum 11.00 7.30 1.20
13.  P.expansum 0.00 1.90 0.00
14. P griseofulvum 8.87 19.70 0.00
15. P griseofulvum 0.00 1.90 0.20
16. P griseofulvum 0.00 5.00 1.20
17. P puberulum 21.63 8.90 3.60
18.  P.puberulum 0.59 3.60 0.80
19. P puberulum 4.50 5.70 0.90
20. P.restrictum 0.00 2.70 0.00
21. P verrucosum 0.00 1.50 3.40
22. P verrucosum 1.09 4.10 8.00
23. P verrucosum 00.00 3.20 1.50
24. P verrucosum 00.00 1.90 0.00

Table 2. Analysis of variance of effects of Penicillium
isolates, apple cultivar and their interaction on fruit infection

Source of variation D.F M.S F. value P>F
Replication 2 30.198 12.366 0.000
Isolate (T) 23 249.262 102.071 0.000
Cultivar (C) 2 1456.135 596.276 0.000
IxC 46 79.879 23.710 0.000
Error 142 2.442

D.F.= Degrees of freedom

M.S.= Mean square
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indicated that isolate No. 2 and 13 were highly
pathogenic on green apple with non-significant
difference, while they were highly pathogenic on
Fuji apple and significantly different. In addition
the same isolates exhibited moderate pathogenicity
on red apple but with non-significant difference
(Table 3).

On the other hand isolates No. 3, 10, 12,
and 24 were pathogenic and insignificantly
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different on green apple, while they were also
pathogenic and significantly different on Fuji apple.
The same isolates were pathogenic to red apple
and significantly different from each other except
for isolates No. 10 and 24 were insignificantly
different.

ANOVA (Table 4) revealed that
Penicillium species and apple cultivars were
highly significant sources of variation in disease

Table 3. Pathogenic behavior of 24 Penicilliumisolates on 3 apple fruit cultivars

S. PenicilliumIsolates Spot diameter (mm)

No. Fuji apple Green apple Red apple Mean
1. P. asperosporum 28.67 23.00 22.67 24.78
2. P. aurantiogriseum 24.67 22.50 23.00 23.39
3. P. canescens 24.33 25.00 21.50 22.94
4. P. citrinum 25.67 15.00 19.00 19.89
5. P. citrinum 18.67 19.00 16.50 18.06
6. P. cltrinum 18.00 14.00 10.33 14.11
7. P. citrinum 37.33 35.00 15.00 29.11
8. P. citrlnum 18.00 21.33 12.67 17.33
9. P. expansum 16.33 19.33 12.00 15.89
10. P. expansum 31.33 25.33 15.67 24.11
11. P. expansum 15.33 16.00 9.00 13.44
12. P. expansum 21.00 26.00 12.33 18.44
13. P. expansum 27.67 14.00 10.00 17.44
14. P. griseofulvum 10.67 19.33 17.00 15.67
15. P. griseofulvum 24.33 15.00 13.00 17.56
16. P. griseofulvum 17.33 15.50 17.00 16.61
17. P. puberulum 20.00 19.00 16.33 18.44
18. P. puberulum 19.33 20.00 10.33 16.56
19. P. puberulum 16.67 24.50 22.33 21.17
20. P. restrictum 47.33 23.00 20.00 30.11
21. P. verrucosum 26.33 18.00 10.33 18.22
22. P. verrucosum 41.00 35.67 18.33 31.67
23. P. verrucosum 16.67 17.33 7.00 13.67
24. P. verrucosum 37.67 25.00 18.00 26.89

Mean 24.35 20.91 15.43

LDS for cutover of apple isoletes of Penicillium interaction

(P<0.05) =2.52  (P<0.01)=3.33

Table 4. Analysis of variance of effects of Penicillium pecies,
apple cultivar and their interaction on fruit infection

Source of variation D.F M.S F. value P>F
Replication 2 18.11 0.37 N.S
Species (S) 2 345.11 7.13 0.003
Cultivation (C) 4 111.72 2.31 0.082
S XC 8 35.33 N.s
Error 28 48.39
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Table 5. Effect of apple cultivar, Penicillium species and their interaction on fruit infection

S. PenicilliumIsolates Spot diameter (mm)
No. Fuji apple Green apple Red apple Mean
1. P. citrinum 24.67 22.67 13.93 20.42ab
2. P. expansum 20.97 20.20 12.23 17.80b
3. P. griseofulvium 17.43 16.60 15.77 16.60b
4. P. puberulum 21.80 18.67 15.33 18.60ab
5. P. verrucosum 35.01 26.23 15.54 25.59a
Mean 20.87a 20.17a 18.57b

General means value with the same letter were insignificant

severity on apple fruits, while their interaction was
insignificant. Apple cultivars were the first in
importance as a source of variation in disease
severity on apple fruits, while Penicilliumspecies
were the second important topic (Fig. 1B).
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In respect of the effect of Penicillium
species on apple blue mold infection, pathogenicity
of species however didn‘t influenced by tested
cultivars (Table 5). It was shown that
P. verrucosum was the highest virulent species,
while P. griseofulvum was the least one.
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Fig. 1. Relative contributions of A: isolates, cultivar and their interaction;
B: species, cultivar and their interaction; on apple fruit infection

DISCUSSION

Results of this study indicated that all
examined isolates were capable of producing
patulin, the Penicilliumcharacterizing mycotoxin,
in the culture media. Harmful mycotoxins and
carcinogenic compounds; citrinin, patulin and
penicillic acid, that affect fruit value and harm the
health of the customers were found to be produced
by tested isolates. The ability of several
Penicilliumspecies involved in postharvest decay
of fruits to produce such mycotoxins has

previously been demonstrated'* '°. Differences in
isolate productivities of citrinin and penicillic acid
that revealed in the present study, have also been
documented. In a Canadian study on mycotoxin
productivity of P. expansum, involved in apple blue
mold; 91% of 24 tested isolates were citrinin
producers and 83% were patulin producers®.
Differences between and within tested fungi in
mycotoxin productivity could be attributed to
different genetic basis*" .

Obtained results also demonstrated that
all Penicilliumisolates were capable of producing
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typical blue mold symptoms in apple fruits. This
result generally agreed with the published
literature, where wound-invading Penicillium
species were the most common and destructive
post-harvest pathogens responsible for apple blue
mold'®?, Various species of those had frequently
been isolated from blue moldy fruits in different
countries®!°. Variation in disease severity resulted
from different Penicillium isolates had also been
documented®. This might be attributed to fruit
anatomical characteristics, which may allow the
pathogen to enter across the natural openings.
Apple fruit cultivars that showed a greater number
of open lenticels were more susceptible to P.
expansum?. Variation in disease severity observed
as varied lesion diameters on apple fruits may also
refers to isolate aggressiveness; that might be due
to isolate ability to produce extracellular
pectinolytic enzymes**>.

CONCLUSION

It could be concluded that all tested
Penicilliumisolates were virulent for apple fruits
and in vitro toxigenic, capable of producing
patulin, the characteristic mycotoxin of Penicillium
species. Probable production of harmful
mycotoxins and carcinogenic compounds such as
citrinin, patulin and penicillic acid, well affect fruit
value and harm the health of the customers.
Rigorous quarantine and healthy storage
conditions should be undertaken to minimize fungal
contamination of imported apple fruits and prevent
further hazard to human health.

ACKNOWLEDGMENTS

The authors extend their appreciation to
the Deanship of Scientific Research at King Saud
University for funding the work through the
research group project No. RGP-VPP-027.

REFERENCES

1. Wichmann, G., Herbarth, O., Lehmann, 1.: The
mycotoxin scitrinin, gliotoxin, and patulin affect
interferon-yrather thaninterleukin-4 production
in human blood cells. Environ. Toxicol., 2002;
17:211-218.

2. CAST : Mycotoxins: Risksin Plant, Animal and
Human Systems. Council for Agricultural

J PURE APPL MICROBIO, 7(1), March 2013.

10.

11.

12.

Sciences and Technology, Ames, lowa, USA.
Richard, J.L., Payne, GA. (eds.)., 2003; ISBN
1-887383-22-0.

Biing-Hui, L., Feng-Yih, Y., Ting-Shuan, W.,
Shuan-Yow, L., Mao-Chang, S., Mei-Chine, W.,
Shin-Mei, S.: Evaluation of genotoxic risk and
oxidative DNA damage in mammalian cells
exposed to mycotoxins, patulin and citrinin.
Toxicol. Appl. Pharmacol., 2003; 191: 255-263.
David, M.S., Manfred, M., Leane, L.:
Mutagenicity of the mycotoxin patulin in
cultured Chinese hamster V79 cells, and
itsmodulation by intracellular glutathione. Arch.
Toxicol., 2005; 79:110-121.

Leggott, N.L., Shephard, G.S.: Patulin in South
African commercial apple products. Food Cont.,
2001; 12: 73-76.

Spadaro, D., Ciavorella, A., Frari, S., Garibaldi,
A., Gullino, M.L.: Incidence and level of patulin
contamination in pure and mixedapple juices
marketed in Italy. Food Cont., 2007; 18:1098-
1102.

Larous, L., Hendel, N., Abood, J.K., Ghoul, M.:
The Growth and Production of Patulin
Mycotoxin by Penecillium expansumon Apple
Fruits and its Control by the Use of Propionic
Acid and Sodium Benzoate. Arab J. Pl. Prot.,
2007; 25:123-128.

Amiri, A., Bompeix, G.: Diversity and
population dynamics of Penicillium spp. on
apples in pre and postharvest environments:
consequences for decay development. Plant
Pathoal., 2005; 54: 74-81.

Moslem, M., Abd-Elsalam, K., Yassin, M.,
Bahkali, A.: First Morphomolecular
Identification of Penicillium griseofulvum and
Penicillium aurantiogriseum Toxicogenic
Isolates Associated with Blue Mold on Apple.
Foodborne Pathogen and Disease., 2010; 7(7):
857-861.

Moslem, M., Yassin, M.A., ElI-Samawaty,
A.M.A., Sayed, S.R.M.: New toxigenic
Penicillium species associated with apple blue
mold in Saudi Arabia. Fresenius Environmental
Bulletin., 2011; 20(12): 3194-3198.

Frisvad, J.C., Thrane, U., Pitt, J.: Important
mycotoxins and the fungi, which produce them,
In: Advances in Food Mycology (Advances in
Experimental Medicine and Biology), 1* edition.
Hocking AD, Pitt JI, Samson RA, and Thrane U
(eds.). The Netherlands: Springer., 2005; pp 3—
31.

Magan, N., Hope, R., Cairns, V., Aldred, D.:
Post-harvest fungal ecology: impact of fungal
growth and mycotoxin accumulation in stored
grain. Eur. J. Plant Pathol., 2003; 109: 723-730.



13.

14.

15.

16.

17.

18.

19.

MOSLEM et al.: MYCOTOXIN-PRODUCING Penicillium sp 193

Frisvad, J.C., Smedsgaard, J., Larsen, T.O.,
Samson, R.A.: Mycotoxins, drugs and other
extrolites produced by species in Penicillium
subgenus Penicillium. Sudiesin Mycol., 2006;
49: 201-241.

Pitt, J.I.: A Laboratory Guide to Common
Penicillium Species, 2™ edition. North Ryde,
New South Wales, Australia: CSIRO Division
of Food Processing., 1988.

Christian, G.: HPLC tips and tricks. Great Britain
at the Iden Press, Oxford, 1990; p 608.
Franco, C.M., Fente, C.A., Vazquez, B., Cepada,
A., Lallaoui, L., Prognon, P., Mahuzier, G.:
Simple and sensitive highperformance liquid
chromatography-fluorescence method for the
determination of citrinin. J. Chromatogr., 1996;
A723: 69-75.

Hurst, W.J., Snyder K.P., Martin-Jr, R.A.: High-
performance liquid chromatographic
determination of the myucotoxins patulin,
penicillicacid, zearalenone and stegimatocystin
in artificially contaminated cocoa beans. J.
Chromatogr., 1987; A 392:389-396.
Pianzzola, M.J., Moscatelli M., Vero, S.:
Characterization of Penicillium isolates
associated with blue mold on apple in Uruguay.
Plant Dis., 2004; 88: 23-28.

Andersen, B., Smedsgaard, J., Frisvad, J.C.:
Penicillium expansum: Consistent production
of patulin, chasetoglobosins, and other

20.

21.

22.

23.

24.

25.

secondary metabolites in culture and their natural
occurrence in fruits products. J. Agric. Food.
Chem., 2004; 52: 2421-2428.

Abramson, D., Lombaert, G., Clear, RM.,
Sholberg, P., Trelka, R., Rosin, E.: Production
of patulin and citrinin by Penicillium
expansumfrom British Columbia (Canada)
apples. Mycotoxin Res., 2009; 25(2):85-88.

Di Conza, J.A., Nepote, A.F., Gonzélez, A.M.,
Lurd, M.C.: (GTG) 5 microsatellite regions in
citrinin-producing Penicillium. Rev. |beroam.
Micol., 2007; 24:34-37.

White, S., O’Callagham, J., Dobson, A.D.W.:
Cloning and molecular characterization of
Penicillium expansum genes up regulated under
conditions permissive for patulin biosynthesis.
FEMSMicrobiol. Lett., 2006; 255: 17-26.
Filonow, A.B.: Wound type in apple fruits
affects wound resistance to decay-causing fungi.
J. Plant. Pathol ., 2005; 87(3):233-238.
Cardoso, P.G., De-Queiroz, M.V., Pereira, O.L.,
De-Aratjo, E.F.: Morphological and molecular
differentiation of the pectinase producing fungi
Penicillium expansum and Penicillium
griseoroseum. Braz. J. Microbiol., 2007; 38: 71—
77.

Lima, V.M.G., Krieger, N., Sarquis, M.M.I. et
al.: Production of lipase by Penicillium
aurantiogriseum. Food Technol. Biotechnol.,
2003; 41:105-110.

J PURE APPL MICROBIO, 7(1), March 2013.



