
Introduction
The thin layer of moulds recovering cheeses and cured

meat products (a) has an antioxydative effect and holds the
colour, (b) allows the surface not to become sticky or slimy,
(c) participates to the development of a characteristic flavour,
due to decomposition of lipids and proteins, and (e) finally, it
gives the product its typical appearance [6, 18, 23]. Usually,
the fungal species used in this kind of food making are selec-
ted strains (i.e: Penicillium camemberti, Penicillium roque-
forti) [14]. They have been tested for toxigenic potential
before any introduction in alimentary product [8, 12, 13].
Unfortunately, uncontrolled fungal development may also
occur on these products. It may then lead to different detri-
mental effects: alterations of aspect, technological properties
and nutritive value, development of mycosis and allergy
agents, and production of mycotoxins [19]. These fungal

contaminants usually belong to the genus Penicillium and/or
Aspergillus [1, 5]. In a recent study, we showed that casual
contamination of cheese by Penicillium citrinum could lead
to production and accumulation of citrinin in the product [2].
There are only few studies on the fungal mycoflora of cured
meat products. They mainly concern Spanish, Austrian or
German productions [15, 16, 17, 24, 28]. No study was done
to determine fungal mycoflora of dry cured meat products
commercialised in France and to explore toxigenic potential
of fungal strains isolated from processed foods. 

The aim of this study was to investigate fungal mycoflora
on a few number of commercial dry cured meat products and
to test the toxigenic potential of Penicillium isolated strains
in order to determine if there is any hazard for consumers and
if this topic should be further developed.
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RÉSUMÉ
Potentiel toxinogène des souches fongiques isolées des produits carnés
séchés et affinés : étude préliminaire.

Le développement de moisissures en surface des produits carnés séchés
et affinés participe directement à l’acquisition et à l’amélioration des quali-
tés organoleptiques de ce type de produits. Toutefois, un développement
incontrôlé d’une flore fongique contaminante peut être à l’origine d’une
altération de l’aspect de ces produits voire conduire à la production et à l’ac-
cumulation de mycotoxines. Cette étude préliminaire a pour but de déter-
miner la nature de la flore fongique observée à la surface de produits carnés
commercialisés en France et de tester le potentiel toxinogène des souches
isolées. Trente sept souches, appartenant à 12 espèces différentes de
Penicillium, ont été identifiées. Dix huit de ces souches sont connues
comme pouvant être capables de produire certaines mycotoxines. Nous
avons donc testé leur capacité à produire de l’ochratoxine A, de la citrinine
et de l’acide cyclopiazonique. Une de ces souches, appartenant à l’espèce
Penicillium cyclopium, s’est révélée être productrice de  faibles niveaux
d’ochratoxine A. Trois autres isolats de Penicillium viridicatum ont produit
de l’acide cyclopiazonique à des concentrations pouvant atteindre 12 mg/kg
après culture sur du milieu YES. Ces résultats sont en accord avec ceux
obtenus dans d’autres pays et ils montrent qu’il faut éviter tout développe-
ment fongique incontrôlé en surface des produits carnés affinés.

MOTS-CLÉS : flore fongique, Penicillium, produits car-
nés, potentiel toxinogène, acide cyclopiazonique, ochra-
toxine A.
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SUMMARY

Fungal development on the surface of dry cured meat products actively
participates to acquisition and improvement of organoleptic qualities of
these products. However, uncontrolled development of contaminant myco-
flora may also lead to alteration of the aspect of products and synthesis of
mycotoxins. This preliminary study was done to evaluate fungal mycoflora
of French cured meat products and to investigate the toxigenic potential of
isolated strains. Thirty seven isolates belonging to 12 Penicillium species
were identified. Eighteen strains are reported in literature as toxin produ-
cers. They were tested for ochratoxin A, citrinin and cyclopiazonic acid pro-
duction. Among them, one strain of Penicillium cyclopium was able to pro-
duce low level of ochratoxin A. Three strains of Penicillium viridicatum
were found to produce cyclopiazonic acid at level as high as 12 mg/kg in
vitro culture on YES medium. These results are in agreement with studies
done in other countries and they show that uncontrolled fungal development
has to be limited on cured meat products.

KEY-WORDS : Penicillium, fungal mycoflora, dry cured
meat products, toxigenic potential, cyclopiazonic acid,
ochratoxin A.



Material and methods
Solvents and reagents

All solvents and reagents were purchased from VWR inter-
national (Fontenay sous bois, France) and were analytical
grade. Mycotoxins standards (citrinin, cyclopiazonic acid,
and ochratoxin A) were purchased from Sigma (Saint
Quentin Fallavier, France). Citrinin was dissolved in chloro-
form, Ochratoxin A in 95° ethanol and Cyclopiazonic acid in
methanol to obtain 1 mg/ml stock solutions that were stored
at -20°C.

TLC plates were silica gel 60 plates (Merk, Nogent sur
Marne, France). For citrinin quantification, plates were were
first dipped in 10% oxalic acid solution for 30 seconds and
then air dried overnight before use.

Meat samples

Five dry cured hams were purchased from French com-
mercial market. They were produced in southwest of France.
They were chosen randomly among slightly mouldy ones.

Five ripened dry sausage were also tested. They were cove-
red by a thin layer of mould and corresponded to usual aspect
of such products.

Fungal count and identification

For dry cured ham: surfaces were totally scrapped with a
sterile lancet and sample was suspended into 5% tween 80
solution. After dispersion and homogenisation, 1 ml of deci-
mal dilutions was plated on both malt agar medium (2% agar,
2% malt, 50 ppm chloramphenicol) and salted malt agar
medium (malt agar medium + 6% NaCl). Fungal colonies
were counted after 3, 5 and 7 days of culture at 25 and 32°C.
Results were expressed as CFU/cm2 of meat.

For dry sausages, 25 cm2 of surface were dispersed in 5%o

tween 80 solution and decimal dilutions were prepared and
plated on the same media. Results were expressed as
CFU/cm2.

The different strains were isolated from plates by several
planting out on Czapeck and malt agar media. Identification
of fungal species was done according to Raper and Fennel
[21] and Raper and Thom [22] by macroscopic and micro-
scopic examination of isolated strains at 3, 5 and 7 days of
culture.

Toxigenic potential determination

Potentially toxigenic strains were tested for ochratoxin A,
citrinin and cyclopiazonic acid production after 15 days of
culture (23°C) on Yeast Extract Sucrose medium (2% yeast
extract, 16% sucrose). For cyclopiazonic acid production,
strains were also incubated on sterile rice for the same time
and at the same temperature.

Mycotoxin quantification

Toxins were extracted from both culture media by mecha-
nical agitation in appropriate solvent. After filtration, extrac-
tion and concentration, the toxins were separated by thin
layer chromatography. Mycotoxins were then quantified by
spectrofluorodensitometry using a Shimadzu CS930 fluoro-
densitometer (Shimadzu Corp., Kyoto, Japan).

Quantification was done by comparison with known amounts
of standard spotted on the same plate. Briefly:  

- Ochratoxin A was extracted by acetonitrile-4% KClaq (9-
1), separated by migration in toluene- ethyl acetate-formic
acid (5:4:1, vol/vol/vol) and quantified by fluorodensitome-
try at 333 nm [3]. Limit of quantification: 20 ng/g in the cul-
ture medium; limit of detection: 10 ng/g.

- Cyclopiazonic acid was quantified as already described
by Landsen [11]. Briefly, culture medium was extracted by
methanol-chloroform (1:1, vol/vol). After filtration, extracts
were partitioned against chloroform and filtered on phase
separator filters. Development system used was ethyl-ace-
tate/isopropanol-ammoniac (20:15:10). After a drying step,
cyclopiazonic acid was revealed on plates by spraying a 10%
paradimethylaminobenzaldehyde solution. Quantification
was done at 600 nm. Limit of quantification: 200 ng/g in the
culture medium, limit of detection: 80 ng/g

- Citrinin was extracted by acetonitrile- KCl (4% in water)
(9-1) acidified by H2SO4 to pH 3. Development system used
was toluene/ethyl-acetate/formic acid (6:3:1, vol). Citrinin
was then quantified by fluorimetric detection at 330 nm [22].
Limit of quantification: 20 ng/g in the culture medium, limit
of detection: 10 ng/g.

Results and discussion
Fungal mycoflora of dry cured meat products

Typical macroscopic aspect of cured hams and sausages
used in this study are shown in figure 1.
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Figure I: typical macroscopic aspect of cured hams and sausages purcha-
sed from french commercial market.



Results of fungal numerations are reported on table I. As
estimated by macroscopic aspect, fungal mycoflora of cured
hams was less developped than that of ripened sausages.
Fungal isolates easily grown on salted malt agar medium.
This result means that they are mainly xerophilic species. It is
consistent with the substrates that are characterized by redu-
ced water activity (<0,9) and high NaCl concentration (> 6%)
[10]. The three cured hams presenting the higher contamina-
tion are those that have been ripened for the longest period.
With one exception, all fungal isolates belong to Penicillium
genus.

Thirty seven different strains belonging to 12 Penicillium
species were identified (table II). P. nalgiovensis LAXA was
the most represented one (30% of isolated strains) specially
on sausages. This species, usually used as fungal starter in
sausage processing, is not known to be toxigenic. Other non-
toxigenic species such as P. terrestre, and P. solitum were iso-
lated on hams only. Eighteen other isolated strains corres-
ponding to P. viridicatum Westling, P. palitans Westling, P.
olivino-viride Biourge, P. cyclopium, P. expansum Link, P.
crustosum , P. granulatum and P. steckii are reported to be
able to produce one or several mycotoxins such as patulin,
ochratoxin A, citrinin or cyclopiazonic acid. 

This mycoflora is consistent with those reported in the few
articles describing Penicillium isolates to species level [17,
28]. These species are frequent contaminants of foods and
feeds. Spores can be found in many environmental sources
and conditions for ripening of dry-meat products (tempera-
ture, water activity and time) are very favourable to their

growth. Contrary to several studies done on Spanish pro-
ducts, we isolated only one strain of Aspergillus. This isolate
was identified as Aspergillus fischeri Wehmer which is not
known to have any toxigenic potential. Such a difference bet-
ween French and Spanish products could be explained by dif-
ferences in the climate of the production areas. In France,
cured meat products are usually manufactured in cold mon-
tain zones, unfavourable to Aspergilli development.
Generally, French climate is not very favourable to the deve-
lopment of Aspergillii and it is now admitted that these spe-
cies do not represent a real threat for human health in pro-
ducts that are completely processed in France [4].

Toxigenic potential determination

All potentially toxigenic isolates were tested for the pro-
duction of cyclopiazonic acid, citrinin and ochratoxin A
(table III). Patulin production was not tested since it has been
demonstrated that this mycotoxin is not stable in meat pro-
ducts [12]. One strain of P. cyclopium isolated from ham was
able to produce ochratoxin A at a low level. Three other P.
viridicatum strains, isolated from three different samples of
ripened sausages, were found to be able to produce cyclopia-
zonic acid at concentration as high as 12 mg/kg of culture
medium. All these toxigenic strains were able to synthesise
mycotoxins on YES medium and on autoclaved rice. Toxin
levels were comparable in the two different media (data not
shown). Although several studies already reported the toxi-
genic potential of fungal strains isolated from meat products,
most of these studies focused on Aspergillus toxins such as
aflatoxins and ochratoxins [9, 24, 25]. The production of
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Table I: fungal numerations obtained for dry cured hams on malt agar and salted malt agar medium. Results
are expressed in x103 CFU/cm2. H: cured ham, S: ripened sausage



ochratoxin A by Aspergillus ochraceus strains isolated from
dry-cured meat products has been reported [9]. In our study,
none of the P. viridicatum strains were able to produce
Ochratoxin A even if this fungal species is known to be an
important producer of this toxin in other substrates such as
cereals [20]. By contrast, one strain of P. cyclopium, isolated
from cured ham produced low level of Ochratoxin A. Taking
into account the numerous (known and unknown) toxins in
the Penicillium genus, some authors estimated the toxicity of
extracts using biological tests [17, 28]. However, one recent
study on toxigenic potential of Penicillium isolates found on
Spanish fermented sausages reported production of cyclopia-
zonic acid by some of the Penicillium strains [15]. Citrinin
production has also been reported, but none of our strains
was able to produce this toxin [27]. 

Conclusion
On the whole, present results show that French processed

cured meat products may be contaminated by potentially
toxigenic Penicillium strains. The species observed in
samples belong to species known to be frequent contami-
nants of meat products or correspond to fungal starters used
in manufacturing. Among isolates, 4 of them were found to
be able to produce cyclopiazonic acid at relatively high level.
Although this result has to be confirmed by more extensive
studies on a large number of samples, it suggests that uncon-
trolled fungal development should be limited to avoid myco-
toxin contamination of dry cured meat products.
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Table II: Fungal species isolated from cured ham and ripened sausages. Indicated toxins are those reported to be potentially produced by this
fungal species. S: ripened sausage; H: dry cured ham. Cit: citrinin, OTA: ochratoxin A, CA: Cyclopiazonic acid

Table III: toxigenic potential of Penicillium isolates. Toxins were quantified after a 15 days culture period in optimal conditions for
toxinogenesis. ND: not detectable. 
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