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ABSTRACT: Different types of filamentous fungi periodically cause problems in
small-scale facilities for traditional dry fermented sausages, such as Petrovskd klobasa
from Vojvodina province (Serbia). Mould contamination can be observed during process-
ing, ripening, and storage. Sausages may become spoiled due to visible mould colonies on
the surface and off-flavours they produce. The most important — if mycotoxin production
occurs it might promote a number of health disorders. Knowledge and control of filamen-
tous fungi are, therefore, essential to produce sausages that satisfy the criteria of hygienic
quality, sensorial characteristics, and food safety. The aim of this study was to survey my-
coflora of a small-scale facility producing traditional dry fermented sausage — Petrovskad
klobasa. The mould contamination of the air in processing unit and ripening chambers was
investigated, in order to determine the important fungi in terms of spoilage of the products
and ability to produce mycotoxins.

The mould contamination of air in processing unit and ripening chambers examined
was in range 0.22 — 1.89 log CFU/P.d. Isolated moulds belong to 6 genera: Aspergillus (3
species), Cladosporium (1 species), Eurotium (2 species), Fusarium (1 species), Penicillium
(12 species) and Scopulariopsis (1 species). The most abundant were species of Penicillium
genus, many of which are capable for mycotoxin production.

The level and diversity of fungal contamination of air varied between samples, influ-
enced by the general hygiene, the buildings, the airflow, the outdoor environments, and the
time of year. This knowledge is crucial for the improvement of hygiene control systems in
small-scale processing units.
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INTRODUCTION

Traditional dry fermented sausage production has increased overall Eu-

rope since the 1980’s. The development is due mainly to the consumer’s request
for natural and authentical products that are made in non-industrial environ-

“ The paper was presented at the fourth international scientific meeting Mycology, myco-

toxiocology, and mycoses, which was organized in Matica srpska, Department for natural sciences
from April 20-22, 2011.
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ment, characterized by small-scale batch production with a limited degree of
mechanization, and strongly identified with a place or region of origin (L e b -
ert etal., 2007). One of them is Petrovska klobdsa, produced in the area of
Backi Petrovac (Vojvodina Province, Serbia), in the traditional way, without
additives and starter cultures. Because of its specific and distinctive quality,
Petrovska klobdsa has been protected with Designation of Origin (PDO) ac-
cording to Serbian legislation (Petrovi¢ etal., 2007).

The traditional procedure relies on indigenous microflora whose origins
could result from the raw material used or from the environment. Each
processing facility has a specific house flora composed of useful microorgan-
isms for the fermentation and flavour of sausages, as well as spoilage and
pathogenic flora. Thus, the characterization of this house-flora is crucial be-
cause safety (pathogenic flora), acceptability (spoilage flora), and sensorial
quality (technological flora) of the products depend totally on it (Cheval-
lier et al., 2006). This study dealt with spoilage microflora, particularly
filamentous fungi. Moulds periodically cause problems in small-scale facili-
ties for traditional dry fermented sausages production. Mould growth can be
observed during processing, ripening, and storage and can be a quality prob-
lem. Sausages may become spoiled due to visible mould colonies on the sur-
face and the off-flavors they produce. Besides, mould growth may also repre-
sent a health risk because of the possibility of mycotoxin production by sev-
eral mould species (Papagianni etal,2007, Veskovi¢-Moracanin
et al., 2009). Consumption of contamlnated sausages might promote a number
of health disorders. Knowledge and control of filamentous fungi are, there-
fore, essential to produce sausages that satisfy the criteria of hygienic quahty,
organoleptlc characteristics and food safety (Skrinjar etal, 2010).

Only few studies have focused on mycobiota in the processing areas of
meat processing plants (Ismail etal., 1995; Andersen, 1995; Batti-
lani etal, 2007). Therefore, the aim of this study was to survey the typical
house-flora, particularly mycoflora, of a small-scale facility producing tradi-
tional dry fermented sausage — Petrovska klobdasa. The mould contamination
of the air in processing unit and ripening chambers was investigated, in order
to determine the important fungi in terms of spoilage of the products and abil-
ity to produce mycotoxins.

MATERIALS AND METHODS

The processing unit investigated in this research was located in Backi
Petrovac (Vojvodina Province, Serbia). Sampling of the air was carried out
during the production of Petrovska klobasa in December 2009. The first sam-
pling was done in the unit where sausages were prepared and stuffed on the
day of preparation (day 1). Produced sausages were left to ripen in chambers
in Backi Petrovac (days 1-11), so the sampling of the air in ripening chamber
was done on days 2, 6, and 9 of ripening. On day 11, the sausages were moved
to Kucura for further ripening, so the sampling of the air in Kucura’s cham-
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bers was carried out on days 11, 14, 34, and 65 after sausage production. On
day 65, sausages were moved to an industrial facility in Novi Sad to finish
ripening process there, and the air sampling in industrial ripening chambers
was done on days 65, 90 120, and 217 of ripening (Table 1).

Tab. 1 — Air samples

Room Day of sampling Sign
Processing unit 1 A-1
Ripening chamb 2 A2
Backi Petrovac 6 A
9 A-4

11 A-5

Ripening chamber 14 A-6
Kucura 34 A-7
65 A-8

65 A-9
Ripening chamber 90 A-10
An industrial facility in Novi Sad 120 A-11
217 A-12

Occurrence (presence/absence) of moulds and identification of species
isolated from collected samples were then carried out. Air in the sausage
processing rooms was examined by gravity sedimentation onto 9 cm Petri
dishes containing 15 ml of Sabouraud-maltose agar with 2% of chloramphen-
icol, for 20 minutes, at five different locations. After 7 days incubation at
25°C, the Petri dishes were inspected and the colonies were sub-cultured onto
agar plates according to Samson et al. (2004), as follows: Penicillium and
Aspergillus species were plated onto Czapek agar (CzA), Fusarium species
onto potato dextrose agar (PDA) and others onto Sabouraud-maltose agar
(SMA). Agar plates were incubated for 7 days at 25°C. The isolates were then
identified by their morphological characteristics, following the methods of
Ellis (1971), Nelson etal. (1983), Samson and Frisvad (2004) and
Samson etal. (2004).

RESULTS AND DISCUSSION

Results for total mould counts per Petri dish, isolated from air in Petro-
vska klobasa processing unit and ripening chambers, expressed as logCFU/
Petri dish, are presented in Table 2.
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Tab. 2 — Total mould counts per Petri dish (TMC/P.d.), isolated from air in Petrovskd klobdsa
processing unit and ripening chambers, (log CFU/P.d)

Sample Room Day of sampling TMC/P.d.

A-1 Processing unit 1 0.40 +0.14"
A-2 Rivening chamber 2 1.46 +0.08
A-3 Bapéii Pegtrcojac ) 6 1.31£0.03
A-4 9 0.22+0.2

A-5 11 1.68 +0.04
A-6 Ripening chamber 14 1.34 £ 0.06
A-7 Kucura 34 1.53 +£0.05
A-8 65 0.37 +£0.09
A-9 65 1.89 £ 0.02
A-10 Ripening chamber 90 0.94+0.14
A-11 An industrial facility in Novi Sad 120 1.84+ 0.04
A-12 217 0.15

* — Mean + standard deviation from 5 measurements

The mould contamination of air in processing unit and ripening cham-
bers examined was in range 0.22 — 1.89 logCFU/P.d. Similar results were ob-
tained by Serensen et al. (2008) who investigated air contamination of
some fermented sausage processing area. Their results for air contamination
by filamentous fungi are in range 0.23 — 1.2 logCFU/P.d.

Table 3 presents the results obtained by identification of moulds isolated
from air in processing unit and ripening chambers. Table also present the
moiety of species in mycopopulations isolated from specific sample.

Isolated moulds belong to 6 genera and 20 species. Genera are: Aspergil-
lus, Cladosporium, Eurotium, Fusarium, Penicillium and Scopulariopsis.
Species are: 4. caespitosus Raper & Thom, A. fumigatus Fres, A. versicolor
(Vuill) Tiraboschi, C. oxysporum Berk. & Curt, E. chevalieri Mangin, E. her-
bariorum (Wiggers), Fusarium sporotrichioides Sherb, P. aurantiogriseum
Dierckx, P. brevicompactum Dierckx, P. camemberti Thom, P. chrysogenum
Thom, P. corylophilum Dierckx, P. glabrum (Wehmer) Westling, P. griseof-
ulvum Dierckx, P. janthinellum Biourge, P. neoechinulatum, P. velutinum van
Beyma, P. olsonii Bainier & Sartory, P. solitum Westling and S. brevicaulis
(Sacc.) Bain. The most abundant were species of Penicillium genus; all air
samples tested were contaminated with at least one Penicillium species. It was
followed by Aspergillus, whose species were found in 6 (50%) of tested sam-
ples, then Eurotium, that contaminated 5 (41.67%) samples, while species of
Scopulariopsis, Fusarium and Cladosporium genera were isolated from one
air sample each (Fig. 1).
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Tab. 3 — Mycopopulation of air in Petrovskad klobdsa processing unit and ripening chambers

Day of . Isolated
Sample |Room sampling Species (%)
Aspergillus fumigatus 50
A-1 Processing unit 1 Pemczllzulm cﬁry sogernum 26
Scopulariopsis brevicaulis 14
Penicillium olsonii 10
Penicillium aurantiogriseum 69
A-2 2 Penicillium neoechinulatum 20
Penicillium glabrum 11
Penicillium aurantiogriseum 39
Ripening chamber Eurotium chevalieri 26
Backi Petrovac Eurotium herbariorum 21
A-3 6 ; .
Aspergillus caespitosus 10
Fusarium sporotrichioides 3
Penicillium olsonii 1
A-4 9 Penicillium janthinellum 100
A5 1 Penicillium aurantiogriseum 75
Penicillium chrysogenum 25
Penicillium aurantiogriseum 65
A-6 14 Penicillium chrysogenum 22
Penicillium velutinum 13
Ripening chamber Eurotiu.m herbar.iorum 70
A7 Kucura 34 Aspergillus versicolor 20
Penicillium griseofulvum 6
Aspergillus caespitosus 4
Eurotium herbariorum 37
A-8 65 Penicillium aurantiogriseum 27
Aspergillus versicolor 20
Penicillium glabrum 16
Eurotium herbariorum 23
Cladosporium oxysporum 23
Penicillium brevicompactum 18
A-9 65 Penicillium solitum 15
Penicillium olsonii 13
Penicillium chrysogenum 5
o Aspergillus caespitosus 3
§Ip§n(11ng c.hzin;be{. Penicillium chrysogenum 43
A-10 . nl\}n p;tr(lia actlity 90 Penicillium camemberti 39
1 NOVL Sa Aspergillus versicolor 16
Penicillium corylophilum 2
Penicillium aurantiogriseum 58
Al 120 Penicillium chrysogenum 42
Penicillium aurantiogriseum 42
A-12 217 Penicillium chrysogenum 33
Eurotium herbariorum 25
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Fig. 1 — Frequency of isolated genera in samples of air in ripening chambers

The highest number of different mould species (7), which makes 35% of
all identified, was isolated from ripening chamber in industrial facility in
Novi Sad, on the 65" day of ripening (A-9). From sample A-3, six different
species were isolated (30%), while the majority of samples (A-1, A-7, A-8 and
A-10) were contaminated with four different species (20% of all identified).
Samples A-2, A-6 and A-12 were contaminated with three different species
(15%), samples A-5 and A-11 with two (10%), while from the sample A-4 just
one species was isolated (5%), Fig. 2.
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Fig. 2 — Presence of different mould species in mycopopulations isolated
from air in Petrovska klobdsa processing unit and ripening chambers

120



Penicillium species were isolated frequently from air in the processing
areas and ripening chambers and it was the most frequent genus found.
Among the Penicillium isolates, 12 species were identified. The most abun-
dant were P. aurantiogriseum and P.chrysogenum, which were isolated from
7 samples each (58.3%). They were followed by P.olsonii, which was isolated
from three samples (25%), and P.glabrum, that was isolated from two samples
(16.7%). All of 8 species remain were isolated from just one sample (8.3%).

Aspergillus genus was found with quite low occurrence in the air. It was
presented with three different species. The most abundant was A. versicolor,
isolated from three air samples (25%), followed by A. caespitosus (16.67%) and
A. fumigatus (8.33%). Eurotium, the perfect state of the Aspergillus glaucus
group, was found relatively frequently. Eurotium generally grows well on sub-
strates with low water activity. It was presented with two species — E. herbari-
orum was isolated from five air samples, which makes 41.67% of all tested, and
E. chevalieri was isolated from one sample (8.33%). Genera Scopulariopsis,
Fusarium and Cladosporium were found in one air sample each and all three
genera were presented with one species — S. brevicaulis, F. sporotrichioides
and C. oxysporum.

This work surveyed the mould contamination of air in Petrovska klobasa
processing unit and ripening chambers, and contributed to knowledge of the
mycological ecosystems of food environments.

The level of fungal contamination of air in processing unit and ripening
chambers varied between the individual rooms and the time of sampling,
probably influenced by the general hygiene, the buildings, the airflow, the
outdoor environments and the time of the year. The diversity of fungi isolated
from air was relatively high. This probably reflects that fungal conidia are
air-borne and are therefore easily spread. Important reservoirs can be humans,
soil, dust, raw materials, drains, equipment surfaces, and ventilation ducts
(Scholte etal., 2002). Many of the mould species were isolated rarely, only
once or twice during the survey, which mean that they were most likely iso-
lated by chance and were not representatives of a consistent house biota. Fungi
present in more than five samples during the survey were considered as present
in significant number. In that mean, the important genera were: Penicillium,
Aspergillus and Eurotium.

Many Penicillium species can produce mycotoxins. At least half of the
Penicillium species identified in this study are potentially able to produce
toxic metabolites, according to Frisvad and Thrane (2002). Some spe-
cies of Aspergillus and Eurotium also produce toxic metabolites. Little is
known about the toxigenic potential of Cladosporium species. In this study,
the most frequent toxigenic Penicillium species were P. aurantiogriseum and
P. chrysogenum. Important toxic metabolites known to be produced by these
species are: ochratoxin A, citrinin, penicilic acid, roquefortine C, and other
(Samson and Frisvad,2004; Marasas etal., 1984), (Table 4).
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Tab. 4 — Production of mycotoxin by fungi isolated from air in Petrovska klobdasa processing
unit and ripening chambers

Species Toxins

Eurotium chevalieri Emodin, gliotoxin, physicon, xantocillin X
Eurotium herbariorum Sterigmatocystin (traces)

Aspergillus fumigatus Fumigalclavines, fumigallin, fumigatin, fumitoxins,

fumitremorgins, gliotoxin, spinulosin, verruculogen

Aspergillus versicolor Nidulotoxin, sterigmatocystin
Fusarium sporotrichioides | Trichothecenes A, butenolide, zearalenone

Penicillium aurantiogriseum | Penicilic acid, xanthomegnin, viomellein, viridicatin, ochratoxin A
Penicillium brevicompactum | Brevianamides, mycophenolic acid, botryodiploidin

Penicillium camemberti Cyclopiazonic acid
Penicillium chrysogenum Roqufortine C, PR-toxin, xanthocillin X, penicillin, ochratoxin A
Penicillium glabrum Citromycetin
Penicillium griseofulvum Patulin, cyclopiazonic acid, roqufortine C, griseofulvin
Penicillium solitum Viridicatin

CONCLUSION

This study targeted fungal ecosystems of food processing environments,
which are not usually surveyed. Petrovska klobasa processing unit and ripening
chambers showed a high variability of microbial levels in their environments,
some of them with excessive levels of toxigenic species. The different cleaning,
disinfecting, and manufacturing practices of the small-scale processing units
could be responsible for this variability. Also, mycobiota in the processing plants
showed a high diversity of fungal species, mainly belonging to the genera Penicil-
lium, Aspergillus, Eurotium, etc. Many toxigenic mould species were isolated
from the processing areas, which poses a high risk for human health. This knowl-
edge is crucial for the improvement of hygiene control systems in small-scale
processing units, in order to provide high level of product stability and safety.
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[IJIECHU Y BA31YXY ITPOCTOPHJA 3A ITPOU3BOAKY U 3PEBE
IIETPOBAYKE KOBACHLIE

Mapwuja M. lIxpumap, Jbussana C. [lerpoBuh, Hesena T. brnarojes,
Bnagucnasa M. Illomo

Texnomnomku daxynrer, YHusepsuretr y Hosom Cany,
Bbynesap mapa Jlazapa 1, 21000 Hosu Can, CpOuja

Pe3unme

Paznuuute BpcTe (DUIAMEHTO3HHMX IJbMBA MEPHOJMYHO M3a3UBajy mpodiemMe y
MaJIMM ITOTOHMMA 32 IIPOU3BOIIGY TPAIUIIMOHATHIX CYBHX (DePMEHTHCAHUX KOOACH-
1a, Kao wto je Petrovskad klobasa n3 Bojsogune, Cpouja. /o KoHTaMUHAIH]e TJIECHU-
Ma MOJKE /IO TOKOM NPOM3BOIIGE, 3pEHba U CKIaauITeRha. KBap kobacuua ce Moxke
MaHN(eCTOBATH y BHY pPacTa KOJIOHH]a Ha IIOBPLIMHHA WK IPOMEHe yKyca. OHO wTo
j€ MHOT0 BaKHHj€ — YKOJIUKO Joh)e 10 MpoayKIKje MUKOTOKCHHA, MOXe JOhu 10 unTa-
BOI' HU3a 3ipaBCTBeHKX nopemehaja. [lo3HaBarbe U KOHTpOIIA (bHJIaMeHTo3HHx TJbUBa
Cy, CTOra, OJl BEJIMKOT 3Ha4aja P POU3BO/IBU K0OacHIa Koje 3a/10B0JbaBajy KpUTEPH-
JyMe XUTH]jeHCKOr KBaJINTETa, CCH30PHNX KapakTepucThka 1 0esbeanoctu xpane. Linsb
OBOT paja je Ko J1a ce UCIHTA TUITMYHA MUKO(IIOpa MAJIOT ITOrOHa 3a IIPOU3BO/IEGY CYBE
(depmentucane kobacuue Petrovskad klobasa. VicnuTtana je KOHTaMHHAIIM]ja Ba3ayxa y
MIPOHM3BOTHO] jeAMHHIIN U KOMOpaMa 3a 3pee, Y IIJbY JeTepMUHAIN]e TJbHBA 3HAYA)-
HUX ca aclleKTa KBapewa MPOU3BO/Ia H CIIOCOOHOCTH MPOAYKIIHje MUKOTOKCHHA.

KonTamuHammja Ba3ryxa IJIeCHIMA Y HCITUTAHO] TPOU3BOIHO] jEANHHIIN i KOMO-
pama 3a 3peme kpetaia ce ox 0.22 no 1.89 log CFU/P.d. 3010BaHe TUIeCHU CBpCTaHEe
cy mect ponosa: Aspergillus (3 Bpcre), Cladosporium (1 Bpcra), Eurotium (2 Bpcte),
Fusarium (1 Bpcta), Penicillium (12 Bpcta) u Scopulariopsis (1 Bpcta). Hajsactymibe-
HHuje Oune cy Bpcre poaa Penicillium, on Kojux cy MHOTE CIIOCOOHE Ja MPONYKY]jY
MHUKOTOKCHHE.

HuBo 1 pa3HOBpCHOCT KOHTAMHHAIIM]jE Ba3ayXxa Bapupaiu cy niMely yzopaxa,
0/ yTHLIA]eM OILITE XUTHjeHe, TPajIbe, IPOTOKA Ba3ayXa, CIIOJbAIlle CPEIHHE U TO-
Junimer qoda. OBa ca3Harba Cy OJ] BETHKOT 3Havaja 3a IM000JBIIAhe CHCTEMa KOHTPOJTE
XUTHjEHE Y MaJIUM ITPOU3BOIHUM TTOTOHUMA.
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