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MYCOPOPULATIONS AND OCHRATOXIN A i
—POTENTIAL CONTAMINANTS OF PETROVSKA KLOBASA

ABSTRACT: Petrovskd klobdsa is traditionally produced dry fermented sausage
from the area of Backi Petrovac (Vojvodina Province, Serbia) that has been protected with
designation of origin (PDO) according to Serbian legislation. Contamination of this kind of
sausage casings by different mould species often occur during the producuon process,
mainly during the ripening and storage. The aim of this study was to isolate and identify
moulds that contaminate ingredients used for Petrovskd klobdsa production and its casings
during different phases of ripening and storage. Sampling was done during the production
process and after 2, 6, 9, 11, 14, 34, 65, 90, 120, 217 and 270 days. Total mould counts in

ranged from 1.60 mixed filling) to 4.14 (red hot paprika powder)
logy CFUJg, while the number of moulds isolated from sansage casing surfaces ranged from
0.01 (C; sausage, 217" day) to 1.60 (C; sausage, 270" day) log;, CFU/em”. After total mould
counts were determined, isolates were identified and classified in five genera for compo-
nents (Penicillium 7 species; Fusarium — 2 species; Aspergillus — | species; Alternaria— 1
species; Verticilium — | species) and 3 genera for casings surfaces (Penicllium — 3 species;
Aspergillus — 1 species; Eurotium ~ 1 species). It was appointed that 83.33% of isolated spe-
cies are potential producers of toxic metabolites.

The analyses of ingredients and sausages on the presence of ochratoxin A, following
the ELISA method, gave the negative results.
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INTRODUCTION

Fermented dry sausage is defined as a mixture of seasoned, raw meat,
fat, salt and various spices, which is stuffed into casings, subjected to fermen-
tation and then allowed to dry (Leroy et al, 2006; Ammor and Mayo,
2007). Distinctive environmental and climatic conditions, as well as cultural
and social backgrounds of the populations in different geographical regions,
determine a great variety of fermented sausages, produced in European coun-

73



tries (Ikoni¢ etal., 2010). Petrovskd klobdsa is one of the most representive
Serbian fermented sausages. It is a traditional dry fermented sausage, pro-
duced in small household enterprisses in the municipality of Backi Petrovac
(Vojvodina province, Serbia). It is produced from pork meat and fat, with ad-
dition of spices, salt and sugar. The traditional procedure exludes the addition
of any aditives and starter cultures (Petrovic etal, 2010; Jokanovic¢ et
al., 2010; Tasi¢ etal., 2010). Due to its unique sensory profile and recogniz-
able quality, Petrovska klobdsa has been protected with designation of origin
(PDO) according to Serbian legislation (Petrovi¢ etal., 2007).

Mould growth on traditional dry fermented sausages can be observed
during ripening and storage. It can be a quality problem, because if extensive
growth has occurred, sausages may become spoiled due to visible mould col-
onies on the surface and off-flavors they produce. Moreover, mould growth
may represent a health risk because some of the fungal species associated to
meat products, such as Penicillium, Aspergillus and Fusarium species, are
able to produce mycotoxins (Frisvad and Thrane, 2002). Mycotoxins are
extracellular metabolites and they diffuse into substrate after synthesis in fun-
gal cells, so removing of mouldy sausage casings before consumption wouldn’t
remove the toxins. Mould growth on fermented sausage is therefore an impor-
tant issue, as it may present a significant economic problem, as well as risk for
human health (Papagianni etal., 2007; Castellari etal., 2010).

The most effective way to prevent contamination of fermented sausages
with mycotoxins is to avoid growth of mycotoxigenic fungi (Muifioz et al.,
2010). The first step so would be isolation of moulds from raw material and
moulds that contaminate fermented sausages in different phases of ripening
and storage, followed by identification of possible toxigenic species among
the isolates.

The aim of this work was to isolate and identify mould contamination of
the raw material used for dry fermented Petrovska klobdsa production, and its
surface mycobiota in different periods of ripening and storage. Also, all com-
ponents used for the sausage production and sausages sampled in different
phases of ripening and storage, were tested on the presence of ochratoxin A.

MATERIALS AND METHODS

In the present study, mycological and mycotoxicological examinations of
Petrovska klobdsa during processing, ripening and storage were carried out.

Sausage production: Sausages were produced in December 2009, in
Backi Petrovac, from cold pork meat and fat, salt, red hot paprika powder,
garlic and caraway, using traditional procedure. The filling was prepared by
two different methods — in the first case, the components were mixed manu-
ally, and in the second case they were mixed using mixing machine. The first
filling was divided in two parts — one was stuffed into pig natural casings
(samples C)) and other was stuffed into plastic casings (samples C,). The second
filling was stuffed in plastic casings (samples Cs).
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Ripening and storage: Produced sausages were left to ripen in chambers
in Bagki Petrovac (1°-11™ day) and Kucura (11"-65" day). On the 65" day they
were moved and stored in an industrial facility in Novi Sad.

Mycological investigati In order to eval mould cc ination, a
sow carcass was swabbed after barking, covering four locations at the carcass
(ham, back, belly and jowl). Pig natural casings were also swabbed. Examined
parameter was total mould count per square centimeter, expressed as logo
CFU/em?. Wet swabs were placed in tubes containing 9 ml of sterile saline
solution, a series of decimal dilutions were prepared and 1 ml of each dilution
was placed in sterile Petri dish in duplicate. Plates were subsequently poured
with 12-15 ml of warm (45 + 1°C) Sabouraud-maltose agar containing 2% of
chloramphenicol. Medium was mixed well with inoculum; the mixture was
allowed to solidify and incubated at the 25°C during 7 days. Sampling of the two
fillings and the components (chopped meat, salt, garlic, caraway and paprika)
was carried out parallel with manufacturing process, and total mould count
per gram was determined, using dilution method by Koch (Harrigan, 1998).
Inoculated Petri dishes were incubated at the 25°C during 7 days. Results
were expressed as log}'o CFU/g. Sampling of sausage casings surfaces was
taken on 2", 6, 9 11 14t 34 65 90™, 120", 217" and 270" day of ripen-
ing and storage. The surfaces of sausage casings were swabbed using wet swabs,
and isolation and identification of moulds were performed as described above.

The identification of isolated fungal species was performed according to
the patterns described by E11is (1971), Nelson etal. (1983), Samson and
Frisvad (2004) and Samson et al. (2004).

Ochratoxin A analyses: All sampled components and sausages, which were
stored frozen until the analyses were carried out, were tested on the presence
of ochratoxin A using ELISA method. Screening method for analysis was done
using Neogen Veratox® testing kits with limits of detection of 1 pg/kg (ppb)
for ochratoxin A. The test itself is a competitive direct enzyme-linked immu-
nosorbent assay (CD-ELISA). Free mycotoxins in the samples and controls
are allowed to compete with enzyme-labelled mycotoxins (conjug: for the
antibody binding sites. After a wash step, substrate is added, which reacts with
the bound conjugate to produce blue color. More blue color means less myco-
toxin. The test is read in a microwell reader (Thermolabsystem, Thermo, Fin-
land) to yield optical densities. The optical densities of the controls form the
standard curve, and the sample optical densities are plotted against the curve
to calculate the exact concentration of mycotoxin (Koki¢ et al., 2009).

RESULTS AND DISCUSSION

Results for total mould counts per cm? (TMC/ cm?) of carcass and cas-
ings surfaces, expressed as log;) CFU/cm?, are shown in Table 1. Total mould
count determined in the swab samples of belly, jowl and natural pig casings
was very low (in range -0.3-0.51 log;o CFU/cm®), while the mould contamina-
tion of ham and back did not occur.
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Tab. 1 — Total mould count per cm” of carcass and casings surfaces [log;y CFU/cm?]

Swab TMC/em?*
Carcass Ham 0
Back 0
Belly 044001
Jowl 030+ 0.06
Casings Natural pig casing 0.51£0.02

Results for total mould count per gram of sausage components (TMC/g),
expressed as log;y CFU/g, are presented in Table 2. As it can be seen, all com-
ponents used for sausage production were contaminated by moulds. The high-
est mould contamination of spices was detected in the sample of red hot pa-
prika powder, followed by caraway, garlic and salt. As expected, manually
mixed filling contamination was considerably higher than contamination of
mechanically mixed filling.

Tab. 2 - Total mould count per gram of sausage components [logi) CFU/g]

C TMClg
Chopped meat 271+ 0.002
Salt 232£0.002
Garlic 265 +0.004
Red hot paprika powder 414=0.001
Caraway 3.90 £0.001
Manually mixed filling 23420002
y mixed filling 1.60 +0.020

Table 3 and Table 4 show the results obtained from identification of iso-
lated moulds. Mould species isolated from the swab samples are listed in Ta-
ble 3, and results for mould species isolated from the components and two
sausage fillings are presented in Table 4. Tables also present the moiety of
species in mycopopulations isolated from specific sample.

Tab. 3 - Fungal specics isolated from carcass and natural casings

Swab Species Tsolated (%)
Carcass — belly Penicilliu 100
Carcass - back Verticilium lecanii 100
Natural pig casings Penicillium aurantiogriseum 100
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Tab. 4 — Fungal specics isolated from components used for Petrovskd klobdsa production

C Species Tsolated (%)
Chopped meat Penicillium roqueforti 100
Salt Penicilliu hinel 100
Garlic Fusarium i 100
Red hot paprika powder Aspergillus flavus 3333
Penicillium aurantiogriseum 66.67
Caraway Alternaria citri 10
Penicillium glabrum 70
Penicillium italicum 20
Manually mixed filling Fusarium sporotrichioides 50
Fusarium subglutinans 30
Penicillium roqueforti 10
Penicillium aurantiogriseum 10
mixed filling | Penicillium decumb 100

Isolated moulds belong to 5 genera and 12 different species. Genera are
Aspergillus, Alternaria, Fusarium, Penicillium and Verticilium, and species are:
Aspergillus flavus Link, Alternaria citri Ellis & Pierce apud Pierce, Fusarium
sporotrichioides Sherb., F. subgluti (Wollenw. & Reink.) Nelson, Tous-
soun & Marass, Penicillium spinulosum Thom, P. aurantiogriseum Dierckx,
P. janthinellum Biourge, P. glabrum (Wehmer) Westling, P. roqueforti Thom,
P. italicum Wehmer, P. decumbens Thom and Verticilium lecanii (Zimm.) Viégas.
Penicillium genus was presented with 7 different species, which makes 58.33%
of all isolated species. Carcass belly, natural pig casings, four components
(chopped meat, salt, paprika, caraway) and both fillings were contaminated
with some of Penicillium species, which makes 66.67% of all tested samples.
The most abundant was P. aurantiogriseum, which was isolated from 25% of
tested samples.

Fusarium genus was presented with two species and it was isolated from
two different samples (16.67%). Garlic was significantly contaminated with
Fusarium subglutinans, while both isolated species — F.subglutinans and F.
sporotrichioides, were isolated from manually mixed filling.

Aspergillus, Alternaria and Verticillium genera were presented with one
species each. Aspergillus flavus was isolated from paprika powder, Alternaria
citri from caraway and Verticilium lecanii from carcass back swab. Picture 1
shows the presence of different mould genera in mycopopulations isolated
from raw material used for Petrovska klobdsa production.

Comparing total mould counts isolated from components with maximum
allowed count according to Rule Book for Microbiological Accuracy of Food-
stuffs on the Market (Official Journal FRY, 26/93, 53/95, 46/02) and results
obtained by several authors (Dimi¢ et al., 2008; Hashem and Alamri,
2010), it can be concluded that meat and spices used for Petrovska klobdsa
production were of acceptable quality. However, some of the isolated species,
such as Penicillium aurantiogriseum, Aspergillus flavus, Fusarium subgluti-
nans, F.sporotrichioides etc., are reported to be toxigenic (Ozegovi¢ and
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Pepeljnjak, 1995; Samson etal, 2004; Marasas etal., 1984), so they
posses a high risk for human health.
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Fig. 1 - Presence of different mould genera in mycopopulations isolated from raw
material used for Petrovska klobasa production.

As has been reported by a number of authors (Skrinjar 2008; Vesko -
vié-Morac¢anin etal,2009; Iacumin etal., 2009), mould contamina-
tion of fermented sausage casings often occur during the production process,
mainly during the ripening and storage. Therefore, the surface of sausages C,,
C, and C; were swabbed in a few different penods of ripening and storage, in
order to examine the presence of moulds on the sausage casings and identified
possible toxigenic species.

During the first 90 days of ripening and storage, none of the tested sam-
ples was contaminated by moulds. The first mould growth was noticed on the
120™ day on the casings of sausage C;. On the 217" day the moulds were iso-
lated from the surface of C; and C; sausages. On the 270" day, all three types of
sausages were contaminated by moulds. Results for total mould counts isolated
from different sausages on different days of ripening and storage, species and
percentage of species in isolated mycopopulations, are shown in Table 5.

The moulds isolated from sausage casings belong to three genera: Euro-
tium, Penicillium and Aspergillus. Eurotium and Aspergillus genera were pre-
sented with one species each — E.herbariorum (Wiggers) Link and A. versicolor
(Vuill.) Tiraboschi, and Penicillium with three — P. aurantiogriseum Dierckx,
P.chrysogenum Thom and P.olsonii Bainier and Sartory.
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Tab. 5 — Total mould count per em? [logio CFU/em?] and fungal species isolated from Petrovskd
Klobdsa casings during ripening and storage

Sausage Day of TMC/lem? Species Isolated (%)
sampling

G 120 0.69 % 0.01 Eurotium herbariorum 100
< 217 095 +0.01 Eurotium herbariorum 100
G 217 0.01 = 0.01 Penicillium olsonii 100
Eurotium herbariorum 375

Penicillium aurantiogriseum 25

G 270 16020002 | 0 ehrysogenum 25
Aspergillus versicolor 125

(&) 270 0.65+0.01 | Penicillium chrysogenum 100
o 270 078 0005 | Penicillium aurantiogriseun 50
Penicillium chrysogenum 50

In the mycopopulations isolated from sausage C, casings, the species
Eurotium herbariorum dominated. This species was the only contaminant of
sausage C) casings after 120 and 217 days of ripening and storage, and makes
37.5% of total mould count isolated from this sausage casings on the 270" day.
Penicillium aurantiogriseum makes 25% of isolated moulds on the last day of
sampling, as well as P.chrysogenum, while the species Aspergillus versicolor
makes 12.5% in isolated mycopopulations.

The mould growth on the sausage C, casings was detected only on the last
day of sampling, and it was contaminated with one species, P. chrysogenum.

Swabs of sausage C; casings showed the presence of moulds on the 217
and on the 270" day of ripening and storage. In the first case, it was just one
species, Penicillium olsonii, while the mycopopulations isolated after 270 days
consisted of two species, P.aurantiogriseum and P.chrysogenum, with equal
moiety.

The 83.33% of isolated species has been reported (Samson etal., 2004;
Marasas etal., 1984) as potentially toxigenic, with the ability to synthesize
different types and amounts of mycotoxins, under specific conditions. Con-
sidering their possible harmful effect on people’s health, this percentage can
be regarded as very dangerous.

The tests of components and Petrovska klobasa samples on the presence
of ochratoxin A, gave the negative results. It can be concluded that biosynthe-
sis of this toxin didn’t occur, even some of the isolated moulds are potentially
toxigenic. Other explanation of the negative results, considering samples of
sausages, might be the possible interaction between mycotoxigenic fungi and
some lactic acid bacteria presented in sausage filling. It has been reported by
a number of authors lately that some lactic acid bacteria can inhibit the bio-
synthesis of mycotoxins, but they are also capable of binding, detoxifying
and/or degrading already synthesized toxins (Schniirer and Magnus-
son, 2005; Shetty andJespersen, 2005 Dallé¢ etal., 2010).
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CONCLUSION

This study has identified mould species that cause contamination of tra-
ditional dry fermented sausage, Petrovskda klobdsa. Isolated moulds can orig-
inate from contaminated raw material used for sausage production, or could
come from environment, facilities and/or handling, as secondary contamina-
tion. A high percentage, 83.33%, of the species isolated at high frequencies
are capable of producing mycotoxins. All tested samples of Petrovska klobdsa
were ochratoxin A free, however, the presence of potential toxigenic moulds
posses a high risk of the product contamination with mycotoxins. Care there-
fore has to be taken during production and storage, and a raw material of high
quality has to be used.
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MUKOTIONYJTAITUIE U OXPATOKCHUH A — MOT'YhH KOHTAMUHEHTH
METPOBAUKE KOBACHULIE (PETROVSKA KLOBASA)

Mapuja M. LL[KpuH,ap IIcscuaT Hemer', Ilmu,auaC Herposuh!,

Cnasuna M. B 2, Upana C. . M. ILlomo'

! Texnomomkn dakynter, YHMBemeeT y Hosom Cany, Bynepap Ilapa Jlasapa 1,
Hoeu Caz, Cpbuja
2 MIHCTHTYT 3a XHTHjeHY H rexHonom]y Mmeca, Kahanckor 13, Beorpaz, Cp6uja
*MuctutyT 3a npexpambene Texnonornje, Bysesap napa Jlazapa 1, Hosu Caz, Cp6uja

Pesume

Petrovska klobdsa je na TpaauIMOHaIaH HAYMH POU3BEJCHA CyBa (pepMEHTH-
cana kobacuia u3 oxonnue baukor Ilerposua (Bojsonuna, Cpouja), koja je 3amruhe-
Ha 03HAKOM reorpaekor nopekJa, npema sakony PenyGinke Cpouje. Kontamunaumja
OBe BpCTE KOGACHIIA PA3THIHTHM BPCTAMA IIECHH CE BEOMA YECTO JCUIaBa TOKOM
TIpOIIECa POH3BOIIKE, IOCEGHO TOKOM 3perba 1 CilazumITerba. Linm, osor paza je 6uo
J1a ce M30ITyjy M MACHTHUKY]Y IIICCHH KOje KOH y cacTojke y
11pou3BoEbH [TeTpoBauke KODACHIIE M HeH OMOTaY, y Pa3iHuuTHM (a3ama 3pemwa H
CKJIAZMIITEeHa. Y30PKOBambe je 00aBIbeHO TOKOM IIPOH3BOE:E U HAKOH 2, 6, 9, 11, 14,
34, 65,90, 120, 217 1 270 nana. Hakon ogpehuBama yKkynHor 6poja IiecHH, H30/1aTH
Cy WJICHTH(MKOBAHU U CBPCTAHH y NET POIOBA, H30JI0BAHHUX U3 KOMIIOHEHATa (Peni-
cillium — 7 Bpcra; Fusarium — 2 Bpere; AYpGrgl”qu 1 Bpcra; Alternaria — 1 npc-na,
Verticilium — 1 Bpcta) 1 TpH pona omoraua (Penicll
spere; Aspergillus — 1 Bpera; Eurotium — 1 ch'ra) Tlokazauo je na 83.33% u3onoBaHuX
BPCTA CIajia y NOTEHIHjaIHe IPou3Bohade TOKCHIHMX METabOIuTa.

AHaIIM30M CacTojaka U rOTOBHX KOOACHIA HA NIPHCYCTBO OXPATOKCHHA A, KO-
pumhemem ELISA metozte, 106HjeHH Cy HEeraTHBHH PE3y/ITaTH.
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