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The effects of two antifungal agents (natamycin, potassium sorbate) were compared on the mould growth on the surface

of dry sausages (both heat treated and fermented). The mould growth was studied on fermented sausage Presporska

saldma and heat treated dry sausage Vysocina after the production and during the ripening and storage. Different

samples were prepared: two natamycin treated (0.1% and 0.2%) and one potassium sorbate treated (2%), the control

sample was not treated. All the samples were inoculated with spores of Penicillium nalgiovense and their germination

and growth were monitored. An objective evaluation of the growth was carried out using video image analysis (NIS

Element software 2.30). Natamycin proved to be the most efficient in the suppression of mould growth.
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Mould growth on the surface of sausages is gener-
ally undesired. Even the growth of cultural moulds
(e.g. Penicillium from Hungarian sausages) on
other dry sausages (not meant to be moulded) can
be seen as a problem. Unsuitable storage condi-
tions, such as high humidity and temperature,
can affect the surface stability of the sausages
and moulds spores can germinate and grow on
them. The growth of moulds can be inhibited
by air circulation and the presence of fungicide
compounds in the smoking medium. Substances
in the smoke medium such as carbonyls, phenols,
carboxyl acids, act antimicrobiologically and af-
fect the growth of moulds on the sausage surface
(JIrA 2004; ULMER et al. 2005).

To increase the production security and prevent the
growth of moulds, the sausage surface is often treated

with various substances; most frequently is it sorbic
acid, potassium sorbate, lactic acid, natamycin, and
others. A modern method is the use of inside coated
packaging materials (HANUSOVA et al. 2010). Another
way to apply antifungal agents is to incorporate them
into biopolymer films, especially natamycin with
rosemary extract (TURE et al. 2008).

Salts of sorbic acid, most commonly potassium
sorbate, are applied either by dipping or spray-
drying; it is possible to apply sorbate even on the
inside of the sausage casing (STIEBING et al. 2001).
However, potassium sorbate has a lesser influence
on the microbial growth rates than other preserva-
tives, e.g. methyl p-hydroxybenzoate (MATOS et
al. 2007, 2008).

Natamycin is a natural antifungal agent produced
during the fermentation of the bacterium Strep-
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tomyces natalensis (ZEUTHEN & BOGH-S@RENSEN
2003). Natamycin is effective at very low levels and
affects the growth of nearly all moulds and yeasts;
it slows down their growth for up to six months but
it cannot completely inhibit it (ZEUTHEN & BoGH-
S@RENSEN 2003). On the other hand, natamycin has
no antibacterial activity (DELVES-BROUGHTON et
al.2006). This makes it useful for the application
on such products which require bacterial proc-
esses, such as dry sausages (STARK 2004).

When applying a solution with a low concen-
tration of natamycin on the surface of sausages,
defects occur in the permeability of the cellular
membrane of the fungi cells. Natamycin interacts
with sterols, which are present in the cellular
membrane of the fungi cells, and thus it destructs
the selective permeable membrane (Jay 2000).
First of all, potassium ions are forced out from
the cell, followed by amino acids, when a solu-
tion of higher concentration of natamycin is used
(RoBERT & Hut 2001).

Natamycin is applied by scattering or by dipping
the sausages into the solution. There are different
commercial preparations and the most popular
one is Delvocid (STIEBING et al. 2001).

An old study on raw cured Italian dry salami
showed that dipping or spraying the salami with
natamycin (0.0002%) or sorbate (2.5%) did not
successfully prevent the growth of surface moulds.
Only at 10% concentration of potassium sorbate
visual inhibition of the mould growth was observed
(HoLEY 1986).

Natamycin can be applied for the surface treat-
ment of sausages in different ways (dipping, spray-
ing, pre-treatment of sausage casings, the use of
the recently developed treatment gels) (DELVES-
BROUGHTON et al. 2006).

STIEBING et al. (2001) applied natamycin and
sorbate on raw sausages (Rohwurst) inoculated
with Penicillium nalgiovense, P. brevicompactum,
Mucor racemosus, and Debaryomyces hansenii.
Natamycin preparations had a longer lasting anti-
fungal effect than potassium sorbate. XIAOGUANG
et al. (2009) added a mixture of sodium lactate,
nisin, and natamycin directly into the sausage and
also showed a positive effect on the shelf life of
the treated sausages.

The visual observation of the mould growth
on the sausage surface is subjective and hard to
quantify. More objective seems to be an evaluation
using video image analysis (VIA) that enables to
archive the images of sausages in different periods

of storage and separately evaluate the number or
the area of the measured objects. This method
proved to be suitable for the evaluation of the
colour and structure of meat and meat products
(P1PEK et al. 2007, 2008) as well as for the evalu-
ation of meat histological samples. (TREMLOVA
& STARHA 2002, 2003).

The goal of this study was to evaluate the suit-
ability of video image analysis for the evaluation
of the mould growth on the sausages surfaces
and to evaluate the efficacy of several agents in
suppressing this growth with potassium sorbate
and natamycin.

MATERIAL AND METHODS

Two types of dry shelf stable products were used
— cooked salami Vyso¢ina and fermented salami
Pre$porska saldma. Both meat products were pro-
duced under industrial conditions according to the
traditional Czech and Slovak technology.

Preparation of samples. The dry/cooked sausage
Vysocina was produced using lean beef and fatty
pork. After mixing with 2.5% salt and spices, it
was filled into collagenous casings, heat treated
up to 70°C (including a short — 15 min — period
of smoking) and dried 10 days to a < 0.93. Sub-
sequently, the sausages were treated with three
preparations containing either potassium sorbate
or natamycin. Potassium sorbate was applied in
spray as 2% solution and the concentration of the
natamycin solution was 0.1% or 0.2%. We used the
natamycin preparation from the company TRUMF
International, Ltd. (Dolni Ujezd, Czech Republic).
In all the experiments, non-treated sausages served
as control samples.

The fermented salami Presporskd saldma was
produced using lean beef, lean pork, and fatty pork
mixed with 2.2% salt and spices and starter cultures
Bessastart. The mixture was filled into collagenous
casings (55 mm) and slightly smoked (using cold
smoke at 20-25°C). After the fermentation process,
the salami was dried up to a < 0.93. The samples
of the fermented salami Presporskd salaima were
treated with 2% solution of potassium sorbate and
with 0.1% or 0.2% solution of natamycin.

All samples were inoculated with the spores
of the cultural mould Penicillium nalgiovense; a
commercial started mould culture from the mould
salami production was used. To accelerate and
facilitate the moulds growth, the sausages were
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intentionally kept under elevated air humidity
(90-95%). The storage time means the time period
from the inoculation.

Methods. The dynamics of the moulds growth
on the surface was evaluated using video image
analysis, software NIS-Elements 2.20 (Laboratory
Imaging Prague, Czech Republic). The pictures of
the surfaces of the exposed sausages were shot using
a Nikon Coolpix 800 under identical orientation
during all the experiments.

One of our tasks was to find a suitable criterion
to evaluate the mould growth. We measured the
number of colonies, the whole relative surface
area, which was covered by moulds, and finally
the diameter of the mould colonies.

A more complicated method was tested simulta-
neously; in this, a digital camcorder took pictures
of the rotating sausages and the videosequences
were then automatically evaluated by precise
video image analysis in LabVIEW according to
KoORBAROVA et al. (2007).

RESULTS AND DISCUSSION

Video image analysis (VIA) seems to be a suit-
able method to evaluate the mould growth on the
surface of dry sausages. As mentioned above, we
tested the number of colonies, the whole rela-
tive surface area that was covered by moulds,
and finally the diameter of moulds colonies. Each
method provided different information and can
be advantageous for different purposes.

The enumeration of the colonies numbers was
suitable in the first period of the evaluation up to
the moment when the growing colonies began to
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Figure 1. The growth of the moulds on cooked/dry sausage
— evaluated by colonies number
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Figure 2. The growth of the moulds on cooked/dry sausage
— evaluated by colonies diameter

merge together. On the other hand, the number
was also influenced by the inhomogeneous con-
tamination of the surface by other spores. Maybe
the colonies numbers can be used as a criterion
of spores germination (Figure 1).

The colonies diameter seems to be the most
objective data as it reflects real dynamics of the
mould growth. However, this method is limited
by the moment when the colonies begin to grow
into an undividable object. Video image analysis
surely enables to separate two or several colonies,
but only up to a certain dimension (Figure 2).

The common area seems to be the most simple
and reliable way to evaluate the dynamics of the
moulds growth. It is not influenced by the merging
of mould colonies (Figure 3). On the other hand, it
must be taken into consideration that this criterion
can be influenced by inhomogeneous contamination
(different initial numbers of moulds spores).

The results of the camcorder method are demon-
strated in Figure 4. It is evident that it offers exact
values. It shows very precisely the inhibition ef-
fects of all preparations tested. The most efficient
preparation is natamycin; sorbate has a small effect
on the mould growth. The disadvantage of this
method resides in it requiring a more complicated
apparatuses and software for the evaluation. For
this reason, we prefer a very simple method that
uses a normal digital camera while the images can



Czech J. Food Sci.

Vol. 28, 2010, No. 4: 258-263

50 1 —@— Control
—O— Natamycin
40 1 —@— Sorbate
S
g 30 1
5
()
2
©
= 20
~
10 -
0 +—O0-O0—+—0O0T—"0—0—"0——"F0+C

2 4 6 8 10 12 14 16 18 20

Storage time (days)

Figure 3. The growth of the moulds on cooked/dry sausage
— evaluated by relative area covered by moulds

be collected and evaluated later. The preciseness of
the simpler method is sufficient, even though the
round surface of the intact sausage can somehow
deform the picture. However, when the sausages
are fixed in the identical position, the deformation
is the same in all pictures and no systematic error
should take place.

100 4 -@— Control
—0@— Sorbate
—0—0.1% natamycin
80 -

—0—0.2% natamycin

60 -

40

Relative area (%)

20 -

0 5

10 15 20 25 30 35 40 45
Storage time (days)

Figure 5. The growth of the moulds on fermented sausage
— evaluated by relative area covered by moulds
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Figure 4. The growth of the moulds on cooked/dry sausage
— the results of camcorder method

Efficacy of preparations used

All preparations used in our experiments were
effective in suppressing the mould growth on the
surfaces of both types of durable sausages cooked
and fermented in various ways. Natamycin proved
to be the most effective one (preparation). Although
STIEBING et al. (2001) report that Penicillium
nalgiovense should be sensitive to sorbate, in this
experiment this treatment was not satisfactory at
the concentration used.

Some differences between the two types of tested
sausages can be expected in the initial spores/
moulds counts, as the cooked sausages are decon-
taminated through pasteurisation (smoking).

The suppression of the spores of the cultural
moulds Penicillium nalgiovense is important. Both
molded and non-molded sausages can often occur
in the same places and the spores of these moulds
can contaminate the non-molded sausages during
common storage or distribution. The growth of
these moulds on the surfaces of the sausages makes
them unsightly and suspicious-looking.

The effects of antifungal preparations on the
microbial growth on the surface of heat treated
dry sausages (cooked salami) are evident from
the above discussed experiment (Figures 1-4).
In a repeated experiment, we received similar
results. Natamycin can be seen as the most suit-
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Figure 6. Picture of mould grown on cooked/dry sau-
sage Vysocina after 20 days — (A) control; (B) sorban;

(C) natamycin

able preparation to suppress moulds. Although it
slows down their growth, it inhibits it fully. The
same fact is mentioned also by ZEUTHEN and
BoGH-SORENSEN (2003).

The suppression of the mould growth on the
surface of fermented sausage (Pre$porska salama)
was similar as in the case of the heat treated sau-
sages (Figure 5). Two different concentrations of
natamycin solution (0.1% and 0.2%) were used; the
difference between them in the mould suppres-
sion was minimal. For this reason, the dipping of
sausages into a natamycin solution (concentra-
tion of 0.1%) seems to be sufficient. The use of
natamycin is advantageous for such sausages as it
can not interfere with the starter bacteria as it has
no antibacterial activity (STARK 2004). Potassium
sorbate showed a smaller inhibitory effect than
natamycin. Similarly, a smaller effect of sorbate
has been found by MaToOs et al. (2007) with Por-
tuguese fermented sausages chorizo.
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CONCLUSIONS

The addition of all three agents under study
showed a positive effect on the suppression of
the mould growth on the surface of dry sausages.
Natamycin proved to be very effective in suppress-
ing the mould growth in both types of sausages
— cooked and fermented, whereas sorbate, that is
generally used to suppress the mould growth on the
dry sausages, was less effective than natamycin.

Video image analysis seems to be a very suitable
method to observe the growth of moulds on the
surface of dry sausages. The simplified method
of using only a digital camera to take pictures of
the sausage proved to be sufficient to assess the
dynamics of the moulds growth.
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