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Abstract

An evaluation and comparison was made of the microflora present in the raw material and in the cured, fermented and dried,

meat products of cattle, wild boar, deer, goat and horse. The technological process used is analogous to that for the beef product

‘bresaola’. The microbiological status of the raw material is characterised by the presence of contaminating microflora that is

common to thawed and worked meat, but in the cured, fermented and dried product there were only flora typical of processed

products. Also the aw and pH values were determinated. � 2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Growing consumer interest in foodstuffs of high
nutritional value, that guarantee a correct balance of
nutrients and, especially, hygienic conditions (Marsico,
Vicenti, Laudadio, Perelli, & De Candia, 1997a; Mars-
ico et al., 1997b; Mastrosimone, Marsico, & De Gen-
naro, 1998), has prompted interest in the meat of game,
particularly in wild species adaptable to intensive
breeding in confined areas and to breeding in extensive
farming systems where areas of marginal and poor
productivity can be utilised.
The processed meats (cured and fermented products)

of deer, wild boar and goat have, for some time, had a
place in the market alongside already widespread tra-
ditional products like the ‘bresaola’ (Cantoni & Paleari,
1989; Paleari et al., 2000; Perlasca, 1991) of beef and
horsemeat. Such products have filled a specialised, and
very localised, niche in the market, often being seasonal
due to the hunting season, e.g., for deer and wild boar,
and the need to cull animal numbers. The problem of
constant supply has been resolved by actually breeding,
and raising, deer and wild boar (Salghetti, 1991; Sal-
ghetti, 1998) to ensure their constant availability. From
the hygienic point of view such farming also gives a

better guarantee to the consumer: in fact bred animals
have fewer pathologies and parasite problems than wild
ones. Goat meat is in ready supply; goats were once
raised in small herds but nowadays medium to large
sized intensive farms have taken their place, both in the
hills and on the plains, resulting in goat meat availability
all year round (Dhanda, Taylor, Murray, & McCosker,
1999; Mastrosimone et al., 1998; Norman, 1991).
The aim of this work was to evaluate and compare,

through microbiological parameters, the hygienic state
of the raw material of cattle, horse, deer, wild boar and
goat, and of the relatively cured, fermented and dried
product prepared varying only the curing and ferment-
ing time. This variation is necessarily correlated strictly
with the size of the muscle being ‘processed’.

2. Materials and methods

2.1. Samples

The origin of the meat for the ‘bresaola’ preparation
was: beef and horsemeat from South America; meat of
deer from farms in New Zealand, that of wild boar from
extensive farming system breeding in East Europe; the
goat meat was from farms in France.
The beef and horsemeat were both frozen ready-cuts

and the meats of the deer, wild boar and goats were on
the bone and frozen.
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Raw meat. For each animal species six samples, each
of about 300 g, were taken from a production lot, vac-
uum-packed and transported in refrigerated containers
to the laboratory for analysis.

Final product. This was prepared from the same lots
of the above-mentioned raw material; six samples of
each animal species were taken at the end of the curing,
fermenting and drying.
The experiment was conducted in a small salami

factory where we used the equipment on-site.
For the processed meat the frozen cuts were first

steam-thawed until the internal temperature reached
4 �C. The cuts, boned where necessary, were tumbled
with a curing mixture (for 100 kg of meat: 2.5 kg of
sodium chloride, 120 g of dextrose, 20 g of sodium
nitrite, spices) at 2–4 �C and left for 5–7 days at 3–4 �C.
In order to speed up the overall treatment time the

samples were then put into a chamber supplied with a
very powerful fan, with the initial temperature set at
22 �C and R.H. 90%. After 24 h the fan was switched off,
the temperature reduced to 18 �C and the R.H. to 80%;
this was followed by two drying stages, one at 17 �C and
R.H. 80% for 15–30 days and the other at 14 �C and R.H.
72% for 60–120 days.Weight loss was 45–50%. The cured
product was then washed, dried and vacuum-packed.

2.2. Microbiological analysis

Standard bacteriological techniques (Merck, 1996)
were used for the microbiological analysis. The sample
was homogenised in physiological solution using a
Stomacher apparatus (mod. 400, Seward Medical,
London, UK). Serial 10-fold dilutions were prepared
and the following culture media were employed:
• Total count: Plate count agar, incubated at 30 �C for
48 h.

• Lactic acid bacteria: MRS agar, incubated at 37 �C
for 48 h, in anaerobic conditions.

• Coliforms and E. coli: Chromocult� coliform agar, at
37 �C for 24 h.

• Pathogen staphylococci: Baird–Parker agar, incu-
bated at 37 �C for 48 h.

• Clostridia: Sulphite iron agar, incubated at 37 �C for
24–48 h, in anaerobic conditions.

• Salmonella (25 g of sample): Enrichment in buffered
peptone water incubated at 37 �C for 24 h; inoculated
onto DIASALM medium plates and incubated at
42 �C for 24 h.

• Listeria monocytogenes (25 g of sample): Enrichment
in L-Palcam Listeria enrichment selective broth, at
37 �C for 24 h; inoculated in L-Palcam broth, incu-
bated at 37 �C for 24 h; smeared onto the surface
of plate RAPID’L Monocytogenes (Sanofi, cod.
63694) and incubated at 37 �C for 24–48 h.

Unless otherwise indicated all the culture media were
obtained from Merck (Darmstadt, Germany).
All the analyses were carried out in duplicate.

2.3. Determination of pH and aw

pH was measured using a pH-meter (mod. SA720
Orion Research, Boston, MA) with tip probe electrode
and aw measured using a Rotronic Hygroskop DT
equipped with a measuring station WA-40 (Rotronic
Ag, Zurich, Switzerland).

3. Results

The results of the microbiological analyses on the raw
material (Fig. 1) revealed a normal microbiological sit-

Fig. 1. Microbial load of raw material of different animal species (mean

of six samples).

Table 1

Values of pH and aw for raw material and final products of different animal species (mean� S:D: of six samples)

Mean� S:D:

Bovine Boar Deer Goat Horse

Raw material

pH 5:97� 0:07 5:75� 0:11 5:59� 0:03 6:27� 0:45 5:92� 0:06
aw 0:96� 0:01 0:97� 0:01 0:96� 0:01 0:94� 0:01 0:94� 0:01

Final product

pH 6:72� 0:09 6:30� 0:05 6:05� 0:04 6:48� 0:04 5:81� 0:15
aw 0:95� 0:01 0:90� 0:01 0:90� 0:01 0:88� 0:01 0:90� 0:02
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uation, there being the presence of flora typical of frozen
meat that has been thawed and worked. This explains
the presence of S. aureus and coliforms in all the samples
of raw materials. None of the samples showed the
presence of salmonella or L. monocytogenes.
The final products had a relatively high pH (Table 1),

not so high for horse and deer, probably due to a pro-
teolytic phenomenon generated by endo- and exo-en-
zymes coming from microorganisms responsible for
fermentation (Hammes, Bantleon, & Min, 1990; Toldr�aa,
1998).
Furthermore in the cured, fermented and dried

products (Fig. 2) it was observed that there was a no-
table numerical increase in the lactic acid bacteria, typ-
ical and predominating flora in fermentation processes
that exerts an antagonistic action on contaminating
flora. The disappearance of coliforms and pathogenic
staphylococci is also favoured by the low aw values of all
the products, with the exception of the beef bresaola
where there was less development of the lactic acid
bacteria and aw was higher (Table 1).

4. Conclusions

An evaluation of the microbiological conditions of
the raw material of the different animal species, con-
tamination being evident, prompted the possibility of
taking measures to improve the ‘working’ of the carcass
prior to freezing and during the trimming phase fol-
lowing thawing. Such measures would have a direct,
positive, fall-out on the already quite satisfactory qual-
ity of the cured, fermented and dried products.

The final products, cured, fermented and dried, have
a good degree of proteolysis, and consequently good
digestibility, and are obtained using the well-known
process used for beef ‘bresaola’.
The availability of such products throughout the

year, not just in the relative season, would lead to a
wider farming of the animals and the consumer, with
time, will come to associate authenticity and food safety
with cured, fermented and dried products of wild boar,
deer and goat.
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