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1 Introduction
For industrial meat production, it is important to increase 

the shelf life, develop different flavors, and use parts of difficult-
to-market carcass and sub-products such as the blood, stomach, 
liver and skin, which are easily marketable as a part of the 
formulation of meat products (Terra, 1998).

Fermentation is one of the oldest methods of processing 
and preserving foods (Hansen, 2002). Fermented sausages are 
characterized by their low moisture content and the resulting 
low water activity (AW) as well as the presence of lactic acid in an 
amount that imparts a distinctive and pleasant taste to the final 
product. The processing of these products by using combined 
methods of preservation imparts stability to the product when 
stored at the room temperature (Hugas & Monfort, 1997; 
Leroy et al., 2013; Fanco et al., 2002).

In last decades, studies on the physiology and genetics of 
lactic acid bacteria (LAB) microbiota in meat products have 
emphasized the importance of these bacteria as starter cultures 
and as potential economical probiotic strains (Ammor & Mayo, 
2007; Ruiz-Moyano et al., 2008).

However, the biodiversity of commercial starter cultures is 
limited. Therefore, the selection and development of new starter 
cultures from the native microbiota of sausages produced by 
spontaneous fermentation as well as their use in the production 
of sausages can result in the development of products with high 

level of hygiene and regional products with specific sensory 
characteristics (Talon et al., 2007; Cocolin et al., 2011).

LAB have adapted to the ecological niche of fermented 
meats; this fact should be considered during the selection of 
starter cultures (Hugas & Monfort, 1997; Landeta et al., 2013), 
because it shows that these bacteria are competitive with the 
native microbiota. In line with this, the aim of the present 
study was to evaluate the potential of autochthonous strains 
of Lactobacillus plantarum isolated from the microbiota of 
artisanal sausages for use as a starter culture in the production 
of Italian sausage type.

2 Material and methods
Strains of L.  plantarum 503 (Lp503) and L.  plantarum 

341 (Lp341) used in this study were isolated from artisanal 
sausage, produced by spontaneous fermentation, and selected 
in a previous study based on their technological and probiotic 
characteristics (Dalla Santa, 2008).

To evaluate the effect of these LAB strains in the production 
of Italian sausages, the treatments described in Table 1 were 
performed by using the standard formulation of Italian sausage 
type as the reference. The standard formulation was as follows: 
60% pork meat, 20% beef and 20% pork fat; with (g/kg of meat 
mixture): salt – 25; glucose –5; sucrose –5; sodium erythorbate 
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– 2.5; white pepper – 2.0; garlic – 3.0; nutmeg – 0.2 and; curing 
salts – 3.0 (Terra, 1998).

2.1 Conditions in the ripening chamber during sausage 
production

After embedding in the sausage casing with a diameter 
of 45-55 mm (Tripacon Ltda, Curitba, Brazil), salami pieces 
(approximately 25 cm in diameter) were identified and stored 
in the climate chamber (Menocin, Erechim, Brazil) according 
to the conditions described in Table 2. The samples were kept in 
the climate chamber until they achieved an AW of 0.87, which is 
the parameter for completing the production of Italian sausage 
type (Terra, 1998).

After ripening, the sausage pieces were vacuum packed 
(Selovac 200B, São Paulo, Brazil) and stored at room temperature 
(22 ± 3°C) for further characterization.

2.2 Monitoring sausage production

The sausages were analyzed at days 0, 3, 7 and 14. The 
following microorganisms were analyzed to evaluate the 
evolution of the microbiota as per the methods described by 
Silva et al. (2007): aerobic mesophilic bacteria (AMB), lactic 
acid bacteria (LAB), Staphylococcus spp., coagulase-positive 
Staphylococcus, fecal coliforms and total coliforms (TC).

The changes in the following physicochemical characteristics 
of sausages during the fermentation/maturation were 
determined as follows: (i) AW measured using the Aqualab 
CX2 (Decagon Devices Inc., Pullman, USA) (Ambrosiadis et al., 
2004), (ii) pH measured using a digital potentiometer (Requipal 
RQ 210; Curitiba, Brazil) (Samelis et al, 1994), and (iii) weight 
loss estimated by a gravimetric method (Gehaka, São Paulo, 
Brazil) by measuring the difference between the initial weight 
and the final weight of the sausage pieces (Macedo et al., 2008).

2.3 Physicochemical characterization of sausages

After manufacturing, the physicochemical characterization of 
sausages was performed to verify the product conformance with the 
quality standards of Italian sausage (Brasil, 2000). Determinations 
of AW (Ambrosiadis et al., 2004) and contents of moisture, protein 
(AOAC, 2000) and fat (Bligh & Dyer, 1959) were performed.

2.4 Analysis of results

The data obtained during sausage processing were 
submitted to the calculation of mean, standard deviation and 
variance analysis. Tukey’s test was performed for comparison 

of the mean differences among samples (p<0.05). Statistical 
analysis was performed by using the GraphPad Prism 4.00.255 
software (GraphPad Software, Inc.). The data represent the 
mean of triplicates.

3 Results and discussion
3.1 Changes in the microbiota during sausage production

The results of microbiological analyses of sausage during 
fermentation/maturation are presented in Table 3. The initial 
population (day 0) of AMB in the control group was lower than 
that in the treatment group; it was also lower than the initial 
population of LAB (p<0.05). This result reflects the higher 
counts of LAB in treatments 2 and 3 as compared to those in 
the control. In all treatment groups, the population of AMB 
increased during the processing of sausages, with >8 log CFU.g−1 
count on day 3 of fermentation, and remaining at that level until 
day 14 in the control and treatment 2.

Characterization studies of sausages produced from 
spontaneous fermentation from Greece, Italy and Spain, 
reported an AMB count in the final product of approximately 
8 log CFU.g−1 (Samelis  et  al., 1994; Mauriello  et  al., 2004; 
Moretti  et al., 2004; Comi et al., 2005; Drosinos et al., 2005; 
Cenci-Goga et al., 2012).

In addition, the LAB count increased rapidly in all 
treatments, reaching the maximum value on day 3 (Table 2) 
and remaining at that value until the end of ripeness of sausage. 
These results corroborate with those described by Herranz et al. 
(2004), Cenci-Goga et al. (2008) and Zdolec et al. (2008).

The adaptation of the bacterial strains to the meat 
environment and the meat processing conditions may 
have mainly contributed to the fast multiplication of these 
microorganisms in the meat mixture. The rapid growth of LAB 
is important for the production of sausages, because it leads to 
sugar metabolization with consequent formation of organic 

Table 1. Treatments for testing the effect of Lactobacillus plantarum 503 (Lp503) and Lactobacillus plantarum 341 (Lp341) in the production of 
Italian sausage.

Treatment 1 
(Control)

Standard formulation added of starter culture Floracarn SPX (Hansen Ind. e Com Ltda, Valinhos, Brazil) containing Pediococcus 
pentosaceus and Staphylococcus xylosus

Treatment 2 
(Lp503)

Standard formulation added of starter cultures of Lactobacillus plantarum 503 (7 log CFU.g−1 of sausage) and the commercial culture 
Floracarn SX (Hansen Ind. e Com Ltda, Valinhos, Brazil) containing Staphylococcus xylosus

Treatment 3 
(Lp341)

Standard formulation added of starter cultures of Lactobacillus plantarum 341 (7 log CFU.g−1 of sausage) and the commercial culture 
Floracarn SX (Hansen Ind. e Com Ltda, Valinhos, Brazil) containing Staphylococcus xylosus

Table 2. Climatic conditions in the chamber during sausage production.

Time (days) Temperature (°C) Relative humidity (%)
1 25 95
2 24 93
3 23 90
4 22 85
5 21 80
6 20 75

7-14 18 75
Fonte: Terra (1998).
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acids, mainly lactic acid, which decreases the pH of the sausage. 
The decrease of pH is essential in sausage processing, because it 
contributes to the development of characteristic flavor, color and 
aroma, as well as to the microbiological stability of the product 
(Hammes et al., 1990; Hugas & Monfort, 1997).

In artisan sausages produced in various countries, prepared 
without starter cultures, LAB are the dominant microorganisms 
during the fermentation, usually exceeding 8 log CFU.g−1 in ripe 
sausage (Comi et al., 2005; Drosinos et al., 2005; Greco et al., 
2005; Zhao  et  al., 2011; Rubio  et  al., 2014). However, some 
studies have reported lactic population of <8 log CFU.g−1 after 
achieving ripeness (Sanz et al., 1997; Ansorena et al., 2002; Dalla 
Santa et al., 2012). The lactic acid population of sausage slowly 
reduces during storage (Comi et al., 2005; Drosinos et al., 2005; 
Greco et al., 2005; Zhao et al., 2011; Rubio et al., 2014).

Lebert et al. (2007) reported an LAB count of 6.5 and 7.9 log 
CFU.g−1 in handmade fermented sausages obtained from two 
small food factories in France. Macedo et al. (2008) reported an 
LAB count of >8 log CFU.g−1 in sausages prepared with probiotic 
cultures after 150 days of storage under refrigeration.

Like the LAB population, the CNS population in the control 
group was lower than that in the treatment groups at day 0 (p<0.05). 
However, at day 3 of fermentation, the population increased to 3 
log CFU.g–1 and remained stable at that value until ripeness was 
achieved on day 14; the final population of this bacterium was 
higher in the control group than in the treatment groups (p<0.05). 
In sausages prepared with the starter cultures Lp503 and Lp341, the 
CNS populations were similar at day 0 and day 14; however, the 
population was higher (p<0.05) on days 3 and 7 of fermentation 
with the starter culture Lp341. These results can be attributed to 
the lower pH in these sausage samples as compared to that in the 
controls (Table 4) as well as to the high population of L. plantarum 

strains used as the starter culture in treatments 2 and 3. The limited 
growth of Staphylococcus spp. could have been due to its low 
competitiveness against active growth of LAB (Sanz et al., 1997; 
Papamanoli et al., 2002; Mauriello et al., 2004; Drosinos et al., 2005).

The limited growth of CNS in sausages may affect the quality 
of the final products. These microorganisms are associated with 
color development and reduced lipid oxidation, as well as with 
the development of characteristic flavor of sausages caused by 
the action of lipases and proteases (Søndergaard & Stahnke, 
2002). However, the color of the sausages in treatments 2 and 
3 was similar to that of the control (data not shown).

Even in sausages produced without using starter cultures, 
the amount of Micrococcaceae is variable. However, the 
population of these microorganisms in the final product is 
usually >4 log CFU.g−1 (Samelis  et  al., 1994; Coppola  et  al., 
2000; Gardini  et  al., 2002; Comi  et  al., 2005). In addition, a 
Micrococcaceae population of <4 log CFU.g−1 has been reported 
(Papamanoli et al., 2002; Drosinos et al., 2005).

Lebert et al. (2007) studied the diversity of microorganisms 
in traditional fermented sausages produced by small industries 
in France and found that the initial amount of Staphylococcus 
was approximately 4.2 log CFU.g−1. The population of these 
microorganisms increased to 5.4 and 6.5 log CFU.g−1 during 
and at the end of fermentation, respectively.

In this study, coagulase-positive Staphylococcus 
(<10  CFU g−1) were not detected in the sausage samples, which 
is in accordance with the standards established by the Brazilian 
legislation (Brasil, 2001).

The initial count of TC (Table 3) was higher in the control 
and in treatment 2 groups (p<0.05). During the fermentation 
period (until day 7), a decrease in the population of these 

Table 3. The mean values and standard deviation of the counts of aerobic mesophilic bacteria (AMB), lactic acid bacteria (LAB), coagulase-
negative Staphylococcus (CNS) and total coliforms (TC) in the samples of Italian sausage (n=3).

Analysis Time (day)
Treatments

Control SPX 2 - Lp503 3 - Lp314
AMB (log UFC.g–1) 0 4.88 ± 0.35b 7.03 ± 0.46a 5.88 ± 0.15a

3 8.53 ± 0.07a 8.63 ± 0.08a 8.06 ± 0.06a

7 8.92 ± 0.06a 8.68 ± 0.14a 7.75 ± 0.10a

14 8.98 ± 0.12a 8.12 ± 0.28a 7.55 ± 0.27a

LAB (log UFC.g–1) 0 6.08 ± 0.06b 7.34 ± 0.60a 6.91 ± 0.04a

3 8.99 ± 0.06a 8.63 ± 0.05b 8.69 ± 0.08ab

7 8.73 ± 0.06a 8.92 ± 0.26a 8.55 ± 0.10a

14 9.01 ± 0.05a 8.12 ± 0.22b 8.65 ± 0.12ab

CNS (log UFC.g–1) 0 3.51 ± 0.54b 5.20 ± 0.41a 4.72 ± 0.10a

3 6.73 ± 0.04a 4.27 ± 0.10c 5.59 ± 0.38b

7 7.11 ± 0.06a 2.33 ± 1.56c 4.99 ± 0.25b

14 6.49 ± 0.08a 2.59 ± 2.21b 2.01 ± 2.32b

TC (log UFC.g–1) 0 3.36 ± 0.04a 2.97 ± 0.45a 2.44 ± 0.20b

3 1.33 ± 1.04a <1.00 <1.00
7 <1.00 <1.00 <1.00

14 <1.00 <1.00 <1.00
The values indicated with the same letter in the same line are not significantly different (p<0.05). Control SPX - Sausages prepared with the starter culture Floracarn SPX containing 
Pediococcus pentosaceus and Staphylococcus xylosus; Treatment 2 - Lp503 - Sausages prepared with the starter cultures Lp503 and S. xylosus; Treatment 3 - Lp314 - Sausages prepared 
with the starter cultures Lp341 and S. xylosus.
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microorganisms to values <1.00 log CFU.g−1 was noted. 
The progressive reduction in the population of TC during 
fermentation confirmed the competitive superiority of LAB 
over the endogenous microbiota as well as that coliform 
bacteria do not grow well at low pH. This phenomenon occurs 
in sausages prepared with the addition of starter cultures and 
in those produced by spontaneous fermentation (Sanz et al., 
1997; González-Fernández et al., 2003; Drosinos et al., 2005; 
Cenci-Goga et al., 2012).

In fermented sausages produced by nine small industries in 
France, the population of Enterobacteriaceae was approximately 
4.0 log CFU.g−1; this count increased slightly during fermentation 
and then remained constant at approximately 4.3 log CFU.g−1. 
After achieving ripeness, the population of these microorganisms 
decreased to approximately 2.3 log CFU.g−1 (Lebert et al., 2007).

The main representative of fecal coliforms is Escherichia 
coli, which primarily inhabits the intestinal tract of humans 
and animals, and its detection in a sample indicates fecal 
contamination (Franco & Landgraf, 2007). In sausages produced 
in this study, the presence of fecal coliforms (<10 CFU.g−1) was 
not observed, which confirms the significance of using raw 
materials of appropriate quality and of sanitary processing 
conditions. Thus, the sausages produced in this study were 
in accordance with the standards established by the Brazilian 
legislation (Brasil, 2001).

3.2 Physicochemical changes during processing of sausage

The initial pH value of sausages was similar in all treatments 
(Table 4). After 3 days of fermentation, the pH of sausages of all 
treatments reached values below 4.4, whereas treatment 2 differ 
from control. From the 7th day until the end of processing, 
the treatments added with strains of L.  plantarum showed 
pH values lower than control, reaching values below 4.5 after 
ripeness. Reducing the pH of sausages depends on the type of 
starter culture used. L. plantarum strains tested showed higher 
fermentative activity in sausages compared to commercial lactic 

strain (P. pentosaceus), was observed most acidifying capacity for 
Lp503 strain. Differences in the ability of salamis acidification 
with the use of different starter cultures have also been observed 
in other studies (Erkkilä et al., 2001; González-Fernández et al., 
2003; Komprda et al., 2004; Bedia et al., 2011).

Corroborating the results of other authors (Samelis et al., 
1994; Gardini et al., 2002; Greco et al., 2005; Campagnol et al., 
2007) was a slight increase in pH of the sausages of all 
treatments in maturation stage, after the 7th day of processing. 
Fact attributed to the increased proteolytic activity, with the 
formation of peptides, amino acids and non-protein nitrogen 
compounds (Sanz et al., 1997; Fanco et al., 2002; Herranz et al., 
2004; Durá et al., 2004).

In general, the final pH of the fermented sausages in 
several countries is highly variable, with an average value of 
approximately 5.0 (Samelis  et  al., 1994; Lorenzo et  al., 2000; 
Ansorena  et  al., 2002; Fanco  et  al., 2002; Comi  et  al., 2005; 
Drosinos et al., 2005; Greco et al., 2005; Dalla Santa et al., 2006; 
Lebert et al., 2007; Holko et al., 2013). In this study, the final pH 
value of the sausages for all the treatments was approximately 
4.5, which is less than the average value reported in the literature.

According to the established quality standards for sausages 
(Brasil, 2000), the maximum acceptable value of AW for Italian 
sausage type is 0.90. Therefore, the processing of sausages can 
only be stopped when the AW of the product reaches the value 
of 0.90.

During the first 3 days of processing of the sausages, a small 
reduction in the aw was noted, which reflected the conditions 
of relative humidity >90% in the climate chamber. Relative 
humidity is one of the factors that affect the rate of dehydration 
of sausages. In addition, during the maturation of sausages (from 
7 to 14 days of fermentation), the humidity of the chamber was 
reduced to 75% in order to facilitate the process of dehydration 
and, consequently, for the reduction of the AW of sausages, 
which reached to values <0.90 in all treatments at the end of 
the ripeness stage.

Table 4. Mean values and standard deviation of the evolution of pH, aw and weight loss during the sausages production (n=3).

Time (days)
Treatment

Control SPX 2 - Lp503 3 - Lp314
pH 0 5.80 ± 0.00a 5.80 ± 0.00a 5.77 ± 0.06a

3 4.37 ± 0.04a 4.16 ± 0.01b 4.33 ± 0.01a

7 4.55 ± 0.02a 4.22 ± 0.02b 4.35 ± 0.12b

14 4.54 ± 0.01a 4.31 ± 0.01c 4.40 ± 0.02b

aw 0 0.98 ± 0.00b 0.98 ± 0.00b 0.99 ± 0.00a

3 0.97 ± 0.00b 0.97 ± 0.00b 0.98 ± 0.00a

7 0.94 ± 0.00a 0.94 ± 0.00a 0.94 ± 0.00a

14 0.87 ± 0.01b 0.87 ± 0.00b 0.89 ± 0.00a

Weight loss (%) 0 - - -
3 11.28 ± 1.27a 12.14 ± 2.31a 10.02 ± 1.20a

7 27.97 ± 1.07a 29.92 ± 8.14a 27.02 ±0.98a

14 37.59 ± 0.66a 40.41 ± 0.78a 37.55 ± 0.52a

The values indicated with the same letter in the same line are not significantly different (p<0.05). Control SPX - Sausages prepared with the starter culture Floracarn SPX containing 
Pediococcus pentosaceus and Staphylococcus xylosus; Treatment 2 - Lp503 - Sausages prepared with the starter cultures Lp503 and S. xylosus; Treatment 3 - Lp314 - Sausages prepared 
with the starter cultures Lp341 and S. xylosus.
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The reduction in the AW of sausages is also associated with 
the decrease in pH. When the pH approaches the isoelectric 
point of the myofibrillar proteins of meat (5.3-5.5), the water-
retention capability also decreases, facilitating dehydration and, 
consequently, reducing the AW of sausages (Mauriello et al., 
2004).

Considering the loss of weight of sausages, there was no 
significant difference between treatments (p<0.05) at all time 
periods of evaluation, although treatment 2 samples showed 
lower pH values, which influenced the loss of weight of products.

The loss of weight of sausages in this study (37.55-40.41%) 
was similar to that reported by Campos (2002), who observed 
loss of weight at the end of processing of Italian sausage type at 
37.9-40.7%. Macedo et al. (2008) reported values of weight loss 
at 30.46-38.18% in sausages prepared with probiotic cultures.

Reduction in the water content of sausages during the 
maturation period is a major factor that contributes to the 
texture of the final product (Fernández et al., 2000). During 
this period, the development of flavor of sausages also occurs 
as a result of chemical and biochemical reactions that involve 
proteins, fats and carbohydrates (Hansen, 2002). Moreover, 
the reduction in the AW of maturing sausages limits the 
development of spoilage-causing and pathogenic bacteria, which 
increases the stability and security of the final food product 
(Hugas & Monfort, 1997).

3.3 Physicochemical characteristics of sausages after 
processing

The water content of sausages differed significantly (p<0.05) 
among the treatments (Table 5). Treatment 3 sample showed 
higher moisture content and higher AW compared to other 
samples. However, these values were in accordance to the 
standard requirements of the technical regulation of identity 
and quality of Italian sausage type (Brasil, 2000), which specifies 
a maximum AW of 0.90 value and 35% moisture content. The 
values in this study were generally lower than those reported in 
other studies. Macedo et al. (2008) obtained moisture content 
of 36.55-42.54% for sausages produced with probiotic cultures. 
Similar results were reported for sausages produced by Campos 
(2002), with the moisture content ranging from 38.7% to 43.6%. 
In a study to characterize the typical sausage of Spain (Androlla), 
Lorenzo et al. (2000) reported a moisture content of 28.9-55.1%.

Difference in the protein content was observed among 
treatments (p<0.05), but the values were similar (27.02-28.79%) 
and more than the minimum content of protein (25%) 
established by the Brazilian legislation for Italian sausage type 
(Brasil, 2000).

The fat content of sausages did not show a significant 
difference between the control and treatment groups (p<0.05); 
however, the control and treatment 2 groups had slightly more 
fat content (up to 32%) than the standard limit (Brasil, 2000).

4 Conclusions
Strains Lp503 and Lp341 are potential candidates for use 

as starter cultures in the production of Italian sausage type. 
The population of LAB in sausages was >8 log CFU.g−1 during 
fermentation, which led to a decrease in the pH value to <4.5. 
The acidification and the AW value of <0.90 ensures the safety 
and preservation of sausages during storage. Sausages produced 
with Lp503 and Lp341 starter cultures are in accordance with 
the requirements for microbiological quality and chemical 
composition for Italian sausage type with the established 
standards. Our results suggest the possibility of using these 
starter cultures for the production of sausages to impart peculiar 
characteristics to the final product, giving it a unique identity.
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