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This study applied restriction fragment length polymorphism (RFLP) analysis to identify the lactic acid bacteria
(LAB) isolated from “mum” Thai fermented sausages during fermentation and storage. A total of 630 lactic acid
bacteria were isolated from the sausages prepared using 2 methods. In Method 1, after stuffing, the sausages
were stored at 30 °C for 14 days. In Method 2, after stuffing and storage at 30 °C for 3 days, the sausages were
vacuum-packed and stored at 4 °C until Day 28. The sausageswere sampled on Days 0, 3, 14, and 28 for analyses.
The 16S rDNAwas amplified and digested using restriction enzymes. Of the restriction enzymes evaluated, Dde I
displayed the highest discrimination capacity. The LABwere classified and 7 species were identified ForMethods
1 and 2, during fermentation, the Lactobacillus sakei and Lactobacillus plantarum species were dominant. For
Method 2, the proportion of Leuconostoc mesenteroides markedly increased during storage, until L. sakei and Ln.
mesenteroides represented the dominant species. The identification of LAB in the sausage samples could facilitate
the selection of appropriate microorganisms for candidate starter cultures for future controlledmumproduction.

© 2014 Elsevier B.V. All rights reserved.
1. Introduction

“Mum,” a traditional Thai fermented sausage, is widely produced
and commonly consumed in the northeastern region of Thailand.
During the preparation process, ingredients such as beef, liver, spleen,
ground-roasted rice, salt, and garlic are mixed and stuffed into a natural
casing, and subsequently stored at room temperature for 2 or 3 days for
the development of the appropriate sour flavor (Thai Industrial
Standards Institute, 2003). Traditionally, mum sausage is produced
using naturally occurring lactic acid bacteria (LAB), often resulting in
products with inconsistent qualities. These microfloras might consist
of microorganisms beneficial to the development of the fermentation
flavor and the product texture; however, they might also include spoil-
age species or pathogenic microorganisms (Talon et al., 2007). The raw
materials used, the manufacturing techniques, and the agroecosystem
of the area of production can all influence the specific characteristics
and qualities of the final products (Albano et al., 2007). Therefore,
understanding the microbial ecology of the fermented products is
886 4 22860265.
critical for the evaluation of the physicochemical and sensory changes
during fermentation and maturation (Comi et al., 2005).

Lactobacilli, Pediococci, and Micrococci are the most commonly
occurring bacteria in Thai fermented meat products; however, the spe-
cific influence of these bacteria on product quality has not yet to be fully
elucidated (Thiravattanamontri et al., 1998). LAB cultures could ensure
greater consistency in the quality and safety of products by inactivating
spoilage and pathogenic microorganisms as a result of competitive
growth and organic acid production, mainly lactic acid (Ammor and
Mayo, 2007). Lactobacillus is commonly present as a dominant species
in fermented food and selectively used as a starter culture to improve
texture, flavor, taste, and aroma (Bernardeau et al., 2006). Additionally,
LAB can also produce some bacteriocins which can be used as natural
food preservatives to prevent the growth of pathogens in fermented
meat product (Noonpakdee et al., 2003). Probiotic strains of lactobacilli
were generally considered as beneficial probiotic organismswhich pro-
vide consumers a health benefit (Bernardeau et al., 2008). Many advan-
tages, such as being well adapted to the ecology of meat fermentation,
against bacteria contamination and absence of decarboxylase activity
to obtain fermented sausages free from biogenic amines have been il-
lustrated (Leroy et al., 2006; Latorre-Moratall et al., 2012; Stadnik and
Dolatowski, 2010). Talon et al. (2008) commented that the LAB
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originating from fermented meats could be used as starter cultures;
however, before being selected as a starter culture for food
fermentation, the microorganism should be assessed to determine if it
exhibits some undesirable properties, such as opportunistic infections,
productions of toxic metabolites and antibiotic resistance (Bourdichon
et al., 2012). Improving the qualities of the mum sausage products,
and extending their shelf-lives, is of considerable benefit and interest
to mum manufacturers to fulfill consumer demands and potentially
increase the market. Because of certain unique properties of L. sakei
and L. plantarum, such as superior proteolytic abilities, influence on
flavor development, and pH-reducing effects, these bacterial species
are frequently used as starter cultures during the manufacturing of
fermented products (Sriphochanart and Skolpap, 2010).

Because of the crucial role of LAB in meat fermentation, the identifi-
cation of suitable starter LAB cultures becomes very critical. Previous
studies have applied molecular techniques, based on DNA or
RNA sequences, for accurate and efficient microbial identification.
Polymerase chain reaction linkedwith restriction fragment length poly-
morphism analyses (PCR-RFLP) has been applied to differentiate LAB in
several studies (Chenoll et al., 2003; Christensen et al., 2004; Claisse
et al., 2007; Yanagida et al., 2008). In our study, we aimed to (1) identify
thedominant LAB species and evaluate the variations in LAB community
composition in Thai fermented (mum) sausages manufactured using
the conventional processing method (stored at 30 °C until Day 14) or
a modified processing method (fermented at 30 °C until Day 3, then
vacuum-packed and stored at 4 °C until Day 28), and (2) evaluate
the feasibilities and efficiencies of restriction enzymes used for the
differentiation of the LAB in restriction fragment length fragment
polymorphism (RFLP) analysis.

2. Materials and methods

2.1. Sausage preparation and sampling

Sausage preparation was conducted according to the methods
of Wanangkarn et al. (2012). Freshly-manufactured mum sausages,
prepared using conventional techniques by mixing minced beef (60%
w/w), minced bovine liver (15% w/w), minced spleen (15% w/w),
roasted rice powder (4.2% w/w), garlic (4.2% w/w), salt (1.6% w/w),
and spices and seasonings (trace amounts), and then stuffing the mix-
ture into bovine intestine casings (approximately 3.0 cm in diameter,
15 cm in length, weighing 250–300 g each), were collected from a
local meat factory (Chaiyaphum, Thailand) for three times during
03/2010–05/2010 with three replicates. Samples were stored in a
temperature-insulated container and transported to the laboratory
within 4 h and further processed using 2 methods. In Method 1, the
conventionalmethod, after collection, the sausageswere hungvertically
on stainless steel hangers at 30 ± 2 °C and 65% ± 2% relative humidity
until Day 14without any packaging. InMethod 2, themodifiedmethod,
after collection, the sausages were hung vertically on stainless steel
hangers at 30 ± 2 °C and 65% ± 2% relative humidity until Day 3.
They were then vacuum-packed (laminated nylon/LLDPE, Chun I
Gravure Co., Ltd, Taichung, Taiwan), and stored at 4 °C until Day 28.
The sausages were sampled on Day 0 (after stuffing), Day 3 (end-
fermentation), Day 14 (end-ripening), andDay 28 (storage) for analyses
(Gonzalez-Fernandez et al., 2006; Wanangkarn et al., 2012).

2.2. Isolation of the LAB

Samples (25 g) were aseptically placed in sterile bags, each
containing 225 mL of a 0.85% NaCl solution, and homogenized using a
stomacher (Oskon Co., Ltd, Thailand) for 2 min. Serial dilutions were
prepared and poured into a Man Rogosa Sharpe (MRS) agar (Merck,
Dram Stadt, Germany), and incubated at 37 °C for 48 h in an anaerobic
jar (BBL GasPak System, USA) (APHA, 2001). A total of 630 lactic acid
bacteria [3 sampling times (03/2010–05/2010) × 3 replicates × 10
colonies × 7 stages (Days 0, 3, and 14 for Method 1 and Days 0, 3, 14
and 28 for Method 2)] were sampled. At each stage, 90 colonies with a
clear-zone surrounding were randomly selected using the Harrison
disc method (Harrigan, 1998), and purified by successive streaking on
MRS agar plates. The selected colonies were transferred to a MRS
broth and stored as liquid cultures with 30% (v/v) glycerol as a cryopro-
tectant at−80 °C prior to molecular analysis (Papamanoli et al., 2003).

2.3. Extraction and preparation of genomic DNA from LAB isolates

The LAB isolates were cultured in the MRS broth at 30 °C for 12 h.
Genomic DNA of the isolates was then extracted using a GF-1 bacterial
DNA extraction kit (Vivantis Technologies, Selangor DarulEhsan,
Malaysia) according to the manufacturer's instructions. The extracted
genomic DNA from each LAB isolate was analyzed using horizontal
gel electrophoresis (Bio-RAD, CA, USA) with a 1.5% (w/v) agarose
containing 0.5 μg/mL ethidium bromide in a 1 × Tris-borate-EDTA
(TBE) buffer at 100 V for 20 min. The gel was visualized and
photographed using an ultraviolet transilluminator (ChemiDoc™ MP
System, Bio-RAD, CA, USA). The DNA concentration and purity were
also determined using a spectrophotometer (NanoDrop 2000, Thermo
Fisher Scientific, Wilmington, DE, USA). The DNA preparations were
stored at−20 °C until use.

2.4. Amplification of the 16S rDNA of LAB isolates

The DNA from the −20 °C stock was diluted to 100 ng/μL using
nuclease-free double-distilled water. The 16S rDNA fragment was
amplified using the PCR, with a universal primer set containing BSF8/
20 (5′-AGAGTTTGATCCTGGCTCAG-3′) as a forward primer and REVB
(5′-GGTTACCTTGTTACGACTT-3′) as a reverse primer (Weisburg et al.,
1991), in a PTC-200 Thermo Cycler (MJ Research Inc, Watertown, MA,
USA). All reagents used during PCR amplification were purchased
from Fermentas International Inc. (Ontario, Canada). The amplifications
were performed in 50 μL reaction volumes, and each PCR reaction mix-
ture consisted of 250 μMof each dNTP, 10 μMof each primer (BioDesign
Co., Ltd, Pathumthani, Thailand), 50 mM of MgCl2, 5 μL of a 10× PCR
buffer, 5 U Taq polymerase, and 5 μL of the template DNA. The thermal
cycling included an initial denaturation step at 95 °C for 3min, 35 cycles
of denaturation at 94 °C for 1 min, an annealing step at 50 °C for 1 min,
an extension step at 72 °C for 2 min, and a final extension at 72 °C for
10 min. The PCR products were analyzed using 1.5% (w/v) agarose gel
electrophoresis. The gel was visualized and photographed using the
ultraviolet transilluminator.

2.5. Restriction analyses of the 16S rDNA PCR products

The 16S rDNA PCR product from each LAB isolate was cleaved using
an individual restriction endonuclease enzyme: Dde I (C/TNAG), Alu I
(AG/CT), Mse I (TT/AA), or Aci I (AA/CGTT), according to the methods
by Bonomo et al. (2008), Claisse et al. (2007), and Rodas et al. (2003).
Following the procedures specified by Fermentas International Inc.
(Ontario, Canada), the restriction endonuclease reaction mixture was
mixed gently and spun down for a few seconds. The reaction mixture
was then incubated at 37 °C for 3 h and the restriction patterns were
analyzed using 2% (w/v) agarose gels in 1× TBE buffer at 100 V for
45 min [horizontal gel electrophoresis (Bio-RAD, California, USA)]
with a DNA ladder (GeneRulerTM 100 bp DNA ladder). The gel was
visualized and photographed using the ultraviolet transilluminator.

2.6. 16S rDNA sequencing

A representative of each RFLP pattern group was randomly selected
for sequence analysis. Prior to sequencing, the 16S rDNA was purified
using a QIAquick PCR Purification Kit/250 (QIAGEN GmbH, Hilden,
Germany). The same primers used in the amplification steps were
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used for the sequencing of both strands of the PCR products. The
sequencing reactions were analyzed using aMegaBACE 1000 sequencer
(BioDesign Co., Ltd, Pathumthani, Thailand). The isolates were identi-
fied through a search of the GenBank DNA database (http://www.ncbi.
nlm.nih.gov/BLAST) using the basic local alignment search tool
(BLAST). The phylogenetic and molecular evolutionary analyses were
conductedwith theMEGA software, using the neighbor-joiningmethod
and the Kimura 2-parameter model with 1000 bootstrap replicates for
the construction of distance-based trees (Antara et al., 2002).

3. Results and discussion

3.1. Extraction of genomic DNA and amplification of the 16S rDNA of
LAB isolates

In this study, we randomly selected the LAB isolates from the agar
plates and subjected them to molecular analysis, with each colony pro-
viding DNA templates to obtain 16S rDNA amplification fragments
(Fig. 1). We extracted the genomic DNA from the LAB isolates using
commercially available DNA extraction kits (Atshan and Shamsudin,
2011), and subjected all DNA samples to PCR amplification, using
universal BSF8/20 and REVB primers to amplify the 16S rDNA. As
shown in Fig. 1(b), we positively identified a PCR amplification product
of approximately 1500 bp, which supported the results of previous
studies (Rattanachomsri et al., 2011; Shukla and Goyal, 2011; Singh
and Ramesh, 2009).

3.2. Restriction analyses of the 16S rDNA PCR products

We classified the 16S rDNA amplification fragments of the LAB
isolates using RFLP analysis with an individual restriction enzyme
(Aci I, Alu I, Mse I, or Dde I). As shown in Fig. 2(a), we observed that
the Aci I restriction enzyme did not cleave the 16s rDNA into small frag-
ments and was unable to distinguish the LAB isolated from the mum
sausages. Similarly, among several digestion enzymes evaluated, Hsieh
et al. (2010) observed that Aci I did not cleave the PCR products or
differentiate the bacteria isolated from dry-dressed fish fillets. Claisse
et al. (2007) also reported that a single Aci I enzyme was unable
to distinguish Lactobacillus species from other LAB rods. The ineffective-
ness of Aci I for DNA cleavage could be related to its recognition
sequence (AA/CGTT), which has 6 nucleotides, whereas the other
restriction enzymes (i.e., Alu I, Mse I, and Dde I) contain 4 or 5 nucleo-
tides (Bonomo et al., 2008; Claisse et al., 2007).

In a study by Rodas et al. (2003), Alu I was able to discriminate
L. plantarum and Pediococcus pentosaceus. In our study, as shown
in Fig. 2(b), we observed 5 restriction patterns when using Alu I for
digestion. Among them, we distinguished 4 profiles (in lanes A, B, D,
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Fig. 1. Electrophoretic analysis of (a) DNA extracts on 1.5% agarose gel from lactic acid bacteri
100 bp ladder. Lane M:MW ladder (100 bp); lane A: L. plantarum; lane B: L. sakei; lane C: L. ferm
and F, identified as L. plantarum, L. sakei, Lactobacillus brevis, and Ln.
mesenteroides, respectively, using sequence analysis). However, we
were unable to distinguish the restriction profiles of lanes C, E, and G
(i.e., Lactobacillus fermentum, Pediococcus pentosaceus, and Lactococcus
lactis, respectively). Christensen et al. (2004) used Alu I to identify
Lactobacillus spp. when developing a rapid assay for the diagnosis of
Lactobacillus bacteremia. Yanagida et al. (2008) isolated and character-
ized LAB from koshu vineyards in Japan, reporting the successful
discrimination of L. plantarum, Lc. lactis, and P. pentosaceus, using 16S
rDNA RFLP and Alu I for digestion. In our study, when using Alu I
for digestion, L. plantarum (lane A) could be differentiated from
P. pentosaceus (lane E) and Lc. lactis (lane G); however, P. pentosaceus
(lane E) and Lc. lactis (lane G) could not be distinguished. Variations in
the microbial strains evaluated could have caused the differing results
among our and previous studies. Mainville et al. (2006) also suggested
that RFLP analysis might be unable to detect minute differences in
genetic loci, thus leading to limited discrimination among the LAB
strains evaluated.

In our study, as shown in Fig. 2(c), the 16s rDNA amplified products
of LAB digested by Mse I generated 7 characteristic profiles. However,
this digestion enzyme was associated with disadvantages because of
the presence of certain ambiguous bands on gels. Rodas et al. (2003)
reported that the Mse I restriction enzyme provided a high discrimina-
tion capacity for the differentiation of the Lactobacillus and Pediococcus
genera. Using 16S-ARDRA analyses and Mse I for digestion, they were
able to distinguish L. plantarum and L. sakei. In our study, as shown in
Fig. 2(d), the discrimination capacity of the Dde I restriction enzyme
was superior to those of the other evaluated enzymes, including Alu I,
which was unable to distinguish L. fermentum, P. pentosaceus, and Lc.
lactis. Dde I was able to differentiate the 7 LAB isolated from the mum
sausages, later identified as L. sakei, L. plantarum, Ln. mesenteroides,
L. brevis, L. fermentum, P. pentosaceus, and Lc. lactis (Table 1). Similarly,
Bonomo et al. (2008) reported that Dde I was able to distinguish 6 LAB
isolated from traditional Italian fermented sausages, including L. sakei,
L. plantarum, L. brevis, and P. pentosaceus. In a study conducted by
Chenoll et al. (2003), ARDRA-Dde I provided the highest discrimination
ability for species of the Lactobacillus genus. They showed that themax-
imum level of species differentiation among the Pediococcus genus
could be achieved when using the Dde I for the restriction of intergenic
spacer region (ISR).
3.3. Sequencing of the 16S rDNA gene for LAB identification

In this study, we selected 7 representative RFLP band patterns,
digested using Dde I, for further sequencing. We aligned the sequences
of the 16S rDNA of the LAB according to their identities and compared
them with the DNA sequences deposited in the GenBank database
(b) M   A    B    C     D    E    F G
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a (b) PCR products on 1.5% agarose gel from lactic acid bacteria. Lane M: MW marker Bio
entum; lane D: L. brevis; lane E: P. pentosaceus; lane F: Ln. mesenteroides; lane G: Lc. lactis.
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Fig. 2.RFLP patterns obtained fromdigestionwith different restriction enzymes (a)Aci I, (b) Alu I, (c)Mse I and (d)Dde I. LaneM:MWladder (100 bp); laneA: L. plantarum; laneB: L. sakei;
lane C: L. fermentum; lane D: L. brevis; lane E: P. pentosaceus; lane F: Ln. mesenteroides; lane G: Lc. lactis.
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(http://www.ncbi.nlm.nih.gov) by using the BLAST algorithm. Table 1
shows the identity percentages of the LAB species compared with
those in the database and the provided GenBank accession numbers.
We identified the 7 LAB species as L. plantarum, L. sakei, L. fermentum,
L. brevis, P. pentosaceus, Ln. mesenteroides, and Lc. lactis (Table 1),which
are the LAB that commonly occur in a variety of Thai fermented food
products (Tanasupawat, 2009). The results from 16S rDNA sequencing
also indicated that lanes A, B, C, D, E, and G showed close alignment
with L. plantarum (98% identity), L. sakei (98% identity), L. fermentum
(98% identity), L. brevis (98% identity), P. pentosaceus (97% identity), Ln.
mesenteroides (99% identity), and Lc. lactis (99% identity), respectively.
In this study, a total of 630 lactic acid bacteria were isolated including
L. sakei (189 isolates, 30%), L. plantarum (156 isolates, 24.76%), Ln.
mesenteroides (84 isolates, 13.33%), L. brevis (75 isolates, 11.90%),
P. pentosaceus (48 isolates, 7.62%), Lc. lactis (48 isolates, 7.62%), and
L. fermentum (30 isolates, 4.76%). In this study, we used the neighbor-
joining method and the kimura2-parameter model to determine the
phylogenetic relationships among the aligned 16S rDNA sequences of
representative and reference strains (Fig. 3). Ennahar et al. (2003) men-
tioned that the phylogenetic trees based on the 16S rDNA sequences
from various LAB isolates showed high consistency. In our study, the
Table 1
RFLP patterns and identification of lactic acid bacteria isolated from samples during processing

RFLP pattern group a Closest relative % identity

A Lactobacillus plantarum 98
B Lactobacillus sakei 98
C Lactobacillus fermentum 98
D Lactobacillus brevis 98
E Pediococcus pentosaceus 97
F Leuconostoc mesenteroides 99
G Lactococcus lactis 99

a Letters from A to G correspond to RFLP patterns in Fig. 2.
b Identical nucleotides percentage in the sequence obtained from PCR products and the seq
c GenBank accession numbers of the sequences obtained from the representative isolates.
16s rDNA sequence tree showed 2 distinct LAB groups: Ln. mesenteroides
and all other species. In the sequence phylogenetic tree, the A, B, C, D,
E, F, and G lanes were clearly assigned to the L. plantarum, L. sakei,
L. fermentum, L. brevis, P. pentosaceus, Ln. mesenteroides, and Lc. lactis
species, respectively, with a 100% bootstrap cluster.

3.4. LAB population dynamics during the fermentation and storage of mum

Previous studies have identified the Lactobacillus, Pediococcus,
Leuconostoc, and Lactococcusgenera as the major LAB occurring in dry-
fermented sausages (Adiguzel and Atasever, 2009; Danilović et al.,
2011; Fontana et al., 2005). Thiravattanamontri et al. (1998) also
described the detection of Lactobacilli and Pediococci in Thai fermented
food products. In our analyses, the most commonly detected LAB
genus was Lactobacillus, which was the dominant flora identified in
dry-fermented sausages in the study by Adiguzel and Atasever (2009).

Fig. 4(a) and (b) shows the LAB dynamics for theMethod 1 (the con-
ventional method) and 2 (the modified method) samples, respectively,
during various stages of treatment. The majority of the LAB isolated
from the samples evaluated at Day 0 and Day 3 were L. plantarum and
L. sakei species in both sample types. In Method 1 samples, after
of mum sausages.

b Genbank accession no. c Frequency of isolation (%)

NR042394.1 24.76 (156/630)
NR025719.1 30.00 (189/630)
JQ446568.1 4.76 (30/630)
NR044704.1 11.90 (75/630)
NR042058.1 7.62 (48/630)
NR040817.1 13.33 (84/630)
NR040955.1 7.62 (48/630)

uence obtained found in NCBI.

http://www.ncbi.nlm.nih.gov
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Fig. 3. Phylogenetic relationship of LAB present in mum sausage based onmaximum-likehood analysis of 16S rDNA sequences. The numbers indicate the confidence level (%) generated
from 1000 bootstrap trees. The scale bar is in fixed nucleotide substitutions per sequence position.
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Day 3, the percentages of the L. sakei, L. fermentum, and Lc. lactis
increased, whereas the percentages of L. brevis, P. pentosaceus, and Ln.
mesenteroides decreased. At Day 14, the prevalence of the micro-
organisms was in the ascending order of L. sakei, L. plantarum, and
L. fermentum. We observed small amounts of Lc. lactis but did not detect
Ln. mesenteroides, P. pentosaceus, or L. brevis. These results supported
those of Lee et al. (2006), in which the percentages of Lactococcus and
Pediococcus increased initially, and then decreased during the ripening
process. In Method 2 samples, Ln. mesenteroides showed the greatest
increase in proportion, becoming the dominant species, followed by
L. sakei, L. brevis, and Lc. Lactis. On Days 14 and 28, L. plantarum and
L. plantarum L. sakei
P. pentosaceus Ln. mesen

(a) (b)

Fig. 4. Lactic acid bacteria dynamics of (a) method I mum sausage (stored at ~30 °C for 14 day
stored at 4 °C until day 28) during processing and storage.
L. fermentum were undetectable. According to the studies by Lee et al.
(2006) and Wu et al. (2009), Lactobacilli can grow continuously
throughout the fermentation process because they show greater acid
tolerance than do other bacterial species.

Lee et al. (2006) stated that temperature and fermentation have
considerable influence on the growth of LAB. L. plantarum and L. sakei
are able to grow in various conditions. According to the study by
Papamanoli et al. (2003), the optimal temperature for L. plantarum
growth is 15–45 °C, and growthmight not occur at temperature slower
than 4 °C, whereas L. sakei is capable of growing in a wider temperature
range of 4–45 °C, and is reportedly predominant in vacuum-packed or
L. fermentum

teroides Lc. lactis

L. brevis

s) and (b) method II mum sausages (stored at ~30 °C for 3 days, vacuum-packaged, and
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unpacked sausages (Danilović et al., 2011). These characteristics could
explain our detection of L. sakei, but not L. plantarum, in Method 1
(30 °C and aerobic) and 2 (4 °C and anaerobic) samples after Day 14.
Suutari and Laakso (1992) further reported that L. fermentum does not
grow at temperatures lower than 10 °C and requires oxygen tomaintain
a fermentative metabolism, which could explain its absence in Method
2 samples after Day 14.

In our study, we detected small amounts of Ln. mesenteroides in
Method 1 and 2 samples during fermentation, and markedly increased
amounts (becoming predominant) in Method 2 samples after Day 14.
We detected Ln. mesenteroides in Method 2 samples after Day 14 only.
Ln. mesenteroides has the unique characteristics of being able to grow
at 4 °C, but not above 30 °C, and preferring anaerobic to aerobic
conditions (Cai et al., 1998; Danilović et al., 2011). Several studies have
demonstrated that Ln. mesenteroides is able to produce bacteriocins
which function against some pathogen, such as Listeria monocytogenes
(Herchard et al., 1992; Xiraphi et al., 2008); it can also produce some
metabolites, such as acetic acid, acetaldehyde, diacetyl, and ethanol,
which can eventually enhance flavor development in fermented
products (Sanchez et al., 2005; Lee et al., 2006).
4. Conclusion

Our results show that RFLP analysis is capable of rapidly and easily
differentiating and identifying the LAB isolated from mum sausages
during fermentation and storage. Of the restriction enzymes evaluated,
Dde I provided the highest discrimination capacity for the LAB. Our
results indicate the distribution of the dominant LAB species: L. sakei
and L. plantarum are predominant during fermentation, whereas
Ln. mesenteroides spp. show marked increases during storage. These
finding also illustrated that chilled storage combined with vacuum
packaging validly influenced themicrobial ecology of themum sausage.
Our results could facilitate the development of LAB starter cultures that
enable controlled processing duringmummanufacturing, and provide a
more consistent and higher quality product.
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