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Protein Degradation by Lactobacillus plantarum
and Lactobacillus casei in a Sausage Model System
S. FADDA, G. OLIVER AND G. VIGNOLO

ABSTRACT: The proteolytic activity of a starter culture involving Lactobacillus plantarum and Lactobacillus casei
towards meat sarcoplasmic and myofibrillar proteins during the fermentation of a sausage-like system was studied.
After 96 h of incubation the proteolytic system of L. plantarum CRL681 caused a degradation of both sarcoplasmic
and myofibrillar proteins, whereas L. casei CRL705 showed a different affinity to meat proteins. The inoculation of
both strains showed a higher activity toward sarcoplasmic fraction. These results correlated with a high rate of
sarcoplasmic protein degradation observed in SDS-PAGE analysis. The generation of free amino acids as well as
the pH drop at the end of the incubation period was maximal in presence of the mixed starter culture, thereby
demonstrating the suitability of these strains to be used in the fermentation of meat products.
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Introduction

DRY-CURING IS A VERY COMPLEX PROCESS DURING WHICH

            biochemical reactions take place. Lactic acid bacteria are es-
sential agents of the meat fermentation process that contribute
to the hygienic and sensory qualities of meat products. This
quality is achieved mainly by the metabolic activities of these
bacteria on carbohydrates and proteins, resulting in sugar deple-
tion, pH reduction, and the generation of flavor compounds
(Hammes and others 1990; Roca and Incze 1990; Brink and Huis
In’t Veld 1992; Montel and others 1998). Moreover, the low pH at-
tained promotes the inhibition of the contaminating or patho-
genic microflora naturally present as well as contribute to the co-
hesion and color development of the product (Lücke and
Hechelmann 1987; Nychas and Arkoudelos 1990; Leistner 1992).

Most attention has been focused on the development of start-
er cultures with adequate fermentation characteristics, although
the number of studies on proteolytic activities of lactic acid bac-
teria is limited. The protein breakdown that takes place during
the ripening of dry fermented sausages leads to an increase in
the concentration of peptides and amino acids (Dierick and oth-
ers 1974; De Masi and others 1990; Johansson and others 1994;
Molly and others 1997). This increase is the result of the pro-
teolytic activities of both endogenous and microbial enzymes, al-
though the main role of microorganisms seems to be confined to
the secondary hydrolysis of oligopeptides and small proteins
(Verpaletse 1994; Molly and others 1997). As opposed to the situ-
ation in dry-cured ham manufacture, the microbial flora that de-
velop during ripening markedly influences dry-cured sausage
fermentation. As the muscle enzyme system is permanently
present in sausages, the action of microbial enzymes would over-
lap with that of the muscle enzymes (Toldrá 1992).

Lactobacillus species are the most prevalent microorganisms
in dry fermented sausages, and their use as starter cultures is
widespread (Hammes and others 1990). Even though lactic acid
bacteria are known as weak lipolytic and proteolytic organisms
(Johansson and others 1994), the potential contribution of Lacto-
bacillus casei CRL705 and Lactobacillus plantarum CRL681 to the
breakdown of sarcoplasmic and myofibrillar proteins has been
demonstrated, showing that a pronounced protein degradation

requires available enzyme activities (Fadda and others 1998,
1999b). Nevertheless, the coexistence of endogenous enzymes
makes it difficult to establish the proteolytic pathway in these
systems. These different enzyme systems modulate the dried
sausage flavor, whereas the final organoleptic characteristics of
the product are determined also by the spices and natural flavor-
ing ingredients used. Moreover, it was also suggested that most
of the compounds carrying the characteristic flavor of fermented
meat are derived from the protein fraction of the sausage (Dem-
eyer and others 2000).

The extent of proteolysis during ripening of dry fermented
sausages varies with factors such as the nature of meat microflo-
ra and conditions during processing (Astiasarán and others
1990). The effects of different levels of curing ingredients and
process parameters on muscle proteases and peptidases in-
volved in the dry curing process have also been reported (Sanz
and Toldrá 1997a; Flores and others 1997; Fadda and others
2001). Temperature and pH during the fermentation were re-
ported to be the most decisive parameters affecting the activity
of muscle and bacterial aminopeptidases (Toldrá 1992; Martin
and others 1998).

Recently, the proteolytic system of lactobacilli involved in
meat fermentation is becoming the focus of an increasing num-
ber of studies due to the technological role of these organisms
(Montel and others 1995; Sanz and Toldrá, 1997a, 1997b; Fadda
and others 1999a, 1999b). L. plantarum CRL681 and the bacterio-
cinogenic strain L. casei CRL705, originally isolated from sausag-
es, are being investigated for their potential as starter cultures in
sausage production (Vignolo and others 1989). The aim of the
present work was to evaluate the effect of L. casei CRL705 and L.
plantarum CRL681 as starter cultures on meat proteins during
the fermentation of a sausage-like system to corroborate the pro-
teolytic activity described in vitro.

Materials and Methods

Strains and culture conditions
Lactobacillus plantarum CRL681 and Lactobacillus casei

CRL705, originally isolated from dry cured sausages, were used
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as starter cultures. The strains were selected according to their
acid-producing capacity, bacteriocin production, and proteolytic
activity (Vignolo and others 1988; Fadda and others 1998, 1999a;
Sanz and others 1999). The strains were routinely grown in MRS
broth (Merck, Darmstadt, Germany) at 30 ºC, for 24 h. Cells in
logarithmic phase of growth were harvested by centrifugation
(10,000 x g for 20 min at 4 ºC), washed twice in 20 mM phosphate
buffer, pH 7.0, and re-suspended in the same buffer (10% of ini-
tial volume).

Sausage preparation
All operations were carried out in a laminar flow hood. Beef

and pork muscle, obtained 24 h post-mortem from cooled car-
casses, were frozen and later aseptically sampled by superficial
burning, followed by removal of surface cuts using sterile knives
and minced. The procedure resulted in total counts below 103

CFU/g. The sausage formulation included 50% beef; 45.5% pork;
3% NaCl; 0.75% glucose; 0.75% sucrose; 0.02% sodium nitrite,
and 0.01% ascorbic acid. The meat components, curing salts and
other ingredients were thoroughly mixed and the sausage mix
was then divided into four 80 g portions. Each portion was inocu-
lated with 10 ml of buffer solution containing 106 to 107 CFU/ml
of L. plantarum CRL 681; L. casei CRL 705 and L. plantarum
CRL681 + L. casei CRL705 used as a mixed starter culture. The
sausage mixtures were stuffed into synthetic PVC casings (20 cm
length x 2.5 cm width) and incubated for 4 d in a ripening cham-
ber at 25 ºC with 80% relative humidity. Two samples from each
batch were collected at 0, 1, 2, 3, and 4 d for further analyses. A
non-inoculated control supplemented with sodium azide
(0.02%) was assayed simultaneously.

Bacterial counts and pH measurement
At each sampling time bacterial counts were determined on

Plate Count Agar and MRS agar (Merck, Darmstadt, Germany)
after incubation at 37 and 30 ºC during 48 h for total aerobic and
lactic acid bacteria respectively. The pH values were monitored
in sausages homogenates (sausage: distilled water, 1:10) using a
Crison 2001 pH-meter (Crison Instrument S.A, Barcelona).

Protein and amino acid determinations
Sarcoplasmic and myofibrillar proteins were separately ana-

lyzed. They were extracted from the sausage model system ac-
cording to Fadda and others (1999a). Total sarcoplasmic and my-
ofibrillar protein contents at 0 and 4 d of incubation were
measured according to Bradford (1976). Individual strains and
the mixed starter culture were tested for proteolytic activity by
measuring the release of soluble amino acids during the fermen-
tation period in TCA (trichloroacetic acid), according to the OPA
spectrophotometric assay (Church and others 1983). Each sam-
ple was subjected to protein precipitation, the extract centri-
fuged and a supernatant aliquot containing free amino acids
and small peptides treated with o-phthaldialdehyde. Results are
expressed as free amino acid concentration (mM).

The hydrolysis of muscle proteins was monitored by sodium
dodecyl sulfate gel electrophoresis (SDS-PAGE) analysis as de-
scribed by Laemmli (1970) using a vertical gel electrophoresis
unit (Mini-Protean II; Bio-Rad Laboratories, Richmond, Calif.,
U.S.A.) and a running gel containing 12% and 10% acrylamide for
sarcoplasmic and myofibrillar proteins, respectively. Samples
were taken every 24 h and mixed with an equal volume of a sam-
ple buffer containing 2% of SDS, 5% of �-mercaptoethanol, 10%
of glycerol, buffer Tris-HCl pH 6.8, and bromophenol blue as
front marker; they were then heated for 5 min at 100 °C. The elec-

trophoresis was carried out at 50 mV until the bromophenol blue
marker reached the bottom of the gel. Gels were stained at room
temperature, shaken for 2 h and de-stained until clear back-
ground was obtained. The molecular weight markers used as
standard were: myosin (200.0 kDa), �-galactosidase (116.3 kDa),
phosphorylase b (97.4 kDa), serum albumin (66.2 kDa), ovalbu-
min (45.0 kDa), carbonic anhydrase (31.0 kDa), trypsin inhibitor
(21.5 kDa), lysozyme (14.4 kDa), and aprotinin (6.5 kDa) from
Bio-Rad (Richmond, Calif., U.S.A.). Proteins were visualized by
Coomassie Brilliant Blue R-250 staining.

Statistical Analysis
All results presented in this study are the mean of 3 separate

batches of meat with 2 replicates each. Data were analyzed by
the general linear models procedures of Statistical Analysis Sys-
tem (SAS); P < 0.05 values were considered to be significant.
Means were compared by LSD.

Results and Discussion

BACTERIAL GROWTH, PH AND NET AMINO ACID CONCENTRATION OF

different batches are summarized in Figure 1. In the inocu-
lated batches, the viable counts of L. casei CRL705 increased
from an initial count of 1 x 07 to 5 x 108 CFU/g, while L. plantarum
CRL681 and the mixed culture remained almost constant in the
range of 108  CFU/g throughout the fermentation time (Figure
1C, 1B and 1D, respectively). Simultaneously the pH dropped
from 5.20 to 5.35 down to 4.30 to 4.45 after 96 h in the batches in-
oculated with individual strains. When both strains were added
as a mixed starter culture maximal acidifying capacity was ob-
served in the sausage-like system, the pH decreasing from 5.20
to 3.95. In non-inoculated control batch pH values remained al-
most constant during the entire fermentation period (Figure 1A).

The net free amino acid generation resulting from the action

Figure 1—Cell counts (�), pH changes (�) and free amino
acids concentration (�) in the sausage model system, in-
cubated at 30 °C during 96 h. (A) Control non-inoculated;
(B) Lactobacillus plantarum CRL681; (C) Lactobacillus casei
CRL705 and (D) L. plantarum CRL681 + L. casei CRL705.
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of endogenous and bacterial proteolytic enzymes on sarcoplas-
mic and myofibrillar proteins is also shown in Figure 1. A net in-
crease of free amino acids was observed after 96 h at 25 °C in the
non-inoculated batch (Figure 1A), while individual Lactobacillus
strains produced different extents of proteolysis. Even when
both strains show a consumption of amino acids during the 1st
24 h, reaching an amino acid concentration of 1.16 and 1.06 mM
for L. casei and L. plantarum respectively, the former produced a
maximal accumulation of these metabolites at 48 h of incubation
(1.66 mM) with a net increase at 96 h of 0.16 mM (Figure 1C). On
the contrary, L. plantarum CRL681 showed an almost constant re-
lease/consumption balance between 24 and 96 h (Figure 1B).
When the mixed culture was studied, a change in cell numbers
between 24 and 48 h was observed paralleling a decrease in the
amino acid concentration from 1.43 to 1.00 mM (Figure 1D). Nev-
ertheless, a low free amino acid accumulation (7%) during the
fermentation period was promoted by the mixed culture.

SDS-polyacrylamide gel electrophoretograms of sarcoplasmic
and myofibrillar proteins are shown in Figure 2 and 3. Control
samples from sarcoplasmic extract, lacking any bacterial enzyme,
reflected the activity of endogenous proteinases responsible for
the disappearance and/or decrease in intensity of protein bands
at approximately 98, 65, 55, and 45 kDa (Figure 2, lane 3). The in-
oculation of the sausage model system with L. plantarum CRL681
drastically hydrolyzed protein bands with sizes of about 200, 150,
99 to 50, and 45 to 25 kDa, which disappeared or decreased in in-
tensity after 96 h of incubation at 25 °C (Figure 2, lane 5). The
proteolytic activity of L. casei CRL705, even less pronounced, also
caused degradation or reduction in the intensity of bands of
about 25 to 35 kDa as well as the hydrolysis of bands in the re-
gion between 70 and 200 kDa (Figure 2, lane 7). After 96 h of in-
cubation the proteolytic activity of the mixed culture caused deg-
radation or reduction in the intensity of protein bands in the
whole molecular mass range, and some lower molecular mass
peptides in the front of the gel were observed (Figure 2, lane 9).
The simultaneous action of both strains resulted in a stronger
sarcoplasmic protein hydrolysis.

The protein profiles resulting from the hydrolysis of myo-
fibrillar protein are shown in Figure 3. In control samples, the ac-
tivity of tissue proteinases was responsible for the degradation
of protein bands corresponding to 200 kDa (myosin), 66 kDa,

and 43 kDa (actin) (Figure 3, lane 3). Individually, bacterial hy-
drolytic effect did not produce remarkable effects on myofibrillar
proteins when comparing to the control (Figure 3, lane 5 and 7).
Even though when L. casei CRL705 was inoculated, myosin and
actin were hydrolyzed, while other, faint bands of intermediate
molecular masses (60 to 35 kDa) appeared at the end of the incu-
bation period (lane 7). In contrast, L. plantarum CRL681 only
caused the degradation of myosin (200 kDa) and some bands in
the range between 20 and 10 kDa (lane 5). The inoculation of
both strains in the sausage-like system resulted in stronger pro-
tein degradation (Figure 3, lane 9); the proteolytic system of both
microorganisms were responsible for the degradation of protein
bands of 200 kDa and 25 to 35 kDa, and for a partial hydrolysis in
the range of 45 and 55 kDa. Nevertheless, after 96 h of incuba-
tion, proteinase system from L. casei and L. plantarum individu-
ally or as mixed culture contributed to the hydrolysis of protein
bands corresponding to myosin and actin with the appearance of
other faint bands of intermediate molecular mass as 122 kDa
(heavy meromyosine) and 97 kDa.

Total protein contents after 96 h of incubation are shown in
Table 1. Protein degradation in control samples without inocula-
tion, was observed to be more active in myofibrillar fraction than
in sarcoplasmic with 57.6% and 36.3% of protein hydrolysis after
96 h, respectively. When the sausage-like system was inoculated,
different affinity of Lactobacillus strains for meat proteins was
observed. L. plantarum CRL681 degraded sarcoplasmic and myo-
fibrillar proteins similarly, with a total protein content after 96 h
of 0.191 and 0.120 mg/ml, respectively, which represents 68.7%
and 65.2% of protein degradation. L. casei CRL705 was slightly
more active towards sarcoplasmic fraction reaching 65.8% of pro-
tein degradation at the end of the incubation period in contrast
with 49.8% of hydrolysis for myofibrillar proteins. When the
mixed culture was inoculated in the sausage model system,
81.6% of sarcoplasmic degradation after 96 h was observed
(0.110 mg/ml of total protein content), indicating a high activity
toward this meat fraction. The total protein content for myofibril-
lar proteins was 0.093 mg/ml after 96 h indicating a degradation
of 72.6% by the mixed culture.

The results obtained indicated active metabolisms of the
studied strains of L. plantarum CRL681 and L. casei CRL705, with

Figure 2—SDS-PAGE of sarcoplasmic protein hydrolysis by
L. plantarum CRL681 (lanes 4, 5); L. casei CRL705 (lanes
6, 7) and the mixed culture (lanes 8, 9) at 0 and 96 h of
incubation. Control non-inoculated (lanes 2, 3). Lane 1:
molecular weight markers.

Figure 3—SDS-PAGE of myofibrillar protein hydrolysis by
L. plantarum CRL681 (lanes 4, 5); L. casei CRL705 (lanes
6, 7) and mixed culture (lanes 8, 9) at 0 and 96 h of incu-
bation. Control non-inoculated (lanes 2, 3).
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pH decreasing from 5.35 to 3.95 after 96 h of incubation at 25 °C,
indicating a good growth performance in the meat system. These
results are in agreement with those of Vignolo and others (1989)
and Montel and others (1993), who found the bacterial starter
culture to be responsible of the final pH in meat fermentation.
Different extents of proteolysis were observed between strains in
the assayed conditions. Although some authors (Toldrá and oth-
ers 1992; Kato and others 1994) attributed proteolysis in fer-
mented meat products mainly to the action of endogenous en-
zymes, our findings agree with those of García de Fernando and
Fox (1991), Johansson and others (1994) and Molly and others
(1997), who concluded that lactic acid bacteria could play a role
in producing proteolytic enzymes that are able to attack meat
proteins. In previous work (Fadda and others 1998) the proteolyt-
ic activity of L. casei and L. plantarum using a soluble muscle ex-
tract as a source of proteins was demonstrated.

The concentration of free amino acids released by the studied
strains together with the degradation extent of sarcoplasmic and
myofibrillar proteins correlate with the disappearance of several
protein bands in the electrophoretograms. The proteinase activi-
ty of L. plantarum CRL681 and L. casei CRL705 was able to initiate
pronounced hydrolysis of sarcoplasmic proteins. The greater af-
finity of both Lactobacillus strains for sarcoplasmic proteins is in
agreement with previous works (Fadda and others 1999b; Sanz
and others 1999), in which electrophoretic analyses undoubtedly
demonstrated the suitability of sarcoplasmic proteins as sub-
strates for proteinases from whole cells of L. casei CRL705 and L.
plantarum CRL681. The strongest hydrolytic activity seemed to
be extra-cellularly located when compared to the degradation
caused by the addition of exclusively cell free extracts. A cell-
wall-associated proteinase activity could be responsible for such
protein degradation as was clearly shown by Kunji and others
(1996) in most dairy lactic acid bacteria. Hagen and others (1996)
also confirm the effect of the reduction in the maturation time of
dry fermented sausages due to the addition of a Lactobacillus
proteinase. However, the quoted activity did not fully account for
the proteolysis observed, and other endopeptidases could con-
tribute to the whole hydrolysis of sarcoplasmic proteins into pep-
tides and amino acids (Kojic and others 1995; Tan and others
1995). On the other hand, muscle aspartic and cysteine protein-
ases have been regarded as the enzymes mainly implicated in
the initial hydrolysis of myofibrillar proteins (myosin and actin)
and in the generation of smaller fragments (Molly and others
1997). From our results, residual endogenous activity could not
be completely excluded and was responsible for the degradation
of myosin and actin, but a minor implication of bacterial protein-
ases could not be discarded either. These results are in coinci-
dence with the lower degradation percentage obtained for myo-
fibrillar proteins after 96 h of incubation.

As stated above, the high affinity of the 2 studied Lactobacil-
lus strains for sarcoplasmic proteins allows us to hypothesize that
in meat systems, this protein fraction may contribute to amino
acid supply for bacterial growth according to the general de-
crease in total free amino acid contents observed in the 1st step
of incubation (at 24 h and 48 h with individual and mixed cul-
ture, respectively). In a 2nd step, when sugars were fairly ex-
hausted and sarcoplasmic proteins almost completely degraded,
microbial proteinases may also use myofibrillar proteins to sus-
tain growth with the concomitant generation of hydrolytic com-
pounds.

Conclusion

THE POTENTIAL CONTRIBUTION OF THE MIXED CULTURE INVOLVING

         L. casei CRL705 and L. plantarum CRL681 to the hydrolysis of
meat proteins was demonstrated in a sausage-like system. More-
over, the good acidogenic capacity together with the production
of a bacteriocin by L. casei CRL705 would allow to obtain safe fer-
mented meat products with desirable flavor and texture.

References
Astiasarán I, Villanueva R, Bello J. 1990. Analysis of proteolysis and protein

insolubility during the manufacture of some varieties of dry-sausage. Meat
Sci 28:111-117.

Bradford MM. 1976. A rapid and sensitive method for quantification of micro-
gram quantities of protein utilizing the principle of protein-dye binding. Analyt
Biochem 72:248-254.

Brink BT, Huis In’t Veld JHJ. 1992. Application of metabolic properties of lactic
acid bacteria. In: Novel and JF Le Querler, editors. Les bacteries lactiques.
Caen, France: Ardie Normandie. P 67-76.

Church FC, Swaisgood HE, Porterand HD, Catignani GL. 1983. Spectrophotomet-
ric assay using o-phtaldialdehyde for determination of proteolysis in milk
and isolated milk proteins. J Dairy Sci 66:1219-1227.

De Masi TM,. Wardlaw FB, Dick RL, Acton JC. 1990. Non protein nitrogen (NPN)
and free amino acid contents of dry fermented sausages. Meat Sci 27:1-12.

Demeyer D, Raemaekers M, Rizzo A, Holck A, De Smedt A, Brink B, Hagen B,
Montel C, Zanardi E, Murbrekk E, Leroy F, Vandendriessche F, Lorensten K,
Venema K, Sunesen L, Stahnke L, De Vuyst L, Talon R, Chizzolini R, Eerola S.
2000. Control of bioflavor and safety in fermented sausages: first results of a
European project. Food Res Int 33:171-180.

Dierick N, Vandekerckhove O, Demeyer D. 1974. Changes in non-protein nitro-
gen compounds during dry sausage ripening. J Food Sci 39:301-304.

Fadda S, Vignolo G, R Holgado AP, Oliver G. 1998. Proteolytic activity of Lactoba-
cillus strains isolated from dry-fermented sausages on sarcoplasmic muscle
proteins. Meat Sci 49:11-18.

Fadda S, Sanz Y, Aristoy MC, Vignolo G, Oliver O, Toldrá F. 1999a. Hydrolysis of
pork muscle sarcoplasmic proteins by Lactobacillus curvatus and Lactobacil-
lus sake. Appl Environ Microbiol 65:578-584.

Fadda S, Sanz Y, Aristoy MC, Vignolo G, Oliver G, Toldrá F. 1999b. Characteriza-
tion of sarcoplasmic and myofibrillar protein hydrolysis caused by Lactobacil-
lus plantarum. Appl Environ Microbiol 65:3540-3546.

Fadda, S., Vignolo, G., Aristoy, M.-C., Oliver, G. Toldrá F. 2001. Effect of curing
conditions and Lactobacillus casei CRL705 on the hydrolysis of meat proteins.
J Appl Microbiol 91:478-487.

Flores M, Aristoy M-C, Spanier A, Toldrá F. 1997. Non volatile component effects
on quality of Serrano dry-cured ham as related to processing time. J Food Sci
62:1235-1239.

García de Fernando GD, Fox PF. 1991. Study of proteolysis during the processing
of a dry fermented pork sausage. Meat Sci 30:367-383.

Hagen B, Berdagué JL, Holck AL, Naes H, Blom H. 1996. Bacterial proteinase
reduces maturation time of dry fermented sausages. J Food Sci 61:1024-1029.

Table 1—Total protein content in meat protein fractions after incubation during 96 h at 25 °C of the sausage model
system

Meat protein fraction (mg/ml)

Sarcoplasmic Myofibrillar
0h 96h (%)§ 0h 96h (%)§

Control 0.592 ± 0.03* 0.377 ± 0.02 (36.3) 0.330± 0.03 0.140± 0.02 (57.6)
L. plantarum CRL681 0.610 ± 0.04 0.191± 0.03 (68.7) 0.345± 0.03 0.120± 0.02 (65.2)
L. casei CRL705 0.615 ± 0.04 0.210 ± 0.02 (65.8) 0.335± 0.02 0.168± 0.02 (49.8)
Mixed culture 0.598 ± 0.03 0.110 ± 0.03 (81.6) 0.340± 0.03 0.093± 0.02 (72.6)
* Results are means of triplicate determinations.
§Percent of degradation

jfsv67n3p1179-1183ms20010198-MO.p65 5/7/2002, 3:03 PM1182



Vol. 67, Nr. 3, 2002—JOURNAL OF FOOD SCIENCE 1183

Fo
od

 M
icr

ob
iol

og
y a

nd
 Sa

fet
y

Proteolytic activity of Lactobacillus in sausage…

Hammes WP, Bantleon A, Min S. 1990. Lactic acid bacteria in meat fermentation.
FEMS Microbiol Rev 87:165-174.

Johansson G, Berdagué JL, Larsson M, Tran N, Borch E. 1994. Lipolysis, proteol-
ysis and formation of volatile components during ripening of a fermented
sausage with Pediococcus pentosaceous and Staphylococcus xylosus as starter
cultures. Meat Sci 38:203-218.

Kato T, Matsuda T, Tahara T, Sugimoto M, Sato Y, Nakamura R. 1994. Effects of
meat-conditioning and lactic fermentation on pork muscle protein degrada-
tion. Biosci Biotechnol Biochem 58:408-410.

Kojic M, Fira D, Bojovic B, Banina A, Topisirovic L. 1995. Comparative study on
cell envelope-associated proteinases in natural isolates of mesophilic lacto-
bacilli. J Appl Bacteriol 79:61-68.

Kunji ERS, Mierau I, Hagting A, Poolman B, Konings WN. 1996. The proteolytic
systems of lactic acid bacteria. Antonie van Leeuwenhoek 70:187-221.

Laemmli HK. 1970. Cleavage of structural proteins during the assembly of the
head of the bacteriophage T4. Nature 227:680-685.

Leistner F. 1992. The essentials of producing stable and safe raw fermented
sausages. In: Smulders FJM, Toldrá F, Flores J, Prieto M, editorS. New Technol-
ogies for meat and meat products. Utrecht: Audet Tijdschriften. P 1-17.

Lücke FK, Hechelmann H. 1987. Starter cultures for dry sausages and raw ham:
composition and effect. Fleischwirtsch 63:307-314.

Martín L, Córdoba JJ, Antequera T, Timón ML, Ventanas J. 1998. Effects of salt and
temperature on proteolysis during ripening of Iberian ham. Meat Sci 49:145-
153.

Molly K, Demeyer D, Johansson G, Raemaekers M, Ghistelinck M, Greenen I.
1997. The importance of meat enzymes in ripening and flavour generation in
dry fermented sausages. First Results of a European project. Food Chem 59:539-
545.

Montel MC, Talon R, Berdagué JL, Cantonet M. 1993. Effects of starter cultures on
biochemical characteristics of french dry sausages. Meat Sci 35:229-240.

Montel MC, Seronine MP, Talon R, Hebraud M. 1995. Purification and character-
ization of a dipeptidase from Lactobacillus sake. Appl Environ Microbiol
61:837-839.

Montel MC, Masson F, Talon R. 1998. Bacterial role in flavour development.
Meat Sci 49 (Suppl 1): S111-S123.

Nychas GJE, Arkoudelos JS. 1990. Staphylococci: their role in fermented sausag-
es. In: Jones D, Board RG, Sussman M. Staphylococci. J. Applied Bacteriol Sym-
posium Series 19:167S-188S.

Roca M, Incze K. 1990. Fermented Sausages. Food Reviews Int 6:91-118.
Sanz Y, Toldrá F. 1997a. Aminopeptidase activity from Lactobacillus sake in mod-

els of curing ingredients and processing conditions of dry sausage. J Food Sci
62:1211-1213, 1234.

Sanz Y, Toldrá F. 1997b. Purification and characterization of an aminopeptidase
from Lactobacillus sake. J Agric Food Chem 45:1552-1558.

Sanz Y, Fadda S, Aristoy MC, Vignolo G, Oliver G, Toldrá F. 1999. Hydrolytic action
of Lactobacillus casei CRL 705 on pork muscle sarcoplasmic and myofibrillar
proteins. J Agric Food Chem 47:3441-3448.

Tan PST, Sasaki M, Bosman BW, Iwasaki T. 1995. Purification and characteriza-
tion of a dipeptidase from Lactobacillus helveticus SBT 2171. Appl Environ
Microbiol 61:3430-3435.

Toldrá F, Rico E, Flores J. 1992. Activities of pork muscle proteases in model cured
meat systems. Biochimie 74:291-296.

Toldrá F. 1992. The enzymology of dry-curing of meat products. In: Smulders FJM,
Toldrá F, Flores J and Prieto M, editors. New technologies for meat and meat
products. Utrecht: Audet Tijdschriften. P 209-231.

Toldrá F, Rico E, Flores J. 1993. Cathepsin B, D, H and L activities in the processing
of dry-cured ham. J Sci Food Agric 62:157-161.

Verplaetse A. 1994. Influence of raw meat properties and processing technology
on aroma quality of raw fermented meat products. In: Proceedings of the 40th
International Congress on Meat Science and Technology. The Hague, Nether-
lands. P 45-65.

Vignolo G, R. Holgado AP, Oliver G. 1988. Acid production and proteolytic activ-
ity of Lactobacillus strains isolated from dry sausages. J Food Prot 51:481-484.

Vignolo G, R. Holgado AP, Oliver G. 1989. Use of bacterial cultures in the ripen-
ing of fermented sausages. J Food Protect 52:787-791.

MS 20010198 Submitted 4/23/01, Accepted 2/5/02, Received 2/11/02

This work was supported by PICT98 nr 09-04632, from Agencia Nacional de Promoción
Científica y Tecnológica (ANPCyT), Argentina. The authors would also like to thank A.Y.
Borchia for excellent technical assistance.

The authors are with the Centro de Referencia para Lactobacilos (Cerela),
Conicet. Chacabuco 145, 4000 Tucumán, Argentina. Direct inquiries to au-
thor Vignolo (E-mail: vignolo@cerela.org.ar).

jfsv67n3p1179-1183ms20010198-MO.p65 5/7/2002, 3:03 PM1183


