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Abstract
A total of 91 Lactic Acid Bacteria (LAB) isolated from meat packaged using traditional vacuum packaging (42 strains) or an 

advanced vacuum skin packaging system (49 strains) were characterised in terms of gas production, proteolytic and lipolytic activ-
ity, production of hydrogen peroxide, histamine and bacteriocin-like substances, and haemolytic activity. Thermal resistance of all 
isolated bacteria was also analysed. No differences were found for most parameters; with the exception of a higher production of 
bacteriocin-like substances in LAB isolated from meat packaged using advanced vacuum skin packaging than those obtained for 
isolated from meat packaged using traditional vacuum packaging. LAB isolated from advanced vacuum skin packaged meat had 
higher thermal resistance than LAB isolated from meat packaged with the traditional vacuum method, both at 55ºC (14.09 min 
vs. 11.17 min) and at 60ºC (6.87 min vs. 4.64 min). These data could contribute to an explanation for the longer shelf life of meat 
packed using advanced vacuum skin packaging compared to meat packed with traditional vacuum packaging.
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Introduction
Fresh meat is one of the most perishable foods commercially 

available. Many factors influencing meat shelf life can promote spoilage, 
bacterial growth and oxidative processes during storage. These in turn 
provoke deterioration in the flavour, texture and colour of meat [1]. 
Maintenance of consumer-desired meat appearance is therefore of 
extreme importance in the retail sector [2], and is impacted by many 
factors, including temperature, oxygen exposure, light, microorganisms 
and enzymatic activity [3]. As previously illustrated, the impact of these 
factors on the stability of ground meat at point of sale is also significantly 
affected by package type and environment [4]. The meat industry is 
consequently required to utilise processing methods that provide a long 
shelf life for meats, as well as protective packaging methods [5,6]. 

Protective packaging films such as Traditional Vacuum Packaging 
(TVP), combined with refrigerated storage, have long been thought to 
help extend the shelf life of fresh meat by reducing microbial growth 
and oxidative rancidity [4]. Vacuum packaging can prevent the growth 
of food-borne pathogens and spoilage bacteria commonly present in 
meat, because the low oxygen supply restricts the growth of typical 
spoilage bacteria such as Pseudomonas [6]. Consequently, psychotropic 
and Microaerophilic Lactic Acid Bacteria (LAB) comprise the 
majority of the microbial population in vacuum-packaged meat [7]. 
LAB can reduce the presence of pathogenic bacteria by establishing 
a competitive environment that inhibits their growth. In some cases 
however, LAB have been reported to be the major spoilage bacteria in 
meat products after extended periods of storage [8]. Consequently, the 
shelf life of vacuum-packaged meat is generally limited by the number 
and composition of the predominating LAB flora.

Some meat industries have more recently employed a new 
packaging technique termed the Advanced Vacuum Skin Packaging 
(AVSP) system to help improve the shelf life of meat. The AVSP system 
involves instantaneous heating of an upper film at a high temperature 
immediately before its application to the meat surface. High temperature 
inactivate part of the bacteria present on the surface of the meat, and 
has been described as a feasible control measure to extend shelf life [9], 

while the close contact of the film with the meat surface prevents the 
formation of wrinkles and air pockets [10].

Previous studies have demonstrated that meat packaged using the 
AVSP system and subsequently refrigerated exhibits a slower microbial 
growth rate and a longer shelf life compared to meat packaged using 
the TVP system [4]. It was noted, however, that choice of packaging 
system has no specific effect on the composition of microbiota found 
in the meat [5]. Consequently, the main purpose of the present work 
was to characterise LAB isolated from TVP- and AVSP-packaged 
beef stored at 4ºC in terms of antimicrobial activity, safety aspects 
and biotechnological potential. To the best of our knowledge, no data 
regarding technological characterisation of the LAB species found in 
meat packaged using the AVSP system compared to the TVP system 
are currently available.

Materials and Methods
Origin and isolation of LAB strains

To eliminate differences in LAB contamination of meat caused 
by external factors, all meat samples were obtained from animals 
slaughtered, processed, and packaged in the same slaughterhouse and 
quartering room by the same factory personnel (Cocarga, Pontevedra, 
Spain). A total of 50 beef samples (200 g each) were collected. Twenty-
five samples each were packaged using the TVP system on a Vac-210 
packing machine (Guasch, Barcelona, Spain), and the AVSP system on 
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a Multivac R570 CD packing machine (Wolfertschwenden, Germany). 
After packaging, meat samples were stored at refrigeration temperatures 
(4ºC) for a period of 10 days to allow the proliferation of specific LAB 
selected by each packaging method. LAB isolation was performed 
by aseptically extracting 25 g from each sample and diluting with an 
appropriate volume (1:9 w/v) of water containing 0.1% peptone (Merck, 
Darmstadt, Germany) and homogenising for 1 min in a masticator 
(AES, Combourg, France). After homogenisation, 1×10-3-1×10-7 
dilutions of homogenates were surface-plated on de Man, Rogosa and 
Sharpe (MRS) agar plates (Difco, Detroit, MI, USA). Plates were then 
incubated at 30°C for 72 h under micro-aerobic conditions generated 
using the AnaeroGen C system (Oxoid, Backingstoke, UK). After the 
incubation period, two presumptive LAB colonies of typically small, 
white and round appearance from each sample were randomly selected. 
The selected isolates were purified by three alternate subcultures on 
MRS broth (Oxoid) and in MRS agar (Difco). Afterwards, LAB species 
were identified using a PCR-based method as previously described [5]. 
After identification, all strains were maintained as frozen stocks in a 
mixture of MRS broth and 20% glycerol at -80°C.

Technological characterization of LAB

All isolates identified as LAB were technologically characterized in 
terms of production of gas from glucose fermentation, proteolytic and 
lipolytic activity, production of hydrogen peroxide and antimicrobial-
like substances and tolerance to heat treatments. All analyses were 
performed in triplicate for each strain.

Gas production was analyzed by glucose fermentation test. 
This involved use of a medium containing glucose and NaCl at the 
concentrations usually found in dry fermented meat products (2%) 
with the addition of 1% tryptone, 0.4% yeast extract, 0.8% meat extract, 
0.5% sodium acetate, and 0.2% triammonium citrate. Gas was collected 
in Durham tubes after 72 h of incubation at 30ºC, and strains were 
considered as gas-producers if gas was detected. Escherichia coli (ATCC 
25922) were used as a positive control. 

Proteolytic activity of isolated strains was tested by analyzing 
the hydrolysis of milk casein on Trypticase Soy Agar (TSA; Panreac, 
Barcelona, Spain) supplemented with 1.5% skim milk. Plates were 
inoculated with the corresponding culture, and incubated in micro-
aerobic conditions for 72 h at 37°C. Colonies surrounded by clear zones 
in the otherwise turbid culture medium were considered positive. E. 
coli (CECT 4076) was used as a positive control. 

Lipolytic activity of isolated strains was determined on tributyrin 
agar plates (Merck) prepared as described by the manufacturer. Plates 
were inoculated with the corresponding culture and incubated in 
micro-aerobic conditions for 72 h at 37°C. Colonies surrounded by clear 
zones in otherwise turbid culture medium were considered positive. 
Staphylococcus aureus (ATCC 25923) and E. coli (ATCC 25922) were 
used as positive and negative controls respectively. 

Production of hydrogen peroxide from each strain was determined 
by plating bacterial cells on MRS agar (Merck) containing 10 mL/L 
2,2’-azino-bis-3-ethylbenzthiazoline-6-sulphonic acid (ABTS; 50 
mM, Sigma, St Louis, MO, USA) and 3 mL/L horseradish peroxidase 
(1.0 mg/mL; Sigma). The horseradish peroxidase was added after the 
medium temperature decreased to 50°C, as previously described [11]. 
The plates were inoculated with the corresponding culture, and after 
micro-aerobic incubation at 37ºC for 72 h, plates were exposed for 3-4 
h at room temperature before checking the results. The isolates showing 
crimson halos were considered hydrogen peroxide-positive.

The production of antimicrobial-like substances was tested by 
inoculating 20 mL of MRS broth with an overnight culture of each 
isolate (1% v/v) and incubating micro-aerobically at 30°C for 24 h. The 
cultures obtained were then centrifuged at 6500 g for 10 min to remove 
bacterial cells and the supernatant was subsequently sterilized by 
filtration through 0.22 µm filters (Millipore, Bedford, MA, USA). Anti-
microbial activities of extracts were tested against the strains obtained 
from the Spanish Type Culture Collection (CECT, Valencia, Spain) or 
from the American Type Culture Collection (ATCC) listed in table 1. 

A disc diffusion method assay based on that described by Campos 
et al. [12] was used for the detection of antimicrobial activity. Twenty 
µL of cell-free culture extract were deposited on a non-impregnated 
6 mm sterile disc (Oxoid), previously placed on Mueller-Hinton 
agar plates inoculated with 2 mL of a Gram-positive indicator strain, 
(approximately 1.5×106 CFU/mL). Plates were left for 2-4 h at room 
temperature to allow diffusion before discs were placed. Plates were then 
incubated at 37ºC for 24 h. The presence of a clear zone of inhibition 
around the disc was recorded as antimicrobial activity. Production of 
nisin by Lactococcus lactis (ATCC 11454) was used as a positive control 
for bacteriocin production. 

Thermal tolerance is described by the thermal death time, or D 
value, which is the time in minutes required to achieve a 1-log reduction 
in bacterial counts. D values (min) D55 and D60 were calculated for 
each strain from the negative inverse slope of the straight portion of 
survival curves. These were obtained from a plot of the log colony 
count number of survivors versus their corresponding heating times 
[13]. For this purpose, pure LAB strains were grown at 30°C for 48 h on 
MRS agar plates. Two colonies were picked, placed in 0.5 mL Mueller-
Hinton broth (Oxoid) and grown at 37°C with continual shaking to 
achieve a final concentration of approximately 1×108 CFU/mL. Viable 
counts were determined prior to heating, by plating 0.1 mL serial 10-
fold dilutions on MRS agar plates and incubating at 37ºC for 48-72 h. 
Afterwards, a 0.1 mL aliquot of each serial 10-fold culture dilution 
was aseptically placed into sterile capillary tubes manually sealed with 
a propane torch. Capillary ends were sterile-sealed and subjected to 
rapid cooling in an ice bath (1-2°C), followed by incubation in a water 
bath (Memmert, Schwabach, Germany) at 55°C and 60°C for 1, 3, 5, 
10 and 15 min. The temperature was monitored by a high-precision 
thermometer inserted into a sealed sterile Pasteur pipette containing 1 
mL sterile water. Numbers of bacteria surviving in each capillary were 
estimated by culturing the contents on MRS agar plates at 37°C for 48-
72 h. The killing effect was quantified by CFU and converted to log10 

Microorganism Spanish reference International reference
Brochothrix thermosphacta CECT 847 T ATCC 11509

Enterococcus faecalis CECT 407 ATCC 23655
Escherichia coli CECT 4076 CCUG 20570

Lactobacillus 30A ND ATCC 33222
Lactococcus lactis CECT 539 ATCC 11454

Listeria monocytogenes CECT 4031 NCTC 11994
Leuconostoc mesenteroides CECT 4703 NCFB 963

Pseudomonas putida CECT 385 ATCC 12842
Pseudomonas fluorescens CECT 844 ATCC 13430

Salmonella enteritidis CECT 4396 ATCC 29629
Staphylococcus aureus CECT 4521 ATCC 35845
Yersinia enterocolitica CECT 4315 ATCC 9610

Table 1: Reference strains employed for testing bacteriocin production in LAB 
isolated from meat packaged using TVP or AVSP systems (ATCC: American Type 
Culture Collection, USA; CECT: Spanish Type Culture Collection (Valencia, Spain); 
CCUG: Culture Collection University of Göteborg; NCBF: National Collection of 
Food Bacteria (UK); NCTC: UK National Collection of Type Cultures. ND: Not 
determined).
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to calculate reduction in the number of viable organisms after exposure 
to heat.

Safety investigation

The safety of isolated LAB was characterized in terms of haemolityc 
activity (production of haemolysin), histidine decarboxylase activity 
(production of histamine), and presence of the histidine descarboxylase 
(HDC) gene. All trials were done in triplicate for each strain.

Production of haemolysin was determined by plating actively-
growing cells of LAB strains onto Columbia agar (BioMerieux, Marcy 
l’Etoile, France) supplemented with 5% (v/v) sheep blood. Plates were 
incubated aerobically at 37°C for 24–48 h. The haemolytic reaction 
was recorded by the presence of a clear zone of hydrolysis around 
the colonies (β-haemolysis), a partial hydrolysis and greening zone 
(α-haemolysis) or no reaction.

To monitor the production of histamine by histidine decarboxylase 
activity, overnight cultures of all bacterial strains were grown on 
histidine agar medium [14]. Color change from yellow to purple 
indicated the presence of histidine decarboxylase. Lactobacillus 30A 
(ATCC 33222) was used as a positive control.

Detection of the HDC gene was performed using DNA extracted 
from overnight MRS cultures and 1.5 mL of each revitalised culture, 
pelleted by centrifugation at 7 500 rpm for 10 min. Each pellet was 
resuspended in 180 µL of lysis buffer, [(20 mg/mL lysozyme in double-
distilled H2O), 20 mM Tris-HCl, 2 mM EDTA and 1.2% Triton X-100 
(Sigma)]. After incubation at 37ºC for 30 min, 25 µL of proteinase K 
(10 mg/mL, Sigma) was added, followed by incubation at 70ºC for 30 
min. Bacterial DNA was then purified from each extract using a DNA 

easy tissue minikit (QIAGEN, Valencia, CA, USA). Concentration of 
purified DNA was determined by measuring fluorescence after mixing 
with Hoechst-33258 (Sigma) on an LS-50B fluorometer (Perkin Elmer, 
Wellesley, MA, USA). PCR was performed using similar conditions 
to those previously described [15]. Amplification assays were carried 
out on a MyCycler Thermal Cycler (Bio-Rad Laboratories, Hercules, 
CA, USA) using the following cycling parameters: 10 min for enzyme 
activation at 95°C followed by 30 cycles of 30 s at 95°C, 30 s at 52ºC, 
and 2 min at 72°C; and a final extension step of 10 min at 72°C [16]. 
PCR products were analysed on 2.5% horizontal agarose (Pronadisa, 
Madrid, Spain) gels. Lactobacillus 30A (ATCC 33222) was used as a 
positive control.

Statistical analyses

The X2 test was used to compare the technological and safety 
characteristics, and the D55 and D60 of LAB isolated from meat samples 
packaged using the TVP and AVSP systems. The differences were 
considered significant when the p-value was lower than 0.05. All 
statistical analyses were performed using Statgraphics version 5.0.1 
software for windows (SAS Institute, North Carolina, USA).

Results
From a total of 100 potential LAB samples isolated from beef 

packaged using TVP or AVSP, 91 were positively identified as LAB 
by PCR. These results demonstrate that in global terms, the different 
characteristics of the packaging methods tested do not provide different 
LAB distribution profiles in samples isolated from beef packaged using 
either system. Enterococcus was the dominant genus of bacteria found in 
both types of packaged meat with a total of 49 isolates (53.9% of total), 

 TVP AVSP Total
Technological characteristics

Glucose fermentation 2/42 (4.8) 2/49 (4.1) 4/91 (4.4)
Proteolytic activity 25/42 (59.5) 30/49 (61.2) 55/91 (60.4)
Lipolytic activity 3/42 (7.1) 7/49 (14.3) 10/91 (11)

Production of antimicrobial-like substances 0/42 (0)a 4/49 (8.2)b 4/91 (4.4)
H2O2 production 0/42 (0) 0/49 (0) 0/91 (0)
Safety aspects
β-Haemolysin 4/42 (9.5) 5/49 (10.2) 9/91 (9.9)

Histamine production 2/42 (4.8) 2/49 (4.1) 4/91 (4.4)
Presence of HDC gene 0/42 (0) 0/49 (0) 0/91 (0)

Table 2: Technological characteristics and safety aspects of LAB isolated from meat packaged using TVP or AVSP systems (Results as expressed as: number of positive/
number of strains (%). TVP: traditional packaging system. AVSP: advanced packaging system. a,bValues in the same row with different letters are significantly different) 

Number of strains
Indicator strains Control* 1 2 3 4

Brochothrix thermosphacta (ATCC 11509) 11.0 ± 0.2 9.5 ± 0.1 NA NA NA
Enterococcus faecalis (ATCC 23655) NA NA 8.0 ± 0.2 NA NA

Escherichia coli (CCUG 20570) NA NA NA NA NA
Lactobacillus 30A (ATCC 33222) NA NA NA NA NA

Listeria monocytogenes (NCTC 11994) 9.5 ± 0.1 12.0 ± 0.2 9.4 ± 0.5 11.0 ± 0.1 11.0 ± 0.1
Leuconostoc mesenteroides (NCFB 963) NA 8.0 ± 0.1 NA NA NA

Pseudomonas putida (ATCC 12842) NA NA NA NA NA
Pseudomonas fluoroscens (ATCC 13430) NA NA NA NA NA

Salmonella enteritidis (ATCC 29629) NA NA NA NA NA
Staphylococcus aureus (ATCC 35845) 10.0 ± 0.2 9.5 ± 0.5 9.0 ± 0.5 8.5 ± 0.5 8.5 ± 0.5

Yersinia enterocolitica (ATCC 9610) NA NA NA NA NA

Table 3: Antimicrobial activity of extracellular extracts obtained from strains isolated from AVSP showing bacteriocin activity (*The nisin-producing strain Lactococcus 
lactis (ATCC 11454) was included as a positive control. Results are expressed as diameters of the inhibition zone and standard deviations in millimetres. AVSP: advanced 
packaging system; NA: No activity; ATCC: American Type Culture Collection, USA; CCUG: Culture Collection University of Göteborg; NCBF: National Collection of Food 
Bacteria (UK); NCTC: UK National Collection of Type Cultures)
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followed by Carnobacterium (18 isolates, 19.8% of total), Lactobacillus 
(15 isolates, 16.4% of total) and Leuconostoc (9 isolates, 9.9% of total). 

Most of the technological or safety properties investigated were 
not significant different between LAB isolated from TVP or AVSP 
systems (Table 2). Only four strains (4.4% of total) produced gas after 
72 h of incubation at 30ºC, whereas 55 of the strains investigated (60.4% 
of total) were able to hydrolyse casein, and therefore had proteolytic 
activity. On the other hand, lipolytic activity was only found in 10 LAB 
strains (11% of total). The production of antimicrobial-like substances 
was the only parameter which differed significantly between LAB 
isolated from TVP and those from AVSP (p=0.04). Bacteriocinogenic 
activity was only detected in four strains isolated from AVSP samples, 
which exhibited antagonistic effects on different specific pathogens 
and food spoilage (Table 3). All four strains produced antimicrobial-
like substances active against L. monocytogenes (ATCC 11994) and 
S. aureus (ATCC 35845), whereas only one strain each was found to 
be active against B. thermosphacta (ATCC 11509), E. faecalis (ATCC 
23655) and Lc. mesenteroides (NCFB 963), respectively.

On the other hand, none of the isolates were found to produce H2O2. 
With respect to haemolytic activity, β-haemolysis was detected in only 
nine isolates (9.9%), whereas α- or γ-haemolysis was not detected in 
any isolates. Additionally, the ability to form histamine from histidine 
was detected in four LAB strains (4.4%). However, these results were 
not confirmed by PCR detection of the HDC gene (Table 2).

With respect to heat resistance, significant reductions in viable 
bacterial counts when thermally stressed at 55°C and 60°C were 
observed for all bacteria tested. Table 4 lists the D values of all the 
species with a regression analysis (0:92<r ≤ 0:99), except in four strains 
with a regression analysis (0:86<r ≤ 0:89) at D60. In general, it was found 
that strains isolated from the AVSP system were significantly more heat 
resistant at both temperatures than those strains isolated from the TVP 
system (p<0.05). 

Discussion
Previous works reported that beef packaged under AVSP system 

showed different physic-chemical properties than those beef package 
under TVP system. Thus, it was reported than beef packaged under 
AVSP shows lower pH than those isolated from TVP, mainly after 26 
days of packaging [4]. This fact could be related by lower LAB grown 
on beef packaged under AVSP system, and their consequent lower 
lactic acid production. Other work [10] revealed that beef packaged 
under AVSP system showed higher levels of lightness and redness than 
samples processed with TVP, as well as a better maintenance of general 
appearance. These results represent an important advantage of the 
AVSP system relative to TVP [10].

Most of the strains studied in this work did not produce gas from 
glucose. These results are in agreement with previous studies reporting 
that some strains of LAB are able to utilise ribose and gluconic acid as 
substrates for growth, and may produce organic acids and CO2 [17]. 

Gas production by LAB in meat has been described as an undesirable 
characteristic [18]. Consequently, the low number of gas-producing 
LAB in meat packaged using TVP or AVSP is advantageous. 

Proteolytic and lipolytic activities, as well as antimicrobial activity 
and decarboxylation of amino acids, are among the most important 
and most studied technological and safety properties of LAB in food 
[19,20]. Most LAB isolates displayed proteolytic activity, although no 
significant differences were observed between TVP- and ASVP-isolated 
strains. The presence of proteolytic bacteria in packaged meat could 
affect the firmness of the meat. It is well known that meat aging is 
characterized by a significant softening of the meat, mainly arising from 
the effect of proteases on the myofibrilar protein fraction [10]. Previous 
works revealed that beef packaged under AVSP system showed higher 
firmness than those counterparts packaged under TVP, probably 
due to the fact that protease enzymes involved in tenderness have an 
optimum pH range for activity close to neutrality [4,10]. Thus, taking 
into account that in the present work it was found similar proteolytic 
activity in bacteria isolated from beef packaged under both systems, it 
seems suggest that differences in firmness reported by previous works 
are mainly causes by endogenous enzymes and not by proteolytic 
bacteria.

Although the presence of proteolytic bacteria in packaged meat 
could affect the firmness of the meat, proteolytic activity by meat 
microbiota may also be beneficial. Degradation of protein produces 
peptides and amino acids that may contribute to the development of 
flavour [21]. Our results are in agreement with previous studies which 
found that different species of LAB from different food origins have 
proteolytic activity [19,21]. In contrast, other studies have found that 
LAB isolated from meat products is only weakly proteolytic [18,20].

With respect to lipolytic activity, it was observed that most strains 
were not able to hydrolyse tributyrin, with only 10 strains showing a 
low lipolytic activity against tributyrin. These results are in accordance 
with others studies in meat products that also reported a weak capacity 
of LAB for lipolytic activity [18,19]. 

The potential of LAB to produce antimicrobial compounds has 
attracted much attention; as such compounds can be used to prevent 
food spoilage and to inhibit the growth of food pathogens [22]. The 
primary antimicrobial effect exerted by LAB is the production of lactic 
acid and the reduction of pH [23]. However, besides organic acids, 
LAB also produces a number of other inhibitory compounds such 
as bacteriocins. In this study, the presence of LAB that can produce 
antimicrobial-like substances was higher in meats packaged under 
the AVSP system than those packaged under the TVP system. Four 
strains, all isolated from meat packaged under AVSP system, displayed 
strong antimicrobial activity against pathogenic and spoilage bacteria 
(Table 3) with clearing zones of 8.0–19.5 mm. This increased number 
of bacteriocinogenic LAB in AVSP-packaged meat could explain its 
longer shelf life compared to TVP-packaged meat [10]. Enterococcal 
bacteriocins have been reported to be strong inhibitors of food-borne 
pathogens such as L. monocytogenes, C. tyrobutyricum, C. perfringens 
and S. aureus [23,24]. In this study, the antimicrobial substances 
produced by LAB isolates were active against Gram-positive food-
borne pathogens such as L. monocytogenes and S. aureus in all cases. 
Use of these strains as starter or protective cultures, as well as a bio-
preservative could be useful [22,25]. In contrast, activity against B. 
thermosphacta, E. faecalis or Lc. mesenteroides was only found in some 
isolates. Isolates were therefore unable to inhibit growth of the Gram-
negative bacteria used in this study. This property is unusual and has 
only been reported in a few LAB-produced bacteriocins [24,26]. It has 

Packaging  D values (min)  
system Temp (ºC) Range Mean ± SD No. of strains

TVP 55 1.54–21.32 11.17 ± 3.34a 42
AVSP 55 1.56–40.55 14.09 ± 5.94b 49
TVP 60 0–13.41 4.64 ± 3.12c 42

AVSP 60 0.51–13.72 6.87 ± 2.61d 49

Table 4: Heat resistance values (D values) at 55ºC and 60ºC obtained for LAB 
isolated from meat packaged using the TVP or AVSP system (a–dValues in the same 
column with different letters are significantly different).
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previously been theorized that bacteriocins from LAB are low efficient 
against Gram-negative bacteria because the outer membrane blocks the 
bacteriocin target [27]. 

Absence of haemolytic activity is a key selection criterion for 
bacteria as starter strains for food use [28]. Although most LAB strains 
isolated from meat do not show haemolytic activity, some species of 
Enterococcus have been more frequently found to be haemolytic [29]. 
Consequently, Enterococcus must be checked carefully for the presence 
of haemolysins. Although 53.9% of strains isolated in this study 
belong to Enterococcus genus, fewer than 10% of isolates displayed 
β-haemolysis, a property that has not been frequently reported for LAB. 

With respect to histamine production, none of the LAB isolated 
displayed histidine decarboxylase that was confirmed by the PCR 
method (presence of the HDC gene), although four strains were able 
to decarboxylate histidine in histidine agar media. Previous studies 
have also revealed low histamine production in LAB species such as C. 
divergens [30], and Pircher et al. [31] found that only 4.8% of E. faecium 
isolates from meat were capable of hydrolysing histidine.

Because of the association of LAB with spoilage in packaged meat 
and thermally-processed food [32], it is important to test these bacteria 
for thermal resistance. D values are extensively used to characterize 
the thermal resistance of common microorganisms in food [33,34]. 
Previously, it was reported that the D values for typical LAB at 60°C 
are in the range of 0.25-0.66 min [35]. Examples of D values at 60ºC 
for organisms known to be heat resistant are 18.3-39.7 min for E. 
faecium in meat [36] and 2.53 min for L. monocytogenes in broth [37]. 
In contrast, no survivor cells were detected for C. viridans (ATCC BAA 
336) when treated for 1 min, and no reduction in viable cell number 
was found for E. faecalis ATCC 7080 [37]. In the present work, we 
found that average D values at 55ºC ranged from 11.17 min for LAB 
isolates from TVP samples to 14.09 min for LAB isolates from AVSP 
samples. Similarly, average D values at 60°C varied from 4.64 min for 
LAB isolates from TVP samples to 6.87 min for LAB isolates from 
AVSP samples. This could be explained by the fact that the AVSP system 
warms up the surface of the meat [10], possibly causing the death of 
heat-sensitive bacteria. It is generally assumed that the temperature of 
microorganisms influences their thermo-tolerance, as bacteria grown 
at higher temperatures show greater resistance to heat [38]. Moreover, it 
has been demonstrated that environmental conditions during bacterial 
growth are responsible for qualitative and quantitative changes in their 
membrane fatty acid profile. At higher temperatures, the saturated fatty 
acid content of the membrane increases and unsaturated fatty acid 
levels decrease [39]. These changes in membrane lipid composition 
mainly affect the fluidity of the cell membrane, with an increase in 
membrane fluidity corresponding to a decrease in thermal resistance 
[40]. The higher thermal resistance of LAB isol

ated from meats packaged using AVSP compared to TVP could also 
contribute to AVSP meat safety, as the surviving LAB produces organics 
acids that decrease meat pH and in some cases, produces bacteriocin-
like antimicrobial substances.

Conclusions
This study has compared the technological characteristics of 

LAB isolated from two types of packaging systems (AVSP and TVP). 
Previous studies have revealed longer shelf life of meat packaged under 
the AVSP system compared to the TVP system but did not provide an 
explanation for this difference. Our results lead us to conclude that 
the LAB isolated from both packaging systems are not significantly 

different in their technological characteristics. The notable exception 
to this is the higher production of bacteriocin-like substances in LAB 
isolated from AVSP-packaged meat. On the other hand, we showed that 
LAB isolated from meat packaged using AVSP was more heat resistant 
than LAB isolated from TVP-packaged meat. Overall, these facts could 
explain the longer shelf life of meat packaged using the AVSP system 
compared to meat packaged with the TVP system.
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