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A B S T R A C T  
 
Lactic acid bacteria (LAB) consist of four genera, namely Lactobacillus, Leuco-
nostoc, Pediococcus, and Streptococcus. Pediococcus and Lactobacillus are 
used as starter cultures in the processing of fermented food products such as 
sour milk, shrimp paste and fermented sausage. . The use of starter culture is 
intended to speed up the fermentation process as well as inhibiting the 
growth of other pathogenic bacteria.  Common LAB are gram-positive, do 
not have spores, cocci or bacilli, and produce lactic acid from the fermenta-
tion of carbohydrates. Antimicrobial components produced by LAB can inhib-
it the growth of pathogenic bacteria in fermented products, for example 
Pediocin produced by P. acidilactici and Lactasin by L. casei. Fermented meat 
products may possibly be contaminated by Listeria monocytogenes if the 
implementation is not hygienic. In fermented sausage processing, commonly 
used preservatives are:  NaCl, NaNO2, NaNO3, liquid smoke, pH, and lactic 
acid.  The purpose of this study was to determine the survival of Pediococcus 
acidilactici, Lactobacillus casei, and Listeria monocytogenes in some kind of 
curing with different concentrations. The method used is descriptive, where 
data are shown as mean ± STD. The results showed that P. acidilactici, L. ca-
sei, and L.monocytogenes can survive at a rate of NaCl 0-3%; NaNO2 0-100 
ppm; NaNO3 0-200 ppm; liquid smoke 0-4%; pH 3 - 5.6; and the incubation 
temperature of 5-50 °C.  

1. Introduction 

Processing of fermented sausage products often 
use additives or preservatives including NaCl, 
NaNO2, NaNO3, liquid smoke and lactic acid. The 
fermentation process is carried out  using indige-
nous or lactic acid bacteria (LAB) as a starter cul-
ture and then followed by curing (Gimeno et al., 
2000). The bacteria used as starter cultures are of 
the genus Lactobacillus and Pediococcus. However 

in practice, fermented sausages are highly suscepti-
ble to contamination of Listeria monocytogenes 
(Meloni, 2015). LAB are a group of gram positive, 
non-spore forming, cocci or rod shaped, catalase 
negative and fastidious organisms. They are consid-
ered as “GRAS” (Generally Recognized As Safe) or-
ganisms (Chishty et al., 2013). 

Pediococcus acidilactici is a LAB used in the fermen-
tation process foodstuffs. P. acidilactici is tetrad-
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shaped, but some species establish short chains 
and are catalase negative and microaerophilic.  
Pediocin produced by P. acidilactici is an antimicro-
bial agent that is affected by  temperature and 
more active at pH 5. Antimicrobial mechanisms in-
clude damage to the cell wall, cell permeability 
changes, changes in protein and nucleic acid mole-
cules, inhibition of the synthesis of nucleic acids 
and proteins (Chen, 2003). Consortiums of some 
bacteria are more effective in degrading the raw 
materials, for example cellulose (Sharma et al., 
2015). 

L. casei is a facultative anaerobic, gram-positive, 
non-motile, non-spore-forming rod-shaped. The 
optimum growth conditions for this  bacterium in-
clude  temperature of 37 °C and pH 6.8. L. casei 
antagonists produce substances that inhibit the 
growth of other microbes. These substances in-
clude lactic acid, H2O2, diacetyl, Nissin, and bacteri-
ocins. L. casei built by amino acids. Strain L. casei 
subsp  exhibits dipeptidase activity and high tripep-
tidase (Earnshaw, 1992).  

Control of Listeria monocytogenes in foods can be 
achieved by using a combination of several tech-
niques, namely (1) Preventing food contamination 
by L. monocytogenes; (2) Destructive metabolic 
system of L. monocytogenes in foods; and (3) Inhib-
it or kill the growth of L. monocytogenes (Lunden, 
2004). NaCl, nitrite or nitrate as an additive com-
monly used in the processing of fermented sau-
sage. The addition of NaCl into food is a source of 
osmotic pressure, and a decrease in aw.  L. mono-
cytogenes is able to survive in medium containing 
26% NaCl for 6 h. at 10 °C, also able to survive in 
8% NaCl on peptone media. The presence of NaCl 
in the growth medium also protects against heat L. 
monocytogenes. NaCl was not able to suppress the 
growth rate of L. monocytogenes (McClure et al., 
1997). Nitrite contributes to suppress the growth of 
L. monocytogenes on the level and type of organic 
acids produced during the fermentation process, 
depending on the species of LAB, the composition 
of the media and growth conditions (Lindgren and 
Dobrogosz, 1990). Organic acid as an antimicrobial 
effect is capable to reduce the external pH to be 
low so that the cytoplasm of the cell becomes acid-
ic, while the acid can diffuse across the cytoplasm 
membrane (Gimeno et al., 2000). L. monocytogens 
(MTCC 1143) have bile salt tolerance limit up to 
0.7% (Kumawat and Chishty, 2015). 

Most previous studies conducted on the use of lac-

tic acid bacteria as a producer of bacteriocins which 
aimed to prevent the contamination of L. mono-
cytogenes and other bacterial pathogens (Nichols 
et al., 2002), but the research on the durability of 
LAB against various types of curing used is very lim-
ited. Therefore, in this study aimed to determine 
the viability of Pediococcus acidilactici, Lactobacil-
lus casei and Listeria monocytogenes in some cur-
ing that is generally used in the processing of fer-
mented sausage meat. 

2.  Material and Methods 

Descriptive study was designed with three replica-
tions. Observations were made on the survival of P. 
acidilactici (0110 <-TAT-1), L. casei (NRRL-B 1922) 
and L. monocytogenes (ATCC 1194) on some type 
of curing usually used in the processing of ferment-
ed sausage. 

• NaCl (%): 0 (control); 1; 2; and 3. 

• NaNO2 (ppm): 0 (control); 50; 100, and 200. 

• NaNO3 (ppm): 0 (control); 25; 50, and 100. 

• Liquid Smoke (%): 0 (control); 0.01; 0.02; and 
0.04. 

• PH: 3; 4; 5; and 5.6 (control) 

• Temperature (ºC): 5-10; 15-20; 32-37 
(control); and 45-50 

2.1 Preparation 

P. acidilactici (0110 <-TAT-1), L. casei (NRRL-B 1922) 
and L. monocytogenes (ATCC 1194) were obtained 
from the Inter University Centre, Gajah Mada Uni-
versity Indonesia, and cultured in the microbiology 
laboratory of Medical Faculty of Brawijaya Universi-
ty, Indonesia.  

The survival of P. acidilactici, L. casei, and 
L.monocytogenes was measured using a dilution 
method (Erkkila et al., 2001). Prepared solution of 
NaCl, NaNO2, NaNO3, and liquid smoke according to 
treatment into each reaction tube of 9 ml, then 
sterilized. Further, each tube was added 1 mL 108 
cfu/mL LAB or 106 cfu/mL of L. monocytogenes, 
homogenized using a vortex as the dilution 10-1. 
Subsequently diluted until 10-5, and incubated for 4 
h at a temperature of 30-32 °C for LAB, and 35-37 °
C for L. monocytogenes. Colonies greenish black 
spots in the middle of MRSA after 48 hours of incu-
bation temperature of 30-32 °C is calculated as 
LAB, and colonies on media hemolytic after 24 
hours of incubation temperature of 35-37 °C is cal-
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culated as L. monocytogenes. 

Implementation of media influence of pH using 
modified methods by Erkkila et al. (2001), a total of 
0.50 mL bacterial suspension was inoculated into a 
test tube containing 10 ml of phosphate buffer, pH 
regulated according to treatment using 8 M HCl. 
phosphate buffer was made by dissolving NaCl (9 g/
L), Na2HPO4 x 2 H2O (9 g/L), and KH2PO4 (1.5 g/L) in 
distilled water. The implementation of the effect of 
temperature is done by planting LAB and L. mono-
cytogenes on the appropriate medium, and then 
incubated at trial. Subsequent observations were 
made according to the curing level research. 

2.2. Observations 

Observations on LAB survival were measured as a 
percentage of the number of colonies that grew 
compared to controls. Data were analyzed using 
Microsoft Excel as the mean of three independent 
variables experiment with a standard deviation 
(SD). 

3. Results 

Survival of P.acidilactici, L. casei, and 
L.monocytogenes to NaCl, NaNO2, NaNO3, pH, tem-
perature, and liquid smoke is listed in Table 1 as 
follows. 

4. Discussion  

The data in Table 1 indicate that the P. acidilactici 

Treatments Survival (%) 

NaCl (%) Pediococcus acidilactici Lactobacillus casei Listeria monocytogenes 

0 * * * 

1 99.61±0.49 99.36±0.42 72.84±3.90 

2 96.80±0.57 97.58±0.53 71.68±3.41 

3 95.76±0.25 97.20±0.12 71.44±3.65 

NaNO2 (ppm)   

0 * * * 

50 99.10±0.56 99.73±0.26 73.68±3.47 

100 96.62±0.27 99.05±0.41 72.81±3.51 

200 96.28±0.54 97.24±0.48 69.96±3.87 

NaNO3 (ppm)   

0 * * * 

25 99.30±0.59 98.96±0.40 70.71±3.08 

50 96.34±0.42 98.72±0.28 73.45±3.30 

100 96.01±0.48 97.50±0.44 74.60±3.48 

Liquid Smoke (%)   

0 * * * 

0.01 99.01±0.40 99.69±0.46 62.78±3.44 

0.02 97.79±0.54 99.07±0.48 62.07±3.80 

0.04 97.19±0.45 96.01±0.54 61.45±4.08 

pH   

3    98.81±0.27   97.71±0.40 55.15±3.15 

4  100.78±0.58   98.67±0.59 56.70±3.18 

5    99.14±0.56 101.85±0.30 58.72±2.51 

5.6 * * * 

Temperature (°C)   

5-10 93.74±0.57 95.22±0.52 67.06±3.49 

15-20 96.93±0.29 96.48±0.51 74.00±2.97 

32-37 * * * 

45-50 93.96±0.36 94.62±0.26 69.49±3.42 

Table 1: Survival of Pediococcus acidilactici, Lactobacillus casei, and Listeria monocytogenes on levels of NaCl, NaNO2, 
NaNO3, liquid smoke, pH, and temperature at in vitro treatment. 
Note: Data are shown as mean of three independent experiments with SD. 
* Control. 
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and L. casei were able to survive beyond 90% for all 
types of curing. The higher concentration of NaCl, 
NaNO2, NaNO3, and liquid smoke lowered survival 
of LAB. Temperature of 30-35 °C was the best tem-
perature for the growth of P. acidilactici and 
L.casei, and commercial incubation temperature 
(15-20 °C) still show high growth. The survival of P. 
acidilactici and Lactobacillus casei in 1-3% NaCl 
concentration of more than 90%. Sanz et al. (1998) 
stated that the growth of LAB decreased in 8% 
NaCl.  Gancel et al. (1997) showed that L. casei is 
more resistant to NaCl levels compared P. acidi-
lactici. Davidson et al. (1997) stated that NaCl did 
not affect the concentration of lactic acid produced 
by LAB.  P. acidilactici and L. casei were able to stay 
above 90% in NaNO2 up to the level of 200 ppm, so 
the lactic acid produced is expected to have no 
effect on the product.  Noowrozy et al. (2004) 
states that at the higher the concentration of NaCl, 
cell growth and bacteriocins produced will be low-
er, so the addition of NaCl may be one of the main 
causes of the decline in the ability of LAB bacterioc-
ins production as starter cultures in fermented 
food products.  Leroy and Vuyst (1999) stated that 
the production of lactic acid by LAB will be affected 
by NaNO3 concentrations of 400 ppm. 

P.acidilactici and L. casei is able to survive in media 
containing liquid smoke above 90% (Table 1). This 
indicates that the P. acidilactici and L. casei can be 
implemented as a combination of starter cultures 
in fermented sausage processing. Gancel et al. 
(1997), stated that the liquid smoke does not affect 
the pH and lactic acid content, but delay the expo-
nential growth of LAB.  Leroy et al. (1999) suggest 
the use of natural smoke, because the smoke is 
naturally only able to penetrate less than 1 mm on 
the surface of the sausage. L. monocytogenes can 
survive above 60% for all types of curing, except for 
pH. Increasing concentrations of curing will effect 
on the survival of L. monocytogenes. 

The survival of L. monocytogenes at a temperature 
of 45-50 ° C and 5-10 ° C is more than 65%; and at a 
temperature of 15-20 ° C is more than 70% (Table 
1). This indicates that the temperature is an im-
portant factor for the growth of L.monocytogenes.  
The optimum growth of L. monocytogenes at a 
temperature of 30-37 °C, and is able to grow at a 
temperature range of 5-10 ° C, and freezing tem-
peratures. Glass and Doyle (1989) reported that L. 
monocytogenes can grow in the processed meat 
products stored 4 °C under anaerobic conditions. 
McKellar et al. (1994), also states that L. monocyto-

genes is able to multiply in chicken meat stored an-
aerobically for 28 days at a temperature of 0-1 °C.  
Miettinen et al. (2000), reported that L. monocyto-
genes is able to multiply in bologna sausage stored 
at 0 °C for 63 days. The survival of L. monocyto-
genes to NaNO2 above 69% (Table 1). This indicates 
that the NaNO2 applied up to 200 ppm into the sau-
sage was not sufficient to inhibit the growth of L. 
monocytogenes. NaNO2 50 mg/mL could inhibit the 
growth of L. monocytogenes at pH 5.3 bologna sau-
sage stored at 2 ° C for 21 days (Mcclure et al., 
1997). 

NaCl with a concentration of up to 3% (Table 1) 
shows the survival of Listeria monocytogenes is still 
above 70%.  Junttila et al. (1989) showed that in-
creased levels of NaCl of 3 - 3.5% no effect on the 
growth of L. monocytogenes. Chen and Shelef 
(1991) reported that the combination of 2% NaCl 
with 2% sodium lactate to inhibit the growth of L. 
monocytogenes. 

The use of 0.04% of liquid smoke still showed L. 
monocytogenes survival more than 60% (Table 1). 
This indicated that liquid smoke was not able to 
inhibit the growth of L. monocytogenes in total. 
Asita and Campbell (1990) stated that although the 
smoke is composed of phenol, carbonyl, and organ-
ic acids have not been effective as antimicrobial for 
L. monocytogenes.  Nursyam et al. (2013) reported 
that the component of the smoke that has accumu-
lated less than 1 mm on the surface of smoked fish 
has not been able to inhibit the growth of L. mono-
cytogenes.  The smoke affects the smell, taste, and 
a succession of microorganisms. 

5.  Conclusion 

Lactic acid bacteria are able to survive at some lev-
el of curing. Lactobacillus casei (NRRL-B 1922) is 
generally more resistant to several types of curing 
than Pediococcus acidilactici (0110 <-TAT-1). How-
ever Listeria monocytogenes (ATCC 1194) is much 
more resistant than two types LAB.  From the re-
search results suggested that the use of LAB into 
the curing and processing of fermentation products 
should pay attention to the concentration per-
mitted by health.  
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