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This study evaluated the effect of combinations of nisin with salt (NaCl) to control Listeria 
monocytogenes on sheep natural sausage casings. Casings were inoculated with 3.0 x 10

5
 cfu/g final 

inocula of L. monocytogenes, stored at 6°C in different solutions of nisin at 0, 100, 150 and 200 µg/g. 
Each combined with salt at 0, 4, 7 and 12% (w/v). Samples were taken at day 0, 10, 20, 35, 60 and 90 
post-inoculation and the number of bacteria present was determined. The bactericidal effect of nisin 
against L. monocytogenes cells was evident where nisin was applied in combination with salts. In all 
treatments, nisin/salt mixtures induced a bacterial growth inhibitory effect greater than salt alone. 
These results indicate that nisin and salt synergistically and significantly inhibit the growth of L. 
monoctogenes in sheep natural casings. The use of nisin combined with salt as antibacterial agent will 
be appropriate for applications on natural sausage casing industries as natural preservatives to control 
foodborne pathogens. They can be used as growth inhibitors of L. monocytogenes, an important 
foodborne pathogens and spoiling bacterium. The main reason for their appropriateness is their 
natural origin, which consumers find comforting. These beneficial characteristics could increase 
casings safety and shelf life. 
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INTRODUCTION  
 
Natural casings from sheep, hog and beef have been 
used for thousands of years as an edible container for 
sausage. They are derived from the gastrointestinal tracts 
of the respective species (Bakker et al., 1999; Madhwaraj 
et al., 1980; Pearson and Gillett, 1999). Casings are 
usually preserved by salting, curing and/or drying 
(Fischer and Schweflinghaus, 1988) to reduce the 
microbial contamination, but enteric or exogenous 
microorganisms in the natural casing are inevitable and 
also the number of microorganisms increases during 
processing and distribution, especially under unhygienic 
treatment or high storage temperature (Trigo and 
Fraqueza, 1998). By their nature, natural casings are 
contaminated  with  bacteria  (10

4  
to 10

7 
cfu/g)  (Bakker et 
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al., 1999; Byun et al., 2001; Ockerman and Hansen, 
2000; Gabbis and Silliker, 1974). Generally, adequately 
salted casings are considered microbiologically fully 
acceptable. Listeria monocytogenes is an important 
human food-borne pathogen which causes febrile 
gastroenteritis in healthy individuals (Piana et al., 2005) 
and life-threatening invasive infections in susceptible 
individuals (Mead et al., 2006), such as the young, the 
old, the pregnant and the immune-compromised, the so 
called “YOPI” (De Cesare et al., 2006). In Europe it has 
an incidence of 0.3 cases/year/100,000 population 
(European Food Safety Authority, 2006), this pathogen 
has the ability to growth over a wide range of pH values 
(4.3 - 9.6) (Lou and Yousef, 1999) and can survive under 
salt concentrations as high as 10% NaCl (McClure et al., 
1989). Due to the ubiquitous nature of this pathogen in 
the slaughterhouse and the meat packaging 
environments, it is not surprising that the incidence and 
behavior of this pathogen in meat products are receiving 
increasing attention. 



 
 
 
 

Table 1. Explanation of group names, nisin and NaCl 
Concentrations. 
 

Salt (%) 
Nisin (µg/g) 

0 100 150 200 

0 A B C D 

4 E F G H 

7 I J K L 

12 M N O P 
 
 
 

Presence and survivability of this pathogen were 
studied by using fresh and salted beef, sheep and hog 
casings. L. monocytogenes was confirmed in beef and 
fresh hog casings after 30 days of storage in dry-salted at 
15°C (Bockemühl, 2000). 

L. monocytogenes was positively identified after the 
mandatory 30 day preservation period for natural casings 
at a water activity level of 0.85 or lower (Wijnker et al., 
2006). Casings may be used in the manufacture of either 
fresh sausages, fermented sausages, or 
cooked/sterilized sausages. Eventually pathogens like L. 
monocytogenes occasionally survive in fermented 
sausages (Encinas et al., 1999; Levine et al., 2001), 
which are generally consumed in an uncooked condition. 
Our research activities focus on the identification of 
biopreservatives that could improve and partly replace 
salt/brine methods, which are currently applied, to 
decrease environmental impact of large quantity of salt 
used by the casing industry and to improve the casing’s 
technical characteristics. A likely substance to obtain this 
effect is nisin, the best known and studied bacteriocin 
produced by lactic acid bacteria (LAB). It is the only 
bacteriocin that has been approved as a food additive in 
Europe and it is considered safe as bacteriocin in the 
United States (Delves-Broughton, 1990; Food and Drug 
Administration, 1998; Montville et al., 2001). Nisin is 
effective in controlling a wide range of gram-positive 
pathogenic bacteria, including L. monocytogenes (Ming 
et al., 1997; Siragusa et al., 1999; Coma et al., 2001). 
The inhibition of Listeria by nisin has been demonstrated 
in culture media as well as in different foods such as 
cottage cheese (Ferreira and Lund, 1996), ricotta-type 
cheeses (Davies et al., 1997), fresh pork sausages 
(Scannell et al., 1997), cold-smoked salmon (Nilsson et 
al., 1997) and Ice cream (Dean and Zottola, 1996). 
Therefore, the aim of this study was to evaluate nisin 
applied singly or in combination with salt as bio-
conservative solutions, for control of L. monocytogenes 
introduced on sheep natural casings and storage at 6°C. 

 
 
MATERIALS AND METHODS 
 
L. monocytogenes strain and inoculums preparation 
 
The L. monocytogenes serovar 4b CECT 4032 strain was used to 
artificially contaminate sheep natural casing before treatment, 
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packaging and storage. Bacteria were grown in 10 ml BHI agar 
(Difco) for 24 h at 37°C, diluted and counted and adjusted to a final 
inoculum of approximately 3.0 x 10

5
 cfu/g of sheep natural casings 

when 0.25 ml of the inoculum was applied to each part of casing, as 
described below. 
 
 
Sample preparation 
 
Dry salted Australian sheep casings (AA 20 - 22) were obtained 
from BOA Company, (Boyauderie d’Atlas Tangier Morocco). These 
casings were previously cleaned scarped selected and salted 
according to the Company Standard Operating Procedures. For the 
experimental treatment, eight hanks were transferred to the 
microbiology laboratory. Casings were first desalinated for 30 min 
with flowing lukewarm tap water (temperature 25 ± 2°C). This 
reduces the residual salt level of dry-salted casings to less than 3 
wt% (Lee et al., 1994). Thereafter casings were drained overnight 
at 3°C to reduce water level. The next day, the casings were 
divided and weighed of approximately 100 g. Each part was then 
transferred to the glass recipients for inoculation, treatment, storage 
and testing, as described below. 
 
 
Preservation solutions  
 
To preserve casing under controlled conditions, 16 different 
solutions with specific salt (Salt: 0, 4, 7 and 12%) and nisin 
concentrations (0, 100, 150 and 200 µg/g) and all possible 
combinations were prepared with sterilized water. The pH of all 
solutions was adjusted to 5.8 with HCl (Sigma-Aldrich, Darmstadt, 
Germany).  
 
 
Microbiological media and chemicals 
 
PALCAM media and its supplements were purchased from 
BIOKARD (Beauvais, France). For serial dilutions, TRYPTONE 
SALT BROTH (BIOKARD) was used. Nisin from Lactococcus lactis 
(subsp lactis) was obtained from Sigma-Aldrich (N5764). Nisin was 
solubilised in 0.02 M HCl at a concentration of 10 mg/ml with 
heating (60 - 70°C) to aid solubilisation. The solution was sterilised 
by filtration through 0.22 µm membrane filters (Millex, Millipore) 
prior to use and this solution was used throughout. 
 
 
Product inoculation and treatment with antimicrobials 
 
The desalinated and drained casings were divided into sixteen 
groups (100 g of each part), placed on glass recipients under a 
biohazard hood and 0.25 ml of the inoculum was deposited. 
Inoculated casings were homogenized thoroughly and kept at 6°C 
for 1 h for inoculum attachment. Thereafter, 100 ml of each 
antimicrobial solution were added. Each of the groups, were treated 
separately with different nisin and salt concentrations as showed in 
Table 1. 
 
 
Microbiological analysis  
 
Microbiological analysis were realised according to AFNOR V08-
055 method, Samples were analyzed for microbiological counts at 
time-points; 0, 10, 20, 35, 60 and 90 days of storage at 6°C. 10 g of 
casing for each treatment were transferred into individual sterile 
plastic bags (Whirl-Paks, Paris, France ), mixed with 90 ml of 
TRYPTONE SALT BROTH (BIOKARD, Beauvais, France) using a 
Stomacher (Stomacher/Lab Blender 400) for 2 min. Appropriate 
serial decimal dilutions were made in TRYPTONE SALT BROTH. 
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The number of L. monocytogenes was determined on PALCAM 
agar (BIOKARD) after incubation at 37°C for 24 h and for further 
analyses, examination of the TSAYE (BIOKARD) plate with an 
oblique Henry illumination system, Gram staining, examination for 
catalase activity, tumbling motility, hemolysis zone on blood agar 
(BIOKARD), CAMP test were performed according to Harrigan 
(1998). All treatments were conducted in triplicate. Microbiological 
counts were expressed as log10 cfu. 
 
 

Statistical evaluation  
 

Analyse of variance of the data was performed using the ANOVA-
MANOVA using statistical software STATISTICA 6.0 (1997 edition). 
Significant differences (p < 0.05) between mean values of triplicate 
sample were determined. 

 
 
RESULTS AND DISCUSSION 

  
No L. monocytogenes was detected in the natural 
casings before inoculation. L. monocytogenes 
populations exceeded 6.3 log10 cfu/g in no treated sample 
- group A (Figure 1). This demonstrates the ability of the 
pathogen to undergo abundant growth on sheep natural 
sausage casings without antimicrobials even when stored 
under refrigeration and acidified solutions. Nisin (100, 
150 and 200 µg/g) used alone had no antilisterial effect 
before 20 days (p > 0.05). However, at days 20 to 90 
nisin reduced the L. monocytogenes population in the all 
nisin treated simples when compared to the control (p < 
0.001) (Figure 1). This reduction may be due to 
acidification of solution of treatment due to lactic acid 
production by L. monocytogenes, which led to a 
significant acidification (Conner et al., 1986). Nisin is 
known to act better at pH 5.5 or below (Buncic et al., 
1995; De Martinis et al., 1997; Ukuku and Shelef, 1997). 
The inhibitory action of nisin increased with decreasing 
pH values .This response could be attributed to acidic 
damaging effects on target cells concomitant with the 
higher stability and solubility of nisin (Liu and Hansen, 
1990) and with the increase in net positive charge of nisin 
(Jack et al., 1995). The effect of a combination of nisin (0, 
100, 150 and 200 µg/g) with 4% salt to control L. 
monocytogenes at 6°C in casings was studied. At 4% of 
salt and without nisin, the colonies number of L. 
monocytogenes increased from an initial 5.4 log10 cfu/g to 
5.8 log10 cfu/g of casing after 10 days. The bactericidal 
effect of nisin against L. monocytogenes cells was 
evident in all simple where nisin was applied in combina-
tion with 4% (w/v) of salts, regardless of the nisin 
concentrations, when compared to the control (Figure 2). 
A decrease was approximately 1 log10 cfu/g at 90 days.  

The bactericidal effect of salt at 7% (w/v) against L. 
monocytognes was evident in all groups regardless of the 
presence of nisin (Figure 3). However, the inhibitory 
effect was more pronounced in group L, where 200 µg/g 
of nisin was used (p < 0.001). This inhibition reaches 1.2 
log10 at 10 days compared to group I (0 µg/g nisin), J 
(100 µg/g nisin), K (150 µg/g nisin) where the  number  of  

 
 
 
 

 
 
Figure 1. Survival/growth (n = 3) of  inoculated L. monocytogenes 
(PALCAM agar) in natural sheep casing treated with (A) 0 µ/g of 
nisin (B) 100 µg/g of nisin (C) 150 µg/g of nisin and (D) 200 µg/g. 
Each point represents the mean of three experiments. Error bars 
represent standard deviation of the means. 
 
 
 

 
 
Figure 2. Survival/growth (n = 3) of  inoculated L. monocytogenes 

(PALCAM agar) in natural sheep casing treated with 4% of NaCl 
combined to (E) 0 µg/g of nisin, (F) 100 µg/g of nisin, (G) 150 µg/g 
and (H) 200 µg/g of nisin. Each point represents the mean of three 

experiments. Error bars represent standard deviation of the means. 
 
 
colonies formed by L. monocytogenes decrease by 0.4 
log10 cfu/g (Figure 3).  

A considerable decrease of L. monocytogenes was 
shown when casings were treated with 12% of salt alone 
or in combination with various nisin concentrations. The 
decrease reached 2.2 log10 in simple L0 µg/g nisin after 
90 days, compared with no nisin treated simple with only 
0.7 log10 cfu/g decreases (Figure 4). 

In all experiments, nisin added to the same salt con-
centration induced an inhibitory effect greater than salt 
alone. Geornaras et al. (2004a) investigated the anti-
listerial effects of nisin on commercial bologna and ham. 
They contaminated the  samples  with  L. monocytogenes 



 
 
 
 

 
 

Figure 3. Survival/growth (n = 3) of inoculated L. 
monocytogenes (PALCAM agar) isolated from natural sheep 
casing treated with 7% of NaCl combined to (I) 0 µg/g of nisin, 
(J) 100 µg/g of nisin, (K) 150 µg/g and (L) 200 µg/g of nisin. 
Each point represents the mean of three experiments. Error 
bars represent standard deviation of the means. 

 
 
 

 
 
 
Figure 4. Survival/growth (n = 3) of inoculated L. 
monocytogenes (PALCAM agar) in natural sheep casing treated 
with 12% of NaCl combined to (M) 0 µg/g of nisin. (N) 100 µg/g 
of nisin. (O) 150 µg/g and (P) 200 µg/g of nisin. Each point 
represents the mean of three experiments. Error bars represent 
standard deviation of the means. 
 
 

 

at 3 - 4 log/cm
2
 and immersed them in nisin solution 

(0.5%). They found that nisin reduced the count of L. 
monocytogenes by 2.4 - 2.6 log/cm

2
.  These researchers 

performed   another   study    on    frankfurter    sausages  
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contaminated with L. monocytogenes at 3 - 4 log/cm

2
 and 

dipped in nisin solution (0.5%) and found that nisin 
reduced the count of L. monocytogenes by 2.4 - 3.5 
log/cm

2
  (Geornaras  et  al.,  2004b). Thus nisin has an 

antilisterial activity in meat and meat products. 
Pawar et al. (2000) found that the growth of L. 

monocytogenes in the treated groups was significantly 
inhibited compared to the controls. Also, the degree of 
inhibition increased with increasing concentrations of 
nisin (Samelis et al., 2005). 

Sahl and Bierbaum (1998) proposed that the reaction 
between  nisin  and the listerial cell membrane was 
caused by hydrophobic interaction between the amino 
acid residues of  nisin  and the fatty acids of the 
membrane phospholipids (Henning et al., 1986). It was 
further suggested that the electrostatic attraction between 
nisin molecules and the negatively charged phospholipids 
is involved in the antilisterial effect. Ming and Daeschel 
(1993) compared the sensitivity to nisin of cells of two 
strains of L. monocytogenes Scott A: one with signi-
ficantly decreased phospholipid content compared to the 
parental strain. They observed low antilisterial activity of 
nisin in the strain with the low phospholipid content. The 
nisin resistant cells were found to bind less nisin and 
release less phospholipid than the sensitive cells when 
treated with the same concentrations of nisin.   

Thomas and Wimpenny (1996) and Parente et al. 
(1998) found that the presence of NaCl enhances nisin 
action. The emergence of L. monocytogenes as an 
important food-borne pathogen has led to a resurgence 
of interest in antimicrobials suitable for its control. At the 
same time, consumer demand for foods that contain 
fewer preservatives, are less processed, free from 
artificial additives and perceived as fresh and more 
natural food stuffs has increased (Gould, 1992). In the 
present study, it was found that nisin with various 
combinations of salt  has a great influence as an 
antilisterial effect in sheep natural casings. 
 
 
Conclusion 
 
In the present study, we found that the combination of 
nisin with salt significantly inhibited the growth of L. 
monoctogenes in sheep natural casings. Forthcoming 
investigations should focus on evaluating antimicrobial 
activity of nisin against other pathogens founding in 
natural casings to support a potential application for nisin 
in natural casing industries as potential biopreservative.  

 
 
ACKNOWLEDGEMENTS 
 
Authors are grateful to BOA group, Boyauderie de l’Atlas, 
Tangier Morocco for the financial support. We also 
acknowledge manuscript reviewing committee from 
Biomatecus, USA. 



1194         Afr. J. Biotechnol. 
 
 
 
REFERENCES  
 
Bakker WAM, Houben JH, Koolmees PA,  Bindrich U,  Sprehe L (1999). 

Effect of initial mild curing, with additives, of hog and sheep sausage 
casings on their microbial quality and mechanical properties after 
storage at difference temperatures. Meat Sci. 51: 163–174. 

Bockemühl J (2000). Studies on emerging pathogens in natural 
sausage casings, final report. Hygiene Institute Hamburg.  

Buncic S, Fitzgerald CM, Bell RG, Hudson JA (1995). Individual and 
combined listericidal effects of sodium lactate, potassium sorbate, 
nisin and curing salts at refrigeration temperatures. J. Food Safety 
15: 247–264. 

Byun MW, Lee JW, Jo C, Yook HS (2001). Quality properties of 
sausage made with gamma-irradiated natural pork and lamb casing. 
Meat Sci. 59: 223–228. 

Coma V, Sebti I, Pardon P, Deschamps A, Pichavant FH (2001). 
Antimicrobial 357 edible packaging based on cellulosic ethers, fatty 
acids and nisin incorporation to inhibit Listeria innocua and 
Staphylococcus aureus. J. Food Prot. 64: 470–475. 

Conner DE, Brackett RE, Beuchat LR (1986). Effect of temperature, 
sodium chloride and pH on growth of Listeria monocytogenes. Lett. 

Appl. Microbiol. 6: 153–156. 
Davies EA, Bevis HE, Delves-Broughton J (1997). The use of the 

bacteriocin, nisin, as a preservative in ricotta-like cheeses to control 
the food-borne pathogen Listeria monocytogenes. Lett. Appl. 
Microbiol. 24: 343–346. 

Dean JP, Zottola EA (1996). Use of nisin in ice cream and effect on the 
survival of Listeria monocytogenes. J. Food Prot. 59: 476–480. 

Delves-Broughton J (1990). Nisin and its uses as a food preservative. 
Food Technol. 44: 100–117. 

De Cesare A, Manfreda G, Macrì M, Cantoni C (2006). Application of 
automated ribotyping to support the evaluation of the Listeria 
monocytogenes source in a Taleggio producing plant and to predict 

the risk human health linked to the accidental sale of contaminated 
cheese. Arch. Vet. Ita. 57: 231–240. 

De Martinis ECP, Crandall AD, Mazzotta AS, Montville TJ (1997). 
Influence of pH, salt and temperature on nisin resistance of Listeria 
monocytogenes. J. Food Prot. 60: 420–423. 

Encinas JP, Sanz JJ, Garcia-Lopez ML, Otero A (1999). Behavior of 
Listeria spp. In naturally contaminated chorizo. Int. J. Food Microbiol. 
46: 167–171. 

European Food Safety Authority (2006). The community summary 
report on trends and sources of zoonoses, zoonotic agents, 
antimicrobial resistance and foodborne outbreaks in the European 
Union in 2005. The EFSA J. 130: 1–310. 

Ferreira MASS, Lund BM (1996). The effect of nisin on Listeria 
monocytogenes in culture medium and long-life cottage cheese. Lett. 
Appl. Microbiol. 22: 433–438. 

Fischer A, Schweflinghaus M (1988). Naturdärme 1: Anatomie und 
Gewinnung. Fleischerei. 39: 10–14. 

Food and Drug Administration (1998). Nisin preparation: Affirmation of 
GRAS status as a direct human food ingredient. Federal Register 53: 
11247–11251.  

Gabbis DA, Silliker JH (1974). Salmonella in natural animal casings. 
Appl. Microbiol. 27: 66–71. 

Geornaras I, Belk KE, Scanga JA, Kendall PA, Smith GC, Sofos JN 
(2004a). Control of L. monocytogenes, on inoculated commercial 
ham and Bologna slices by dipping in antimicrobial solutions. 
Departmental Research Reports, Department of Food Science and 
Human Nutrition, Colorado State University, ABD. pp. 254-255.   

Geornaras I, Belk KE, Scanga JA, Kendall PA, Smith GC, Sofos JN 
(2004b). Antimicrobial dipping treatments to control L. 
monocytogenes in commercial frankfurters and smoked sausages. 
Departmental Research Reports, Department of Food Science and 
Human Nutrition, Colorado State University, ABD. pp. 255-257. 

Gould (1992). Gould, Ecosystem approaches to food preservation, J. 
Appl. Bacteriol. 21: 58S–68S. 

Harrigan WF (1998). Laboratory methods in foods microbiology. 
California: Academic Press Ltd. pp. 116-118. 

Henning R, Metz, Hammes WP (1986). Studies on the mode of action 
of nisin, Int. J. Food Microbiol. 3: 121–134. 

Jack  RW,   Tagg  JR,  Ray  B  (1995).   Bacteriocins  of  Gram  positive 

 
 
 
 

bacteria. Microbiol. Rev. 59: 171–200. 
Lee KT, Kim HR, Kataoka (1994). Studies on the preparation and 

utilization of hog small intestine. II. Effect of salting level on the 
quality characteristics of small casings, Asian Aust. J. Anim. Sci. 7: 
532-526. 

Levine P, Rose B, Green S, Ransom G, Hill W (2001). Pathogen testing 
of ready-to-eat meat and poultry products collected at federally 
inspected establishments in the United States, 1990–1999. J. Food 
Prot. 64: 1188–1193. 

Liu W, Hansen JN (1990). Some chemical and physical properties of 
nisin, a small-protein antibiotic produced by Lactococcus lactis. Appl. 
Environ. Microbiol. 56: 2551–2558. 

Lou Y, Yousef AE (1999). Characteristics of Listeria monocytogenes 
important to food processors. In: Ryser ET, Marth EH (Eds.), Listeria, 
Listeriosis and Food Safety. Marcel Dekker, Inc., New York. pp. 131–
224. 

Madhwaraj S, Nair KKS, Nair PR, Kadkol SB, Baliga BR (1980). 
Preservation of salted casings. J. Food Sci. Technol. 17: 273–275. 

McClure PJ, Roberts TA, Oguru O (1989). Comparison of the effects of 
sodium chloride, pH and temperature on the growth of Listeria 
monocytogenes on gradient plates and in liquid medium. Letters in 

Appl. Microbiol. 9: 95–99. 
Mead PS, Dunne EF, Graves L, Wiedmann M, Patrick M, Hunter S, 

Salehi E, Mostashari F, Craig A, Mshar P, Bannerman T, Sauders 
BD, Hayes P, Dewitt W, Sparling P, Griffin P, Morse D, Slutsker L, 
Swaminathan B (2006). Nationwide outbreak of listeriosis due to 
contaminated meat. Epidemiol. Infect. 134: 744-751. 

 Ming X Daeschel MA (1993). Ming and M.A. Daeschel, Nisin resistance 
of foodborne bacteria and the specific resistance responses of 
Listeria monocytogenes Scott A, J. Food Prot. 56: 944–948. 

Ming X, Weber GH, Ayres JW, Sandine WE (1997). Bacteriocins 
applied to food packaging materials to inhibit Listeria monocytogenes 
on meats. J. Food Sci. 62: 413-415. 

Montville TJ, Winkowski K, Chikindas ML (2001). Biologically based 
preservation systems. In: Doyle MP, Beuchat LR, Montiville TJ, 
editors. Food microbiology: Fundamentals and frontiers 2nd edition. 
Washington DC: Am. Soc. for Microbiol. 30: 629-647. 

Nilsson L, Huss HH, Gram L (1997). Inhibition of Listeria 
monocytogenes on cold-smoked salmon by nisin and carbon dioxide 

atmosphere. Int. J. Food Microbiol. 38: 217–227. 
Ockerman HW, Hansen CL (2000). Sausage containers. In: Animal By-

product Processing and Utilization. CRC Press, Boca Raton, pp. 
285–323. 

Parente E, Giglio AM, Ricciardi A, Clementi F (1998). The combined 
effect of nisin, leucocin F10, pH, NaCl and EDTA on the survival of 
Listeria monocytogenes in broth. Int. J. Food Microbiol. 40: 65–75. 

Pawar DD, Malik SVS, Bhilegaonkar KN, Barbuddhe SB (2000). Effect 
of nisin and its combination with sodium chloride on the survival of L. 
monocytogenes added to raw buffalo meat mince. Meat Sci. 56: 215–

219. 
Pearson AM, Gillett TA (1999). Processed meats. Gaithersburg MD: 

Aspen Publishers. pp. 291-294. 
Piana A, Are R, Orrù M, Saba F, Dettori M, Maida I, Sotgiu G, Rais C, 

Mura MS (2005). Listeria monocytogenes meningoencephalitis: 
Molecular methods for diagnosis and for monitoring the response to 
chemotherapy. Ital. J. Public Health 2: 29–34. 

Sahl HG, Bierbaum G (1998). Lantibiotics: Biosynthesis and biological 
activities of uniquely modified peptides from Gram positive bacteria, 
Ann. Rev. Microbiol. 52: 41–79. 

Scannell AGM, Hill C, Buckley DJ, Arendt EK (1997). Determination of 
the influence of organic acids and nisin on shelf-life and 
microbiological safety aspects on fresh pork sausage. J. Appl. 
Microbiol. 83: 407–412. 

Siragusa GR, Cutter CN, Willett JL (1999). Incorporation of bacteriocin 
in plastic retains activity and inhibits surface growth of bacteria on 
meat. Food Microbiol.16: 229-235. 

Samelis J, Bedie GK, Sofos JN, Belk KE, Scanga JA, Smith GC (2005). 
Combinations of nisin with organic acids or salts to control L. 
monocytogenes on sliced pork Bologna stored at 4_C in vacuum 
packages. Lebensmittel-Wissenschaft. 38: 21–28. 

Thomas  LV,  Wimpenny   JWT (1996).  Investigations  of  the  effect  of 
combined variations in temperature, pH and NaCl concentration on   



 
 
 
 

nisin inhibition of Listeria monocytogenes and Staphylococcus 
aureus. Appl. Environ. Microbiol. 62: 2006–2012. 

Trigo MJ, Fraqueza MJ (1998). Effect of gamma radiation on microbial 
population of natural casings. Radiation Phy. Chem. 52: 125–128. 

Ukuku DO, Shelef LA (1997). Sensitivity of six strains of Listeria 
monocytogenes to nisin. J. Food Prot. 60: 867–869. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Hammou et al.        1195 
 
 
 
Wijnker JJ, Koop G, Lipman LJA (2006). Antimicrobial properties of salt 

(NaCl) used for the preservation of natural casings. Food Microbiol. 
23: 657–662. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 


