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Abstract: Lactic acid bacteria (LAB) have long been used in the production of fermented sausages and other meat-
derived commodities. The purpose of the present study was to determine the technological properties of the newly 
isolated E. faecium SFD from homemade Egyptian kareish chesse with potential application biopreservatives and 
probiotic. The strains were studied to evaluate the effects of different ingredients e.g. salt, nitrite, water activity and 
fat, on the functionality of the strain as well as nitrate reductase, proteolytic, lipolytic, Amylolytic activities and 
antifungal activity. A series of in vitro fermentation experiments were performed with varying concentrations of 
NaCl, NaNO2, glycerol and meat fat particles. A low concentration of NaCl (2%, w/v) showed almost no effect on 
bacterial growth. However, the biomass concentration in the presence of 4 and 6% NaCl was 91 and 72% of the 
concentration which was obtained when no salt was added. All sodium nitrite concentrations tested (100, 200 and 
300 ppm) had little or no influence on both growth and bacteriocin production by E. faecium SFD with the exception 
of 400 ppm NaNO2. .Furthermore, the strain was able to reduce nitrate to nitrite at anaerobic conditions and showed 
proteolytic activities as revealed by clear haloes in milk agar. Also an antifungal activity was detected against 
Fusarium proliferatum, F. culmorum, F. moniliforme and F. oxysporum. The restrictive and inhibitory effects of 
nitrite, salt and fat on the growth of bacteria investigated were not very marked, and there were no significant 
differences between the separate or combined action of salt and nitrite. 
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1. Introduction 

Food safety remains a major public health 
concern and challenge to food producer to provide 
adequate protection to consumers. On the other hand, 
consumers want food with less or without chemical 
additives which could lead to a potential loss of 
protection from processing. Consumers increasingly 
prefer more stable, safer and natural food products that 
are mild and light with low acid, sugar, salt, and fat 
content (Gould 1996). With the surging interest for 
natural preservatives and biological preservation 
techniques, the application of lactic acid bacteria (LAB) 
as starter or protective cultures has attracted great 
interest as safe food grad preservatives of biological 
origin (Holzapfel et al., 1995).  LAB are generally 
recognized as safe (GRAS microorganisms) and their 
antimicrobial potential play an important role in the 
preservation, microbiological stability and 
development of starter cultures for fermented foods 
(O’Sullivan et al., 2002). The preservative effect 
exerted by LAB is mainly due to acid production, 
competition for nutrients, formation of hydrogen 
peroxide, CO2, diacetyl D-isomers of amino acids, 
reuterin or antimicrobial peptides, i.e. bacteriocins 
(Klaenhammer 1988; Cintas et al., 2001). This potential 
property of LAB allows biological control of 

foodborne pathogens without resorting to more severe 
physical treatments (Cleveland et al., 2001). Since the 
isolation and screening of microorganisms from natural 
sources has always been the most powerful means for 
obtaining useful and genetically stable strains for 
industrially important products (Ibourahema et al., 
2012). The strain tested in the current study was 
isolated and identified as bacteriocinogenic LAB from 
Egyptian karish cheese, then evaluated their 
antimicrobial effects in vitro against Salmonella 
enterica, Bacillus cereus and Yersinia enterocolitica 
with strong activity of 25600 AU/mL against 
Salmonella enterica and Bacillus cereus. The newly 
isolated culture was further evaluated for a number of 
probiotic characteristics like viability under gut-like 
conditions, cell surface hydrophobicity, 
autoaggregation, coaggregation, Phenol tolerance, 
adhesion to intestinal mucousand cholesterol 
assimilation. In vitro results obtained showed that the 
isolated Enterococcus faecium SFD,  was able to meet 
the basic requirements for probiotic functions as they 
demonstrated probiotic characteristics such as tolerance 
to pH 2.5, growth in 0.5% bile salts, growth in 0.3% 
phenol, hydrophobicity of 37%, adhesion to intestinal 
mucous and 35% cholesterol assimilation ability. In the 
light of this study, it was observed that, E. faecium 
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SFD is regarded as a promising candidate probiotic and 
adjunct culture for new healthy food product (Deraz et 
al., 2013). The enterococci are lactic acid bacteria 
(LAB) that are important in environmental and food 
microbiology. Enterococci often occur in large 
numbers foods, especially those of animal origin such 
as dairy products (Giraffa,   2003) and considered as a 
part of the natural intestinal flora of humans and 
animals and play an important role in maintaining the 
microbial balance (Leroy and Vuyst, 2002). These 
bacteria play a beneficial role in the development of the 
sensory and quality characteristics of fermented foods 
and have been successfully used in many different 
applications as starter or adjunct cultures, and as 
probiotics (Centeno et al., 1996; Wessels et al., 1990). 
The effect and different applications of enterococci in 
food and health and more specifically in meat and dairy 
products have been reviewed (Giraffa,   2003; 
Foulquie´ Moreno et al., 2006; Hugas, 1998). 
Enterococci possess a competitive advantage over other 
microbiota in meat fermentations, and many 
enterococci isolated from sausages have the ability to 
produce enterocins harbouring antimicrobial activity 
against pathogens and spoilage microorganisms of 
meat concern (Hugas, 1998). The manufacture of 
fermented sausages includes mixing of minced meat 
and fat with salts, curing agents and spices, stuffing 
into casings and fermentation of the mixture by a well-
defined starter culture under controlled conditions. 
Adding salt (2.5 to 3.0%, wt/wt) to raw sausage is 
essential; salt decreases water activity (aw) and 
contributes to flavor and microbial selection (Leistner, 
1995). Adding nitrate and nitrite to sausage batter is 
common. Nitrite is added to produce color, to prevent 
lipid rancidity, and to inhibit the growth of Salmonellae 
and Clostridia (Leistner, 1995; Drosinos, 2007), and to 
obtain the typical cured flavor (Dainty and Blom, 
1995). The concentration of sodium nitrite may vary 
from 20 to 200 ppm depending on the type of sausage 
and on the legislation (Krockel 1995; Deraz et al., 
2009). In this study, the effects of typical sausage 
ingredients and other technological factors on the 
functionality of E. faecium SFD in the meat 
environment were investigated. 
 
2. Material and Methods 
Bacterial strains and media 

Enterococcus faecium SFD was used as the 
producer of the antipathogenic bacteriocin (Deraz et al., 
2013). A sensitive indicator organism, Salmonella 
enterica ATCC 25566 was used to determine 
bacteriocin activity levels. Strain of E. faecium SFD 
was isolated from Egyptian kareish cheese and was 
routinely growth in MRS agar (Oxoid, Milan, Italy) at 
37ºC for 18–24 hr. Strains were stored at -80°C in 
MRS medium containing 25% (v/v) glycerol as a 

cryoprotectant. To produce fresh cultures, the 
bacteriocin producer strain E. faeicum SFD and the 
indicator strain Salmonella enterica ATCC 25566 
were propagated twice in MRS and nutrient broth at 
37°C for 16-18 hr before experimental use, respectively. 
Solid medium was prepared by adding 1.5% (w/v) agar 
(Difco Laboratories) to the broth. The overlays used for 
estimation of bacteriocin titers were prepared with 0.75% 
(w/v) agar. 
Fermentation experiments 

A series of in vitro fermentation experiments were 
carried out in MRS broth inoculated with 1% (v/v) of 
freshly prepared E. faeicum SFD and incubated under 
agitation (80 rpm) at 37°C. These fermentations were 
performed using fermentation liquors with added NaCl 
and NaNO2 at various concentrations (2, 4 and 6% [w/v] 
and 100, 200, and 400 ppm [w/v], respectively, (the 
latter was sterilized separately by microfiltration 
[Sartolab; Sartorius, Germany]). An additional 
fermentation experiment was performed without salt 
and nitrite. The fermentations containing 0 or 4% (w/v) 
NaCl were performed in triplicate so as to determine 
reproducibility of the experiments. 

To determine whether the effect of the added 
NaCl was due solely to a reduction in aw, an additional 
fermentation was carried out in the presence of 9.9 and 
21.1% (w/v) glycerol (sterilized separately) in the 
absence of salt. Based on extrapolation of data from 
previous published studies, addition of 9.9 and 21.1% 
(w/v) glycerol to the basal growth medium should 
result in an aw similar to 4 and 8% (w/v) NaCl, 
respectively (Chandler and McMeekin, 1989; 
McMeekin et al., 1987). 

In another set of fermentation experiments, a 
modified MRS (mMRS) was used as the fermentation 
medium for E. faeicum SFD. The concentration of the 
complex nutrient sources i.e. bacteriological peptone 
(Oxoid), meat extract (Oxoid), and yeast extract (VWR 
International) was doubled. This modification to the 
standard MRS medium was done to investigate 
potential growth limitation of E. faeicum SFD due to 
nutrient depletion. In addition, calculations of the 
amino nitrogen content of MRS medium (Bridson, 

1998) indicated that this composition more closely 
simulates the actual sausage environment (Dainty and 
Blom, 1995).  All media and solutions were sterilized 
at 121°C for 20 min. 
Assays 

At regular time intervals, samples were 
withdrawn aseptically to determine biomass (optical 
density at 600 nm) and the level of soluble bacteriocin 
activity in a cell-free culture supernatant. Bacterial 
growth was performed with biomass concentrations 
obtained from OD 600 measurements to allow 
comparison with results obtained previously with other 
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strains (Holck et al., 1992) as well as with other data 
available from literature. 
Bacteriocin activity assay 

The culture supernatants were assayed for 
bacteriocin activity by the spot on lawn technique with 
MRS agar using Salmonella enterica ATCC 25566 as 
indicator strain (Barefoot and Klaenhammer, 1983; 
Deraz et al., 2005). Indicator lawns were prepared by 
adding 0.125 mL of 10 times diluted overnight culture 
to 5 mL of MRS soft agar (0.75%). The contents of the 
tubes were gently mixed and poured over the surfaces 
of pre-poured MRS agar plates. Bacteriocin samples 
were sterilized by passage through a 0.22 μM cellulose 
acetate filter. Serial two-fold dilutions were carried out 
in the same medium as used for the growth of the 
indicator strain. Activity was quantified by taking the 
reciprocal of the highest dilution that exhibited a clear 
zone of inhibition and was expressed as activity units 
(AU) per milliliter of culture media. The titre of the 
bacteriocin solution, in AU/mL, was calculated as 
(1000/d) D, where D is the dilution factor and‘d’ is the 
dose (the amount of bacteriocin solution pipetted on 
each spot) (Deraz et al., 2005). To avoid errors in 
bacteriocin activity values, the same person made all 
observations. Moreover, it was checked to confirm that 
salt and nitrite did not interfere with the bacteriocin 
activity assay method. 
Adsorption of bacteriocin to fat and meat 

Bacteriocin-containing cell-free culture 
supernatant was prepared by inoculating 1 L of MRS 
broth (Oxoid) with E. faecium SFD (1%, v/v), 
incubation overnight at 37˚C and removing the cells by 
centrifugation (6,500xg, 20 min). Luncheon meat 
composed of beef meat, salt, spices, 0.05% ascorbic 
acid and 100 ppm sodium nitrite with low fat content, 
no more than 22%, (the entire product) or beef fat 
(further referred to as fat) were obtained from a local 
store and flamed to reduce the superficial 
contamination. Fat or luncheon particles (100 or 300g l-

1, ± 2g) were added to the supernatant (50 mL) and 
stored at refrigerator temperatures. Bacteriocin activity 
in the supernatant was measured over time. A control 
experiment was performed in the absence of meat and 
fat. 
Proteolytic activity 

Surface-dried plates of milk agar (Gordon et al., 
1973) were streaked with 24-h-old cultures, after 
incubation at 30 ºC for 4 days, and examined for any 
clearing of casein around and underneath the growth 
for assessment of proteolytic activity. 
Amylolytic activity 

Surface-dried plates of starch agar (Gordon et al., 
1973) were streaked with 24-hr-old cultures, after 
incubation at 30ºC for 4 days. The plates were flooded 
with iodine solution for 15–30 min and examined the 

clear zone underneath (after the growth was scrapped 
off) for amylolytic activity. 
Lipolytic activity 

Surface-dried plates of tributyrin agar (Leuschner 

et al., 1997) were streaked with 24-hr-old culture, after 
incubation at 30ºC for 4 days. Lipolytic activity was 
detected by a clear zone surrounding the culture in the 
turbid tributyrin agar. 
Screening for antifungal potential 

The antifungal activity of the LAB strain was 
investigated with an overlay assay (Lind  et al., 2005; 
Maganusson and Schnurer, 2001). Micro-organisms 
used for the antifungal activity are Fusarium 
proliferatum, F. culmorum, F. moniliforme and F. 
oxysporum. The antifungal activity was evaluated by 
measuring the inhibition zone of the fungal growth and 
the scale was the following: 

- = no inhibition zone; + = inhibition zone of less 
than 6 mm; ++ = inhibition zone of 6 – 10 mm; 

+++ = inhibition zone of 10 – 18 mm; ++++ = 
inhibition zone of more than 20 mm. 
Nitrate reductase activity 

Nitrate reductase activity was determined as 
described by Miralles et al. 1996 on MRS 
supplemented with 1 g l_1 KNO3. The cell pellet of an 
overnight culture was resuspended in equal volume of 
50 mM phosphate buffer pH 7.0 and 30 μL loaded into 
agar plates wells (6 mm diameter). After incubation at 
30ºC for 12 to 14 hr the plates were flooded with 1 mL 
of a 1:1 solution of NIT1 (0.8 g sulphanilic acid in 100 
mL of acetic acid 5 N) and NIT2 (0.6 g N-N-dimethyl-
1-Naphthylamine in 100 mL of acetic acid 5 N) for the 
detection of nitrite. The appearance of red haloes 
surrounding the wells indicated the presence of nitrate 
reductase activity. 
3. Results and Discussion 
Effect of NaCl 

Tolerance to NaCl is a significant feature for 
starter culture to compete with the natural microbiota 
of the raw material and to undertake the metabolic 
activities expected in the conditions prevailing in the 
sausage (Ammor and Mayo, 2007). According to 
Olesen et al., 2004, the initial salt concentration in the 
sausage is about 2 to 3% and can reach 4.2-6.0% in the 
final product due to the loss of moisture (Moretti et al., 
2004; Zanardi et al., 2004; Papadima et al., 1999; 
Sawitzki et al., 2009). In the case of E. faecium SFD, 
addition of 2, 4 and 6% (w/v) NaCl gave similar profile 
of biomass (Figure 1). A low concentration of NaCl 
(2%, w/v) showed almost no effect on bacterial growth, 
while an inhibition that increased linearly was evident 
with higher salt concentrations. The biomass 
concentration in the presence of 4 and 6% NaCl was 91 
and 72% of the concentration which was obtained 
when no salt was added. The negative effect of high 
salt concentrations on the growth of LAB has been 
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reported previously (De Vuyst et al., 1996; Roze´s and 
Peres 1996; Uguen et al., 1999). However, low 
concentrations of salt (1 to 2%, w/v) can sometimes 
enhance bacterial growth (Uguen et al., 1999; Ganzle et 
al., 1998; Vignolo et al., 1995; Korkeala et al., 1992). 
Salt tolerance may be due to its ability to efficiently 
accumulate osmo- and cryoprotective solutes such as 
betaine and carnitine (Ammor and Mayo, 2007). 
Effect of NaNO2

The addition of sodium nitrite to the production 
medium had a mixed effect on the on the growth rate 
and bacteriocinogenicity of the strain. The radii of 
growth inhibition zones and growth rat associated with 
E. faceium SFD decreased with increasing salt 
concentrations and markedly affected by 400 ppm in 
the production medium (Figure 2). Nitrite is known 
mainly for its antimicrobial activity against spore 
formers; it has a limited effect on the growth of lactic 
acid bacteria at concentrations less than 200 mg liter -1 

(Vignolo et al., 1995; Korkeala et al., 1992; Doßmann 
et al., 1996), but at 400 mg liter-1 inhibition is more 
pronounced (Korkeala et al., 1992). Nitrite 80 to 240 
(in U.S. 156) mg/kg is used for antibacterial, colour, 
and antioxidant purposes. Initial nitrite level is ~100 
ppm; however, as little as 50 ppm improves flavour and 
appearance, 30-50 ppm is sufficient to produce cured 
colour, and 100 ppm will produce a desirable flavour 
and appearance (Lueck and Hechelmann, 1987). 

During the fermentations carried out in mMRS 
medium without and with 100 ppm of added NaNO2 
under standard conditions, E. faecium SFD grew 
exponentially for approximately 10 to 12 hr, after 
which growth slowed down (Figure 2). After 16 to 18 
hr of fermentation, growth completely ceased. In 
contrast, for Enterococcus faecium CTC 492, the 
addition of 100 ppm of NaNO2 significantly inhibited 
enterocin production compared with that seen in the 
standard MRS control (Aymerich et al., 2000). The 
addition of 200 and 400 ppm NaNO2 caused the 
bacteria to enter into the stationary phase later after 18 
hr, with reducing biomass production. 

All sodium nitrite concentrations tested had little 
or no influence on bacteriocin production by E. 
faecium SFD with the exception of 400 ppm NaNO2 
(Figure 2). When 400 ppm NaNO2 was added, no 
bacteriocin activity could be detected before 14 hr of 
fermentation time and reached the maximum after 22 
hr.  This decrease in bacteriocin activity was due to a 
marked inhibition of biomass production. Different 
explanations have been suggested that the presence of 
un-dissociated nitrous acid molecules, enhancing the 
toxic effect of lactic acid, as a result of intracellular 
accumulation (Leroy and De Vuyst 1999a and b). 
Furthermore, it has been mentioned previously that 
nitrite might interfere with active transport mechanisms 
(Davidson, 1997), which could explain the surprisingly 

low biomass obtained when 0.04% sodium nitrite is 
used. However, in general E. faecium SFD could 
produce significantly large amounts of bacteriocin 
activity (25600 arbitrary units/mL) in the presence of 
different concentrations of NaNO2 which clearly, 
showed distinct adaptive responses to environmental 
stress conditions. 
Combined effect of NaCl and NaNO2 

The combined action of salt and nitrite influenced 
both the growth rate and bacteriocin production of E. 
faecium SFD to similar extent. The fermentation 
carried out in the presence of 2% NaCl and 100 ppm 
nitrite results in biomass concentration comparable to 
the fermentation without NaCl or Nitrite, except for a 
slightly increase in the lag phase (from 12  to 14hr) 
compared to the reference fermentation in which no 
NaCl or Nitrite was added. The combined action of 2% 
NaCl and 100 ppm NaNO2 led to recovery of 94 and 
100% of cell biomass and bacteriocin production of the 
reference fermentation after 16 hr (Figure 3) which was 
similar the separate effect of either 2% NaCl or 100 
ppm NaNO2. However, addition of the same 
concentration of NaCl (2%) and double concentration 
of sodium nitrite (200 ppm) or the exact concentration 
of sodium nitrite (100ppm) and double concentration of 
NaCl (4%) led to drastic change by slowing down of 
both biomass and bacteriocin production. The 
maximum of both bacteriocin production and cell 
biomass was stimulated after 20 and 18 hr of 
fermentation, respectively. The higher bacteriocin 
activity obtained in the presence of different 
concentrations of both sodium chloride and sodium 
nitrite was the consequence of attainable biomass 
concentration comparable to the maximum attainable 
biomass concentration of the reference fermentation. 
However, the obtained activity probably is sufficient to 
have a significant antibacterial effect in the sausage 
environment, as demonstrated by Hugas et al., 1995. 
Influence of aw 

Glycerol considered as one of the agent which 
decreased the aw. Therefore, to determine whether a 
reduction in aw was solely responsible for the inhibitory 
effect of NaCl on bacterial growth, or other (ionic) 
effects were responsible, two fermentation experiments 
were performed with glycerol added as an aw–lowering 
agent. The presence of glycerol in the growth medium 
had similar or stronger effects on the growth rate as 
was the case for salt. In this study, the biomass values 
obtained for fermentation in the presence of 9.9% (99 g 
1-1) glycerol were roughly comparable to the putative 
effects of 4.0% (60 g 1-1) sodium chloride. However, at 
higher glycerol concentration of 21.1% (211 g 1-1) a 
stronger decrease in the growth rate and biomass values 
was seen which was higher than the effect of 6% NaCl. 
In general, biomass production was lower when 
glycerol was used as aw–lowering agent instead of 
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NaCl (Figure 4). Similar results have been reported 
previously (Chandler and McMeekin, 1989; McMeekin 

et al., 1987), in which addition of 9.9 and 21.1% 
glycerol to the basal growth medium have resulted in 
the same decreases in the aw as approximately 4 and 8% 
sodium chloride, respectively.
 
Adsorption of bacteriocin to fat and meat particles 

 The bioavailability of bacteriocin in the food 
ecosystem can severely affect by some food limiting 
factor including, adsorption of the bacteriocin onto 
meat particles, fats, and proteins.  In this work, the 
relationship between bacteriocin activity produced by E. 
faecium SFD and fat content was assessed. The level of 
bacteriocin activity remained practically constant for 
10 to 14 hr depending on the fat content. However, 
measurable bacteriocin activity disappeared from the 
bacteriocin-containing culture supernatant (Figure 5) 
after 16 and 14 hr in the presence of 100 and 300 g 
beef fat, respectively. The depletion of bacteriocin in 
culture supernatant was dependent on the amount of fat 
added, with the apparent inactivation being higher at 
300 than at 100 g fat l-1. 

On the other hand, bacteriocin activity in culture 
supernatant with luncheon meat particles was rather 
less stable comparable to bacteriocin activity in the 
presence of meat fat which can be referred to the 
presence of other Interfering food constituents include 
high salt concentration (Boziaris and Nychas, 2006), 
nitrates (Ghalfi et al., 2006). However, as it appears in 
Figure 5 a significant level of bacteriocin activity can 
be detected up to 14 to 20 hr of incubation time based 
on the luncheon content. Similar observation has been 
reported for nisin (Ghalfi et al., 2006), Pentocin 31-1 

(Guo-rong et al., 2012; Zhang et al., 2010) and sakacin 
P (Urso et al., 2006). 

These results showed that the complex meat 
constituents may provoke the in situ action of 
bacteriocins. One of the most common features of 
bacteriocins from lactic acid bacteria is its hydrophobic 
nature which is likely to enhance unspecific binding of 
the bacteriocin to the hydrophobic surfaces of fat 
particles (Holzapfel et al., 1995). However, this 
hydrophobic nature does not necessarily led to loose of 
its antibacterial activity and still have its surface action 
against potential spoilers or pathogens (Guo-rong et al., 
2012). 
Proteolytic, lipolytic and amylotic activity 

The strain of E. faecium SFD isolated from the 
Egyptian Karash cheese showed proteolytic activities 
as revealed by clear haloes in milk agar (showing 
>2mm hydrolysis zone in milk agar plate) (Figure 6). 
Our result was however not a surprise since many 
strains of LAB isolated from cheese have been reported 
to produce high proteolytic activity (Durlu–Ozkaya et 
al., 2001; Dagdemir and Ozdemir). The proteolytic 

activity of dairy lactic acid bacteria is essential for their 
growth in milk leading to the development of required 
organoleptic properties of different fermented milk 
products (Christensen et al., 1999; Hassaine et al., 
2007). The proteolytic activity and acid production of 
enterococci during cultivation in milk are to some 
extent comparable to those of Streptococcus 
thermophiles (Gatti et al., 1994). However, the strain 
was unable to hydrolyze either tributyrin or starch 
showing no lipolytic and amylotic activity. 

This result was in contrast with those of Thapa et 
al. (2006), who reported that Enterococcus feacium 
isolated from fish was lipolytic. Amylolytic lactic acid 
bacteria produce amylases to facilitate hydrolysis and 
fermentation of starch to lactic acid (Reddy et al., 2008). 
No amylase producing strain of LAB has been reported 
from dairy products. However, most amylase 
producing strains have been reported in LAB isolated 
from cereal fermented products (Olasupo et al., 1996; 
Agati et al., 1998; Sanni et al., 2002; Omafuvbe and 
Enyioha 2011). 
Antifungal activity 

The antifungal activity of E. faecium SFD against 
Fusarium proliferatum, F. culmorum, F. moniliforme, 
F. oxysporum and Aspergillus niger was measured and 
the results are shown in Table 1. Varying degrees of 
inhibition was detected against the different strains of 
Fusarium with inhibition zones ranged from 11.5 to 
22.5 mm. However, no activity against Aspergillus 
niger has been detected. The inhibition zone was 
reduced when the culture supernatants were used (data 
not shown), which could have been due to a low 
concentration of antifungal compounds. The detected 
antifongic activity against different Fusarium species 
can be due to many antifungal compounds produced by 
lactic acid bacteria including, organic acids, hydrogen 
peroxide, reuterin, proteinaceous compounds and 
cyclic dipeptides (Schnurer and Magnusson 2005).  
The lactic acid bacterial activities are extensively 
studied while less efforts has been paid to explore its 
antifungal activity (Rehaiem et al., 2010; Valerio et al., 
2009). In previous study, the bacteriocin production by 
E. faecium SFD has been confirmed against both gram 
positive and negative bacteria including many spoilage 
and pathogenic bacteria such as, Salmonella enterica, 
Bacillus cereus and Yersinia enterocolitica   (Deraz et 
al., 2013).  In agreement of the finding of our study, 
only a few studies cite a wide spectrum antifungal 
activity for isolates of lactic acid bacteria (Storm et al., 
2002)[69]. However, other studies were suggested a 
more strain specific antifungal activity against species 
of one or two major mold genera (Niku-Paavola   et al., 
1999; Florianowicz, 2001; Gourama and Bullerman, 
1997; Sudun and Miyamoto 2001). 
Nitrate reductase activit 
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In a long curing process, nitrate reductase activity 
is considered to be the most important property of the 
starter cultures for fermented sausages production 
(Weber, 1994). The reduction of nitrate to nitrite is 
essential to promote the reddening process of the cured 
meat as a result of the action of nitrate reductase 
enzymes which normally derives from Micrococcacea 
(Marco et al., 2006; Buchenhuskes 1993). In this study 
the tested E. faecium SFD showed nitrate reductase 
activity as confirmed by the appearance of red haloes 
surrounding the wells. According to Buchenhuskes 
(1993), the curing of meat products in the absence of 
cocci is only accepted when the lactic acid bacteria 
present have significant high nitrate reductase activities. 
Therefore, if the product fermentation process demands 
activity of nitrate reductase, the use of the E. faecium 
SFD strain isolated could be used to exhibit the 
respective activity. Bacteriocin-producing strains may 
be used to replace part of the preservative action, 
whereas the use of strains that are able to reduce nitrate 
to nitrite, could be useful to partially take over the 
colouration function of the curing agents. The latter 
possibility has been demonstrated with strains of 
Lactobacillus fermentum (Xu and Verstraete 2001; 
Moller et al., 2003). 
 
Table 1. Antifungal activity of E. faecium SFD against 
bread spoilage moulds. 

Fungi Inhibition Zone 
F. proliferatum +++ 
F. culmorum ++++ 
F. moniliforme ++++ 
F. oxysporum +++ 
Aspergillus niger - 

- = no inhibition zone 
+ = inhibition zone of less than 6 mm 
++ = inhibition zone of 6 – 10 mm 
+++ = inhibition zone of 10 – 18 mm 
++++ = inhibition zone of more than 20 mm 

 
Figure 1. Influence of different concentrations of NaCl 
on the growth of E. faecium SFD, as measured by 
optical density at 600 nm (OD600) as a function of 
time. NaCl was added at 20 g l-1 (2%), 40 g l-1 (4%), 60 
g l-1 (6%) 

 
Figure 2. Influence of different concentrations of 
sodium nitrite on the growth of E. faecium SFD, as 
measured by optical density at 600 nm (OD600) and 
bacteriocin activity as a function of time. Sodium 
nitrite was added at 0, 100, 200 and 400 ppm. 
 

 
Figure 3. Influence of different concentrations of 
sodium chloride combined with different concentration 
of sodium nitrite on the growth of E. faecium SFD, as 
measured by optical density at 600 nm (OD600) and 
bacteriocin activity as a function of time. Sodium 
chloride and sodium nitrite was added at 0g l-1 (0%) + 
0ppm, 20g l-1 (2%) +100 ppm, 20g l-1 (2%) + 200 
ppm and 40g l-1 (4%) + 100 ppm, respectively. 

 

 
Figure 4. Influence of different concentrations of 
glycerol on the growth of E. faecium SFD, as measured 
by optical density at 600 nm and bacteriocin activity as 
a function of time. Glycerol was added at 9.9 and 21.1% 
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Figure 5. Bacteriocin activity in MRS culture 
supernatant in the presence of 100g (■) or 300g (▲) of 
fat l-1 (A) and in the presence of 100g (■) or 300g (▲) 
of luncheon meat l-1. (♦) symbol represents control 
experiments in the absence of fat (A) or luncheon meat 
(B). 
 
 

 

 
 

Figure 6. Proteolytic activity of E. faecium SFD strain 
grown on skim milk plat, the clear zone indicate 
the presence of proteolytic activity 

 
 

4. Conclusion 
Although all experiments were conducted in a 

model system, these findings will aid in industrial 
implementation of efficient bacteriocin-producing 
protective cultures of E. faecium SFD in meat 
production. These bacteriocinogenic protective cultures 
will contribute to meat products that are safer and of 
more consistent quality. 
 
Running title: Significant Industrial Properties of 
Enterococcus faecium SFD 
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