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Dry-fermented sausage as

probiotic carrier food

By Tanja Zugi¢ Petrovié, Predrag Ili¢, Mirjana Muruzovié, Katarina Mladenovié,

Dragana Stanisavljevi¢ and Ljiljana ﬁomit’:J

The aim of this research is to explore the potential use of Lactobacillus
curvatus and Enterococcus faecium isolated from traditional fermented
sausage from Southeast Serbia as probiotics. Analytic criteria for deter-
mining the probiotic potential included haemolysis, autoagreggation and
coaggregation tests as well as the test for hydrophobicity of natural
isolates. The best autoaggregation ability was observed in Lb. curvatus,
sk2-17 and sk6-5 (73%]) while the lowest level of grouping was shown by
the isolate sk1-10 (68%), as the coaggregation ability ranged from 34% to
58%. The value of autoaggregation of examined strains of enterococci
ranged from 47% to 55.2%, while coaggregation ranged from 31.9% to
45.2%. Haemolytic reaction was not observed in researched isolates.
Hydrophobicity was determined by bacterial adherence to hydrocarbons,
n-hexadecane, xylene and chloroform. All isolates possessed a high level
of hydrophobicity. The results of this study of probiotic characteristics of
Lactobacillus curvatus and Enterococcus faecium indicate that the
tested strains can be recommended as good candidates for use in the
food industry.

F ermented foods are getting more and more attention regarding their
positive effects on human health. Spontaneously fermented foods without
additives and preservatives are a possible source of microorganisms with
probiotic and technological characteristics. These microorganisms could have
beneficial effects on human health and also be used as starter cultures in
controlled fermentations. In fermented meat products they are protected by
fat and surrounding tissue against unfavourable human gastrointestinal (G)
tract conditions, and are able to better manifest their positive probiotic be-
haviour (GanzLe et al., 1999). Probiotic microorganisms have different charac-
teristics from other microorganisms, as they are able to survive in different
parts of the Gl tract. These differences are not only within families, but can
also be found within the specific species and even strains. Their ability to
attach to different places of the intestinal mucosa is especially important
(MarTEAU and SHanaHAN, 2003). The researches in the area of fermented meat as
possible sources of probiotic cultures have been partly disputed because of a
trend that meat products are not the most desirable food for human organism
due to high content of fat, salt and other ingredients. Addition of probictics as
starter cultures to fermented sausages promotes health benefits of Lactic
acid bacteria [LAB) and contributes to the increase of consumption of fer-
mented meat products (Vuvst et al., 2008).

Fermented sausages are a part of the Serbian culture and are not only
characterized by unique aroma and taste, but also by prolonged shelf life.
Fermented sausages are defined as a mixture of various types of meat with
addition of salt, sugar and spices, and they can be smoke-dried, i.e. dried.
Quality of these products depends on the fermentation process which de-
fines sensory and nutritive values of the product, and it is in direct relation
to microbiota which develops during this process. During spontaneous
fermentation of sausages, the growth of bacteria originating from meat or
from the production process causes the microbiota to develop sponta-
neously. Fermented sausage is an autochthonous product from the territory
of Southeast Serbia that is produced during autumn and winter. The meat
mixture is prepared from cold pork meat with a small quantity of beef and
spices. The sausage is smoke-dried for approximately 25 days on cold beech
wood smoke, and then dried in air. The sausage dries in the air as long as low
air temperatures allow for the preservation of the product. Spontaneous
fermentation of this sausage leads to development of characteristic micro-
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biota and sensory characteristics. As the probiotic potential of this product
has not been explored so far, the goal of this study was to determine the
probiotic characteristics of 30 autochthonous LAB isolates from fermented
sausage. This is just a first step that would enable the establishment of
logical criteria for screening and selecting microorganisms present in food
that show probiotic properties beneficial to humans. This product, in this
state, is investigated for the first time to such a high degree. Selection of
microorganisms in it is performed for the first time and the possibilities of
their application are explored, mainly their probiotic characteristics.

Materials and methods

In the research 30 isolates of LAB isolated from 10 samples of fermented
sausage identified by 16s RNA sequencing as Lactobacillus curvatus (9
strains) and Enterococcus faecium (21 strains) [data not shown) were
screened for their probiotic features. All the tests have been performed in
triplicate and the results are represented as the average values.

Haemolysis on blood agar plates

Capacity of haemolysis of LAB strains was analyzed by inoculation onto
blood agar plates (Torlak, Serbia) with addition of 5% of sheep blood and
incubation at the temperature of 37 °C during 24 h. The plates were exam-
ined for the existence of light zones, whereby a-haemolysis (insufficiently
translucent zones around colonies), B-haemolysis (clear zones around)
and y-haemolysis (without aureole around colonies) indicated a pasitive
haemolytic activity, i.e. pathogenesis of examined strains (Maraskoupakis et
al.,2009).

Autoaggregation and coaggregation

Autoaggregation of studied lactobacilli and enterococci, as well as coaggre-
gation with Escherichia coli ATCC25922 was monitored using a modified
method described by Ocaia et al,, (2002). Autoaggregation of examined
isolates was manitored in PBS buffer (80 mM NazHPQ:, 20 mM NaHzP0s, 100 mM
NaCl, pH 7.5). The cells of overnight culture were settled down by centrifuga-
tion at 5000 rpm for 5 minutes, after which cells were washed twice in buf-
fer, and then re-suspended in 4 ml of the same buffer so the number of cells
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was approximately 108 CFU/ml (absorbance of suspension at 600 nm was
around 1.0). The suspension was well mixed in Vortex; 100 pl from the sus-
pension surface was transferred into the micro tube with 800 pl PBS of buffer
and Aew [Ad) was measured. The same procedure was repeated after two
hours. Autoaggregation was calculated by applying following equation
(Ocana et al., 2002).

Autoaggregation % = (Ao - At )/Acx 100

where At-Aswonn after 2 h

For coaggregation, the cells of examined microorganisms and pathogens
were prepared in identical way as in the previous method, and then re-
suspended in PBS buffer per 2 ml of each suspension of both types of bacte-
ria for which the coaggregation was monitored, and they were mixed wellin
Vartex, 100 pl from the suspension surface was transferred into the micro
tube with 900 pl PBS of buffer and Aswo (A was measured. Coaggregation was
calculated by applying following equation [Ocava et al., 2002).

Coaggregation %=(Ai-A)/Aix 100

where Af represents the absorbance of supernatant Asomn after 2 h.

Bacterial adhesion to hydrocarbons (hydrophobicity)

The adhesion to the intestinal epithelium is a feature that is very important
in the selection of potential probiotic cultures. Bacterial adhesion to hydro-
carbons (hydrophobicity) was determined by the modified method was
described by Rosensers et al. (1980). Bacterial strains were grown in De Man,
Rososa and Sxaree [MRS) broth (Torlak, Serbia) at 37 °C for 24 h, after centrifu-
gation at 5000 x g for 15 minutes, the pellets were washed twice with phos-
phate buffer saline (pH 7.0) and optical densities of the bacteria were mea-
sured at 540 nm and adjusted to an optical density of As«w=1.0. One ml of
bacterial suspension was added to 1 ml of each of the hydrocarbons (xylene,
n-hexadecane and chloroform, Sigma/USA) and vortexed vigorously for

30 sec. After phase separation (30 min), the optical density of the aqueous
phase was again measured and compared with the initial value. Hydrophabic
percentage was calculated based on the equation:

Absorbance% = (Ao - At) / Aox 100
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Fig. 1: Aggregation (red bars) and coaggregation (light red bars) of Lb.curvatus
and E.coli

Abb. 1: Aggregation (rote Balken) und Co-Aggregation (hellrote Balken) von
Lb.curvatus und E.coli

Results and discussion
Haemolysis on blood agar

Haemolytic activity was monitored with strains of Lb. curvatus and E.faecium
in order to check for possible pathogenesis of the strains. In the cases of
Lb. curvatus and E. faecium haemolysis on blood agar has not been noticed,
which excludes pathogenesis of examined strains. Similar results were also
presented in the work by Leoina et al. (2013) who did not noticed haemolysis
on blood agar with lactobacilli strains. LAB that were studied by Marack-
ounakis et al. (2006) have also
shown negative test of haemoly-
sis, so the authors concluded
that the examined strains were
not pathogenic. The paper of
Macovel et al. (2008) showed that

Source: Zusic PeTrovic et al.

Fig. 2: Aggregation (red bars) and coaggregation (light red bars) of E. faecium and E. coli
Abb. 2: Aggregation (rote Balken) und Co-Aggregation (hellrote Balken) von E. faecium und E. coli

positive B-haemolysis in two

E. faecium strains isolated from
food. Enterococci must be
checked carefully for the pres-
ence of haemolytic activity.
Although 53.9% of strains iso-
lated in study belong to entero-
coccus genus, fewer than 10% of
isolates displayed B-haemolysis,
a property that has not been
frequently reported for LAB
(MiranDa et al. 2014).

The ability of autoaggrega-
tion and coaggregation

Intestinal epithelial cells repre-
sent the barrier that prevents
the interaction of the host with
intestinal contents. The group-
ing of the cells of the same
strain in liquid culture represents
autoaggregation, while the
grouping of different strains is
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Fig. 3: Percentage of hydrophobicity of Lb.curvatus
Abb. 3: Prozentualer Anteil der Hydrophobie an Lb.curvatus

coaggregation. The ability of autoaggregation is defined as the measure-
ment of the ability to bind examined cultures to intestinal epithelium in Gl
tract. Determining this ability in vitro is in direct dependence of examined
strain, mechanisms of adhesion and conditions of examination. (DeL Re et
al.,1998). Aggregation is important in choosing probiotics; probiatic strains
need to attach to the cell of intestinal epithelium and coaggregate with
pathogens to prevent their reproduction [Asum et al.,2007]. The results of the
investigation of autoaggregations and coaggregations of examined strains
of lactobacilli and E. coli strains are shown in Figure 1. Different values of
autogroupings were shown by examined isolates of lactobacilli, the best
autoaggregation is observed for Lb. curvatus, sk2-17 and sk6-5, 73% while
the lowest level of grouping was
shown by the isolate sk1-10 (68%).
SiFour et al. (2014) showed that the
values of autoaggregation Lb.
curvatus G6 was 45% and differ-
ent values for coaggregation of
examined Lb. curvatus G6 and
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and coaggregates) around pathogens with higher concentration of inhibitory
substances (SiFour et al., 2014). Coaggregation may be a vital factor in estab-
lishing and maintaining microflora (Ramirez-CHavarin et al., 2013).

Tooorov et al.,(2009) in their study showed that the value of autoaggrega-
tion of examined strain of enterococei was 41.34+1.15% while different levels
of coaggregation of Ent.mundtii ST4V with different strains of Lactobacillus
and Listeria were observed.

Ramirez-CravariN et al., (2013) indicated high level of coaggregation
(23.56% and 30%) En. faecium with indicator strains of pathogenic E. coli
0139:H26 and Salmonella parera IV 011:24723 (Fig. 2).

Ramirez-CHavarin et al., (2013) concluded that autoaggregative capacity
and the ability to coaggregate with pathogenic strains can be used for
preliminary selection and identification of probiotic bacteria with potential
applications in human and animal systems.

Cell surface hydrophobicity assessment

The hydrophobic nature of the bacterial cells is an important feature of the
defining characteristics of probiotic isolates, and depends on the compasi-
tion and structure of bacterial cell walls, particularly the presence of hy-
drophobic proteins [Pan et al., 2008). Bacterial cells with strong hydrophobic
properties typically form strong interactions with the mucous cells. Hy-
drophobicity varies among the species and even among strains of the same
species (SchAr-ZammareTT and Ussink, 2003). The percentage of hydrophobic-
ity of Lb. curvatus isolates from traditionally made fermented sausages
ranged from 39% to 81%. All strains that had more than 40% hydrophobicity
were considered to be hydrophobic (Boris et al., 1998] (Fig. 3). The hydro-
phobic nature of a sk2-17 strain to xylene was the lowest in comparison to
otherisolates, and its value was 39%. While in the case of n-hexadecane
and chloroform hydrophobicity value of sk2-17 strain was 66% and 43%
respectively. The highest affinity to the solvents used in this study was
exhibited by strains sk4-15 and sk6-5, whose hydrophabicity exceeded 75%.
Kos et al., (2003) tested the bacterial adhesion to chloroform and ethyl
acetate, wherein all of the tested strains showed a stronger affinity to
chloroform and the strongest adhesion was in Lactobacillus acidophilus
M92. The paper of AsoutLa et al. [2014) presented the results of hydrophobic-
ity of six lactobacillus strains tested which ranged from 29.5% to 77.4%.
Botes et al. (2008] in their work on the adhesion of the probiotic strains
emphasize the 50% hydrophabicity in the Lb. plantarum 423 strain.

i ]
Listeria monocytogenes were E X
observed, Lb. curvatus 66 had the bl = 1 & F T g
higher level of autoaggregation R I : : h I
than Lactobacillus plantarum : i i g [
ST16Pa6. Enrmann et al. (2002) 5 : T -
indicated high level of coaggrega- 401 F
tion Lactobacillus salivarius with
indicator strains of pathogenic =
E. coli CTC 1028, Salmonella enter- 201
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with enteropathogenic E. coli.
Coaggregation with pathogens

can represent an important mech-
anism of defence from infections
to human's gastrointestinal and
urogenital tract. Some lactobacilli
are capable of producing certain
micro surrounding (autoaggregates
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Fig. 4: Percentage of hydrophobicity of E. faecium
Abb. 4: Prozentualer Anteil der Hydrophobie von E. faecium
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In E. faecium isolates the lowest hydrophobicity to xylene was exhibited
by sk8-20 strain, and its value was 36%. While in the case of n-hexadecane
isolate sk7-8 showed the lowest hydrophobicity value, while isolate sk8-5
had a low value hydrophobicity to chloroform, amounting to 41% (Fig. 4). The
highest affinity to the solvents that were used in this study showed sk8-17
strain to n-hexadecane, 73%, and sk8-13, whose hydrophobicity to chloro-
form was 72%. In their study AL Arva et al. (2008) emphasize hydrophabicity of
Enterococcus faecalis strains isolated from meconium which is over 40%.
Also, in the study conducted by Renaiem et al., [2014) the results showed high
mean hydrophobicity (74.06 + 2:06%) found in E. faecium MMRA, and point
out that there is little information available regarding the adhesion of the
enterococci to mucosal cells of men and animals. Hydrophobicity can help
with adherence, but is not a prerequisite for colonization by intestinal probi-
otic bacteria (Ramiat et al., 2007).

Conclusion

The results of this study indicate a high possibility of hydrophobicity shown
by the tested strains as well as strong autoaggregation and distortion of the
specific coaggregation ability of the strains of the pathogen, as a key fea-
ture in the selection of potential probiatic strains. Excluded possibility of
haemolysis also confirms the potential of these strains and opens a new in
vivo research and the confirmation of probiotic character of the tested
strains.
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Zusammenfassung

Trocken-fermentierte Wurst als Lebensmitteltrager
fiir Probiotika

Tanja Zugi¢ Petrovi¢, Predrag Ili¢ und Dragana Stanisavljevi¢ -
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Ljijana Comic¢ - Kragujevac, Serbien
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Das Ziel dieser Forschung ist es, die mdgliche Verwendung von Lacto-
bacillus curvatus und Enterococcus faecium, die aus traditionellen
fermentierten Wirsten aus Stdostserbien isoliert wurden, als Probi-
otika zu untersuchen. Die Analyse des prabiotischen Potentials um-
fasste Hdmolyse-, Auto-Aggregations- und Co-Aggregationstest
sowie den Test auf Hydrophobizitat von naturlichen Isolaten. Die beste
Auto-Aggregation wurde beobachtet im Lb. curvatus, sk2-17 und
sk6-5 (73%), wéhrend das niedrigste Niveau der Gruppierung durch
das Isolat sk1-10 (68%) gezeigt wurde, da die Co-Aggregations-
fahigkeit im Bereich von 34% bis 58% lag. Der Wert der Auto-Aggrega-
tion von untersuchten Enterokokkenstammen lag zwischen 47% und
55,2%, wahrend die Co-Aggregation zwischen 31,9% und 45,2% lag.
Bei den untersuchten Isolaten wurde keine hdmolytische Reaktion
beobachtet. Die Hydrophobie wurde durch bakterielle Haftung an
Kohlenwasserstoffen, n-Hexadecan, Xylol und Chloroform bestimmt.
Alle Isolate wiesen eine hohe Hydrophobie auf. Die Ergebnisse dieser
Studie der probiotischen Eigenschaften von Lactobacillus curvatus
und Enterococcus faecium zeigen, dass die getesteten Stamme als
gute Kandidaten fUr die Verwendung in der Lebensmittelindustrie
empfohlen werden kdnnen
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