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In vitro study of the antimicrobial effect
of selected probiotics combined with
prebiotics on Campylobacter jejuni

In-vitro-Studie über die antimikrobielle Wirkung von ausgewählten Probiotika
kombiniert mit Präbiotika auf Campylobacter jejuni

Kadrin Meremäe1, Mati Roasto1, Terje Tamme1, Marina Ivanova2,
Marja Liisa Hänninen3 and Priit Elias4

Summary                                                            The present study investigated the antimicrobial effect of Lactobacillus acido philus,
Lactobacillus fermentum, Bifidobacterium bifidum and Bifidobacterium  longum
with and without 1 % inulin or 1 % oligofructose on the survival and growth of
antibiotic-resistant as well as susceptible C. jejuni strains (n = 6) using the co-cultu-
re experiments in vitro. The pH of the medium and certain organic acids produced
by probiotic bacteria were also measured. High performance liquid chromatography
(HPLC) was used to determine the concentrations of lactic and acetic acid. L. aci-
dophilus with 1 % inulin or 1 % oligofructose and Bifidobacteria combined with
1 % oligofructose inhibited the growth of all the tested C. jejuni strains and none
of the tested C. jejuni strains were detectable in 48 hours of  coincubation. C. jejuni
did not affect the growth of the probiotic strains. The anti microbial activity of pro-
biotics combined with prebiotics against C. jejuni was most probably associated
with the reduction of pH via the production of organic acids in liquid media.

                                                                            Keywords: probiotic bacteria, Campylobacter jejuni, growth impact, inulin,
 oligofructose

Zusammenfassung                                         In der vorliegenden Studie wurde die antimikrobielle Wirkung von Lactobacillus
 acidophilus, Lactobacillus fermentum, Bifidobacterium bifidum und Bifidobacterium
longum mit und ohne Zusatz von Inulin oder Oligofruktose auf Überleben und
Wachstum von antibiotikaresistenten und -empfindlichen Campylobacter jejuni-
Stämmen (n = 6) untersucht, und zwar unter Verwendung von Co-Kultur-Experi -
menten. Die Untersuchungen umfassten auch die Bestimmung des pH- Wertes des
Mediums sowie die Analyse der von den probiotischen Bakterien produzierten
 organischen Säuren. L. acidophilus mit Inulin oder Oligofruktose und beide Bifido-
bacterium spp. mit Oligofruktose hemmten das Wachstum aller ge testeten C. jeju-
ni-Stämme. Alle geprüften C. jejuni-Stämme waren nach 48-stündiger Ko-Inkubation
nicht mehr nachweisbar. C. jejuni hatte andererseits keinen Einfluss auf das
Wachs tum der probiotischen Kulturen. Die antagonistische Aktivität der Kombina-
tion von Probiotika und Präbiotika gegen C. jejuni ist nach den Ergebnissen der Stu-
die mit großer Wahrscheinlichkeit auf die Reduzierung des pH-Wertes durch die
Produktion von organischen Säuren zurückzuführen.

                                                                            Schlüsselwörter: probiotische Bakterien, Campylobacter jejuni, Antagonismus,
Inulin, Oligofruktose

Ausgabe für imr:livelyzachary

Ausgabe für imr:livelyzachary

Die Inhalte sind urheberrechtlich geschützt. Eine Weitergabe an unberechtigte Dritte ist untersagt.

Die Inhalte sind urheberrechtlich geschützt. Eine Weitergabe an unberechtigte Dritte ist untersagt.



Archiv für Lebensmittelhygiene 61, Heft 4 (2010), Seiten 125–164 133

Introduction

Campylobacter jejuni is one of the most frequent causes of
acute gastroenteritis in humans (Skirrow and Blaser, 2000).
It is estimated that campylobacteriosis is a growing concern
worldwide, as approximately 180 000 cases occur annually
in the European Union (EFSA, 2009). Furthermore, an
 increasing number of human infections caused by C. jejuni
have been shown to be caused by organisms resistant to
antimicrobials (Engberg et al., 2001). It is well established
that broiler chicken meat, which is considered to be a major
source of human campylobacteriosis, is often contaminated
with C. jejuni (Hänninen et al., 2000; Wingstrand et al.,
2006). In terms of food safety and human health, lactic acid
bacteria (LAB) can be used as an alternative measure to
control antibiotic-resistant as well as susceptible food borne
pathogens (Brashears et al., 1998; Carson and Riley, 2003). 
LAB such as Lactobacillus spp. and Bifidobacterium spp.

of intestinal origin, also named probiotics, are  frequently
used for probiotic food production in dairy and meat indu-
stry because of health promoting effects (Collins and Gib-
son, 1999; Sanders, 2000). Probiotic bacteria  ingested with
food have capability to inhibit the growth of enteropatho-
gens in the intestinal microbiota, to restore the balance of
microbiota in the digestive tract, and to prevent foodborne
diseases (Collins and Gibson, 1999; Sanders, 2000).
The antimicrobial activity of probiotic bacteria against

foodborne pathogens is explained in terms of their ability
to produce organic acids, such as lactic and acetic acid in
the fermentation of the mixture of sugars resulting in the
decrease of the growth media pH (Fooks and Gibson,
2003). Furthermore, the antagonistic properties of pro -
biotic bacteria are also associated with the production of
hydrogen peroxide, antimicrobial enzymes and specific
 inhibitory components, such as bacteriocins. They also
have the ability to limit dramatically the availability of the
necessary nutrients for pathogens in their living environ-
ment (Ouwehand and Vesterlund, 2004). 
Many in vitro experiments have been previously perfor-

med to examine the antimicrobial activity of lactobacilli
and bifidobacteria in relation to various foodborne patho-
genic bacteria such as Escherichia, Staphylococcus, Salmo-
nella, Listeria, Campylobacter and their antibacterial effect
is manifested in vitro (Annuk et al., 2003; Fernández et al.,
2003; Hütt et al., 2006). The antimicrobial properties of
LAB have also been observed in various foods and docu-
mented by many researchers (Gusils et al., 1998; Brashears
et al., 1998; Ito et al., 2003; Chaveerach et al., 2004).
Compared with numerous studies (Zdolec et al., 2009)

designed to investigate the antagonistic activity of the pro-
biotics, only a few in vitro studies have been published
aimed to analyze the combined influence of probiotics and
prebiotics on pathogenic bacteria (Fooks and Gibson 2002,
2003; Klewicki and Klewicka, 2004). However, it is well
known that probiotic bacteria in combination with prebio-
tics have synergistic co-effects via promoting the growth
and viability of potentially health-stimulating bacteria
 (Niness, 1999; Bosscher et al., 2006). Prebiotics, including
the best-studied inulin and oligofructose, have been widely
used in food technologies due to their nutritional or tech-
nological properties and they can provide selected lactoba-
cilli and  bifidobacteria a competitive advantage (Franck,
2002;  Callaway et al., 2002). Still, there are limited data
available on growth dynamics of probiotics combined with
prebiotics and foodborne pathogens such as C. jejuni, and
their interactions in co-cultures.

Therefore, the objective of this study was to investigate
the impact of Lactobacillus acidophilus, Lactobacillus
 fermentum, Bifidobacterium bifidum and Bifidobacterium
longum, in combination with and without 1 % inulin or 1 %
oligofructose, on the survival and growth of antibiotic-
 resistant and susceptible C. jejuni strains in vitro. Changes
in pH values of the growth media and certain organic acids
produced by probiotic bacteria were also measured.

Materials and Methods

Probiotic bacteria
Probiotic bacteria such as Lactobacillus acidophilusATCC
4356, Lactobacillus fermentum ATCC 14931, Bifidobac -
terium bifidum Bb12 and Bifidobacterium longum B46
were obtained from the collection of the Institute of
 Microbiology, University of Tartu, Estonia. Pure cultures of
probiotic bacteria were streaked on de Man Rogosa Shape
(MRS) agar (Oxoid, Basingstoke, UK) and incubated at
37 ± 0.5 °C under anaerobic conditions for 48 h, except for
L. acidophilus, which was grown under microaerobic
 conditions. One microliter (µl) inoculation loops were used
to take one loopful of each probiotic culture into 5 ml MRS
broth (Oxoid) and incubated at 37 °C ± 0.5 °C for 24 h
under the conditions mentioned above. After incubation,
the bacterial cells were centrifuged for 10 min at 15 000
rpm, and each strain was added into the 10 ml MRS broth
to level of approximately 108 CFU/ml.

Prebiotic ingredients
1 % (w/v) inulin (RAFTILINE®HP) and 1 % (w/v) oligo-
fructose (RAFTILOSE®P95), provided by ORAFTI Acti-
ve Food Ingredients (Tienen, Belgium), were used in our
experiments.

Campylobacter jejuni strains
The strains of C. jejuni L30.1, C. jejuni L23.1 and C. jejuni
L06.06 were isolated from Estonian broiler chicken meat in
2006. The strains of C. jejuni C135 and C. jejuni C1055,
 isolated from two hospitalized patients with severe cam -
pylobacteriosis in 2007, were obtained from the Labora tory
of Microbiology of Rakvere Hospital (Rakvere, Lääne-Vir-
umaa, Estonia). The strain of C. jejuni ATCC 33291 as con-
trol was included in our study. Each of the C. jejuni strains
were streaked onto charcoal cefoperazone deoxycholate
(CCDA) agar (Oxoid) and incubated at 42 °C ± 0.5 °C under
microaerobic conditions for 48 h. Next, one µl  inoculation
loops were used to take one loopful of each C. jejuni culture
into 5 ml of Mueller-Hinton (MH) (Oxoid) broth and was in-
cubated as described above. The cells of Campylobacter
were concentrated separately by centri fugation for 10 min at
15 000 rpm and all strains were individually added into the
tubes of 10 ml MH broths to achieve around 108 CFU/ml.

Characterization of C. jejuni strains
C. jejuni strains selected for the present investigation were
both antibiotic susceptible, resistant as well as multi -
resistant. The antibiotic susceptibility tests for C. jejuni
strains, isolated from broiler chicken meat, were performed
in our previous study (Roasto et al., 2007), and for C. jejuni
strains of human origin the susceptibility patterns were de-
termined in the Laboratory of Microbiology of Rakvere
Hospital. C. jejuni ATCC 33291 and L30.1 were both
 susceptible to all the tested antibiotics. C. jejuni C135 was
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resistant to erythromycin (MIC = 16 µg/ml). C. jejuniC1055
was resistant to erythromycin (MIC = 16 µg/ml) and enro-
floxacin (MIC = 4 mg/ml). C. jejuni L23.1 was resistant to
enrofloxacin (MIC = 4 µg/ml) and nalidixic acid (MIC = 64
µg/ml). C. jejuni L06.06 was resistant to enrofloxacin (MIC
= 4 µg/ml), erythromycin (MIC = 16 µg/ml), nalidixic acid
(MIC = 128 µg/ml), and oxytetracyclin (MIC = 32 µg/ml).

Determination of the growth dynamics
of bacteria in co-cultures
The impact of selected probiotic bacteria on the C. jejuni
strains was determined in coculture experiments, as de -
scribed by Chaveerach et al. (2004). The test scheme is
shown in Figure 1. In the co-culture experiments, 100 µl of
each viable lactobacilli or bifidobacteria strain from the
MRS broth and 100 µl of each C. jejuni strain from the MH
broth were both inoculated into 10 ml of MH broth, contai-
ning approximately 106 CFU/ml of bacterial strain at 0 h.
Control cultures contained probiotic bacteria strains and
C. jejuni strains inoculated separately in MH broths on the
level of 106 CFU/ml at 0 h. Additionally, the MH broths’ pH
was adjusted to 6.8 with 0.1 N NaOH for all samples at 0 h
in order to obtain similar pH values in all MH broths. All
MH broths were incubated at 37 ± 0.5 °C under microaerobic
conditions for 48 h. In addition, the experiments  included
tests with probiotic bacteria in combination with 1 % inulin
and 1 % oligofructose. Cocultivation experiments with 1 %
inulin or 1 % oligofructose in MH broths were carried out as
described above. The bacterial counts of experimental cul-
tures as well as control cultures were performed as follows:
0 h, 24 h and 48 h on CCDA agar for Campylobacter and
MRS agar for probiotic bacteria using the spread technique.
All bacteria were incubated under the same conditions as

described above. The colonies were counted and results
were expressed as log10 CFU/ml ± standard deviation (SD).
Additionally, pH was measured in all the MH broths at 0 h,
24 h and 48 h with a pH meter  (Consort C833). All experi-
ments and measurements were  carried out in triplicate.

Determination of the concentration
of certain organic acids
Lactate and acetate concentrations were determined at 24 h
and 48 h from MH broths with and without 1 % inulin or 1 %
oligofructose, which were separately inoculated with L. aci-
dophilusATCC 4356, L. fermentumATCC 14931, B. bifidum
Bb12 and B. longum B46. Measurement was described by
Akalin et al. (2004) with minor modifi cations. Briefly, high
performance liquid chromatography (HPLC) analyses were
performed using a liquid chromatograph Agilent 1100 (Agi-
lent 1100 Series, Waldbronn,  Germany). Two milliliters of
sample was taken from incubated MH broth and centrifuged
for 10 min at 4000 rpm. The sample was filtrated through a
0.20 µm filter and 10 µl of supernatant was used for the
HPLC analyzes. The  wavelength of detection was optimized
at 210 nm for the determination of acids. Reversed-phase co-
lumn Pheno menex Synergi 4 µ Hydro-TP 80A (250 x 4.6
mm) was used at ambient temperature. The mobile phase at
1 ml/min and 5 mM H2SO4 were used. Standard solutions of
lactic and acetic acid (Sigma, USA) were dissolved in distil-
led water. Calibration curves and elution times were obtai-
ned, which were used as the basis for calculating the acids’
content. All measurements were performed in duplicate.

Statistical analysis
Total counts of probiotic bacteria and total counts of C. je-
juni strains in coculture experiments were statistically

 analyzed using Student’s t-test to
estimate the significance of changes
(P < 0.05) in bacterial numbers.

Results

The effect of selected probiotic bac-
teria in combination with 1 % oligo-
fructose on the C. jejuni strains in
MH broths is shown in Figure 2. L.
acidophilus ATCC 4356, B. bifidum
Bb12 and B. longum B46 with 1 %
oligofructose inhibited the survival
and growth of all investigated C. je-
juni strains in MH broths (Fig. 2A, C,
D). After 24 h coincubation, the bac-
terial counts of C. jejuni strains in
combination with L. acidophilus
ATCC 4356, B. bifidum Bb12 or
B. longumB46 rapidly decreased, on
average, from 6.00±0.03 to
1.46±0.28, to 1.01±0.34, to 0.81±0.13
log CFU/ml, respec tively. None of
the tested C. jejuni strains was detec-
table in 48 h (P < 0.001). Unlike
other probiotics, L. fermentum
ATCC 14931 with 1 % oligofructose
was not able to de crease the total vi-
able counts of any of C. jejuni strains
under the detectable limit within
48 h (Fig. 2B). The  number of cam-FIGURE 1: Test scheme.
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pylobacters slowly declined on the
average from 6.09±0.02 to 4.02±0.28
log CFU/ml within 48 h. For compa-
rison, the growth of mono-cultures
of Campylo bacter increased approxi-
mately from 6.03±0.08 to 7.01±0.12
log CFU/ml during 48 h in all experi-
ments. No significant differences (P
> 0.05) in the total viable count dy-
namics of C. jejuni strains as mono-
cultures were ob served in the MH
broths. Therefore, the mean value of
the total viable counts of all six inve-
stigated C. jejuni strains in mono-
 cultures represent the average total
counts showen in Fig 2. The numbers
of L. acidophilus ATCC 4356, B. bi-
fidum Bb12 and B. longum B46 with
1 % oligofructose in both mono- and
cocultures increased on average ap-
proximately up to 7.31±0.08 log
CFU/ml by the end of the experi-
ments. The CFUs of L. fermentum
ATCC 14931 in  combination with
1 % oligofructose, in both mono-
and  cocultures, were on average
6.88±0.19 log CFU/ml in 48 h.
The impact of selected lactobacilli

and bifidobacteria in combination
with 1 % inulin on the C. jejuni
strains in MH broths is shown in Fi-
gure 3. In contrast to other tested
 probiotic bacteria, only L. acidophi-
lus ATCC 4356 showed antagonistic
activity against all C. jejuni strains.
Bacterial counts of C. jejuni strains
slowly decreased on average from
6.03±0.02 to 3.36±0.42 log CFU/ml in
24 h, and under the detection limit (P
< 0.01) in 48 h (Fig. 3A). In case of
the coincubation with L. fermentum
ATCC 14931 (Fig. 3B), B. bifidum
Bb12 (Fig. 3C) and B. longum B46
(Fig. 3D), the average log CFU per
ml of C. jejuni strains in 48 h were
5.80±0.17, 6.46±0.13 and 5.94±0.22,
respectively. For  compa ri son, the
total viable counts of all the tested
 campylobacters in control samples,
which is shown as the average of total
counts of six C. jejuni strains in
mono- cultures in Figure 3, increased
on average from 6.00±0.10 to
6.92±0.12 log CFU/ml within 48 h. In
the presence of 1 % inulin in the
growth media, the numbers of L. aci-
dophilus ATCC 4356 both as mono-
and cocultures increased up to
7.23±0.38 log CFU/ml by the end of
the experiments.  Control growths of
other investigated probiotic bacteria
combined with 1 % inulin in both
mono- and cocultures were on avera-
ge 6.60±0.19 log CFU/ml in 48 h. Pro-
biotic bacteria without the presence

FIGURE 2: The impact of L. acidophilus ATCC 4356 (A), L. fermentum ATCC 14931 (B),
B. bifidum Bb12 (C) and B. longum B46 (D) in combination with 1 % oligo-
fructose on the CFUs of six C. jejuni strains in co-incubation in MH broth.

FIGURE 3: The effect of L. acidophilus 4356 (A), L. fermentum 14931 (B), B. bifidum
Bb12 (C) and B. longum B46(D) in combination with 1 % inulin on the
CFUs of six C. jejuni strains in co-incubation in MH broth.
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of 1 % inulin or 1 % oligofructose in MH broths had no sta-
tistically significant (P > 0.05) antimicrobial effect on the
growth of any C. jejuni strains within 48 h (data not shown).
Dynamics of pH and contents of selected organic acids

in different MH broths are shown in Figure 4. No signi -
ficant differences (P > 0.05) in pH dynamics were noticed
in the MH broths incubated with mono-cultures of pro -
biotic bacteria or in combination together with campylo-
bacters. In the presence of 1 % oligofructose in MH broths,
pH declined in mono- as well as coculture with L. acidophi-
lus ATCC 4356, B. bifidum Bb12 or B. longum B46 from
6.8 to 4.28, to 4.57 and to 4.52 within 48 h, respectively. In
the same MH broths, the concentrations of lactic and  acetic
acid produced by probiotic bacteria ranged from 73.6 to
88.7 mmol/l and from 34.4 to 42.4 mmol/l in 48 h, respec -
tively. L. fermentum ATCC 14931 combined with 1 %
oligo fructose produced lactic and acetic acids for 48 h at pH
5.03 52.1 and 33.0 mmol/l, respectively. Unlike other pro-
biotic bacteria, the antimicrobial activity of L. acidophilus
ATCC 4356 appeared also in combination with 1 % inulin,
when the content of lactic and acetic acid in 48 h and at pH
4.69 was 81.5 mmol/l and 41.6 mmol/l, respectively. The
concentrations of lactic and acetic acid in MH broths with
1 % inulin or without prebiotic compound at pH 5.50 to
6.10 were in the range from 37.9 to 55.8 mmol/l and 26.7 to
36.3 mmol/l in 48 h, respectively. The pH level in C. jejuni
monoculture as a control sample decreased on average
from 6.80 to 6.72 within 48 h.

Discussion

The antimicrobial activity of pro biotic bacteria against
foodborne pathogens, such as C. jejuni, is of great im -
portance for public health. The antagonistic effect can be
applied in food industry as well as in prevention of enteric

infections. In this study, we exami-
ned antimicro bial acti vities of two
different genera and species of LAB
against C. jejuni strains in vitro, and
we found that not all selected bacte-
ria display similar intensity of anti-
microbial effects under the same
conditions. Of all the tested probio-
tic  bacteria, only L. acidophilus
ATCC 4356 in combination with
1 % inulin and 1 % oligofructose
was able to totally inhibit the growth
and survival of all the tested C. jejuni
strains during co-incubation. It can
be explained by the fact that L. aci-
dophilusATCC 4356 in the presence
of pre biotics produced significantly
more lactic and acetic acids in MH
broths than any other probiotic bac-
teria in our study. Coconnier et al.
(1997) also reported that antimicro-
bial activity was independent of lac-
tic acid production.  Additionally,
Callaway et al. (2002) found that the
benefit of prebiotics is associated
with the fact that it creates a
 competitive advantage, which
makes it possible to produce antimi-
crobial substances by probiotic bac-

teria that can  directly inhibit pathogenic bacteria.
In contrast, L. fermentumATCC 14931 in combinations

with the same prebiotic ingredients did not sufficiently
 inhibit the growth of any of the C. jejuni strains within 48 h.
Furthermore, the availability of 1 % inulin did not signi-

ficantly increase the antimicrobial activity of B. bifidum
Bb12 or B. longumB46, whereas utilization of 1 % oligofruc-
tose by bifidobacteria had an antagonistic effect against tar-
get bacteria. Similarly, Fooks and Gibson (2002) reported
that C. jejuni was totally inhibited by B. bifidum Bb12 com-
bined with prebiotics such as oligofructose and xylo-oligo-
saccharide in vitro. Therefore, in our study the antimicrobial
activity of the investigated lactobacilli and bifidobacteria
against tested C. jejuni strains was dependent on the probio-
tic bacterial strain, their ability to use 1 % inulin or 1 % oli-
gofructose in their metabolism and their ability to sufficient-
ly produce organic acids. Our study demonstrated that the
effect of prebiotic compound to the only  selected probiotic
bacteria is explicable by the higher total viable counts of
their bacteria and the larger concentration of organic acids
per milliliter in MH broths at the end of the experiments. Li-
kewise, Huebner et al. (2007) found that the utilization of
prebiotic by probiotics is dependent on the strain of probio-
tic bacteria. The efficiency of the use of prebiotic compounds
by probiotic bacteria depends on the length of carbohydrate
chains as described by Niness (1999). As demonstrated in
our study, oligofructose which is composed of shorter-chain
oligomers was preferential, and was more quickly metaboli-
zed by probiotic bacteria, compared with inulin.
Our study revealed that suppression of bacterial counts

of all the tested C. jejuni strains can be explained by the low
pH in the growth media. It is also one explanation, why our
study results showed that no significant differences (P >
0.05) in the effect of probiotic bacteria were observed on
the CFUs of C. jejuni strains that originated from broiler
chicken meat in comparison to C. jejuni isolates that origi-

FIGURE 4: Production of lactic and acetic acid by L. acidophilus 4356 (A), L. fermen-
tum 14931 (B), B. bifidum Bb12 (C) and B. longum B46(D) without and
with 1 % inulin and 1 % oligofructose and the dynamics of media pH in the
MH broths.
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nated from human faeces. In contrast, Chaveerach et al.
(2004) found that the antagonistic activity of potentially
useful bacteria is most effective when isolated from the
same environment from which the pathogens originate.
Moreover, the impact of selected probiotic bacteria on the
antibiotic resistant as well as susceptible C. jejuni isolates
was also similar in this study.
The antibacterial activity of probiotic bacteria combined

with suitable prebiotic against target bacteria increased
 significantly (P < 0.001) if the pH of the MH media was in
the range from 4.28 to 4.69 in 48 h in our study. On the
 contrary, the findings of Drago et al. (1997) demonstrated
that the activity of pathogens was suppressed by probiotics
without the decrease of pH. We suppose that lowering of
media pH via production of organic acids probably leads to
the strengthening of the antibacterial effect of selected pro-
biotics against the antibiotic resistant as well as susceptible
campylobacters in the presence of 1 % prebiotic. Similarly,
Hütt et al. (2006), Fooks and Gibson (2003) and Yusof et
al. (2000) showed that the production of the lactate and
acetate by the probiotics is associated with the decrease of
pH in the growth media and plays an important role in the
antagonistic activity of probiotic bacteria against patho-
gens. It can be explained by the fact that at low pH values
the organic acids are in the undissociated form, which can
harm all campylobacters (Chaveerach et al., 2002). Conse-
quently, the death of target bacteria is caused by the chan-
ges in the internal pH and in gene expression, resulting in
the termination of protein synthesis and other living
 processes (Olson, 1993). However, antimicrobial effects of
probiotic bacteria are not exactly known as unidentified
antimicrobial factors may occur.
Our co-culture experiments made possible to monitor

the growth dynamics of both probiotic and target bacteria
together in MH media. In accordance with Drago et al.
(1997), the target bacteria did not affect the growth of
 probiotic bacteria in all investigated MH broth samples in
our study. It indicates that tested probiotic bacteria could
survive and propagate in the MH media, which is usually
used only for Campylobacter cultivation in many studies
(Chaveerach et al., 2004; Roasto et al., 2007).

Conclusion

The results of our in vitro study revealed that due to
 co application, selected probiotic bacteria and suitable
 prebiotic ingredients have the ability to inhibit survival and
growth of susceptible, resistant or multiresistant C. jejuni
strains. The antagonistic activity of probiotics against
C. jejuni is most probably related with the reduction of
pH via the production of organic acids in liquid media.
Further  experiments are needed to study the various
 antimicrobial mechanisms of probiotic bacteria against
campylobacters.
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1  Fehler in „Table 1A“, Zeile 3 (Seite 51). Richtig ist:

2  Fehler in den Absätzen „PCR conditions“ und „Single strand conformation...“ (Seite 52). Richtig ist:

3  Es wurde eine falsche E-Mail-Adresse unter „Address for correspondence“ angegeben (Seite 56). Richtig ist:

TABLE 1A: List of authentic samples

Code    Origin                                       Product             Latin name                   English name                Authentication

3                 Wholesale trader                                          r                                  (Fennero)penaeus indicus              Indian white prawn                      vi, BLAST: 100 % id to FJ002574.1

*r = raw, c = cooked, p = peeled, ** vi = visual inspection of a whole animal.

PCR conditions
...
For all amplifications, DNA concentration in the PCR

assay was adjusted to 1 ng DNA/µl; the primer concen -
tration was 0.5 µM. PCR was performed with reagents from
Solis BioDyne (Tartu, Estonia) using HotFirePol DNA
polymerase I (final activity 2.5 units), BD Buffer
(5 µl/assay), dNTP mix (200 µM final concentration),
MgCl2 (2.5 mM final concentration); the assay volume was
50 µl.

Final solutions:
Fixing solution: 40 ml fixing concentrate + 160 ml fixing
 diluter.
Washing solution: 100 ml washing concentrate + 500 ml
 distilled water.
Silvering solution: 40 ml silvering concentrate + 160 ml
 distilled water + 260 µl formaldehyde (37 %, w/v).
Developing solution: 40 ml developing concentrate +
160 ml distilled water + 260 µl formaldehyde (37 %, w/v) +
200 µl thiosulfate concentrate.

Address for correspondence:
Dr. Hartmut Rehbein
Max Rubner-Institute, Federal Research Institute
of Nutrition and Food, Department of Safety and
Quality of Milk and Fish Products
Palmaille 9, 22767 Hamburg, Germany
Hartmut.rehbein@mri.bund.de

Berichtigung
In dem Artikel „Identification of tropical shrimp species by RFLP and SSCP analysis of mitochondrial genes“ von Karin
Schiefenhövel und Hartmut Rehbein (Archiv für Lebensmittelhygiene, Heft 2/2010, ab Seite 50) sind  leider einige Druck -
fehler veröffentlicht worden. Diese  sollen hiermit korrigiert werden.
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