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ABSTRACT

In this study, the growing ability of Iactococcus lactis ssp. lactis BZ and Enterococens faecalis KP in different fat
content milk at 30°C for 48 hours and the efficiency of their bactetiocins, lactococcin BZ and enterocin KP,
against three types of cheese starter (Choozit MA 11LYO 50, Choozit MA 19LYO 50 and DI-Prox M265)
in full fat milk were determined. The growth and bactetiocin production abilities of L. Jactis ssp. lactis BZ and
E. faecalis KP in milk were examined for 48 hours at 30°C. As a result of the study, it was determined that
both bacteria grew better in milk with low fat content and produced more bacteriocin. It was found that
lactococcin BZ (1600 AU/mL) and enterocin KP (1600 AU/mL) had an inhibitory effect against three
different cheese starter cultures analyzed when used separately or in combination.

Keywords: Lactococcus lactis ssp. lactis BZ, Enterococeus faecalis KP, bacteriocin, lactococcin BZ, enterocin KP,
milk, cheese starter cultures

BAKTERIYOSINOJENIK SUSLARIN SUTTE GELISMELERI VE

BAKTERIYOSINLERININ PEYNIR KULTURLERINE KARSI AKTIVITELERI
oz
Bu calismada; farkli yag icerigine sahip siitlerde bakteriyosin Ureticisi olan Lactococcus lactis ssp. lactis
BZ ve Enterococcus faecalis KP’nin gelisme ve bakteriyosin tiretme yetenekleri ile bakteriyosinleri olan
laktokoksin BZ ve enterosin KP’nin tam yagli siitte peynir Gretiminde kullanilan starter kilttirlere
(Choozit MA 11LYO 50, Choozit MA 19LYO 50 ve DI-Prox M265) karsi etkileri belirlenmistir. L.
lactis ssp. lactis BZ ve E. faecalis KP’nin siitte gelisme ve bakteriyosin Gretme yetenekleri 30°C’de 48
saat boyunca incelenmistir. Calisma sonucunda, her iki bakterinin disiik yag icerigine sahip siitte daha
iyi gelistikleri ve daha fazla bakteriyosin trettikleri tespit edilmistir. Laktokoksin BZ (1600 AU/mL)
ve enterosin KP (1600 AU/mL) hem tek baslarina hem de kombine olarak kullanildiklarinda analiz
edilen ti¢ farkli peynir starter kiltirlerine karst inhibit6r etkinlige sahip oldugu bulunmustur.
Anahtar kelimeler: Lactococcus lactis ssp. lactis BZ, Enterococcus faecalis KP, bakteriyosin, laktokoksin
BZ, enterosin KP, siit, peynir starter kiiltirleri
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INTRODUCTION
Lactic acid bacteria (LAB) are Gram-positive,
motionless,  nonsporulating,  acid-tolerant,

microaerophilic, either rod- or cocci-shaped
bacteria whose main fermentation product from
carbohydrates is lactic acid. LAB are attained as
“food grade” microorganisms (Beasley, 2004).
Microorganisms of genera Lactococcus,
Carnobacterium, Lactobacillus, 1euconostoc, Pediococcus,
Tetragenococus, ~ Streptococens, Weissella, 1 agococens,
Enterococens,  Oenococcns, and — Lactosphaera  are
recognized as LAB (Kuipers et al, 1997,
O’Sullivan et al., 2002; Galvez et al., 2007). In the
fermentation process, LAB produce an array of
metabolites which have antagonistic activity

against pathogenic and saprophytic
microorganism in foods (Chen and Hoover, 2003;
de Vuyst and Leroy, 2007). LAB have

demonstrated antagonism against other bacteria
by competing for nutrients or producing
metabolites. These bacteria produce several
metabolic products that have antimicrobial effects
such: organic acids, diacetyl, acetaldehyde,
reuterin, hydrogen peroxide, fatty acids, ethanol,
enzymes, and bacteriocins. Especially, there has
been great interest in bacteriocins because of their
antibacterial activity against foodborne bacteria
(Khalid et al., 1999; Soomro et al., 2002).

Bacteriocins  produced by LAB are small
antimicrobial peptides that ate characterized as
cationic and hydrophobic or amphiphilic. The
genera of Ewnterococens, Lactococcns,  Streptococcens,
Lactobacillus, Pediococcus, Lenconostoc, and
Corynebacterium have been stated in several studies
with their ability to produce bacteriocins.
Bacteriocins, secreted by the tibosome, are
antagonistic to strains closely related to the
producer microorganism, food spoilage, and
foodborne pathogenic bacteria, but confer
immunity to the host strain (Klaenhammer, 1993;
Cleveland et al., 2001; Chen and Hoover, 2003;
Rodriguez et al., 2003).

Nowadays, bacteriocinogenic strain of LAB can
be used in several ways in fermented dairy
products from the use of bacteriocin-producing
strains directly in food as a starter, co-culture,
probiotic, or protection cultures to the use of

concentrated  bacteriocin  preparations  as
antimicrobials (Cintas et al., 2001; O’Sullivan et
al., 2002; Papagianni, 2003). Lactoccoccus lactis,
Streptococcus  thermophilus, Lactobacillus  bulgaricus,
Lactobacillus — acidophilus,  Lactobacillus — belveticus,
Enterococeus faecinm, Enterococcus faecalis, 1euconostoc
mesenteriodis, and their subspecies are the
bacteriocinogenic strains of LAB which are the
most commonly used in fermented milk
production processes (Cleveland et al, 2001;
Deegan et al., 2006).

Bacteriocinogenic strain of LAB can be added
into raw materials as a protective adjunct for
inhibiting the growth of pathogenic or spoilage
microorganisms and extending shelf life, or they
can be applied in processing or to end products.
There are basic factors that determine at which
stage of protective culture will attend into a food.
These factors are the interaction between starter
and protective culture, and the functional
properties of protective culture.
Bacteriocinogenic strains can be used either
directly as starter cultures, as adjunct or co-
cultures in combination with a starter culture, or
as protective cultures (especially in the case of
symbiotic against starter culture, and having a
positive or a neutral impact on flavor) in pre-
treated raw materials. If the strains perform
inhibitor activity towards starter culture, it can be
incorporated into foods after the fermentation
step or added to end products (Deegan et al.,
2006; Galvez et al., 2007). There have been several
applications in the use of bacteriocinogenic
strains. In general, the following strains are used
when producing foods for the industry: (i) L. Jactis
(L. lactis ssp. lactis, L. lactis ssp. lactis biovar
diasetilactis, 1. lactis ssp. cremoris) is as a starter,
protective and probiotic culture in cheese,
buttermilk, butter, kefir, and koumiss; (i) L.
belveticus is as a starter and protective culture in
some type of cheese; (iii) E. faecium and E. faecalis
are as an adjunct, protective, and probiotic
culture in some type of cheese; (iv) L. acidophilus,
L. bulgaricus, and S. thermophilus are as a starter,
protective, and probiotic culture in yogurt and
cheese; (v) Pediococcns acidolactici and P. pentasanes
are protective culture in cheese (O’Sullivan et al.,



Growth of bacteriocinogenic strains and their bacteriocin activity

2002; Soomro et al., 2002; Deegan et al., 20006; de
Vuyst and Leroy, 2007; Lopez and Belloso, 2008).

In previous studies, L. lactis ssp. lactis BZ and E.
faecalis KP which are bacteriocinogenic strains
were isolated from Boza and White cheese. In the
same studies, their bacteriocins were also
characterized and named as lactococcin BZ and
enterocin KP, respectively. The bacteriocins have
individually a broad inhibitory spectrum in the
medium (Sahingil et al., 2011; Isleroglu et al.,
2012). However, the bacteriocin production
ability of these bacteriocinogenic bacteria in the
food matrix is limited. Therefore, the uses of
these bacteriocin producing strains as a protective
culture have been exhibited for the dairy industry
in this research. So, the objectives of this study
were to determine the growth and bacteriocin
producing ability of L. /actis ssp. lactis BZ and E.
faecalis KP, and to explore their bacteriocins
activity against some commercial cheese starter
cultures in milk.

MATERIAL AND METHODS

Material

Milk samples and commercial starter cultures
Full fat (3.0%), half fat (1.5%), and low fat (<0.1%
fat) UHT milk samples were purchased as an
industrial product from local supermarkets. In
this study, three types of mesophilic cheese starter
cultures were provided from dairy companies.
The strain compositions of freeze-dried starter
cultures were L. Jactis ssp. lactis and L. Jactis ssp.
cremoris. Two of the cheese starters (Choozit MA
11LYO 50 and 19LYO 50) were produced from
Danisco (Denmark), and the other starter was
obtained from DI-Prox M265 (France). Choozit
MA 11LYO 50, Choozit MA 19LYO 50, and DI-
Prox M265 cheese starters were named as CS1,
CS2, and CS3, respectively.

Bacterial strains and media

L. Jactis ssp. lactis BZ producing lactococcin BZ
and E. faecalis KP producing enterocin KP were
propagated in De Mann Rogosa and Sharp broth
(MRS, Fluka, Germany) at 30°C for 24 hours.
Lactobacillus plantarnm DSM 2601 (9 log CFU/mL)
is the most sensitive indicator organism to
lactococcin BZ and enterocin KP (Sahingil et al.,

2011; Isleroglu et al., 2012). So, it was used as an
indicator bacterium for determining bacteriocin
activity and was also cultivated in MRS broth at
30°C. All the strains were maintained in a frozen
stock at -80°C in MRS broth with 20% glycerol
(Merck, Germany) and propagated twice before
used in experiments.

Methods

Growth of bacteriocin producer strains and
bacteriocin production in milk samples
Twice activated culture of L. lactis ssp. lactis BZ
and E. faecalis KP were centrifuged (4000Xg at
4°C, 10 min), and supernatants were discarded.
The pellets were collected and washed twice with
0.1% sterile peptone water (PW, Merck,
Germany) and then pellets were re-suspended
with PW to the beginning volume. The beginning
value of L. Jactis ssp. lactis BZ and E. faecalis KP
wete 9.66 log CFU/mL and 8.55 log CFU/mL..
The bacteriocin producer strains were inoculated
separately into full, half, and low milk samples at
1%, and then incubated at 30°C for 48 hours. The
samples were taken at certain intervals and tested
for pH values, bactetiocin activity (AU/mL), and
colony forming unit (logl0 CFU/mL) during the
incubation. For determining the colony forming
unit, decimal dilutions were prepared with PW
and viable cell numbers were enumerated by
surface plating on MRS agar. The MRS agar plates
were incubated at 30°C for 48 hours. The UHT
milk samples without bacteriocinogenic strains
were used as control.

Determining pH Values

The pH values were measured by a calibrated pH
meter (WIW Inolab pH Level 1, Germany)
(AOAC, 1995).

Bacteriocin activity assay

The agar spot technique was used for determining
the activity of bacteriocins. The samples were
heated at 75°C for 10 min and diluted as two-fold
dilutions (1/2,1/4,1/8, etc.) before analyses. The
samples from each dilution (20 ul) were spotted
onto a bottom layer of MRS soft agar (0.8% agar)
which inoculated with the indicator strain L.
plantarum.  After  pre-diffusion at  room
temperature (~25°C) for 30 min, the plates were
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incubated at 30°C for 24 hours. A clear zone (at
least 2 mm) was recorded as positive after
incubation. The bacteriocin activity was expressed
in arbitrary units (AU/mL), the reciprocal of the
highest serial 2-fold dilution showing a clear zone
of growth inhibition of the indicator strain (Mayr-
Harting et al., 1972).

Preparations of bacteriocins

Twice activated culture of E. faecalis KP and L.
lactis ssp. lactis BZ were inoculated into MRS broth
at 1% and then incubated at 30°C and 25°C for
18 hours, respectively. After the incubation
period, the cultures were centrifuged (7000Xg at
4°C, 20 min), and the pellet was discarded. The
supernatants were collected and sterilized by
membrane filter (with 0.45 um pore diameter).
The cell-free supernatants were frozen and dried
by lyophilization. Then the bacteriocins were kept
at -80°C until used (Moreno et al., 2002).

Determining the activity of bacteriocins
against cheese starter cultures

The full fat milk samples were inoculated with
cheese starter cultures at 1% and then treated with
lactococcin BZ (1600 AU/mL) or enterocin KP
(1600 AU/mL) or a combination of 50%
lactococcin BZ (800 AU/mL) and 50% enterocin
KP (800 AU/mL). The viable cell numbers of
starters were counted at certain intervals (0, 1, 3,
5,9, and 24 hours) on MRS agar at 30°C. Bactetia
count performed 30 min after the addition of
bacteriocin to the milk samples was accepted day
0 (T=0). The pH values were also determined
during the incubation. The UHT milk samples
containing only cheese starters at the same level
were used as a positive control. The UHT milk
samples with or without bacteriocin were used as
a negative control.

Statistical analyses

The counts of bacteria were expressed as log
CFU/mL. All experiments were carried out three
times. The significant difference between the
means was established by Tukey tests. All data
were analyzed using the general linear models
procedure of SAS Institute Inc. (1998) to
determine differences between treatment means.

RESULT AND DISCUSSION

The growth and bacteriocin producing of L.
Iactis ssp. lactis BZ and E. feacalis KP in
milks

L. lactis ssp. lactis BZ can grow in all types of milk
samples and the difference between the milk type
is not significant (P >0.05) (Fig.la). It was
observed that L. /actis ssp. lactis BZ was produced
more bacteriocin than the others in low fat milk
samples (Fig.1b). Lactococcin BZ was first
synthesized in low fat milk after 15 hours of
incubations (100 AU/mL) and it was reached the
maximum value at the 30t hour of incubation
(800 AU/mlL). However, the first bacteriocin
activity was detected in full (200 AU/mL) and half
fat (175 AU/mL) milk samples at the 30" hout of
incubation. The bacteriocin activity of lactococcin
BZ was lower in full and half fat milk samples
than low fat milk. The main reason may be
dependent on the hydrophobic interaction
between lactococcin BZ and milk fat globules.
The bacteriocin activity was decreased at the 48
hours of incubation time in all kinds of milk. The
probable reasons are proteolytic degradation,
protein aggregation, and bacteriocin adsorption to
the cells (de Vuyst et al., 1996; Aasen et al., 2000).
The bacteriocin activity of the samples due to the
fat milk content is significantly different (P
<0.01). The pH values of the milk samples were
measured as 6.63, 6.63, and 6.60 at the beginning
of the incubation and decreased to 4.49, 4.60, and
4.69 at the end of the period in full, half, and low
fat milk samples, respectively. In a previous study,
it was indicated that L. /actis ssp. lactis BZ was
produced the bacteriocin after 6 hours of
incubation at 32°C in MRS medium and the
maximum level (400 AU/mL) was found at the
18t hour. Similarly, it was also mentioned that
bacteriocin  activity was decreasing by the
increasing incubation time (Sahingil et al., 2010).
The main reason for the different bacteriocin
producing ability of L. Jactis ssp. lactis BZ in
medium or milk is having different components
of milk with MRS. MRS, is a special medium that
provides sources of carbon, nitrogen, and
vitamins for lactic acid bacterial growth. The MRS
also contains vitamins and amino acids
specifically required by Lactobacilli. The
bacteriocin producing was started early in MRS



Growth of bacteriocinogenic strains and their bacteriocin activity

than milk because L. /actis have low proteolytic
activity and MRS medium provides nitrogen
sources for L. Jactis.
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Figure 1. Growth and lactococcin BZ production of L. Jactis ssp. lactis BZ in milk at 30°C.
(a) Count of L. Jactis ssp. lactis BZ, (b) activity of lactococcin BZ, and (c) pH of milk containing L. lactis
ssp. lactis BZ
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E. feacalis KP can grow in all types of milk samples
and the difference between the milk type is not
significant (P >0.05) (Fig.2a). E. feacalis KP was
produced more bacteriocin in low fat milk
samples among the others like L. Jactis ssp. lactis
BZ. However, E. feacalis KP was synthesized
bacteriocin earlier than I. /Jactis. Enterocin
synthesis was started at the 6t hour in low fat milk
and at the 9% hour in half and full fat milk samples
(Fig.2b). E. feacalis KP was started to synthesize
bacteriocin eatlier in contrast L. /actis BZ in low
fat milk because E. feacalis KP is required less
nutrient for growth and they have better
proteolytic activity. The bacteriocin activity of the
samples due to the fat milk content is significantly
different (P <0.01). The maximum bactetiocin
activity was observed at the 18t 24t and 30t

14 (@)

hour of incubation in low (2600 AU/mL), half
(1300 AU/mL), and full fat (700 AU/mL) milk
samples, respectively. The bacteriocin activity was
lower in half and full fat milk samples because of
the hydrophobic interaction of enterocin KP with
milk fat globules. The pH values of the milk
samples were decreased from 6.65, 6.65, and 6.51
to 4.33, 4.42, and 4.32 during the petiod in full,
half, and low fat milk samples, respectively (Fig.2).
Isleroglu et al. (2012) was mentioned that E.
Jfeacalis KP was synthesized bacteriocin at the 6t
hour of incubation and reached the maximum
level (1600 AU/mL) at the 18t hour of the period
at 32°C in MRS medium. The bacteriocin
producing time of E. feacalis KP was similar in
MRS and low fat milk; however, the activity of
enterocin KP was higher in low fat milk samples.
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Figure 2. Growth and enterocin KP production of E. faecalis KP in milk at 30°C.
(a) Count of E. faecalis KP, (b) activity of enterocin KP, and (c) pH of milk containing E. faecalis KP

Foulquie” Moreno et al. (2003) also found that E.
Saecinm RZS C5 was produced bacteriocin in low
fat milk (40 hours later) than MRS medium (2
hours) at 37°C. The bacteriocin producing ability
of L. /actis ssp. lactis BZ in low fat milk was seen
to be higher when compared with E. faecium RZS
C5. Penna et al. (2005) were indicated that L. /actis
subsp. /actis ATCC 11454 was produced more
nisin and reached the maximum level (3.6 g/L)
when low fat milk was added to MRS and M17
medium at the rate of 25%. Benmouna et al.
(2018) achieved similar results. While no
antimicrobial activity was detected in MRS
medium, a clear inhibitory activity was observed
after adding milk (25%) and yeast extract (%02.5)
in MRS medium for three LAB strains. Avila et al.
(2020) was tested a nisinogenic L. /etic INIA 415
as a starter in cheese that was produced with cow
milk. The viable count of starter was 9.6, 9.7, and
9.6 log CFU/g for the 1st, 14t and 21st days of
the ripening time, respectively. The inhibition
zone was also recorded to 26.6,21.8, and 16.5 mm
for analysis intervals. In another study, a nisin and
lacticin 481 producing lactic acid bacteria was
used as a starter cultute to make cheese from
ovine milk. The cheeses were kept at 12°C for 120
days for ripening. It was stated that LAB counts
of the cheeses were similar at the beginning and

the end of the ripening. The bacteriocin activity
was decreased to 19.2 mm after 120 days (Garde
etal., 2011).

The activity of Lactococcin BZ and Enterocin
KP against cheese starter cultures

The activity of bacteriocins on cheese starters was
analyzed at 30°C for 24 hours. Lactococcin BZ
and enterocin KP individually or together had an
inhibitory effect against all tested starters (P
<0.01) (Fig.3). The counts of CS1 and CS3 cheese
starters were decreased by lactococcin BZ at 1st
and after 24 hours with counts 0.84 and 2.43 log
CFU/mL for CS1, 2.52, and 3.22 log CFU/ml.
for CS3. The counts of CS2 cheese starter were
detected below 1 log unit after 3 hours of
application. Enterocin KP treated to starters
resulted in reductions of CS1, CS2, and CS3 with
count 0.34, 1.14, and 2.38 log CFU/mL after 1
hour, respectively. The effect of enterocin KP was
lowered the counts of CS1, CS2, and CS3 to 1.23,
0.08, and 3.10 log CFU/mL after 24 hours of
treatment. Synergistic antimicrobial activity was
observed between lactococcin BZ and enterocin
KP on the cheese starter cultures. The results are
in concordance with total inhibition of CS1 and
CS2 starters after 3 hours of application. The
losses of the viable cell number of CS3 were 2.92
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log in the first hour of incubation and over the 24
hours incubation period the decreases were
reached 3.67 log unit. The pH values of the UHT
milk samples containing only cheese starters were
changed due to the metabolic activity of cultures
(Fig.4). Besides, the UHT milk samples with
bacteriocin showed no significant change in pH
values during incubation (P >0.05). In a previous
study, lactococcin BZ and enterocin KP were
tested against three types of yogurt starter cultures
at 42°C for 24 hours. It was established that
lactococcin BZ had an inhibitory effect against all
kinds of starters whereas enterocin KP was
effective in only two of them (Onciil et al., 2015).
A bacteriocin, piscocolin 126, was tested against
cheese starter strains including L. Jactis subsp.
cremoris (6), L. lactis subsp. lactis (6), L. lactis subsp.
diacetylactis (4), Lenconostoc (4), and S. thermophilus
(6). It was stated that the tested cultures wete
resistant against the piscocolin 126. The starters
could grow in cheese milk and so, the acidity was
developed (Wan et al., 1997). In another study, a
bacteriocin produced from L. bulgaricus BB18 was
analyzed on 11 yogurt starter cultures and these
starters were also resistant to the tested

bacteriocin (Simova et al., 2008). Eissa et al.
(2018) were evaluated the bacteriocins from L.
acidophilus and L. rbamnosus on yogurt starter
culture which contain L. bulgaricns and .
thermophilus with 3% inulin. Both starters were
resistant to the bacteriocins and were counted
during the whole storage period (up to 44 days, at
4°C). The uses of bactetiocin producing strains
like L. lactis ssp. lactis, L. helveticus, E. faecium, E.
faecalis, P. acidolactisi, P. pentasauwes as a starter or
protective culture, and the application of their
bacteriocins as an antimicrobial agent were caused
to inhibition of pathogenic microorganisms in
cheese during processing. Also, it has been
demonstrated that both fermentation and
maturation time was shortened when the
bacteriocins were combined with a sensitive
cheese starter culture, as well as cheese processing
was become safer (Wan et al., 1997; Laukova and
Czikkova, 2001; Rodriguez et al., 2005; Deegan et
al., 2006; Lopez and Belloso, 2008; Lacrois, 2008;
Bizani et al, 2008). Like other bactetiocins,
lactococcin BZ and enterocin KP have potential
usage with resistant or sensitive cheese starter
cultures.
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As a conclusion, it was found that L. lactis ssp.
lactis BZ and E. feacalis KP can grow in full, half,
and low fat milk. These strains synthesized
bacteriocin in all types of milk samples and both
of them produced more bacteriocin in low fat
milk among the others. So, these bacteriocin
producing strains seem to be new biopreservative
cultures for the dairy industry. The bacteriocin
activity towards three cheese starters was also
observed in full fat milk at 1600 AU/ml.
Lactococcin BZ produced by L. lactis ssp. lactis BZ
and enterocin KP produced by E. feacalis KP
individually or together had an inhibitory effect
against all tested starter culture. This gained an
important property to the bacteriocins that
shortened the fermentation process due to the
sensitive starter cultures. At the same time, food
safety will also be increased by using bacteriocins
cause of their antimicrobial properties against
pathogenic microorganisms.

FUNDING

This work was supported by the Gaziosmanpasa
University, Turkey [grant number 2008-50].

STATEMENT  OF
INTEREST

The authors declare that there are no conflicts of
interest among the authors and/or publication of
this article.

CONFLICT OF

AUTHORS’ CONTRIBUTIONS

NO and ZY designed the research. NO carried
out the analysis. NO and ZY made a statistical
analysis and wrote the paper. The authors read
and approved the final version of the article.

REFERENCES

Aasen, LM., Moreto, T., Katla, T. (2000).
Influence of complex nutrients, temperature and
pH on bacteriocins production by Lactobacillus
sakei CCUG 42687. Appl Microbiol Biotechnol, 53:
159-166, doi.org/10.1007/s002530050003.

AOAC (1995). Official methods of analysis
AOAC INTERNATIONAL, 16th Edition,
Washington, D.C., the USA.

Avila, M., Gémez-Torres, N., Gaya, P., Garde, S.
(2020). Effect of a nisin-producing lactococcal

starter on the late blowing defect of cheese caused
by Clostridium tyrobutyricum. Int | Food Sci Technol, 1-
7, doi.org/10.1111/ijfs.14598.

Beasley, S. (2004). Isolation, identification and
exploitation lactic acid bacteria from human and
animal microbiota. University of Helsinki, Faculty
of Agriculture and Forestry and Viikki Graduate
School in Biosciences, Department of Applied
Chemistry and Microbiology —Division of
Microbiology, Academic Dissertation, Helsinki,
Finland, 57 pages.

Benmouna, Z., Dalache, F., Karam, N., Zadi-
Karam, H. (2018). Optimization and some
characteristics of Dbacteriocin  produced by
Enterococens sp. CM9 collected from Mauritanian
Camel milk. Ewmir | Food Agr, 30(4): 275-282,
https://doi.org/10.9755/¢jfa.2018.v30.i4.1662.

Bizani, D., Mortissy, J.A.C., Dominguez, A.P.M.,
Brandelli, A. (2008). Inhibition of Listeria
monocytogenes  in  dairy  products using the
bacteriocin-like peptide cerein 8A. Int | Food
Microbiol, 121 2): 229-233,
doi.org/10.1016/j.ijfoodmicro.2007.11.016.

Chen, H., Hoover, D.G. (2003). Bacteriocins and
their food applications. Compr Rev Food Sci Food
Saf, 2:  82-100, doi.org/10.1111/j.1541-
4337.2003.tb00016.x.

Cintas, .M., Casaus, M.P., Herranz, C., Nes, L.F.,
Hernandez, P.E. (2001). Review: bacteriocins of
lactic acid bacteria. Food Sci Technol Int, 7 (4): 281-
305, doi.org/10.1106/R8DE-P6HU-CLXP-
5RYT.

Cleveland, J., Montville, T.J., Nes, I.F., Chikindas,
M.L.  (2001). Bacteriocins:  safe, natural
antimicrobials for food preservation. Int | Food
Microbiol, 71, 1-20, doi.org/10.1016/S0168-
1605(01)00560-8.

De Vuyst, L., Leroy, F. (2007). Bacteriocins from
lactic acid bacteria: production, purification, and
food application. | Mo/ Microbiol Biotechnol, 13: 194-
199, doi.org/10.1159/000104752.

Deegan, LH., Cotter, P.D., Hill, C., Ross, P.
(2006).  Bacteriocins:  biological ~tools  for
biopreservation and shelf-life extension. Int Dairy

1185



1186

N. Oncdl, Z. Yildirm

I 16:
doi.org/10.1016/j.idaityj.2005.10.026.

Eissa, S. A., Elbarbary, H. A., Ibrahim, E.,
Mohammed, H. A. (2018). Growth pattern of
starter cultures and antifungal activity of some
bacteriocins and mnulin in skim milk yoghurt. .4/ex
J Vet Sci, 59 (2): 17-25, doi: 10.5455/ajvs.12522

1058-1071,

Foulquie Moreno, M.R., Callewaert, R., Devreese,
B., Beeumen, J.V., De Vuyst, L. (2003). Isolation
and biochemical characterisation of enterocins
produced by enterococci from different sources.
J Appl Microbiol, 94: 214-229,
https://doi.org/10.1046/j.1365-
2672.2003.01823.x.

Galvez, A., Abriouel, H., Lopez, R.L., Omar, N.B.
(2007). Bacteriocin-based strategies for food
biopreservation. Int | Food Microbiol, 120: 51-70,
https://doi.org/10.1016/j.jifoodmicro.2007.06.0
01.

Garde, S., Avila, M., Arias, R., Gaya, P., Nuficz,
M. (2011). Outgrowth inhibition of Clostridium
begjerinckii spores by a bacteriocin-producing lactic
culture in ovine milk cheese. Int | Food Microbiol,
150: 59-65,
https://doi.org/10.1016/j.iifoodmicro.2011.07.0
18.

Isleroglu, H., Yildirim, Z., Tokatli, M., Oncul, N.,
Yildirim, M. (2012). Partial characterisation of
enterocin KP produced by Enterococcus faecalis KP,
a cheese isolate. Int | Dairy Technol, 65: 90-97,
https://doi.org/10.1111/j.1471-
0307.2011.00723.x.

Khalid, F., Siddigi, R., Mojgani, N. (1999).
Detection and characterization of a heat stable
bacteriocin (lactocin Lc-09) produced by a clinical
isolate of lactobacilli. Med | Lslamic World Acad Sci,
12 (3): 67-71.

Klaenhammer, T.R. (1993). Genetics of
bacteriocins produced by lactic acid bacteria.
FEMS Microbiol Lett, 12: 39-80,

doi.org/10.1111/j.1574-6976.1993.tb00012.x

Kuipers, O.P.P., Ruyter, G.G., Kleerebezem,
AM., Vos, WM (1997). Controlled
overproduction of proteins by lactic acid bacteria.

Trends Biotechnol, 15: 135-140,
doi.org/10.1016/80167-7799(97)01029-9.

Lacrois, 1.C. (2008). Cheese cultures: From just
acidification to complex functionalities. 5th DF
Symposium on Cheese Ripening, 9-13 March,
2008, Bern, Switzeland.

Laukova, A., Czikkova, S. (2001). Antagonistic
effect of enterocin CCM 4231 from Eunferococcus
Sfaecium on “bryndza”, a traditional Slovak dairy
product from sheep milk. Microbiol Res, 156: 31-
34, doi.org/10.1078/0944-5013-00078.

Lopez, A.S, Belloso, O.M. (2008). Use of nisin
and other bacteriocins for preservation of
production in a Lactobacillus tn78 strain isolated
from a dairy sample in Iran. Med | Isiamic World
Acad S, 16 1): 19-24,
doi.org/10.1016/j.idairyj.2007.11.009.

Mayr-Harting, A. (1972). Methods for studying
bactetiocins. Meth. Microbiol., 7: 315-422.

Moreno, M.R., Leisner, J.J., Tee, LK, Ley, C,
Radu, S., Rusul, G., Vancanneyt, M., De Vuyst, L.
(2002). Microbial analysis of malaysian tempeh,
and characterization of two bacteriocins
produced by isolates of Enterococcus faecium. | Appl
Microbiol, 92 1): 147-157,
https://doi.org/10.1046/j.1365-
2672.2002.01509.x

Onciil, N., Yiddirim, Z. Yildirim, M. (2015).
Laktokoksiz BZ ve Enterosin KP’nin Yogurt
Kiiltiiflerinin Aktivitesi Uzerine Etkisi. TURJAF,
3(5): 342-345.

O'Sullivan, L., Ross, R.P., Hill, C. (2002).
Potential of bacteriocin-producing lactic acid
bacteria for improvements in food safety and
quality. Biochinuie, 84: 593-604,
doi.org/10.1016/50300-9084(02)01457-8.

Papagianni, M. (2003). Ribosomally synthesized

peptides  with  antimicrobial — properties:
biosynthesis, structure, function, and
applications.  Biotechnol ~ Ady, 21:  465-499,

doi.org/10.1016/80734-9750(03)00077-6.

Penna, T.C.V., Jozala, AF., Novaes, L.CL,
Pessoa, A., Cholewa, O. (2005). Production of
nisin by Lactococcus lactis in media with skimmed



Growth of bacteriocinogenic strains and their bacteriocin activity

milk.  Biotechnol Appl  Biochems, 122: 619-637,
doi.org/10.1385/ABAB:122:1-3:0619.

Rodriguez, J.M., Martinez, M.1., Horn, N., Dodd,
H.M. (2003). Heterologous production of
bacteriocins by lactic acid bacteria. Int | Food
Microbiol, 80: 101-116, doi.org/10.1016/S0168-
1605(02)00153-8.

Rodriiguez, E., Calzadaa J., Arque, J.L,
Rodriguez, J.M, Nuneza, M., Medinaa, M. (2005).
Antimicrobial activity of pediocin-producing
Lactococcns  lactis — on  Listeria  monocytogenes,
Staphylococens aurens and Escherichia coli O157:H7 in
cheese. Int  Dairy ], 15: 51-57,
doi.org/10.1016/j.idairyj.2004.05.004.

Sahingil, D., Isleroglu, H., Yildirim, Z., Akgelik,
M., Yidditm, M. (2011). Characterization of
lactococcin BZ  produced by Lactococcus  lactis
subsp. lactis BZ isolated from boza. Turk |
Biol, 35(1): 21-33, doi:10.3906 / biy-0906-48.

Simova, E.D., Beshkova, Angelov, D.M.,
Dimitrov, M.P.P. (2008). Bacteriocin production
by strain Lactobacillus delbrueckii ssp. bulgaricus
BB18 during continuous prefermentation of
yogurt starter culture and subsequent batch
coagulation of milk. | Ind Microbiol Biotechnol, 35:
559-567, doi: 10.1007/s10295-008-0317-x.

Soomro, A.H., Masud, T., Anwaar, K. (2002).
Role of lactic acid bacteria (LAB) in food
preservation and human health — A Review. Pak |
Nutr, 1(1): 20-24.

Wan, J., Harmark, K., Davidson, B.E., Hillier,
AlJ., Gordon, J.B., Wilcock, A., Hickey, M.W.,
Coventry, M.J. (1997). Inhibition of Listeria
monocytogenes by piscicolin 126 in milk and
Camembert cheese manufactured with a
thermopbhilic starter. | Appl/ Microbiol, 28: 273-280,
doi.org/10.1046/j.1365-2672.1997.00349.x.

1187



