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Abstract: Bacteriocins are commonly used in foods to inhibit the growth of spoilage and pathogenic bacteria, thus
extending the shelf life of food products. Interest in bacteriocins is increasing because of the increasing tendency of
consumers to use healthy, natural and additive-free products in foods. In this study, it was aimed to investigate the
control of P. aeruginosa in milk by using partially purified bacteriocins produced from lactic acid bacteria (LAB) strains.
Among the 13 reference LAB strains, four strains that showed the highest antimicrobial activity by the agar spot test
were selected for bacteriocin production. The bacteriocins were partially purified with 40% ammonium sulfate. The
antibacterial activity of bacteriocins on P. aeruginosa strains was determined in arbitrary unit by the well diffusion meth-
od. Then, UHT milk samples inoculated with P. aeruginosa and bacteriocin cocktail were stored at +4°C for a week and
bacterial counts were performed on the 1, 3%, 5" and 7" days. The LAB strains that displayed the widest clear zones
on P. aeruginosa were determined as L. plantarum, L. paraplantarum, L. fermentum and L. pentosus and the antimicro-
bial activities of the partially purified bacteriocins of these strains were 640, 640, 160 and 80 AU/ml, respectively.
Among tested P. aeruginosa strains, the highest antibacterial effect was observed against P. aeruginosa ATCC 15442
(>18mm). In the milk model, the bacteriocin cocktail caused a decrease of approximately 2 log cfu/ml in the number of
bacteria for up to three days and the number remained constant until the end of the seventh day. However, the de-
crease in the number of bacteria was not statistically significant (P>0.05). As a result, bacteriocins obtained from Lacto-
bacillus strains showed antibacterial effect on P. aeruginosa on agar medium but could not achieve a significant de-
crease on the milk. However, bacteriocins, which have generally been proven to efficient on Gram-positive bacteria,
have been determined to be effective on P. aeruginosa, a Gram-negative bacterium. Moreover, this study emphasizes
that in addition to in-vitro experiments, products to be used for biocontrol purposes in foods are also needed to comple-
ment with food models.
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Kismi Saflastirimig Bakteriyosinlerin Pseudomonas aeruginosa Uzerindeki Antimikrobiyal Etkisi

Oz: Bakteriyosinler, patojen ve/veya gidalarda bozulmaya neden olan bakterilerin biiyiimesini engellemek ve gidalarin
raf Gmrini uzatmak amaciyla yaygin olarak kullaniimaktadir. Tiketicilerin gidalarda saglikl, dogal ve katki maddesi
icermeyen Urlnleri kullanma egiliminin artmasi nedeniyle bakteriyosinlere olan ilgi de artmaktadir. Bu calismada laktik
asit bakterisi (LAB) suslarindan uretilen kismi saflastiriimis bakteriyosinler kullanilarak sitte P. aeruginosa'nin kontrolu-
nin arastinimasi amaglanmigtir. On g adet referans LAB susu arasinda agar spot testiyle en ylksek antimikrobiyal
aktiviteyi gésteren dort sus, amonyum sulfatla kismi olarak saflastiriimigtir. Bakteriyosinlerin P. aeruginosa suslari lize-
rindeki antibakteriyel aktivitesi kuyu diflizyon ydntemiyle arbitrary unit (AU/ml) olarak belirlenmigtir. Ek olarak, P. aerugi-
nosa ile kontamine edilen UHT st 6rneklerine bakteriyosin kokteyli eklenmis bir hafta boyunca +4°C'de inkiibe edile-
rek 1., 3., 5. ve 7. glnlerde bakteri sayimlari yapilmistir. P. aeruginosa lizerinde en genis zon sergileyen LAB suslari-
nin L. plantarum, L. paraplantarum, L. fermentum ve L. pentosus oldugu ve bu suslardan elde edilen kismi saflastiril-
mig bakteriyosinlerinin antimikrobiyal aktivitelerinin sirasiyla 640, 640, 160 ve 80 AU/ml oldugu belirlenmistir. Test edi-
len P. aeruginosa suslari arasinda en yiksek antibakteriyel etki P. aeruginosa ATCC 15442'ye (>18mm) kargl gozlen-
migtir. St modelinde ise, bakteriyosin kokteyli bakteri sayisinda Ug giine kadar yaklasik 2 log kob/ml azalmaya neden
olmus ve sayi yedinci guiniin sonuna kadar sabit kalmistir. Bununla birlikte, bakteri sayisindaki azalmanin istatistiksel
olarak anlamli olmadidi tespit edilmistir (P>0.05). Sonu¢ olarak c¢alismada elde edilen bakteriyosinlerin P. aerugino-
sa'ya karsi in-vitro ortamda antibakteriyel etki gdsterdigi tespit edilmesine karsin gida modelinde anlamli bir sonug elde
edilememistir. Bu galismanin verileri gidalarda biyokontrol amagl kullanilacak maddelerin in-vitro analizlerin yani sira
gida modelleri ile tamamlanmasinin énemi vurgulamigtir.

Anahtar kelimeler: Bakteriyosin kokteyli, laktik asit bakterileri, muhafaza, P. aeruginosa, st
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Introduction

Foodborne illnesses have been a global concern for
years. Despite the use of modern food storage tech-
niques, the rate of illness and death due to foodborne
pathogens is still increasing, especially in countries
without appropriate food safety monitoring systems.
On the other hand, consumers' renewed interest in
ready-to-eat foods that are minimally processed and
contain additives is a challenge for the food industry.
The search for alternative natural compounds to in-
crease food safety and shelf life has become inevita-
ble (Sharma et al., 2017). In this context, bacteriocins
are an option that cannot be ignored among the alter-
natives. Bacteriocins are peptides or proteins synthe-
sized in the ribosomes of Gram-positive and Gram-
negative bacteria and released into the extracellular
environment (Cotter et al., 2013). Bacteriocins are
secreted by some types of bacteria to kill other bacte-
ria. They generally vary in length between 30-60 ami-
no acids and have been associated with many bacte-
rial species such as Lactobacillus, Pediococcus, Leu-
conostoc, Lactococcus, E. coli, Staphylococcus and
Enterococcus (Chen et al., 2003; Mills et al., 2011).
Bacteriocins are potential alternatives for use in the
food and pharmaceutical industries to prevent food
spoilage and the growth of pathogenic bacteria
(Verma et al., 2017). It is recognized by the US Food
and Drug Administration (FDA) with the “Generally
Recognized as Safe (GRAS)” status (Johnson et al.,
2018).

Food spoilage is defined as loss of quality in terms of
color, odor, texture and, in general, loss of sensory
properties and is associated with a microbiological,
chemical or physical source (Petruzzi et al., 2017).
Psychotropic Pseudomonas species are among the
most common bacteria that cause spoilage, especial-
ly in refrigerated foods (Tirloni et al., 2021). Pseudo-
monas species produce heat-stable lipolytic and pro-
teolytic enzymes that play a very important role in
reducing the quality and shelf life of raw and pro-
cessed milk (Dogan and Boor, 2003). When raw milk
is contaminated with Pseudomonas, lipolytic en-
zymes cause hydrolyzation of milk fat, leading to the
development of off-flavors, rancidity, and texture
changes. Proteolytic enzymes cause degradation of
casein and the formation of bitter peptides, which
further contribute to spoilage (Erkmen and Bozoglu,
2016). Because of these enzymes are heat stable,
they do not vanish after pasteurization. On the other
hand, P. aeruginosa attracts attention as a foodborne
pathogen in various food groups such as water, milk,
meat, fruits and vegetables (Chatterjee et al., 2016).
On the light of these information, we aimed to investi-
gate the antibacterial effect of partially purified LAB
bacteriocins on P. aeruginosa in-vitro conditions and
in milk model.
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Materials and Methods
Strains

Thirteen reference LAB strains were included in the
study following: L. pentosus ATCC 16366, L. gasseri
ATCC 33323, L. paraplantarum ATCC 10641, L.
plantarum ATCC 10241, L. fermentum ATCC 14931,
L. paracasei ATCC 25302, L. casei ATCC 334, L.
brevis ATCC 8287, L. diolivorans ATCC 4356, L.
acidophilus ATCC 19435, L. curvatus ATCC 25601,
L. buncheri ATCC 4005, L. rhamnosus ATTC 53103.
Additionally, both multidrug-resistant strains with vari-
ous virulence properties and commonly used labora-
tory reference strains with different virulence proper-
ties were used; P. aeruginosa ATCC 15442, P. aeru-
ginosa ATCC 27853, P. aeruginosa PAO1, Vim-2,
and Imp-13.

Determination of LAB strains effective against P.
aeruginosa

Among 13 LAB strains, first it was intended to deter-
mine the ones which produce bacteriocins effective
against P. aeruginosa. For this purpose, serial dilu-
tions of LAB strains were prepared, and appropriate
0.1 ml was inoculated to MRS agar to obtain approxi-
mately 30 colonies on the petri dish. Also, P. aeru-
ginosa strains were incubated individually at 37°C
overnight. After incubation, 200 pl of each strain (10°
cfu/ml) were inoculated in LB soft agar and overlaid
on the MRS agar plates which had LAB colonies on
it. Petri dishes were incubated at 37°C overnight.
LAB strains that formed transparent zones around
the colonies were determined as bacteriocin produc-
ers effective against P. aeruginosa and selected for
further analyses (Kaya and Simsek, 2019).

Agar spot assay

LAB strains that formed clear zones on the P. aeru-
ginosa mixed culture were checked once again. For
this purpose, 200 pl of the active P. aeruginosa mix
culture enriched the night before was inoculated into
LB soft agar and poured onto LB agar and MRS agar
as a second layer. Petri dishes were incubated at 37°
C overnight in an aerobic environment to ensure that
P. aeruginosa strains showed turbidity. The next day,
each petri dish was divided into four and 20 ul of ac-
tive LAB strains were added and incubated overnight
at 30°C in an anaerobic environment. At the end of
the incubation, four strains that formed the largest
zone around the areas where LAB was dropped were
selected to obtain bacteriocin (Elyass et al., 2015).

Partial purification of bacteriocins with ammoni-
um sulfate

Selected LAB strains were enriched in 250 mL MRS
broth medium and incubated at 30°C for 24 hours. At
the end of the incubation, the developing cultures
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were centrifuged at 10,000 rpm for 30 minutes at 4°
C. Then, the supernatant filtered through 0.22 pm
microporous membrane filters (ISOLAB Laborgerate
GmbH, Eschau, Germany). To eliminate the antimi-
crobial effect that may arise from organic acids or the
pH of the MRS broth, the pH of the supernatants was
adjusted to 6.5-7.0 with a pH meter (Ohaus, 3100,
USA) using 5 N NaOH or 5 N HCI. Then, ammonium
sulfate was slowly added to the final concentration of
40% and stirred until dissolved and incubated at +4°C
overnight. On the next day, the samples were centri-
fuged (Hermle Z326K, Germany) at 13,000 rpm for
45 minutes at +4°C. The upper phase was discarded,
and the remaining precipitate was dissolved in 4 mL
of sterile 0.05 M potassium phosphate buffer (pH
7.0). The suspended sediment mixtures were filtered
through 0.22 pm filters again and stored at -20°C as
crude extracts of bacteriocins (Zhao et al., 2020).

Antimicrobial activity of partially purified bacteri-
ocins

Antimicrobial activity of partially purified bacteriocins
was determined by well diffusion method. Double-
layer LB agars were prepared with five P. aeruginosa
strains, both separately and mixed. Wells were
opened on the surface of the double-layered medium
using a glass pasteur pipette. The bottom of the wells
was covered by placing 10 pl of MRS agar at the
bottom of the wells. After 100 pl of crude bacteriocins
were added to the wells, they were incubated at 37°C
for 24 hours. At the end of the incubation, bacterioc-
ins that formed a zone around the well were evaluat-
ed as positive and the resulting zone diameters were
measured and recorded (Lei et al., 2020; Parlin-
dungan et al., 2021).

To determine the quantitative bacteriocin activity,
crude bacteriocins were diluted twofold (1/2, 1/4, 1/8,
1/16, 1/32, 1/64) with phosphate buffer (20 mM, pH
7.0). One hundred pl of each dilution added to the
wells opened in double-layer LB agar containing P.
aeruginosa ATCC 15442, which gave the widest
zone as a result of the well diffusion test. Petri dishes
were left at room temperature for one hour to allow
diffusion and then incubated at 37°C for 24 hours.
Inhibition zones around the wells were measured
(mm) and recorded. Antimicrobial activity of bacteri-
ocins were expressed in Arbitrary Unit (AU/ml) using
the formula as follows: AU/ml = 2" x (1000/x) [n: the
last dilution showing any inhibition zone; x: the vol-
ume of the bacterium added to each hole (Zhao et
al., 2020; Parlindungan et al., 2021).

Determination of antibacterial effect in milk model

Bacteriocin cocktail consisted of four bacteriocins
which formed the widest zones were selected to ex-
amine the antibacterial effect on P. aeruginosa in
milk. The reason for using a bacteriocin cocktail is
that cocktails have a greater potential to lead to syn-
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ergistic antimicrobial effects, so the overall activity of
the cocktail would be bigger than the sum of the indi-
vidual bacteriocins. The bacteriocin cocktail was pre-
pared by mixing equal amounts of each bacteriocin.
Then, UHT milk was added to the bacteriocin cocktail
at a final concentration of 190 AU/ml and the test P.
aeruginosa strain to a final concentration of 10* cfu/
ml. For the control group, the samples were prepared
with milk and bacterial culture only. The milk samples
were stored at +4°C for 7 days. In addition to the
initial day counts, P. aeruginosa counts were per-
formed by planting on LB agar on the 1%, 3", 5™ and
7" days of storage. The experiment was carried out
in three parallel repetitions (Kaya and Simsek, 2019).
The data was analyzed using the student t-test, con-
sidering the P value less than 0.05 as statistically
significant.

Results

LAB strains with antimicrobial effect against P.
aeruginosa

Among the thirteen ATCC strains, only transparent
zones around L. plantarum and L. fermentum colo-
nies were observed with the spread method, which
was described in “Determination of LAB strains effec-
tive against P. aeruginosa” section. In addition to
these strains, with the agar spot test L. pentosus and
L. paraplantarum also displayed wide clear zones on
P. aeruginosa mixed culture. Therefore L. plantarum,
L. fermentum, L. pentosus and L. paraplantarum
were selected to obtain bacteriocins.

Antimicrobial activity of partially purified bacteri-
ocins

Based on the agar spot test results, L. pentosus, L.
plantarum, L. paraplantarum and L. fermentum were
selected for further bacteriocin production. The inhibi-
tion zone diameters formed by the partially purified
bacteriocins by the well diffusion method against
each of the P. aeruginosa strains and their mixtures
are given in Table 1. Four bacteriocins formed the
largest zones for P. aeruginosa ATCC 15442 strain.
The antimicrobial activities of these four strains on P.
aeruginosa ATCC 15442 were determined as 640
AU/ml for Bc-Pla and Bce-Para (from L. plantarum and
L. paraplantarum), followed by Bc-Fer (from L. fer-
mentum) with 160 AU/ml and Bc-Pen (from L. pento-
sus) with 80 AU/ml.
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Table 1. The inhibition zone diameters of partially purified bacteriocins on P. aeruginosa ATCC 15442

Strain Bacteriocin Zone
P. aeruginosa ATCC 15442 Bc-Pen 18 mm
Bc-Fer 20 mm
Bc-Para 20 mm
Bc-Pla 21 mm
P. aeruginosa ATCC 27853 Bc-Pen 17 mm
Bc-Fer 19 mm
Bc-Para 20 mm
Bc-Pla 20 mm
P. aeruginosa PAO1 Bc-Pen 14 mm
Bc-Fer 16 mm
Bc-Para 14 mm
Bc-Pla 16 mm
P. aeruginosa VIM-2 Bc-Pen 14 mm
Bc-Fer 15 mm
Bc-Para 16 mm
Bc-Pla 16 mm
P. aeruginosa Imp-13 Bc-Pen 14 mm
Bc-Fer 16 mm
Bc-Para 17 mm
Bc-Pla 17 mm
P. aeruginosa mix Bc-Pen 14 mm
Bc-Fer 13 mm
Bc-Para 14 mm
Bc-Pla 14 mm
Bc-Pen: bacteriocin of L. pentosus, Bc-Pla: bacteriocin of L. plantarum,
Bc-Para: bacteriocin of L. paraplantarum, Bc-Fer: bacteriocin of L. fermentum.
Antimicrobial effect of the bacteriocins in milk
model
Milk samples with bacteriocin cocktail and P. aeru- Y \
ginosa were stored at +4°C for a week and bacterial E3s
counts were made on the 1%, 3 5" and 7" days. 2} —
Accordingly, while a decrease of 1.71 log cfu/ml was :»
observed in the control group on the 1% day, 0.72 log S ‘l
cfu/ml reduction was recorded in the experimental 05
group. However, on the 3™ day, while no logarithmic 0
decrease was observed in the control group, there ! ' ’ ’ !
was a 1.01 log cfu/ml decrease in the experimental Day

group. By the fifth and seventh days, the bacterial
count remained at approximately 3 log cfu/ml in both
groups. As a result, it was determined that the bacte-
riocin cocktail used in this study provided a 1.73 log
cfu/ml reduction at refrigerator temperature (4°C) for
up to three days, and the number of bacteria re-
mained constant after three days. However, the de-
crease in the experimental group was not statistically
significant (P>0.05). The average results of three
parallel repeats are shown in Figure 1.
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Figure 1. Antibacterial effect of bacteriocin cocktail
in UHT milk against P. aeruginosa ATCC 15442.

Discussion and Conclusion

In this study, the antimicrobial effect of bacteriocins
obtained from LAB strains on P. aeruginosa was in-
vestigated in-vitro and in milk model. Firstly, LAB
strains with antibacterial effects on P. aeruginosa mix
culture were identified. Afterwards, LAB strains that
formed the largest clear zones against P. aeruginosa
strains were distinguished. In this context, L. pento-
sus, L. fermentum, L. paraplantarum and L. planta-
rum strains were selected to obtain bacteriocins and
further used in milk model.
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The inhibitory effect of various LAB strains against
Gram-positive and Gram-negative pathogens has
been reported by many researchers. Shokri et al.
(2017) isolated a total of 57 Lactobacillus strains from
local yogurt and milk samples and examined their
antibacterial effects against P. aeruginosa strains.
Among the Lactobacillus strains, cell-free superna-
tants of two Lactobacillus strains (L1 and L2) were
reported to show inhibition ranging from 12-20 mm in
diameter against all 80 P. aeruginosa strains in the
well diffusion method. Elyass et al. (2015) examined
the antibacterial activity of Lb. curvatus M3 and P.
pentosaceus N2 bacteriocins using the agar well test.
While Lb. curvatus M3 showed a zone of 13-19 mm
against S. aureus, B. subtilis, E. coli and 6-12 mm
against E. faecalis, P. pentosaceus N2 showed a
zone of over 20 mm against S. aureus and 13 -19
mm against B. sublitis, 6-12 mm zone against E. coli
and E. faecalis. As a result of screening the inhibitor
activity spectrum, it was reported that 7 out of 10 test
bacteria were inhibited by both bacteriocins but could
not inhibit P. aeruginosa and Salmonella Typhi iso-
lates. In another study, the antibacterial activity of
Pediococcus acidilactici BAMA 15 was investigated
against E. coli and S. aureus and the zones were
measured as 6.44 mm and 7.53 m, respectively. Re-
searchers reported that of Gram-negative bacteria
was more resistant than Gram-positive bacteria to the
bacteriocin (Nasution et al., 2023). In the research
conducted to isolate probiotic lactic acid bacteria from
kiwi fruit pulp, a total of eight isolates were found and
two of them were stated to be probiotic LAB strains.
The antibacterial effect of isolates A2 and A5 against
pathogenic bacteria such as Staphylococcus, Pseu-
domonas and E. coli was examined. The isolates
exhibited inhibition against Gram-positive bacteria but
not against Gram-negative bacteria such as E. coli. It
was concluded that lactic acid bacteria have inhibito-
ry properties primarily against Gram-positive bacteria.
Overall, it has been stated that lactic acid bacterial
strains are generally ineffective against Gram-
negative bacteria due to the resistance provided by
the outer membrane (Kamaliya et al., 2023).

In this study, it was observed that the inhibition activi-
ty of the bacteriocins differed on P. aeruginosa ATCC
15442. The highest bacteriocin inhibition activities
were detected in the bacteriocins of L. plantarum and
L. paraplantarum strains, with 640 AU/ml. In a study
by Elhag et al. (2014), lactic acid bacteria were isolat-
ed from fresh sausages, intestines of different ani-
mals, saliva, cheese and cucumber. Salmonella spp.,
S. Typhi, S. aureus, B. subtilis, B. cereus, B. stea-
rothermophilus, B. pantotheticus, E. coli and Pedio-
coccus BFE 2306 strains were included in the study.
Pellets of lactic acid bacteria (including E. faecalis (3
isolates), E. avium, P. pentosaceus (3 isolates), P.
domanosus, Lb. murinus (2 isolates), L. gasseri (2
isolates), Lb. acidophilus, L. plantarum, Lb. alimen-
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tarius and L. rhamnosus, E. faecalis, P. pentosaceus
and Lb. murinus were examined and it has been re-
ported that the majority of partially isolated bacterioc-
ins show either weak or no antimicrobial activity
against the mentioned microorganisms (0.00-640 AU/
ml).

It is possible to use more than one bacteriocin as a
cocktail to increase the effect in the control of food-
borne pathogens. In this study, the effect of the bac-
teriocin cocktail against P. aeruginosa in milk was
investigated at refrigerator temperature. Although a
decrease of approximately 2 log cfu/ml was observed
in the number of bacteria for up to three days and no
increase or decrease in the number of bacteria was
observed until the seventh day, the results were not
statistically significant when compared to the control
group (P>0.05). The fact that the bacteriocin cocktail
did not show a significant antibacterial activity may be
associated with the fact that the pathogenic bacteria
used were Gram-negative. As mentioned above,
studies report that Gram-positive bacteria are gener-
ally more sensitive to bacteriocin (Nasution et al.
2023, Kamaliya et al. 2023, Elyass et al., 2015). The
cell wall structure of Gram-positive bacteria has a
lower lipopolysaccharide, lipoprotein and phospholip-
id composition than Gram-negative bacteria (Cao-
Hoang et al., 2010). It is reported that the simpler cell
wall structure of Gram-positive bacteria plays an im-
portant role on bacteriocin activity (Kusharyati et al.,
2021). Additionally, although there are many charac-
terized bacteriocins with potential for use in foods,
biocontrol effectiveness in foods depends on various
factors such as pH, temperature, food composition,
and target pathogen/strain. Therefore, it is necessary
to establish standardized conditions for the use of
each bacteriocin in each food matrix (Prudencio et
al., 2015). On the other hand, taking into account the
pathogenic bacterial load in foods in a real-life sce-
nario, each log decrease in the number of bacteria
can be considered promising in terms of food safety.

There are studies on the application of bacteriocins in
milk. However, up to our knowledge this is the first
study focused on antimicrobial effect of bacteriocins
on P. aeruginosa on this food model. In a study, a
new broad-spectrum bacteriocin from fermented
foods, Garviecin LG34, was obtained. While the num-
bers of S. aureus and L. monocytogenes in the con-
trol group increased over time during the 12-day incu-
bation period at 4°C, significant differences were ob-
served in the number of bacteria in the milk samples
containing bacteriocin. It was reported that the num-
ber of S. aureus bacteria in whole milk, low-fat milk
and skim milk in the experimental group decreased
by 1.0, 2.9 and 4.1 log cfu/ml, respectively. In the
same experimental setup, at the end of 12 days of
incubation, a decrease of 2.0, 4.1 and 4.9 log cfu/ml
was recorded in L. monocytogenes numbers, respec-
tively. Additionally, the antimicrobial effect of
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Garviecin LG34 bacteriocin against these two patho-
gens has been reported to be strongest in skim milk
and weakest in whole milk. It has been stated that
whole milk contains a large amount of fat globules,
and its surface can be absorbed by garviecin LG34,
which may cause a decrease in inhibition (Gao et al.,
2023). In a study conducted by Verma et al. (2017) to
increase the shelf life of raw buffalo milk, pediocin PA
-1 was added to raw buffalo milk at 1%, 5% and 10%
(v/v) concentrations contaminated with 10° cfu/ml S.
aureus. It was stated that the number of S. aureus in
milk was counted as 5, 4 and 3 log cfu/ml, respective-
ly, depending on the percentage of Pediocin PA-1
addition, while it increased to 9 log cfu/ml in the con-
trol group. In another study, it was reported that
10,000 IU/mL nisin managed to reduce the number of
S. aureus in milk by 4.68 log cfu/ml after 4 hours of
incubation at 37°C, but the surviving cells again
caused an increase in the number of bacteria at the
end of 24 hours. It has been stated that this situation
indicates the presence of nisin-resistant bacteria
(Arques et al., 2011).

As a result, in this study, it was determined that bac-
teriocins obtained from Lactobacillus strains showed
an antibacterial effect on P. aeruginosa on agar me-
dium but could not achieve a significant decrease on
the milk. However, bacteriocins, which have generally
been proven to efficient on Gram-positive bacteria,
have been determined to be effective on P. aerugino-
sa, a Gram-negative bacterium. Moreover, this study
shows that in addition to in-vitro experiments, prod-
ucts to be used for biocontrol purposes in foods are
also complemented with food models. In this regard,
it is thought that detailed studies to understand how
bacteria can survive and adapt in complex environ-
ments such as food matrix will be effective in increas-
ing the success in biocontrol with bacteriocins. It is
believed that as when the need for food safety in-
creases day by day, characterizing target-specific
bacteriocins in detail, standardizing their use and
commercializing them with new generation strategies
become important.
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