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Abstract
In this study, the antibacterial effects of postbiotics obtained from Pediococcus acidilactici, Lactiplantibacillus plantarum and Latilacto-
bacillus sakei, which were grown in sterile cow’s milk and De Man Rogosa and Sharpe (MRS) broth, against some food pathogens (Sal-
monella spp., Listeria monocytogenes, Escherichia coli O157:H7, and Brucella melitensis) were investigated. It was observed that lactic
acid bacteria postbiotics produced in MRS broth formed larger inhibition zones than those developed in cow’s milk against pathogenic
bacteria. In order to investigate the antimicrobial effect of the postbiotics on chicken breast meat and to compare this effect with lactic
acid decontamination, samples contaminated with Salmonella spp. and L. monocytogenes were immersed into the postbiotics of L. plan-
tarum and L. sakei, 2.1% lactic acid solution, and distilled water for 10 minutes. Microbial changes in the groups were investigated during
the storage at 4°C for 17 days. On the 8th day of storage, it was determined that the number of Salmonella spp. in the groups treated
with postbiotics decreased by 0.9 log,  CFU/g compared to the control and distilled water groups. While the number of L. monocytogenes
increased during storage in the control and distilled water groups, the postbiotics and 2.1% lactic acid exhibited a bacteriostatic effect on
L. monocytogenes during storage period. Compared to the postbiotics, 2.1% lactic acid had higher reduction (1.8 log , CFU/g) rates
against Salmonella spp. (P<0.05), also a significant difference was observed against L. monocytogenes in the first and last days of storage
(P<0.05). While the shelf life of chicken breast meat was determined to be 5 days in the control and distilled water groups, postbiotic
treatments extended the shelf life of chicken breast meat by an extra 9 days, and 2.1% lactic acid treatment extended an extra 12 days

compared to the control and distilled water treatments.
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It is necessary for human beings to consume adequate
amounts of nutritious and safe food for their survival.
However, rapid population growth, urbanization, natural
disasters due to climate change, pandemics, escalating
tensions between countries, war and economic crises af-
fect food safety and security. Food loss has become one
of the issues that should be emphasized at least as much
as food production. Especially, fresh foods with short
shelf life constitute the majority of loss and waste (Is-
hangulyyev et al., 2019). On the other hand, according
to the World Health Organization, approximately 600
million people become ill from contaminated food every
year, and even 420,000 of them die (WHO, 2015).

Chicken meat is a frequently preferred protein source
in the world due to its relatively low production cost, low
fat content, high nutritional value, ease of cooking, light
sensory characteristics, and culturally and religiously ac-
ceptable characteristics compared to red meat. The high
nutritional value and high moisture content of chicken
meat, as well as the high pH value, cause it to spoil quick-

ly and lose its freshness rapidly. Contamination of chick-
en meat with pathogens, in addition to its problems in
terms of public health, leads to rejection of products dur-
ing the export and therefore to economic losses. For these
reasons, one of the most important focal points of the poul-
try meat production industry is to extend the shelf life of
the product and to maintain its quality during cold storage.
To date, a variety of preservation methods have been tried
to eliminate or reduce the pathogenic and spoilage micro-
organisms in poultry meat and meat products (Habeeb et
al., 2021; lhak et al., 2018; Sohaib et al., 2016). How-
ever, today’s consumers prefer natural or less processed
foods instead of foods containing synthetic preservatives
(Salanti and Cropotova, 2022; Balthazar et al., 2022; Incili
et al., 2020). When the literature related to decontamina-
tion of chicken meat with natural compounds is examined,
it is seen that many studies have been carried out on or-
ganic acids (Pelyuntha and Vongkamjan, 2022; Habeeb et
al., 2021), essential oils of spices (ilhak et al., 2017; Radha
et al., 2014), herbal extracts (Rahnemoon et al., 2021),
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natural polymer chitosan (Incili et al., 2021; Bhoir et al.,
2019; Petrou et al., 2012) etc. for the decontamination of
chicken meat and meat parts.

Recent studies have revealed that non-viable probi-
otic microorganisms (intact or ruptured) provide benefits
to consumers when applied orally or topically in suffi-
cient amounts, and the term “paraprobiotics” (also called
inactivated probiotics, ghost probiotics) is used for these
microbial cells. Postbiotics (also called metabiotics, bio-
genics, probiotic cell fragments (PCFs), cell free superna-
tants (CFS)) are defined as bioactive soluble products or
metabolic byproducts produced by live lactic acid bacteria
during fermentation (Barros et al., 2020; Cuevas-Gonzalez
et al., 2020). However, although the term “postbiotic” is
by far the most commonly used, there is still no univer-
sally accepted full definition (Thorakkattu et al., 2022).
Cell-free metabolites (postbiotics) from lactic acid bacte-
ria seem to have been relatively less studied in chicken
meat (Godoy et al., 2022; Incili et al., 2020, 2021, 2022,
2023; Sabo et al., 2017). In recent years, it has been stated
that postbiotics of lactic acid bacteria inhibit many micro-
organisms including Salmonella, Listeria monocytogenes
(L. monocytogenes), Escherichia coli (E. coli), Staphylo-
coccus aureus, Yersinia spp., Aeromonas spp., Bacillus
spp., mold-yeast, and viruses (Mani-Lopez et al., 2022;
Moradi et al., 2020; Yolmeh et al., 2017).

In the limited number of studies examining the antimi-
crobial effects of lactic acid bacteria postbiotics, it is seen
that MRS broth is widely used for the growth of lactic acid
bacteria and postbiotics production. Cow’s milk is a nutri-
ent medium that can be obtained more easily and cheaply
than MRS broth. In our literature review, we could not find
any study comparing the antimicrobial effect of postbiot-
ics obtained from lactic acid bacteria grown in MRS broth
and cow’s milk against food pathogens. In addition, we
did not find any study comparing the antimicrobial effect
of postbiotics with the antimicrobial effect of lactic acid
solution, which is widely used in the meat industry.

In line with the above information, in the first stage
of this study, it was aimed to determine the titratable acid
amounts and pH values of Pediococcus acidilactici, La-
tilactobacillus sakei and Lactiplantibacillus plantarum
postbiotics obtained in MRS broth and cow’s milk, and
to reveal their antimicrobial effects on some foodborne
pathogens (Salmonella spp., Escherichia coli O157:H7,
Listeria monocytogenes and Brucella melitensis) by the
agar well diffusion method. In the second stage of the
study, it was aimed to compare the antimicrobial ef-
fect obtained by using postbiotics as a decontaminant
in chicken breast meat with the antimicrobial effect ob-
tained by using lactic acid solution.

Material and methods

Preparation of postbiotics of lactic acid bacteria
Postbiotics were obtained from lactic acid bacteria
with slight modification of a method reported by Incili

et al (2021). In the study, P. acidilactici (isolated from
Bactoferm™ B-LC-78 commercial culture, Chr. Hansen
GmbH, Germany), L. sakei (Bactoferm™ B-FM isolated
from commercial culture, Chr. Hansen GmbH, Germany)
and L. plantarum (Bioferm DSMZ16627) strains were
used. P. acidilactici, L. sakei, L. plantarum strains were
propagated separately at 30°C for 20 hours in tubes con-
taining 10 mL of MRS broth. After activation, 0.5 mL of
each was taken and placed into falcon tubes containing
10 mL of UHT sterile cow’s milk (obtained from a local
market) and 10 mL of MRS broth, then incubated at 30°C
for 48 hours. In order to measure the effects of these bac-
teria in the mixed state, 0.5 mL of each was taken (1: 1:
1 v/v) and inoculated into sterile cow’s milk and MRS
broth in the same way. At the end of the incubation, the
tubes were centrifuged at 5,000 rpm for 10 minutes in
a refrigerated centrifuge (Hettich, Universal 320 R-Ger-
many) and the supernatants were obtained. Supernatants
were sterilized by passing through a 0.22 um-pore size
sterile filter (Millipore, Millex-GP Syringe filter SLG-
P0O33RS).

Preparation of pathogenic bacteria inoculum

Salmonella Enteritidis (ATCC 13076), Salmonella
Typhimurium (ATTC 14028 and NCTC 12416), Listeria
monocytogenes (ATCC 7644, ATCC 13932 and ATCC
19111), Escherichia coli O157:H7 (ATCC 43894, ATCC
43895 and ATCC 35150) and Brucella melitensis (pro-
vided from Pendik Veterinary Control Research Institute,
Istanbul, Turkey) were used as pathogenic bacteria. Each
strain of pathogenic bacteria was inoculated in 10 mL of
Tryptic Soy Broth (TSB) medium separately and incu-
bated at 37°C for 18—20 hours. At the end of the incu-
bation, the tubes were centrifuged at 5,000 rpm for 10
minutes in a refrigerated centrifuge (Hettich, Universal
320 R-Germany) to separate the bacterial pellet and su-
pernatant, and the pellets were washed with 0.1% sterile
peptone water (PW) (Merck, Germany). Each bacterial
group (except B. melitensis) was collected in separate
tubes and the tubes were made up to 10 mL with sterile
0.1% PW and pathogenic bacteria (Salmonella spp. mix-
ture, L. monocytogenes mixture, E. coli O157:H7 mix-
ture and B. melitensis) solutions were prepared. These
pathogenic bacteria solutions were used for agar well
diffusion tests.

Agar-well diffusion challenge, pH and titratable
acid analysis

Serial dilutions were made to obtain an inoculation
level of approximately 10° CFU/mL for each pathogenic
bacteria solution. 1 mL of each pathogen solution was
taken and placed in separate petri dishes, and 20 mL of
Mueller Hinton Agar (MHA) (Biolife, Milano, Italy) was
poured over them. After solidification of MHA media,
wells with a diameter of 8 mm were punched at certain
points on the agar by the help of the blunt part of the
sterile pipette tip. After the addition of 100 pl postbiot-
ics obtained from lactic acid bacteria and sterile distilled
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water as a control to the wells, the plates were incubated
at 37°C for 24 hours. At the end of the incubation, the
inhibition zone diameters formed around the wells were
measured with the assistance of a digital caliper and the
values were recorded.

Then, the pH of the obtained postbiotics was adjusted
to 6.0 by using 5 N NaOH solution in order to determine
whether the antimicrobial effects of the LAB postbiotics
were due to the organic acids or the other metabolites
they formed in addition to the organic acids. The antimi-
crobial effect of postbiotics, whose pH was adjusted to
6.0, were tested with the agar-well diffusion method as
described above. The agar-well study was repeated three
times and the averages of the inhibition zone diameters
were measured.

The pH values of the postbiotics and the homogen-
ates remaining in the stomacher bag after microbio-
logical analysis were measured using a digital pH
meter (HI 2211, Hanna Instruments, USA). For the de-
termination of titratable acid that postbiotics contain,
a few drops of phenolphthalein indicator solution were
added into 10 mL of postbiotic and titrated with 0.25
N NaOH (Merck, Emplura, Darmstadt, Germany) until
a light pink color formation was observed. The amount
0f 0.25 N NaOH spent was multiplied by 10, therefore
the amount to be spent for 100 ml of postbiotic was
calculated. The result was multiplied by the coefficient
of 0.0225 and the values were recorded in g % lactic
acid.

Inoculation of chicken breast meat and decontam-
ination experiments

Chicken breast meat was obtained from a local mar-
ket in their original packaging. Chicken breast meat pur-
chased on the first day of sale was brought to the labora-
tory by cold chain (<4°C). By using a sterile forceps and
knife, meat was cut into approximately 25 gram pieces
and each of them was immersed into a solution contain-
ing 10°~107 CFU/mL Salmonella spp. and L. monocy-
togenes for 1 minute. After the immersion, breast meat
pieces were left on sterile grids for 20 minutes at room
temperature to maintain bacterial attachment and remove
excess water from the product. Three pieces of the chick-
en breast meats, contaminated with Sa/monella spp. and
L. monocytogenes, were randomly chosen and separated
for microbial analyses to determine the initial loads of
Salmonella spp., L. monocytogenes, total psychrotrophic
and lactic acid bacteria. The remaining breast meat piec-
es were divided into 5 groups: control, distilled water
(DW), L. sakei postbiotic (SP), L. plantarum postbiotic
(PP), and 2.1% lactic acid group (LA). For the decontam-
ination experiment, L. sakei and L. plantarum postbiotics
were selected, which showed the strongest antimicrobial
effect against Salmonella spp. and L. monocytogenes in
agar well diffusion tests. Chicken breast meat pieces in
the control group were placed in sterile stomacher bags
separately without any treatment and stored at 4°C.
Chicken breast meats of DW, SP, PP and LA groups were

dipped in beakers containing 250 mL sterile distilled
water, L. sakei postbiotic, L. plantarum postbiotic and
2.1% lactic acid solution for 10 minutes, respectively. At
the end of the period, the chicken breast meats removed
from the solutions were left at room temperature for
10 minutes to drain the excess liquids, and then they were
placed in sterile stomacher bags separately and stored at
4°C. The DW group was used to determine the amount
of bacteria removed by the physical effect of water im-
mersion and thus to reveal the actual effects of the decon-
tamination liquids used.

Microbiological analyses

Microbiological analyses were performed on the
initial day (day 0), 2, 4, 6, 8, 11, 14 and 17 days of stor-
age. 225 mL of sterile 0.1% PW was added to the ster-
ile stomacher bags containing 25 g chicken breast meat,
and a 10! dilution was prepared by homogenizing in the
stomacher for 2 minutes. Serial dilutions up to 10 were
prepared with 0.1% PW by taking 1 mL of homogenate
from this dilution. Xylose Lysine Deoxycholate (XLD)
Agar and PALCAM agar were used for enumeration of
Salmonella spp. and L. monocytogenes, respectively.
Petri dishes were incubated at 35°C for 24—48 hours. De
Man, Rogosa and Sharpe (MRS) agar (30°C, 72 h) was
used for the determination of lactic acid bacteria, and
Plate Count Agar (PCA) (4°C, 7—10 days) was used for
psychrotrophic aerobic bacteria.

Statistical analyses

The study was completed by performing three repeti-
tions for each stage. Statistical analyses were performed
by using SPSS 24 (IBM SPSS, USA) package program
after converting the data to log, , CFU/g value for micro-
biological analysis, while the pH value and inhibition
zones were directly evaluated. Data were subjected to
analysis of variance (ANOVA) for main effects and inter-
actions between variables. Statistical significance level
was accepted as P<0.05.

Results

pH and titratable acid levels of postbiotics

The pH values of postbiotics obtained from P. acidi-
lactici, L. sakei, L. plantarum and LAB mix incubated
for 48 hours in MRS broth and in sterile cow’s milk were
shown in Table 1. There was no difference between LAB
postbiotics activated in MRS broth and milk (P>0.05).
It was determined that the postbiotic obtained from
L. plantarum grown in MRS broth medium had the low-
est pH and the highest % lactic acid. Postbiotics derived
from lactic acid bacteria grown in milk were found to
have lower lactic acid content than those grown in
MRS broth. The pH value of 2.1% lactic acid solution
containing almost the same amount of lactic acid as post-
biotics was significantly lower than that of postbiotics
(P<0.05).
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Table 1. pH measurements and titratable acidity (g lactic acid) amounts of LAB postbiotics and lactic acid solution (n:3)

pH g % lactic acid
Lactic acid solution 2.23+0.01y 2.1+0.1 A
Lactic acid bacteria MRS broth UHT cow’s milk
P. acidilactici 3.86+0.03 x 1.9+0.3 A 3.86+0.10 0.9+0.1 B
L. sakei 3.7440.11 x 2.1+0.1 A 3.90+0.20 0.9+0.0 B
L. plantarum 3.73+£0.21 x 2.2+0.1 A 3.90+0.17 0.9+0.0 B
LAB mix 3.76+0.17 x 2.1+0.1 A 3.76+0.16 1.0£0.1 B

A, B: values with different letters in the same line are statistically different (P<0.05).
X, y: values with different letters in the same column are statistically different (P<0.05).

Table 2. Inhibition zones of postbiotics obtained from LAB grown in MRS broth and UHT cow’s milk and 2.1% lactic acid solution against
pathogenic bacteria (mm+SD) (n:3)

Inhibition zones (mm+SD)

Salmonella spp. L. monocytogenes | E. coli O157:H7 B. melitensis
2.1% lactic acid 19.0£1.6 Ay 17.9+1.1 Az 17.7+1.0 Az 19.3+£0.9 Ay
MRS broth
P, acidilactici 18.3£1.5 Ay 17.0+£3.0 Az 15.3£1.5 Az 18.0£2.6 Ay
L. sakei 19.7+£0.6 ABy 18.3+1.5 Az 21.3£0.6 Bw 19.3£0.6 ABy
L. plantarum 19.3+£0.6 Ay 18.7£1.5 Az 20.7£1.2 Aw 18.7£1.2 Ay
LAB mix 19.3+0.6 Ay 18.3+1.2 Az 17.0+2.0 Az 19.0+1.0 Ay
DW (control)* 8.0+£0.0 Ax 8.0£0.0 Ax 8.0+£0.0 Ax 8.0+£0.0 Ax
UHT milk
P, acidilactici 8.3+0.6 x 10.7+0.6 y 11.0£1.0y 10.0+1.7 x
L. sakei 9.0+1.7 x 11.0£0.0 y 11.0£1.0y 10.0+£1.7 x
L. plantarum 9.0+1.7 x 11.3+0.6 y 11.7¢1.5y 9.7£2.1 x
LAB mix 11.0+0.0 x 11.7+£0.6 y 11312y 11.0£2.0 x
DW (control)* 8.0£0.0 x 8.0+0.0 x 8.0+0.0 x 8.0+0.0 x

"Well diameter: 8 mm.

A, B: values with different letters in the same line are statistically different (P<0.05).
x y: values with different letters in the same column are statistically different (P<0.05).

Table 3. pH measurement of chicken breast homogenates during cold storage (4°C) (n:3)

Days Groups

Control Distilled water L. sakei L. plantarum L.A. (%2.1)
0 5.98+0.04 Ax 6.03£0.07 Ax 5.54+0.11 Bx 5.55+0.09 Bx 5.41+0.05 Bx
2 6.08+0.14 Ax 6.05+0.06 Ax 5.64+0.09 Bxy 5.60+0.14 Bx 5.41+0.18 Bx
4 5.9940.11 Ax 6.07+0.07 Ax 5.60+0.09 Bxy 5.62+0.07 Bx 5.27+0.15 Cx
6 6.04+0.08 Ax 6.01£0.11 Ax 5.59+0.06 Bxy 5.62+0.12 Bx 5.36+0.07 Cx
8 6.23+0.25 Ax 6.39+0.09 Ay 5.74+0.16 Bxy 5.65+0.19 BCx 5.32+0.09 Cx
11 ND ND 5.62+0.17 Bxy 5.66+0.34 Bx 5.26+0.12 Bx
14 ND ND 5.81+0.13 Bxy 5.58+0.02 BCx 5.56+0.10 Cx
17 ND ND 5.84+0.17 By 5.72+0.10 Bx 5.27+0.20 Cx

ND: Not determined due to spoilage of sample

A, B, C: values with different letters in the same line are statistically different (P<0.05).
X, y: values with different letters in the same column are statistically different (P<0.05).

Agar-well diffusion challenge

It was determined that LAB postbiotics developed
in MRS broth formed larger inhibition zones than those
obtained from milk (P<0.05) (Table 2). The largest in-
hibition zone was formed against E. coli O157:H7 by
the L. sakei postbiotic grown in MRS broth (P<0.05).

Although no significant difference was observed com-
pared with the postbiotic obtained from P. acidilactici,
postbiotics of L. sakei and L. plantarum were found to
form a larger inhibition zone against Sa/monella spp. and
L. monocytogenes. When the inhibition zone against Sal-
monella spp., L. monocytogenes and B. melitensis were
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compared, there was no difference between postbiotics
and 2.1% lactic acid solution (P>0.05). It was observed
that L. sakei and L. plantarum postbiotics were more
effective than 2.1% lactic acid solution against E. coli
O157:H7 (P>0.05). None of the postbiotics adjusted to
pH 6.0 with 5 N NaOH formed inhibition zones around
the wells (data not shown).

Chicken breast experiments

The initial pH value of chicken breast meat was deter-
mined as 5.98 (Table 3). After decontamination with SP,
PP and LA solution, a significant decrease was observed
in the pH values of the samples (P<0.05). During stor-
age, pH values increased in all groups, except for the LA
group. While pH values were above 6.2 for the control
and DW groups on the 8th day of storage, pH values were
still below 6.0 for the SP, PP and LA groups, even on the

17th day. During storage, the lowest pH values among all
groups were detected in the LA group.

On the first day of storage, initial numbers of Sal-
monella spp. were 6.2 and 6.0 log,, CFU/g for the con-
trol and DW groups, respectively (Figure 1). It was
observed that although decontamination with SP and
PP decreased the number of Salmonella spp., there
was no significant decrease compared to the control
and DW groups (P>0.05), while the Salmonella count
decreased to 4.7 log , CFU/g in LA group (P<0.05).
Salmonella count continued to decrease in chicken
breast meats decontaminated with LA during storage
and was found to be 2.9 log , CFU/g on the 17th day.
Although the number of Salmonella spp. was lower for
the SP and PP treatments compared to the control and
DW groups, no significant difference was observed
(P>0.05).

H Control Distilled Water L.sakei L.plantarum  * Lactic acid (2.1%)
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2e: The bars with different letters are statistically different (P<0.05).

Figure 1. Salmonella spp. count of chicken breast meat treated with LAB postbiotics and lactic acid during cold storage (4°C)
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Figure 2. L. monocytogenes count of chicken breast meat treated with LAB postbiotics and lactic acid during cold storage (4°C)
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Figure 3. Lactic acid bacteria count of chicken breast meat treated with LAB postbiotics and lactic acid during cold storage (4°C)
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Figure 4. Psychrotrophic bacteria count of chicken breast meat treated with LAB postbiotics and lactic acid during cold storage (4°C)

The initial numbers of L. monocytogenes at the be-
ginning of storage in the control and DW groups were
determined as 5.6 and 5.4 log,, CFU/g (Figure 2). De-
contamination of the chicken breast meat with SP and
PP did not cause a significant reduction in the number
of L. monocytogenes (P>0.05), however it dropped to
4.6 log,, CFU/g for the LA group (P<0.05). During stor-
age at 4°C, it was determined that the number of L. mono-
cytogenes increased continuously for the control and DW
groups and there was a difference between the sampling
days (P<0.05). In SP, PP and LA groups, the number of
L. monocytogenes remained almost constant through-
out the storage period and there was no difference be-
tween the days (except for the 2nd and 14th days in the

PP group). After the 2nd day of storage, the numbers of
L. monocytogenes in the SP, PP and LA groups were low-
er than the control and DW groups (P<0.05). On the last
day of storage, it was determined that the LA group con-
tained less L. monocytogenes than the SP and PP groups
(P<0.05).

At the beginning of storage, the numbers of lactic
acid bacteria for the control and DW groups were deter-
mined as 6.0 and 5.8 log,, CFU/g, respectively (Figure
3). Decontamination of the chicken breast meat with SP,
PP and LA did not cause a significant decrease in LAB
count (P>0.05). While there was no difference between
the groups in the first 6 days of storage, the LAB count
in the DW group (6.8 log, ) was found to be significantly
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higher than in the LA group (5.9 log, ) (P<0.05) on the
8th day. While the initial LAB counts in the SP, PP, and
LA groups were 5.4, 5.8, and 5.7 log,, CFU/g, respec-
tively, at the end of the 17th day they were found as 6.1,
6.3, and 5.9, respectively, and there was no difference
between the days (P>0.05).

The numbers of psychrotrophic aerobic bacteria in
the control and DW groups were determined as 3.6 and
3.4 log,, CFU/g on day 0, respectively (Figure 4). Al-
though there was no significant difference when com-
pared with the control and DW groups, it was observed
that the psychrotrophic bacteria counts were lower for
the SP and PP groups (2.5 and 2.3 log,,, respectively)
(P>0.05). In the LA group, the initial psychrotrophic
bacteria count (2.0 log,) was significantly lower than
in the control and DW groups (P<0.05). Psychrotroph-
ic bacteria numbers in the control and DW groups in-
creased rapidly during storage and exceeded 7.0 log , on
the 6th day, and sensory deterioration and putrefaction
symptoms were observed in the samples on the 8th day.
A slow increase was observed in the SP, PP and lactic
acid groups during the storage period, and the numbers
of psychrotrophic bacteria in these groups were still be-
low 7.0 log,, CFU/g on the 14th day. On the 17th day of
storage, the numbers of psychrotrophic bacteria in the SP
and PP groups were 7.7 and 8.1 log,, respectively, while
it was 6.5 log , CFU/g in the group decontaminated with
the lactic acid solution (P<0.05).

Discussion

In the first stage of the study, the pH and the titrat-
able acidity values of the postbiotics of P. acidilactici,
L. sakei, L. plantarum and mixtures of these 3 lactic
acid bacteria grown in both MRS broth and sterile milk
were determined, and their antimicrobial effect on some
food pathogens by agar-well method were detected. As
expected, the pH values of the postbiotics decreased as
the amount of lactic acid increased (Table 1). Although
the titratable acid ratio of the postbiotics of the bacteria
grown in MRS broth was found to be higher than those
produced in milk (P<0.05), no significant difference was
observed between the pH values of these two different
media (P>0.05). As is known, titratable acidity measures
the total dissociated and undissociated acids in a solution.
The pH is not correlated with the concentration of titrat-
able acids present, but is affected by their ability to dis-
sociate (Tyl and Sadler, 2017). For this reason, there may
be no difference between the pH values of the postbiotics
of bacteria grown in MRS broth and milk. In addition,
this may be due to the different pH buffering capacities
of different compounds found in MRS broth and milk.
The amount of lactose in the UHT sterile milk purchased
from a local market to be used in this study was 4.6%
according to the label information. It has been reported
that lactic acid bacteria hydrolyze lactose more slowly
than glucose, and even the least used sugar by lactic acid

bacteria is lactose (Hayek et al., 2019). For these reasons,
the amount of lactic acid formed in cow’s milk may have
been lower than that formed in MRS broth. Similarly,
Zalan et al. (2010) compared the titratable organic acids
produced by lactic acid bacteria grown in three different
media (skimmed milk powder solution, Jerusalem arti-
choke juice and MRS broth) and found that the amount
of lactic acid formed in skimmed milk powder was lower
than that in MRS broth.

All the postbiotics obtained from the bacteria grown
in MRS broth showed antimicrobial effect on Salmonella
spp., L. monocytogenes, E. coli O157:H7 and B. meliten-
sis in the agar-well diffusion method (Table 2). The effect
of P, acidilactici postbiotic against L. monocytogenes by
the agar well method is consistent with previous stud-
ies (Milillo et al., 2013). Although not statistically sig-
nificant, the inhibition zones formed by P. acidilactici
postbiotic were smaller than those formed by L. sakei
and L. plantarum postbiotics. In our study, the titratable
acid content of the postbiotic obtained from this bacte-
rium (1.9) was found to be lower than that of L. sakei and
L. plantarum postbiotics, and the pH value (3.86) was
higher as expected. On the other hand, homofermenta-
tive LAB synthesizes 90—-95% lactic acid from glucose,
while heterofermentative bacteria are capable of produc-
ing 50% of lactic acid together with acetic acid, acetone,
CO,, diacetyl and ethanol (Gunkova et al., 2021). In our
study, the amount of % lactic acid in the postbiotics was
calculated according to the amount of NaOH spent as
a result of acid-base titration of postbiotics. Since the cal-
culation is made by taking into account the dominant or-
ganic acid (lactic acid) in the formula, it does not give an
idea about the amount of other organic acids produced by
lactic acid bacteria. Mun et al. (2019) detected lactic acid
(75.2%), acetic acid (17.9%), citric acid (6.5%) and phe-
nyl lactic acid (0.3%) as organic acids in the bacterial fil-
trate in their study investigating the antimicrobial and an-
tifungal effects of L. plantarum. These metabolites may
have caused the inhibition zones of heterofermentative L.
sakei and L. plantarum postbiotics to be larger than those
of the homofermentative P. acidilactici postbiotic. In ad-
dition, Habeeb et al. (2021) stated that lactic acid and
acetic acid together have a synergistic effect on bacteria.
For these reasons, the inhibition zones developed by the
postbiotic of P. acidilactici against pathogenic bacteria
may have been measured smaller than those obtained in
L. sakei and L. plantarum.

In many studies, the acidity of postbiotics has been
neutralized by the addition of NaOH to find the me-
tabolite that is the source of the antimicrobial effects of
postbiotics (Mani-Lopez et al., 2022; Presti et al., 2015).
The absence of a pathogen inhibition in pH-neutralized
postbiotics confirms that the metabolite causing antimi-
crobial activity results from the production of acidic me-
tabolites rather than bacteriocins and other metabolites.
In this study, when the pH values of the postbiotics were
adjusted to 6.0 with 5 N NaOH, no inhibition zones were
detected around the wells. In line with the results ob-
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tained, it was concluded that the antimicrobial effects of
postbiotics are not caused by bacteriocin or (if any) other
metabolites, but by the organic acids they contain. Mani-
Lopez et al. (2022) has stated that the antimicrobial effect
is mostly due to lactic acid and acetic acid; metabolites
such as other organic acids, diacetyl, hydrogen peroxide,
bacteriocins, peptides, short and long chain fatty acids
also contribute to the antimicrobial effect.

Since there is no study in the literature on the antimi-
crobial effect of lactic acid bacteria postbiotics against
Brucella spp., the effect of the LAB postbiotics used in
the study against this pathogen was also studied by the
agar well method. It was observed that all LAB postbiot-
ics obtained from MRS broth showed antibacterial effect
against B. melitensis (Table 2). This effect may be due
to Brucella spp. being easily inhibited in acidic environ-
ments. It has been stated that the optimum pH value for
the survival and development of Brucella spp. is between
6.6 and 7.4 and this bacterium can survive at a minimum
pH of 4.1 (Jansen et al., 2019). The pH value of all post-
biotics used in our study was below 4.0.

The postbiotics of L. sakei and L. plantarum grown in
MRS broth were selected to apply to chicken breast meat
in the second stage of the study, since the postbiotics ob-
tained from lactic acid bacteria grown in milk did not
show a strong antimicrobial effect due to the lack of suf-
ficient organic acid. The lactic acid amounts of the post-
biotics of L. sakei and L. plantarum grown in MRS broth
were determined as 2.2 and 2.1 g/100 mL, respectively
(Table 1). To compare the antimicrobial effects obtained
from these postbiotics, 2.1% commercial lactic acid solu-
tion was prepared and used.

Compared to the control group, Salmonella spp. de-
creased by 0.6, 0.8, and 1.5 log,, after decontamination
of chicken breast meat with SP, PP, and LA, respectively
(Figure 1). Anang et al. (2007) found that the number
of S. Enteritidis decreased by 0.9 log,, in chicken breast
meats dipped in 2% lactic acid solution for 10 min and
they reported that the number of Salmonella in decon-
taminated samples did not change significantly over
14 days. Edris et al. (2020) found approximately 1.1 and
2.1 log,, reductions in the number of S. Enteriditis af-
ter decontamination of chicken meat with 1% and 2%
lactic acid for 1 min, respectively. In the present study,
the number of Salmonella spp. in chicken breast meat
immersed in 2.1% lactic acid solution for 10 min de-
creased by 1.5 log,, compared to the control group on the
first day of storage (P<0.05). On the 2nd day of storage,
the level of reduction was found to be 2.5 log  compared
to the control group. When the results of other research-
ers who conducted decontamination studies with lactic
acid at 1-2% concentrations in chicken meat are exam-
ined, it is seen that the antimicrobial effect is generally
effective on the first and the following day of decontami-
nation, and there is no significant change in the number
of Salmonella in the remaining days of storage (Habeeb
et al., 2021; ilhak et al., 2017; Cosansu and Ayhan,
2012).

The antimicrobial effects of SP and PP treatments
on L. monocytogenes were significant (P<0.05) after
the 4th day of storage compared to the control and DW
groups (Figure 2). Although there was an increase in
the number of L. monocytogenes in the control and DW
treated groups during the storage period, no change was
observed in the number of this bacterium in the groups
decontaminated with SP and PP. Therefore, it can be
said that this difference is due to the bacteriostatic effect,
not the bactericidal effect of LAB postbiotics against
L. monocytogenes. After decontamination with 2.1%
lactic acid solution, the number of L. monocytogenes
decreased by 1.0 log , compared to the control group
(P<0.05), and similar to the postbiotic decontaminations,
the number of this pathogen remained almost constant
in the remaining days of storage. It was observed that
the pH values of the control and DW groups were close
to neutral (>6.0), while the samples treated with postbi-
otics and lactic acid were lower. It has been stated that
L. monocytogenes is highly resistant to low pH values
(incili et al., 2020; Nyhan et al., 2018) and its growth
slows down in acidic environments and enters the sta-
tionary phase (Buchanan et al., 1993).

LAB, which play a role in the deterioration of raw
chicken meat, can multiply under refrigeration conditions
(Jay et al., 2008). However, no significant change was
observed in the LAB counts of the chicken breast meat in
all groups until on day 8 (P>0.05) (Figure 3). There was
a slight increase in the LAB counts in all groups except
the lactic acid treated group, and differences were ob-
served between the 8th and 14th days of storage in the
groups due to the fluctuation in the LAB counts (P<0.05).

In our study, the initial number of psychrotrophic
bacteria in chicken breast meat was found to be 3.6 log
CFU/g (Figure 4). The number of psychrotrophic bac-
teria in the control and DW groups increased rapidly in
the first 6 days of storage and exceeded 7.0 log,, CFU/g.
When the number of aerobic bacteria in raw meat prod-
ucts exceeds 7.0 log,, CFU/g, the product is considered
spoiled (Jay et al., 2008). Although the expression “aero-
bic number” refers to the total viable count (the number
of mesophilic aerobic bacteria), Jay et al. (2008) reported
that Pseudomonas spp. form the dominant flora in spoiled
chicken meats stored at refrigerator temperature and that
these bacteria are psychrotrophic. In the present study, It
was observed that psychrotrophic bacteria exceeded this
value on the 6th day in the DW group and the control
group, and the product showed clear signs of putrefac-
tion and deterioration on the 8th day. Therefore, analyses
were not performed in the control and DW groups after
the 8th day of storage. There was a decrease in the num-
ber of psychrotrophic bacteria in the postbiotic treated
samples compared to the control and DW groups, and
these decreases were significant on the 2nd day of stor-
age (P<0.05). On the 8th day of storage, psychrotrophic
bacteria counts were over 8.0 log , CFU/g in the con-
trol and DW groups, while it was found as 4.1, 4.3 and
3.9 log,, CFU/g in chicken breast meats treated with
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SP, PP and LA, respectively. While the numbers of psy-
chrotrophic bacteria in SP and PP treated chicken breast
meats were still below 7.0 log, , CFU/g on the 14th day
of storage, it showed a value close to 8.0 log , CFU/g on
day 17 of storage. The number of psychrotrophic bacte-
ria in chicken breast meats treated with LA was 6.5 log
CFU/g on the 17th day of storage.

Jo et al. (2021) reported that cell-free supernatants of
lactic acid bacteria (L. plantarum and P. stilesii) extended
the shelf life of fresh fish fillets stored in the refrigerator,
and also did not affect the physico-chemical properties
and sensory quality of the product. Incili et al. (2021)
reported that postbiotics and their combinations with
natural preservatives may be an alternative approach to
reduce the food-borne pathogens and to extend the shelf-
life of poultry meat and meat products, and they (Incili
et al., 2023) have also reported that whole cell postbiotic
extended the shelf life of chicken breast fillets during stor-
age at 4°C by retarding microbial and chemical deteriora-
tions. Jaspal et al. (2021) were able to extend the shelf life
of chicken breast fillets up to 12 days by spraying 1.25%
lactic acid solution, and they stated that taste and odor re-
mained within acceptable limits during storage. Consider-
ing our study and other studies in the literature, it is seen
that decontamination with lactic acid and lactic acid bac-
teria postbiotics extend the shelf life of chicken meat. The
differences in shelf life of the samples in the studies may
be due to the differences in lactic acid concentrations, de-
contamination method and exposure time.

It was observed that postbiotic and lactic acid appli-
cations decreased the pH of chicken breast meat (P<0.05)
(Table 3). Although the pH values of the control, DW, SP
and PP groups increased during the storage period, pH
values of the SP, PP and LA treated samples remained
lower than the control and DW groups (P<0.05). The in-
crease in the pH values in chicken breast meat treated
with DW, SP, PP and the control groups may be due to
the chemical deterioration process, and it may also have
resulted from the accumulation of ammonium-contain-
ing metabolites as a result of aerobic bacterial growth.
Compared to the other groups, the lower pH value in the
LA-treated chicken breast meat can be explained by the
slower increase in the number of psychrotrophic bacte-
ria in this group and by the fact that the number of psy-
chrotrophic bacteria in this group did not exceed 7 log ,
CFU/g during storage.

Appearance is one of the main criteria that determines
the final consumer’s decision to purchase chicken meat.
In our study, as a result of observation made with the na-
ked eye immediately after the decontamination process,
it was seen that chicken breast meat treated with lactic
acid was lighter in color than control and DW groups,
while chicken breast meat treated with postbiotics was
darker. Swatland (2008) has reported that low pH chicken
breast meat appears pale, while higher pH chicken breast
meat appears darker. In the present study, since the pH
value of chicken breast meat treated with lactic acid was
found to be significantly lower than those of the control

and DW groups (P<0.05), the color differences between
the groups can be attributed to this reason. Although the
pH values of the chicken breast meat treated with LAB
postbiotics were lower than the control and DW groups,
it was noted that the postbiotics treated chicken breast
meat was darker than the control and DW groups. The
reason of this may be that the postbiotics obtained from
MRS broth acquired their original color from this medi-
um and passed this color on to chicken meat. Incili et al.
(2021) reported that they did not detect any color change
after decontamination in chicken meat that they decon-
taminated with the postbiotic of P. acidilactici grown in
tryptic soy broth (TSB) medium. This difference between
studies may be due to the use of different microbial me-
dia. However, in another study (2023), the same authors
reported that they observed a browning in the color of
chicken breast meat when they used postbiotics obtained
from MRS broth. This finding is consistent with our find-
ing. Mani-Lopez et al. (2022) reported that they observed
a dark and brownish color in raw beef pieces to which
they applied a 10-fold concentrated cell-free supernatant
of L. plantarum. In the present study, it was determined
that the color difference between the chicken breast meat
treated with postbiotics and the control and DW groups
diminished after the second day of storage, and they were
very similar to each other. It is thought that this may be
due to the loss of color properties as a result of oxida-
tion of the colorants originating from MRS broth during
storage.

Conclusion

It has been concluded that L. sakei and L. plantarum
postbiotics have antimicrobial effects on Salmonella
spp., L. monocytogenes, E. coli O157:H7 and B. meliten-
sis by agar diffusion method, and these antimicrobial ef-
fects are due to the organic acids they contain. The types
and amounts of organic acids contained in postbiotics
should be studied in more detail and their use in foods
should be evaluated. In addition, it was concluded that
these bacteria could not produce enough organic acids
and other antimicrobial substances in cow’s milk.

The postbiotics of L. sakei and L. plantarum reduced
the number of Salmonella spp. in chicken breast meat
by 0.9 log,, CFU/g and showed a bacteriostatic effect
on L. monocytogenes. Compared to the control groups, it
caused a decrease in the number of psychrotrophic bacte-
ria in the chicken breast meat flora at the beginning and
a slowdown in the increase of these bacteria in the follow-
ing days. In our study, it was concluded that L. sakei and
L. plantarum postbiotics applied to chicken breast meat for
decontamination extended the shelf life of the product up
to 14 days. As a result, it is thought that LAB postbiotics
will play an important role in extending the shelf life of
foods by using them in appropriate foodstuffs.
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