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Abstract

The aim of this study was to determine the supplementation of 1% tartaric, malic, ascorbic, fumaric, lactic, acetic and succinic acids in brine
on the pH, physical and sensory properties of cheese during storage. In addition, the effect of these organic acids on growth of lactic acid
bacteria, yeast/mold and possible inhibitive effect on Listeria monocytogenes in brine were investigated. For this purpose, these organic acids
were added to 12% brine and stored at +4°C. Physical and sensory properties of cheese were defined and scored by panelists during 1%, 7t,
14, 21+, 28", 35™, 42t days. Cheeses ripened in tartaric, malic, fumaric, and lactic acid supplemented brine were scored as the highest points
by panelists. Lactobacillus, Lactococcus counts significantly decreased in brine samples added with fumaric, lactic and malic acid during
cheese ripening process. The highest antimicrobial activity of the organic acids was found against L. monocytogenes. It was also found that
there was a significant decrease in L. monocytogenes counts in malic acid and tartaric acid groups as 2.91 log10 CFU/g and 2.95 log10 CFU/g,
respectively. As a result; the supplementation of 1% tartaric acid and malic acid to the classically produced cheese brine were found effective
on controlling L. monocytogenes which is a significant threat for public health. In addition, it was concluded that tartaric acid can be used
commercially in the production of cheese due to its low inhibition effect on lactic acid bacteria, and non-destructive effect on the physical
structure of the cheese.
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Beyaz Peynir Salamurasina Farkl Organik Asitlerin ilavesinin Mikroflora
ve Patojen Listeria monocytogenes Uzerine Etkileri

Oz

Bu calismanin amacini laboratuvar ortaminda klasik olarak Uretilmis peynirin salamura suyuna %1 oraninda katilan tartarik, malik,
askorbik, fumarik, laktik, asetik ve suksinik asitin depolama slirecinde peynirin fiziksel ve duyusal 6zellikleri ile pH degeri lizerine etkileri
olusturmustur. Ayrica, salamura suyuna eklenen organik asitlerin laktik asit bakterileri, kiif-maya sayisi ve Listeria monocytogenes lzerine
olasi etkileri arastirilmistir. Bu amagla organik asitler %12'lik salamura suyuna eklenmis ve +4°C'de depolanmistir. Peynirin fiziksel ve
duyusal 6zelikleri 1, 7, 14, 21, 28, 35 ve 42. glinlerde belirlenmis ve panelistler tarafindan puanlanmistir. Peynirin olgunlasma siirecinde
tartarik, malik, fumarik ve laktik asit eklenmis salamura 6rnekleri panelistler tarafindan en yiiksek puani almislardir. Peynirin olgunlagma
strecinde fumarik, laktik ve malik asit eklenmis salamura 6rneklerinde Lactobacillus, Lactococcus sayilariistatistiksel olarak Snemli derecede
azalmistir. Organik asitlerin en ylksek oranda antimikrobiyel etkinligi L. monocytogenes karsi tespit edilmistir. Malik asit ve tartarik asit
gruplarinda L. monocytogenes sayilarinda ortalama sirasiyla 2.91 log10 kob/g, 2.95 log10 kob/g oraninda 6nemli derecede azalma tespit
edilmistir. Sonug olarak; klasik yontemle Uretilen peynirin salamura suyuna katilan %1 oraninda tartarik asit ve malik asit halk saghgi igin
onemli bir tehdit olan L. monocytogenes'in kontroliinde etkili bulunmustur. Ayrica peynirde yapisal kusurlara neden olmamasi ve laktik
asit bakterilerinin lzerine dislk inhibisyon etkisinden dolayi tartarik asitin peynir Gretiminde ticari olarak kullanilabilecedi sonucuna
varilmistir.

Anahtar sézciikler: Antimikrobiyel aktivite, L. monocytogenes, Organik asit, Beyaz peynir
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INTRODUCTION

Food safety is the suitability and protectivity of food
consumption, and protected against food-borne health
problems. All of the hazards affect the food safety due
to biological, chemical, physical contaminants and some
erroneous practices in the production line 3. In terms
of food safety, one of the hazardous product is cheese.
There are more than 130 varieties of cheese production
are made in Turkey ™. Cheese is a ready-to-eat food
substance, and during production process microorganisms
can easily contaminate and growth. Food pathogens
such as Lipolytic Pseudomonas spp., Penicillium spp. and
Listeria spp. cause deterioration of quality and threat the
consumer health 57,

Listeria monocytogenes is an important bacteria in food-
borne pathogens because of the psychrotrophic properties.
Listeriosis causes important problems in the food industry
depend on its bad aspects, besides it gives rise to abortion
and meningitis in immunosuppressed adults 9. The
incidence of Listeriozis cases in human has increased
since 2000 according to the latest data obtained from the
European Union’s eight countries "%, In the analysis of
data obtained from international food-borne outbreaks
between 1988 and 2007 years, 337 of the 4093 outbreaks
were reported to be related with dairy products, of which
6.6% were from L. monocytogenes "". Raw milk can be
contaminated with L. monocytogenes via the using of
unclean equipment during milking, mastitis infections,
transport and storage problems. If the hygienic quality
of the plant is not sufficient, milk or cheese samples may
be contaminated with the bacteria during production
process 12,

Fungal agents are the one of the important source
of cheese contamination. Molds are microorganisms
that have a psychotrophic character which is easily
contaminated to the cheese, and can be isolated from
many cheese varieties '*l. Besides, yeasts/molds cause
change in colour of the cheese surface, shortening of the
shelf life and rancidity due to the lipolytic enzymes leading
to big economic loses "4,

Different applications are being made to ensure food safety
in cheese production. Antimicrobial applications such as
pasteurization, different salt concentrations, low water
activity, packaging methods, high-low pH and chemical
food additives are used for controlling the food safety ">,
Recently, consumers have increasingly inclined to natural
additives that control microbial synthesis. For this purpose,
the organic acids, bacteriocin and essential fatty acids
(obtained from animals, plants and microorganisms) used
as natural additives such as antioxidants, antimicrobials,
sweeteners and colorant have been used increasingly in
food production .. Organic acids such as lactic acid, acetic
acid and citric acid have been used as preservatives in the

food sector for a long time. They have antibacterial effects
due to the ability of the binding to the cell membrane of
the bacteria and reduce the intracellular pH values. Some
of the organic acids may also occur chelate with metal ions,
and reduce cell membrane permeability by causing cell
disruption due to degradation of the substrate transport
mechanism of the cell I'®),

The present study was undertaken to evaluate the effects
of different organic acids which were, added to brine,
on pH, physical and sensory properties of cheese
during storage. Moreover it was aimed to evaluate the
supplementation of these organic acids to brine on the
count of lacticacid bacteria, yeast/mold, and also inhibition
potential of L. monocytogenes during storage days.

MATERIAL and METHODS

Raw milk samples (120 L for stage 1 and 2, separately) were
analyzed by using Bentley IBCm and Kombi FTS 600 (USA)
analysers. Then, classical cheese was produced from these
pasteurized milk samples under the laboratory conditions.

The study was performed in two stages.

Stage 1: Organic acids (1%) were added to the brine
(12%) of the clasically produced cheeses. Cheese samples
were divided into eight groups as follows: one control
and tartaric acid, malic acid, ascorbic acid, fumaric acid,
lactic acid, acetic acid and succinic acid groups. All of the
samples were put into three kg of sterile tin cans. Sensory
and physical characteristics of the cheese samples were
detected during the 1%, 7, 14th, 21, 28, 35, 42t storage
days (+4°C). These parameteres were evaluated blindly
according to the appearance, smell, taste and intensity
within the range from 1 to 5 (1: worse, 2: bad, 3: moderate,
4: good, 5: better) by 10 panelists who taken the course of
the cheese technology.

Stage 2: At the end of the storage period, 12% brine
samples which include 1% tartaric acid, malic acid, fumaric
acid orlacticacid were found suitable for stage 2 because of
the sensory-physical structures were preserved and scored
above 12 points by 10 panelists. In order to reveal the
antimicrobial effect of suitable brine samples with organic
acid, Lactobacillus spp., Lactococcus spp., mold-yeast counts
were analyzed at +4°C during the storage conditions on
1st, 7, 14, 21, 28, 351 and 42t days. Besides, the effects
of organic acids were investigated in cheese samples that
were inoculated with L. monocytogenes (ATCC13932),
obtained a final cell density of approximately 105 CFU/mL,
in the fermentation stage.

Microbial Analysis

L. monocytogenes inoculation in cheese-milk: The raw
milk was analysed for the presence of L. monocytogenes by
using ISO11290-1, 2:2017 method 1'%, After the confirmation,
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L. monocytogenes ATCC13932 was inoculated to the milk
to obtain a final concentration of 6 log10 CFU/g. The white
cheese was produced by standard tecnhnique with L.
monocytogenes inoculated to raw milk. Cheese samples
were divided into the five equal parts, and 1% tartaric,
fumaric, lactic, malic acid were added to the brine except
control group (brine without any supplement). All of the
L. monocytogenes inoculated cheese groups were stored
at +4°C, and test samples were taken at 1, 7th, 14%, 215,
28th, 351, 42t days.

Microbial analysis of cheese samples: Control and brine
cheese samples which include 1% organic acid were taken
10 g portions for counting lactic acid bacteria, mold-
yeast and L. monocytogenes. These 10 g portions were
homogenized in stomacher (Seward stomacher, model
400 circulator) in 90 mL of 0.1% buffered peptone water
for 2 min. Homogenated serial dilutions (107-10%) were
prepared. Dilutions were cultured on MRS Agar (Merck
1,10660) for Lactobacillus spp. isolation by using spreading
plate technique. Plates were anaerobically incubated
(Merck Anaerogen Kit) at 42°C for 48 h and light yellow
colored colonies that grown on MRS agar were evaluated
as Lactobacillus spp. colonies at the end of the incubation
period 2%,

Lactococcus spp. were cultured on M17 (Merck1.15108)
Agar according to the spreading plate technique from
the dilutions. Then, plates were (Merck Anaerogen Kit)
incubated at 42°C for 24 h, anaerobically. Light yellow
colored colonies that grown on M17 agar were evaluated
as Lactococcus spp. colonies at the end of the incubation
period Y, Yeast- mold counts were cultured from the
dilution of YGC agar (Merck 116000) according to spreading
plate technique. After the application, plates were incubated
at 25°C for 5 days and grown colonies were counted at the
end of this period 22,

Listeria monocytogenes was cultured on Palcam Agar
and Oxford Agar (Oxoid, CM 856) according to spreading
plate technique from the dilutions and then incubated
at 37°C for 48 h. At the end of this period, colonies which

brown, black and green colours and centrally sunken were
counted and evaluated .

Statistical Analysis

Analysis of data was made with IBM Statistical Package for
Social Sciences (SPSS) software version 20.0 for Windows
(SPSS Inc., Chicago, IL, USA). Comparison of 5 independent
groups in terms of quantitative variables was performed by
Duncan test. Confidence interval was 95% and differences
associated with a P value less than 0.05 were considered as
statistically significant.

RESULTS

Quality parameters of raw milk (120 L) were determined as
dry substance (11.19), fat (3.25%), lactose (4.37%), protein
(2.71%), freezing point (-0.519°C), pH (6.8), somatic cell
(123.000), total number of bacteria (5.08 log10 CFU/g) in
present study. Physical, sensory and pH analysis results
of the brine cheese solutions (12% (w/v) salt), which are
included 1% (v/v) tartaric, malic, ascorbic, fumaric, lactic,
acetic and succinic acids during the storage, shown in
Table 1. The mean average pH values of cheese brines
were also determined as 5.54, 5.25, 5.60, 5.21, 5.42, 5.38,
5.22 and 5.89 for control, tartaric, malic, ascorbic, fumaric,
lactic, acetic and succinic acids groups during the storage
days, respectively. The highest sensory scores were taken
from the tartaric, fumaric, lactic and malic acids’ brine
solution. One percent of tartaric, fumaric, lactic and malic
acid included brine cheese samples were chosen for the
microbial analysis (stage 2) because of the highest sensory
and good physical scores.

The difference between Lactococcus spp. count was not
found significant (P>0.05) in tartaric acid added groups
during the storage days. When compare the Lactococcus
spp.countsinfumaric, lacticand malicacid included groups
with the control group, average 0.5 log10 CFU/g decrease
was found in mentioned groups. Fumaric and malic acids
showed higher antimicrobial activities against Lactococcus
spp. than the lactic acid (P<0.05) which shown in Table 2.

Table 1. Sensory, physical and chemical analysis results (average of three different measurement results)

pH Changes of the Organic Acid Groups During the Ripening Period The Average Scores of the Sensory
Organic Acid Groups and Physical Properties Given by
1.day 7.day 14.day | 21.day | 28.day | 35.day | 42.day the Panelists

Control 6 5.11 5.72 5.59 5.49 5.48 543 16.9

Tartaric acid 4.24 5.28 5.64 5.52 5.42 538 5.27 14

Malic acid 5.74 5.23 5.83 5.72 5.65 5.59 5.49 13.7

Ascorbic acid 3.75 5.24 5.65 5.55 543 5.45 543 7.6

Fumaric acid 4.84 4.78 5.79 5.72 5.68 5.64 5.49 15.3

Lactic acid 4.71 4.94 5.73 5.63 5.62 5.57 5.51 16.5

Acetic acid 4.25 4.84 5.69 5.6 542 541 5.39 104

Succinic acid 6.84 5.89 5.89 5.79 5.67 5.61 5.58 9.9
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Table 2. Microorganism counts in the treatment samples during the storage

Changes of Laktococcus spp., Lactobacillus spp. and Mold-yeast Counts of the Organic Acid Groups
Organic Acid During the Ripening Period T:teai\i‘;:::::e
Groups Results (D)
0 1 7 14 21 28 35 42

Control 7.54+0.19° | 7.85+0.10° | 6.76+0.09* | 6.74+0.07* | 7.04+0.08" | 6.52+0.08¢ | 5.53+0.034¢ | 5.64+0.36¢ | 6.70+0.19°
Tartaric acid 7.54+0.19° 8+0.15* 6.77+0.064 | 7.20+0.33¢ | 6.59+0.144 | 6.48+0.18¢ | 5.85+0.11¢ | 4.71+0.14" | 6.64+0.09°
Fumaric acid 7.54+0.19° | 7.12+0.09® | 6.63+010°¢ | 5.97+0.06¢ | 6.13+0.13¢ | 5.98+0.09¢ | 5.30+0.07¢ | 4.67+0.32f | 6.16+£0.91¢ A
Lactic acid 7.54+0.19° | 729+0.04* | 7.24+0.27° | 6.78+0.2°> | 6.25+0.14 | 6.36+0.16° | 4.88+0.10¢ | 4.22+0.09¢ | 6.32+0.14°
Malic acid 7.54+0.19° | 7.30£0.19® | 7.11+0.07° | 6.06+0.07¢ | 6.01£0.11¢ | 5.94+0.08¢ | 5.09+0.149 | 4.20+0.17¢ | 6.16+0.09¢
Control 6.58+0.03° | 6.34+0.08° | 6.33+£0.2® | 6.20+0.06> | 5.59+0.25¢ | 5.23+0.08¢ | 4.93+0.04¢ | 3.61+0.07f | 5.60+0.952
Tartaric acid 6.58+0.03% | 6.74+0.23* | 6.41+0.21* | 5.96+0.08" | 5.54+0.47¢ | 537+0.28¢ | 4.69+0.149 | 2.92+0.11¢ | 5.53+0.21°
Fumaric acid 6.58+0.352 6+0.18° 5.58+0.19¢ | 5.14+0.07¢ | 5.14+0.12¢ | 4.95+0.09¢ | 4.66+0.13¢ | 3.08+0.14f | 5.14+0.99" B
Lactic acid 6.58+0.03% | 6.20+0.06® | 6.23+0.2° | 534+0.12¢ | 5.17£0.14<¢ | 5.02+0.08% | 4.75+0.09¢ | 2.77+0.35f | 5.26+0.15°
Malic acid 6.58+0.03% | 6.24+0.11® | 5.98+0.04®> | 537+0.15¢ | 5.33£0.34%¢ | 5.07+0.13¢ | 4.53+0.11¢ | 3.99+0.00f | 5.26+0.08¢
Control 5.08+0.42% | 4.81+0.13% | 4.34+0.35* | 4.79+0.32%> | 4.74+0.05%* | 4.24+017¢ | 4.35+0.07% | 445+0.165 | 4.60+0.35°
Tartaric acid 5.08+0.42% | 4.60+0.32%> | 4.55+0.07%* | 4.36+0.46% | 4.35+0.06%* | 3.23+0.18¢ | 3.89+0.57%¢ | 4.17£0.16** | 4.28+0.59¢
Fumaric acid 5.08+0.42% | 5.05+0.06% | 4.53+0.83%* | 5.01+0.14%> | 4.55+0.12%> | 4.39+0.12° | 4.38+0.11° | 4.39+0.15> | 4.67+0.42° C
Lactic acid 5.08+0.42% | 5.08+0.09° | 4.54+0.15® | 4.45+0.41° | 4.45+0.20° | 4.15+0.12° | 4.24+0.06" | 4.36+0.08" | 4.54+0.39*
Malic acid 5.08+0.42% | 5.07+0.13% | 4.40+0.06* | 4.77+£0.26% | 4.30+£0.69* | 3.64+0.30¢ | 3.91+0.06* | 4.07+0.14%¢ | 4.40+0.57"¢

importances according to the organic acid treatments

ab.cdefpc( 05 js important in the same line; A: Laktococcus spp. B: Lactobacillus spp. C: Mold-yeast count D: Statistical data represent the significant

]
I
6 ‘ ——C
5 TA Fig 1. Antimicrobial effects of organic acids on
2 L. monocytogenes during storage (C: Control. TA:
4 FA | | Tartaric acid. FA: Fumaric acid. LA: Lactic acid. MA:
Malic acid)
3 LA
2 "MA
1
0 T
0 7 14 21 28 35 42

Lactococcus spp. counts decreased from 7.29 log10 CFU/g
to 4.22 log10 CFU/g in lactic acid, from 7.12 log10 CFU/g
to 4.67 log10 CFU/g in fumaric acid and from 7.30 log10
CFU/g to 4.20 log10 CFU/g in malic acid added samples at
the end of the storage day (42" day), respectively.

The effects of organic acids on Lactobacillus spp. count
were determined and there was not found significant
difference (P>0.05) between the tartaric acid and control
groups which shown in Table 2. Besides, averagely 0.4
log10 CFU/g decreasing were found in Lactobacillus spp.
counts in fumaric acid, lactic acid and malic acid including
groups. Lactobacillus spp. counts decreased from 6.20

log10 CFU/g to 2.77 log10 CFU/qg in lactic acid, from 6.24
log10 CFU/g to 3.99 log10 CFU/g in malic acid and from
6.00 log10 CFU/g to 3.08 in fumaric acid included groups
at the end of the storage (42t day).

The influence of organic acids on mold-yeast count
were determined, and there also was not detected any
significant difference between the fumaric acid and control
groups (P>0.05). Averagely 0.5 log10 CFU/g decreasing
were found in mold-yeast counts in tartaric acid, lactic acid
and malic acid included groups which shown in Table 2.
Mold-yeast counts decreased from 4.60 log10 CFU/g to
4.17 log10 CFU/g in tartaric acid, from 5.07 log10 CFU/g to
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4.07 log10 CFU/g in malic acid and from 5.08 log10 CFU/g
to 4.36 log10 CFU/g in lactic acid included group at the
end of the storage (42" day).

Listeria monocytogenes counts were found significant
between the control and the organic acid brine samples
(fumaric, tartaric, lactic and malic acid) during the storage
days (P<0.05) which presented in Fig 1. When compared
the L. monocytogenes counts between control and organic
acid added brine sample groups during the storage days,
decreased L. monocytogenes counts was detected as 0.22
log10 CFU/g, 0.90 log10 CFU/g, 2.91 log10 CFU/g, 2.95
log10 CFU/g in fumaric acid, lactic acid, malic acid and
tartaric acid included brine samples, respectively.

DISCUSSION

Organic acids have been used as preservatives in the
food sector for a long time because of the antibacterial
properties. These organic acides, diffuse across the bacterial
cell membranes, dissociate in the cell cytoplasm, reduce
the intracellular pH and lead to cessation of growth or
cell death ?%. Some organic acids can be produced by
using lactic acid bacteria in fermented foods. Among
those acetic acid has synergistic effect with lactic acid
on the prevention of fungal growth ?°.. Although acetic
acid is described as more potent because of its higher
pKa value, and level of dissociation inside bacteria cell,
acetic, ascorbic and succinic acids disrupted the physical
structure of the cheese samples in present study. Besides,
sensory characteristics of the brine cheese samples which
included acetic, ascorbic and succinic acid were evaluated
by 10 panalists, and they did not get enough points for the
second stage of the study. Furthermore, the lowest score
was detected as 7.6 in ascorbic acid group by panalists.
Interestingly, brine samples which contained succinic acid
had higher pH levels (pH: 6.84) when compared to control
group (pH: 6). There was not found any literature about the
addition of organic acids into the brine cheese samples.
The decomposition of the physical and sensory structure
of the brine samples could be due to quicker decrease in
the pH levels of the brine (3.75) in the first experiment day.

The countandtheratio of lacticacid bacteriaisanimportant
factor in the fermented food because it forms quality of
fermentation, and effets the flavor and aroma of cheese
samples. At the beginning of the fermentation, cheese
samples, which included organic acids, the Lactococcus
spp. and Lactobacillus spp. counts were determined as
7.54 log10 CFU/g and 6.58 log10 CFU/g, respectively.
While the Lactococcus spp. counts were similar between
the control and the organic acid brine sample groups, an
important decrease was observed in the Lactobacillus spp.
counts during the storage days. It was not found in the
literature about counts or ratio of bacteria population in
brine cheese samples processed with organic acids. It was
suggested that antimicrobial effects of organic acids may

be more efficient on Lactobacillus spp. than Lactococcus
spp. because of having different membrane permeability
or resistance 2%,

Another important factor of cheese production and
preservation is mold-yeast count. Shokri et al.”*”! evaluated
antifungal activity of organic acid treatments on Trichophyton
mentagrophytes var. mentagrophytes, Candida albicans,
Aspergillus fumigatus and Malassezia furfur. The results
of the study showed that citric acid has more fungistatic
and fungicidal activities than tartaric acid. Besides, the
antifungal activity of the acid mixture was similar with
citric acid but higher than tartaric acid alone. In contrary,
tartaric acid had higher antifungal activity than the other
groups (P<0.05) in our study. The main target of organic
acids and its relatives are cell wall and membrane proteins.
The hyphae wall of filamentous fungi contains less protein
than the cell wall of yeast. For this purpose, the researcher
explained this may be related to the different structures of
the fungal cell walls 7.,

Recently, there have been performed some scientific
researches about the disinfectant or inhibition potentials
of organic acids in various areas. One of those is the use
of organic acids against food pathogens. Yildirim et al.?®
showed thatlacticacid bacteria, probiotic bacteriaand their
metabolites can inhibit L. monocytogenes in Turkish white
cheese at maturation period. In bacterial fermentation due
to the production of organic acids, such as lactic, acetic or
propionic acids which play a role in the biofermentation of
fermentedfood.Organicacidsalsoincludealarge spectrum
of compounds and many of them are known to be effective
antifungal metabolites 2. In another study, Swaranandam
et al.B” also researched the effectiveness of some organic
acids (such as malic acid) in nisin-incorporated soy protein
film against L. monocytogenes, E. coli 0157:H7, Salmonella
gaminara. Incorporated soy protein film was found the
fewest survivors of L. monocytogenes, S. gaminara, and E.
coli 0157:H7 (5.5, 3.0 and 6.8 log10 CFU/mL, respectively).
Pintado et al.*"also defined the effects of nisin, natamycin
and malicacids which were incorporated with whey protein
films, on inhibitory activity against L. monocytogenes,
Penicillium commune and P. chrysogenum. Another study
was performed about using of organic acids for decreasing
of L. monocytogenes counts in biofilms. It was determined
that counts of L. monocytogenes decreased due to lactic
acid washing solution on PVC and stainless steel surfaces.
In addition, S.Typhimurium, L. monocytogenes and E. coli
0157:H7 were also reduced to the below detection
limit (1.48 log10) by using lactic acid (2%) and steam
applications B2, Brown et al.?*1 (2018) also investigated
the inhibitory effect of acetic acid, citric acid and lactic
acid supplementation to the brine of cheese samples
aganist L. monocytogenes (6 log CFU/m) during the storage
period similar with the present study. This result revealed
rapid inhibition against L. monocytogenes in acetic acid
brine samples, and it required non-practical volumes. In
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current study, inhibition time was found too long in citric
acid added samples compared to lactic acid against L.
monocytogenes in normal volumes. However, there are
very limited numbers of study about the using of organic
acids in a dairy product, L. monocytogenes. Counts in brine
cheese sample groups were affected from organic acids,
significantly (P<0.05) in the present study (Fig. 7). Initial
L. monocytogenes counts averagely decreased from 6.67
log10 CFU/g to 0.22 log10 CFU/g, 0.90 log10 CFU/g, 2.91
log10 CFU/g and 2.95 log10 CFU/g in fumaric, lactic, malic
and tartaric acid included brine cheese compared with
control group, respectively. Besides, tartaric which is the
one of the important acid to suppress L. monocytogenes
counts, and to decrease the L. monocytogenes counts
from 6.67 log10 CFU/g to 4.95 log10 CFU/g at the 0*" day
and to 4.17 log10 CFU/g on the 42" day. Our study also
demonstrated the suppressing effects of organic acids
on L. monocytogenes counts in brine cheese samples,
and current results are in aggrement with previous
studies. Although, succinic, acetic and formic acids caused
structural defects in the brine cheese samples, tartaric,
malic, lactic and fumaric acid did not cause physical and
sensory deficits. It is also thought that the addition of
malic and tartaric acid in brine cheese samples could be
used effectively in the control of L. monocytogenes.

In conclusion, this research demonstrated useful effects
of some organic acids against moulds, yeasts and L.
monocytogenes contaminations. Morever, supplementation
of organic acids in brine solutions has a novel method to
enhance the microbial safety and quality of white cheese.

REFERENCES

1. Friedman M, Henika PR, Mandrell RE: Bactericidal activities of
plantessential oils and some of their isolated constituents against
Campylobacter jejuni, Escherichia coli, Listeria monocytogenes, and
Salmonella enterica. J Food Prot, 65 (10): 1545-1560, 2002. DOI: 10.4315/
0362-028X-65.10.1545

2. Mohamed SHS, Zaky WM, Kassem JM, Abbas HM, Salem MME,
Said-Al Ahl HAH: Impact of antimicrobial properties of some essential
oils on cheese yoghurt quality. World Appl Sci J, 27 (4): 497-507, 2013.

3.Smith-Palmer A, Stewart J, Fyfe L: The potential application of plant
essential oils as natural food preservatives in soft cheese. Food Microbiol,
18 (4): 463-470, 2001. DOI: 10.1006/fmic.2001.0415

4. Kamber U: Traditional Turkey cheeses and their classification. Van Vet
J,26(3):161-171, 2015.

5. McLauchlin J, Mitchell RT, Smerdon WJ, Jewell K: Listeria
monocytogenes and Listeriosis: A review of hazard characterisation for
use in microbiological risk assessment of foods. Int J Food Microbiol, 92,
15-33,2004. DOI: 10.1016/50168-1605(03)00326-X

6. Aksoy A, Sezer C, Vatansever L, Giilbaz G: Presence and antibiotic
resistance of Listeria monocytogenes in raw milk and dairy products. Kafkas
Univ Vet Fak Derg, 24 (3): 415-421,2018. DOI: 10.9775/ kvfd.2017.19081

7.Vural A, Erkan ME, Guran HS: The examination of the microbiologic
quality in Orgii cheese (braided cheese) samples. Kafkas Univ Vet Fak Derg,
16 (Suppl.-A): S53-S58, 2010. DOI: 10.9775/kvfd.2009.1342

8. Ryser ET, Marth EH: Behavior of Listeria monocytogenes during the
manufacture and ripening of Cheddar cheese. J Food Prot, 50 (1): 7-13,
1987.DOI: 10.4315/0362-028X-50.1.7

9. Bersot LS, Landgraf M, Franco BDGM, Destro MT: Production of

mortadella: Behavior of Listeria monocytogenes during processing
and storage conditions. Meat Sci, 57, 13-17, 2001. DOI: 10.1016/S0309-
1740(00)00068-1

10. Goulet V, Hebert M, Hedberg C, Laurent E, Vaillant V, Valk HD,
Desenclos JC: Incidence of listeriosis and related mortality among
groups at risk of acquiring listeriosis. Clin Infect Dis, 54, 652-660, 2012.
DOI: 10.1093/cid/cir902

11. Greig JD, Ravel A: Analysis of foodborne outbreak data reported
internationally for source attribution. Int J Food Microbiol, 130, 77-87,
2009. DOI: 10.1016/j.iffoodmicro.2008.12.031

12. Bemrah N, Sanaa M, Cassin MH, Griffiths MW, Cerf O: Quantitative
risk assessment of human listeriosis from consumption of soft cheese
made from raw milk. Prev Vet Med, 37 (1-4): 129-145, 1998. DOI: 10.1016/
S0167-5877(98)00112-3

13. Sorhaug T, Stepaniak L: Psychrotrophs and their enzymes in milk
and dairy products: Quality aspects. Trends Food Sci Technol, 8, 35-41,
1997.DOI: 10.1016/50924-2244(97)01006-6

14. Pitt JI, Hocking AD: Fungi and Food Spoilage. Blackie Academic and
Professional Springer, 3 ed., 546-550, New York, 2009.

15.Cvek D, Markov K, Frece J, Dragi¢evi¢ TL, Majica M, Dela$ F: Growth
inhibition of Aspergillus ochraceus ZMPBF 318 and Penicillium expansum
ZMPBF 565by four essential oils. Arh Hig Rada Toksikol, 61, 191-196, 2010.
DOI: 10.2478/10004-1254-61-2010-2009

16. Lee NK, Yeo IC, Park JW, Kang BS, Hahm YT: Isolation and
characterization of a novel analyte from Bacillus subtilis SC-8 antagonistic
to Bacillus cereus. J Biosci Bioeng, 110 (3): 298-303, 2010. DOI: 10.1016/j.
jbiosc.2010.03.002

17. Carocho M, Morales P, Ferreira ICFR: Natural food additives: Quo
vadis? Trends Food Sci Technol, 45 (2): 284-295, 2015. DOI: 10.1016/j.
tifs.2015.06.007

18. Carl AB: Traditional preservatives e organic acids. In, Tortorello ML
(Ed): Encyclopedia of Food Microbiology. 2" ed., Academic Press 3, 119-
130, 1999.

19. TSE: Turkish Standard Institute, Microbiology of food and animal
feeding stuffs-Horizontal method for the detection and enumeration of
Listeria monocytogenes-Part 1: Detection method. TS EN ISO 11290- 1:
1997, Ankara, Turkey, 2017

20. Mathara JM, Schillinger U, Kutima PM, Mbugua SK, Holzapfel
WH: Isolation, identification and characterisation of the dominat
microorganisms of kule naota: The Maasai tradional fermented milk
in Kenya. Int J Food Microbiol, 94, 269-278, 2004. DOI: 10.1016/j.
ijffoodmicro.2004.01.008

21. Beukes EM, Bester BH, Mostert JF: The microbiology of South
African traditional fermented milks. Int J Food Microbiol, 63, 189-197,
2001.DOI: 10.1016/50168-1605(00)00417-7

22.LevkovV, Srbinovska S, Gjorgovska N: Microbiological and chemical
characteristics of traditional ewe’s milk cheese from Mariovo region.
Miljekarstvo, 64 (3): 195-206, 2014. DOI: 10.15567/mljekarstvo.2014.0307

23. Mansur AR, Tango CN, Kim GH, Oh DH: Combined effects of slightly
acidic electrolyzed water and fumaric acid on the reduction of foodborne
pathogens and shelf life extension of fresh pork. Food Control, 47, 277-
284,2015.DOI: 10.1016/j.foodcont.2014.07.019

24, Chai C, Lee S, Kim J, Oh SW: Synergistic antimicrobial effects of
organic acids in combination with carvacrol against Shigella sonnei.
J Food Saf, 36, 360-366, 2016. DOI 10.1111/jfs.12251

25.Crowley S, Mahony J, Van Sinderen D: Current perspectives on anti-
fungal lactic acid bacteria as natural bio-preservatives.Trends Food Sci
Technol, 33,93-109, 2013. DOI 10.1016/j.tifs.2013.07.004

26. O'Sullivan E, Condon S: Relationship between acid tolerance,
cytoplasmic pH, and ATP and H+-ATPase levels in chemostat cultures of
Lactococcus lactis. Appl Environ Microbiol, 65 (6): 2287-2293, 1999.

27. Shokri H: Evaluation of inhibitory effects of citric and tartaric acids
and their combination on the growth of Trichophyton mentagrophytes,
Aspergillus fumigatus, Candida albicans and Malassezia furfur. Comp Clin
Pathol, 20 (5): 543-545,2011. DOI 10.1007/s00580-011-1195-6

28. Yildirim Y, Sarimehmetoglu B: Beyaz peynir yapiminda bazi


http://jfoodprotection.org/doi/abs/10.4315/0362-028X-65.10.1545
https://www.idosi.org/wasj/wasj27(4)13/15.pdf
https://www.sciencedirect.com/science/article/pii/S0740002001904150?via%3Dihub
http://dergipark.gov.tr/download/article-file/217591
https://www.sciencedirect.com/science/article/pii/S016816050300326X?via%3Dihub
http://vetdergikafkas.org/uploads/pdf/pdf_KVFD_2349.pdf
http://vetdergi.kafkas.edu.tr/extdocs/2010_4A/S53_S58.pdf
http://jfoodprotection.org/doi/abs/10.4315/0362-028X-50.1.7
https://www.sciencedirect.com/science/article/pii/S0309174000000681?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0309174000000681?via%3Dihub
https://academic.oup.com/cid/article/54/5/652/326172
https://www.sciencedirect.com/science/article/pii/S0168160508006855?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0167587798001123?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0924224497010066?via%3Dihub
https://content.sciendo.com/view/journals/aiht/61/2/article-p191.xml
https://www.sciencedirect.com/science/article/pii/S1389172310000848?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0924224415001508?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0168160504000716?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0168160500004177?via%3Dihub
https://hrcak.srce.hr/index.php?show=clanak&id_clanak_jezik=186551
https://www.sciencedirect.com/science/article/pii/S0956713514003958?via%3Dihub
https://onlinelibrary.wiley.com/doi/full/10.1111/jfs.12251
https://www.sciencedirect.com/science/article/pii/S0924224413001568?via%3Dihub
https://aem.asm.org/content/65/6/2287
https://link.springer.com/article/10.1007%2Fs00580-011-1195-6
http://dergipark.gov.tr/download/article-file/66066

207

TAVSANLI, IRKIN
KISADERE

probiyotik bakterilerin kullaniimasinin Listeria monocytogenes lizerine
etkisi. Erciyes Univ Vet Fak Derg, 3, 1-7, 2006.

29. Le Lay C, Coton E, Le Blay G, Chobert JM, Haertlé T, Choiset
Y, Van Long NN, Meslet-Cladiére L, Mounier J: Identification and
quantification of antifungal compounds produced by lactic acid bacteria
and propionibacteria. IntJ Food Microbiol, 239, 79-85,2016.DOI: 10.1016/j.
ijffoodmicro.2016.06.020

30. Swaranandam S, Hettiarachchy NS, Johnson MG: Antimicrobial
activity of citric, lactic, malic, or tartaric acids and nisin-incorporated soy
protein film against Listeria monocytogenes, Escherichia coli O157:H7 and
Salmonella gaminara. J Food Sci, 69, FMS79-FMS84, 2004. DOI: 10.1111/
j.1365-2621.2004.tb13375.x

31. Pintado CMBS, Ferreira MASS, Sousa I: Control of pathogenic and
spoilage microorganisms from cheese surface by whey protein films
containing malic acid nisin and natamycin. Food Control, 21 (3): 240-246,
2010.DOI: 10.1016/j.foodcont.2009.05.017

32.Ban GH, Park SH, Kim SO, Ryu S, Kang DH: Synergistic effect of steam
and lactic acid against Escherichia coliO157:H7, Salmonella Typhimurium,
and Listeria monocytogenes biofilms on polyvinyl chloride and stainless
steel. IntJ Food Microbiol, 157,218-223,2012. DOI: 10.1016/j.ijfoodmicro.
2012.05.006

33.Brown SRB, Millan-Borrero NC, Carbonella JC, Micheletti AJP, D’Amico

DJ: Acidification of model cheese brines to control Listeria monocytogenes.
JFood Prot, 81 (1): 79-83, 2018. DOI: 10.4315/0362-028X.JFP-17-325


http://dergipark.gov.tr/download/article-file/66066
https://www.sciencedirect.com/science/article/pii/S0168160516303130?via%3Dihub
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2621.2004.tb13375.x
https://www.sciencedirect.com/science/article/pii/S095671350900173X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0168160512002541?via%3Dihub
http://jfoodprotection.org/doi/10.4315/0362-028X.JFP-17-325

