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1. Introduction

Listeria monocytogenes is a significant foodborne pathogen that
causes foodborne related deaths globally with a death rate of ~30%
(Nyarko and Donnelly, 2015). Recently, it was reported that L.
monocytogenes caused approximately 44% of deaths resulting from
foodborne outbreaks in European Union countries in 2022 (EFSA and
ECDC, 2023). This pathogen mostly affects immune compromised
individuals, including pregnant women, neonates, and the elderly
causing septicemia, stillbirth, and meningitis. Less severe symptoms
associated with healthy individuals exhibiting symptoms of mild
influenza and gastroenteritis (Thakur et al., 2018).

Soft cheese is frequently implicated in listeriosis outbreaks (CDC,
2021; Heiman et al., 2016; Palacios et al., 2022). During 2000-2014,
recorded listeriosis outbreaks (51), a total of 17(34%) were linked to
soft cheese, leading to ~180 illnesses, 17 deaths, and 14 fetal losses in
the United States. Interestingly, 13(77%) of these outbreaks were
linked to the consumption of pasteurized cheese (Jackson et al., 2018)
indicating the insufficiency of pasteurization to control L.
monocytogenes in soft cheese. Therefore, a greater effort is needed to
control L. monocytogenes throughout the manufacturing and storage of
soft cheese. Domiati cheese, as one of the most popular white soft
cheeses in the Middle Eastern countries including Egypt could be a
major cause of foodborne illnesses such as L. monocytogenes (El-
Kholy et al., 2014). It may be referred to the capability of L.
monocytogenes to survive and grow at a wide range of temperatures (-
.4 to 45°C), a high salt concentration, and a relatively low pH (Bucur
et al., 2018).

Traditionally, chemical preservatives have been used to control
foodborne pathogens in soft cheese. Nowadays, the incorporation of
natural, effective, and approved-safe antimicrobial components into
soft cheese has the potential to improve safety and consumer trust in
this dairy product. Octanoic acid is commercially produced from

Listeria monocytogenes is an important foodborne pathogen implicated in outbreaks related to soft
cheese, indicating the importance of its control. In the current study, the antimicrobial efficacy of octanoic
acid (OA) and lauric arginate ester (LAE), individually or in combination, against L. monocytogenes in
Domiati cheese was evaluated during storage at 4°C for 35 days. Data revealed that the population of L.
monocytogenes in untreated Domiati cheese gradually increased during refrigerated storage. The
application of 400ppm OA, 200ppm LAE, and 200ppm LAE+200ppm OA reduced the inoculated L.
monocytogenes in Domiati cheese with 1.72+0.11, 2.14+0.01, and 2.63+0.08 log CFU/g reduction
respectively, after 35 days of refrigerated storage. Moreover, the combination of 200ppm LAE+400ppm OA
was the most effective treatment, leading to a 3.31+0.03 log CFU/g reduction of L. monocytogenes by the
end of the refrigerated storage period. This study is a guide for the practical application of octanoic acid
and lauric arginate during the manufacturing of Domiati cheese to control L. monocytogenes during the
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natural sources, including milk and coconut oil (Marina et al., 2009;
Park et al., 2007). It is generally recognized as a safe compound
(GRAS) to be applied within a limit not exceeding 400ppm to cheese
products (FDA, 2023). Furthermore, LAE, an amino acid-based
cationic surfactant derived from natural dietary products including
arginine and lauric acid, is applied in the food industry as a novel food
additive due to its antimicrobial properties (Ma et al., 2023). In the
human body, it is rapidly metabolized into its natural components
(Hawkins et al., 2009). Thus, it was approved for application in food
products as a generally recognized as safe (GRAS) antimicrobial agent
within a limit not exceeding 200ppm (FDA, 2005). Although the
application of OA or LAE individually may be effective in controlling
L. monocytogenes, it can be restricted by allowed concentrations and
the effect of high concentrations on sensory attributes. Thus,
combinational approaches allow a reduction of the individual
antimicrobial concentration while increasing the control level.

The antimicrobial efficacy of OA or LAE was evaluated at
concentrations that exceeded the recommended levels by the FDA
(Brown et al., 2018; Kozak et al., 2018a; Lourenco et al., 2017)
making it impractical to be applied in the dairy industry. Moreover,
previous reports approved that sodium caprylate (SC), a sodium salt of
octanoic acid, enhances the antimicrobial efficacy of LAE against L.
monocytogenes in soft cheese throughout the storage period (Brown et
al., 2018; Kozak et al., 2018a). However, SC was not approved by the
FDA as a GRAS compound to be added to cheese. Therefore, the
current study aimed to determine the efficacy of OA and LAE
individually at the recommended levels against L. monocytogenes in
Domiati cheese throughout storage at 4°C. Moreover, the effect of OA
on the efficacy of LAE at different concentrations against L.
monocytogenes in Domiati cheese throughout the storage period was
evaluated.
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2. Materials and Methods

2.1. Preparation of L. monocytogenes Inoculum

L. monocytogenes ATCC7644, ATCC 35152 and ATCC 19115 strains
were stored in trypticase soy broth (Becton, Dickinson and Company,
Sparks, MD) supplemented with 0.6% (w/v) yeast extract (Fisher
Scientific, Pittsburgh, PA) (TSB-YE) and glycerol (20%, v/v) at -
20°C. L. monocytogenes strains were twice activated in TSB-YE
consecutively at 35+2°C for 24h statically. L. monocytogenes
enumeration was carried out by spread plating of 100pl of the serially
diluted culture in Phosphate Buffered Saline (PBS, 7.4pH) on
Modified Oxford agar (MOX; Biolife It.) and incubated at 37°C for
48h. The overnight bacterial culture was serially diluted in PBS and
pelleted, then re-suspended in pasteurized milk.

2.2, Antimicrobial Ingredients

Working stock solutions of generally recognized as safe (GRAS)
antimicrobial agents were freshly prepared. Octanoic acid (OA) was
purchased from Sigma-Aldrich Comp., Saint Louis, USA. Lauric
arginate ester (LAE) was provided by A and B Ingredients
(CytoGuard®, Fairfield, NJ, USA), containing 10% active LAE

2.3. Cheese Manufacturing and Inoculation

Fresh cow’s milk, purchased from a local market in Beni-Suef city,
Egypt, was heated at 80°C in a water bath for 10min, then left to cool
to 40°C. Calcium chloride (CaCl2 0.02%, w/w) and sodium chloride
(NaCl 7%, wiw) (Youssef et al., 2016) were added, followed by the
addition of rennet as 1.5g/100kg milk with thorough mixing. The
mixture was divided into different batches. Except for the negative
control, all batches were inoculated with the prepared inoculum to

achieve ~5.0 logio CFU/g of L. monocytogenes culture, followed by
the addition of different antimicrobial treatments before cheese
curdling (Table, 1). Cheese samples without bacterial inoculation and
antimicrobial addition were served as a negative control. After cheese
curdling, all samples were stored under the same conditions in the
refrigerator at 4°C for 35 days.

2.4. Counting of L. monocytogenes

At zero, 1, 3, 7 days, and every week of storage, twenty-five grams of
cheese samples were collected and homogenized (Lab Blender;
Seward Medical Ltd., London, UK) with 225ml of sterile sodium
citrate for 2min. The samples were ten-fold serially diluted and the
appropriate dilutions were streak-plated into duplicate Listeria
selective agar (Oxoid, UK) plates. The plates were aerobically
incubated at 35+2°C for 48h for the enumeration of L. monocytogenes.
The values of the counted colonies were converted into log CFU/g
cheese. In addition, negative control samples were included in every
examination and no colonies were observed in any of them.

2.5. Determination of pH
At each sampling time, the pH value was determined using a digital
pH meter (Adwa Instruments).

2.6. Statistical Analysis

The results were presented as means + standard error of the mean
(SEM). Significant differences between treatments at the same time
point were determined by the analysis of variance (One-way
ANOVA) at P<0.05. All values were analyzed using SPSS 26.0 for
windows (SPSS Inc, Chicago, IL, USA).

Table 1. Antimicrobial treatments applied to control L. monocytogenes in Domiati cheese.

Treatments OA (ppm) LAE (ppm)
T1 (Positive control) 0 0
T2 100 0
T3 200 0
T4 400 0
T5 0 50
T6 0 100
T7 0 200
T8 200 100
T9 400 100
T10 200 200
T11 400 200

3. Results and Discussion
3.1. Efficacy of Octanoic

monocytogenes in Cheese

The changes in L. monocytogenes count in treated/untreated Domiati
cheese with octanoic acid during storage at 4°C (Fig. 1 and Table 2).
At zero-time, initial L. monocytogenes counts in treated/untreated
Domiati cheese with OA were significantly similar (P>0.05) and
ranged between 4.59+0.22 and 4.71+0.18 log CFU/g. In untreated
cheese, the population of L. monocytogenes increased during storage at
4°C, achieving 7.24+0.13 log CFU/g after 35 days of storage.
Consistently, it was concluded that L. monocytogenes was capable of
growth in cheese during refrigerated storage (Korany et al., 2024;
Tiwari et al., 2014). Moreover, it was reported that the population of
L. monocytogenes gradually increased when inoculated in soft cheese,
from ~3.5 to 7.7 log CFU/cm? during 28 days of storage at 4°C (Soni

Acid against L.

et al., 2012). It might be attributed to the psychrotrophic properties of
L. monocytogenes, which enable it to grow at refrigeration
temperatures. Furthermore, it is clearly noticed that the growth rate of
L. monocytogenes in untreated cheese samples was high during the
first 3 weeks of storage, accounting for 7.14+0.26 log CFU/g. On the
contrary, during the last 2 weeks of storage, the growth rate of L.
monocytogenes in cheese was reduced. A previous study reported that
the population of L. monocytogenes increased from ~4.0 log CFU/g at
zero time to ~8.3 log CFU/g after 3 weeks of storage at 4°C, but no
further growth was noticed during the 4" week of refrigerated storage
(Soni et al., 2010). Also, it was noticed that L. monocytogenes strains
were able to grow exponentially in control soft cheese inoculated with
nearly 3.5 log CFU/g, recording ~7.0 log CFU/g during the first 11
days, followed by slow growth to ~8.0 log CFU/g during the following
10 days of refrigerated storage (Lourenco et al., 2017).
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Table 2. Changes in counts of Listeria monocytogenes experimentally inoculated in Domiati cheese during refrigerated storage.

Day ol 100ppm 200ppm 400ppm 50ppm 100ppm 200 ppm 100 ppm LAE + 200 100 ppm LAE + 400 200 ppm LAE + 200 200 ppm LAE +
OA OA OA LAE LAE LAE ppm OA ppm OA ppm OA 400 ppm OA
471+ 4.65+ 4.59 + 4.64t 4.00+ 464+ 46\t A A N N
.63 + 0. LOA£0. .6+ +0. L.01+0.
zero 0.18" 0.23* 0.22* 0.19* 0.19* 0.21* 0.19* UBB0H RS0 X5 B30z S0
493+ 4.76 + 4.69 + 4.49t 472+ 459 + 431+
1 manh 0,228 0.17%5¢ 0,217 0.23%8¢ 02475 0,248 4.46 £ 0.21°°° 4.22 +0.16°° 4.11%0.26%° 3.99 +0.14°
" 577+ 5.57 & 5.51% 4.98 5.YA+ 5.¥V ¢ ava+ ape DE oF v
.13 +0. .83 0. .60 0. .22+0.1)
3 e 0.18" 027" 016 0.26M e 0 .0E 5.13+0.14 4.83+0.23 4.60 +0.14' 4.22+0.1
th 6.47 £ 6.11% 579+ 5.61% 6.07% 5.69 + 5..Y# o e e .
7 0.16" 0.11%% 0.10°¢ o 010" 0.25%¢ 0VPE 5.51+0.25 5.19 +0.21 4.74£0.12! 4.3.+0.14
th 6.95 6.40 & 6.12+ 5.01# 6.YY+ 5.48 + 5.01+ +0.185F oF F G
.70 + 0. 1Y £0. .81 £0. 1720,
14 0.22* 0.13%® 0.16°¢ 0.2¢° 0.27°%¢ 0.18%¢ 0.23°" B8O BEVET ANEOE SIS0y
5 714+ 6.56 + 6.07 £ 5.65 % 6.44 ¢ 6.1\ £ 5.1Y# +0.15C D b .
.74 0. N 10, .77 £ 0. A0,
il 0.26* 0.17° 0.14%¢ 0.18° 0.19° 0.16%¢ 0.21° i 5 OE i 4 %H
th 717+ 6.58 & 6.21% 5.59 + 6.54 + 6.13 ¢ 5.1 % +0.95CE 0\ . s
.72 0. 2. 207 .67 £0. .9Y 0.
28 0.18* 0.19° 0.11%¢ 0.09°¢ 0.22° 0.14%¢ 0.19°" 2202 290 Y0 857E0
+ + + + + + +
35t 2‘_21‘;; %ii; %.2105“_ :_'::c; %;Z); %_2213; iigc; 5.66 £ 0.17° 5.1¢ +0.14F 4.62+0.21° 3.43+0.16

OA, octanoic acid; LAE, lauric arginate ester. Mean + SEM. ~¢ Means within a row with no common letter differ significantly (P < 0.05).
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Fig. 1. Efficacy of octanoic acid (OA) against L. monocytogenes in
experimentally inoculated Domiati cheese during refrigerated storage.

On the other hand, the addition of OA to Domiati cheese during
manufacturing effectively controlled the growth of L. monocytogenes
as compared to the untreated cheese during storage at 4°C. The
efficacy of OA against L. monocytogenes in cheese samples during
storage was concentration-dependent. On the 3™ day of refrigerated
storage, 400ppm OA treatment significantly (P<0.05) diminished L.
monocytogenes population in Domiati cheese by 0.80+0.07 log CFU/g
when compared with the untreated cheese (Fig. 1 and Table 2). Along
the storage period, there were no significant differences between the
efficacy of OA at 100 and 200ppm against L. monocytogenes, while
significant differences were recorded between the efficacy of 100 and
400ppm OA. On the 14™ day of storage, the inoculated L.
monocytogenes in Domiati cheese were significantly reduced (P<0.05)
by 0.55+0.09, 0.83+0.06, and 1.39+0.02 log CFU/g after treatment
with 100, 200, and 400ppm OA respectively, when compared to the
untreated cheese. By the end of the storage period, the populations of
L. monocytogenes in Domiati cheese treated with 100, 200, and
400ppm OA were reduced by 0.61+0.05, 1.04+0.02, and 1.72+0.11 log
CFU/qg respectively, when compared with the untreated cheese during
storage at 4°C (Fig. 1 and Table 2). In this regard, a previous report
approved that the treatment of queso fresco soft cheese with 1500 and
2910 OA achieved nearly 2.0 and 5.0 log CFU/g reduction,
respectively, when compared with the untreated cheese after 21 days
of storage at 4°C (Lourenco et al., 2017). The antimicrobial efficacy
of octanoic acid is most likely due to the generation of pores
throughout the cell membrane, leading to disruption of cell membrane
permeability (Choi et al., 2013).
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Fig. 2. Efficacy of lauric arginate (LAE) against L. monocytogenes in
experimentally inoculated Domiati cheese during refrigerated storage.

3.2. Efficacy of Lauric Arginate against L. monocyto-

genes in Cheese

LAE, an immediate effective antimicrobial agent, is odorless,
colorless, heat-stable, and effective in a wide range of pH, so it is ideal
for application as an antimicrobial in food products (Becerril et al.,
2013; Hawkins et al., 2009). LAE is characterized by fast, strong, and
inoculum size independent antimicrobial activity against L. innocua, a
non-pathogenic surrogate of L. monocytogenes and LAE has ten times
the antimicrobial activity of cinnamon and oregano essential oils
(Becerril et al., 2013).

Changes of the L. monocytogenes counts in Domiati cheese
manufactured with/without the addition of LAE are illustrated in Fig.
(2) and Table (2). The initial counts of L. monocytogenes in all the
inoculated Domiati cheese samples were significantly similar. As
illustrated in Fig. (2), the addition of 200ppm LAE to Domiati cheese
resulted in an initial reduction of L. monocytogenes population,
followed by regrowth during subsequent storage (Soni et al., 2012).
Similar to OA, the efficacy of LAE against L. monocytogenes in
cheese samples during storage was concentration-dependent.
Accordingly, a previous report revealed that the efficacy of LAE
against L. monocytogenes in both milk and soft cheese was dependent
on its concentration (Soni et al., 2010). Moreover, Ma et al. (2013)
reported that LAE showed a concentration-dependent activity as it
reduced L. monocytogenes in 2.0% reduced fat milk by 1.02+0.06 and
6.20+0.10 log CFU/ml when applied at 375 and 750ppm, respectively,
after 24h of storage at 32°C. In the current study, the addition of
200ppm LAE significantly reduced L. monocytogenes count by
0.98+0.11 log CFU/g when compared with the untreated cheese on the
3 day of storage (Fig. 2 and Table 2). There were no significant
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differences (P>0.05) between the efficacy of 50 and 100ppm LAE
against L. monocytogenes during the storage period. Conversely, the
efficacy of 200ppm LAE against L. monocytogenes in Domiati cheese
was significantly higher than that of 50 and 100ppm LAE from the 7t"
day of storage until the end of the storage period (Table, 2). On the 7t"
day of storage, the treatment of Domiati with 100 and 200ppm LAE
resulted in a 0.79+0.08 and 1.45+0.01 log CFU/g reduction of L.
monocytogenes respectively, when compared with the untreated
Domiati cheese (Fig. 2 and Table 2). After 3 weeks of storage at 4°C,
the application of 50, 100, and 200ppm LAE diminished L.
monocytogenes population in cheese by 0.70+0.07, 1.03+0.10, and
2.02+0.04 log CFU/g, respectively, when compared with the untreated
cheese (Fig. 2 and Table, 2). In accordance, it was concluded that the
application of 200ppm LAE on the surface of soft cheese reduced L.
monocytogenes by ~2.0 log CFU/g when compared with the untreated
cheese over 21 days of storage at 4°C (Soni et al., 2010). Moreover, it
was reported that the application of LAE at 5.0% through a coating
solution reduced L. monocytogenes population on soft cheese by 1.7-
1.8 log CFU/g after 24h of refrigerated storage (Brown et al., 2018).
The differences in the obtained results could be attributed to the
differences in the tested bacterial strains. The antibacterial efficiency
of LAE could be referred to its capability to react with the lipid portion
of the bacterial cell membrane, leading to its disruption, cellular
component leakage, and cellular death (Becerril et al., 2013; Ma et
al., 2013; Ma et al., 2023).

Interestingly, during the storage period, the efficacy of 200ppm LAE
against L. monocytogenes was nearly similar to that of 400ppm OA at
the same storage time (Table, 2). The treatment of Domiati cheese
with 400ppm OA and 200ppm LAE, individually, resulted in
1.72+0.11 and 2.14+0.01 log CFU/g reductions of L. monocytogenes,
respectively, when compared to the untreated cheese on the 35™ day of
storage (Table, 2).

3.3. Effect of Octanoic Acid in Enhancing the Efficacy
of Lauric Arginate against L. monocytogenes in

Cheese
Despite that the efficacy of LAE against L. monocytogenes in soft
cheese would be enhanced at higher concentrations, its maximum

80 -+ Caontrol
= 100 ppu LAE
- 100 ppm LAE + 200 ppm OA
<= 100 ppm LAE + 400 ppm OA
7.0
=]
5
S
2 6]
'}
)
T s0q
=
g
g
4.0

21 28 35

Population (Log CFUg)

concentration as a GRAS compound in cheese is 200ppm (FDA,
2005). Therefore, an alternative method to potentially enhance the
antimicrobial efficacy without increasing the individual allowed
concentrations is the use of antimicrobial combinations to inhibit L.
monocytogenes (Brown et al., 2018). Many studies have been carried
out to investigate the antimicrobial efficacy of LAE when applied with
other antimicrobial compounds, aiming to reduce the added
concentration of LAE in food matrices to meet the allowed
requirements while increasing the antimicrobial activity in the food
products. For instance, enhanced effects were recorded through the
application of LAE accompanied with organic acid salts, such as
sodium citrate, sodium diacetate, and sodium lactate, against different
microorganisms (Suksathit and Tangwatcharin, 2013; Terjung et
al., 2014).

The effect of OA on the antimicrobial efficacy of LAE at low and high
concentrations against L. monocytogenes in Domiati cheese during
storage at 4°C is illustrated in Fig. (3) and Table (2). The effect of
200ppm and 400ppm OA on the efficacy of the LAE at a low
concentration (100ppm) and a high concentration (200ppm) was
evaluated. At zero time, no significant differences were recorded
between the populations of L. monocytogenes in treated and untreated
cheese. On the 3™ day of refrigerated storage, the addition of 100ppm
LAE + 200ppm OA and 100ppm LAE + 400ppm OA significantly
reduced the population of L. monocytogenes in Domiati cheese by
0.65+0.08 and 0.94+0.02 log CFU/g, respectively, when compared
with the untreated samples (Fig. 3A and Table 2). The addition of
400ppm OA significantly enhanced the efficacy of LAE when applied
at a low concentration (100ppm) on the 7t day of storage and
continued till the end of the refrigerated storage (Fig. 3A and Table,
2). In this regard, previous studies concluded that the application of
sodium caprylate (SC) significantly (P<0.05) enhanced the efficacy of
LAE against L. monocytogenes on cheese surface (Brown et al., 2018;
Kozak et al., 2018a). By the end of the storage period, the population
of L. monocytogenes in cheese was significantly reduced by
1.03+0.10, 1.59+0.04, and 2.11+0.01 log CFU/g due to the application
of 100ppm LAE, 100ppm LAE + 200ppm OA, and 100ppm LAE +
400ppm OA respectively, as compared to untreated cheese samples.

809 o Control

= 200 ppm LAE
e 200 ppn LAE + 200 ppm OA
<~ 200 ppm LAE + 400 ppm OA

7.04

6.0

5.0

4.0

21 35

Fig. 3. Effect of octanoic acid (OA) in enhancing the efficacy of lauric arginate ester (LAE) at a low concentration (100ppm LAE) (A) and a high concentration
(200ppm LAE) (B) against L. monocytogenes in experimentally inoculated Domiati cheese during refrigerated storage.

Furthermore, the addition of OA at 400ppm significantly enhanced the
efficacy of LAE at a high concentration (200ppm) against L.
monocytogenes on the 3 day of storage and continued till the end of
the storage period (Fig. 3B and Table 2). In support, Kozak et al.
(2018b) reported that the application of 400ppm LAE+1600 ppm
sodium caprylate (SC) in whole milk reduced L. monocytogenes

population by ~2.29 log CFU/ml as compared to the control sample
after 21 days of storage at 7°C. Also, the authors concluded that the
efficacy of the 400ppm LAE + 1600ppm SC combination was
significantly (P<0.05) more effective than the efficacy of 400 ppm
LAE alone and nearly similar to the efficacy of 1600 ppm SC alone at
21 days of storage at 7°C. On the 7" day of storage, the application of
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200ppm LAE + 200ppm OA and 200ppm LAE + 400ppm OA
significantly diminished L. monocytogenes by 1.73+0.04 and
2.17+0.02 log CFU/g, respectively, when compared with the untreated
cheese (Fig. 3B and Table 2). On the 21% day of storage, L.
monocytogenes population was diminished by 2.37+0.10 and 3.06 +
0.11 log CFU/qg after the application of 200ppm LAE + 200 ppm OA
and 200ppm LAE + 400ppm OA, respectively, when compared with
the untreated cheese. The combination of 200ppm LAE + 400ppm OA
showed the highest efficacy against L. monocytogenes in Domiati
cheese, achieving a 3.31+0.03 log CFU/g reduction at the end of the
storage period as compared to the untreated cheese (Fig. 3B and
Table 2).

Collectively, the addition of 200ppm OA couldn’t significantly
enhance the efficacy of 100 or 200ppm LAE against L. monocytogenes
in Domiati cheese. On the other hand, the addition of 400ppm OA
could significantly enhance the antimicrobial efficacy of 100 or
200ppm LAE against L. monocytogenes. The efficacy of the 200ppm
LAE + 400ppm OA combination against L. monocytogenes in cheese
was higher than that of 200ppm LAE or 400ppm OA individually.

Furthermore, 200ppm LAE + 400 ppm OA was the most effective
treatment against L. monocytogenes in Domiati cheese along the
storage period.

3.4. PH of the Domiati Cheese

The changes in pH values of untreated and treated cheese samples with
different treatments during refrigerated storage are presented in Table
(3). The initial pH values for untreated and treated cheese samples
ranged between 6.19+0.07 and 6.33+0.09. No significant (P>0.05)
differences were noticed between the pH values of treated and
untreated cheese samples at the same time point during the storage
period. It was clearly noticed that pH values for untreated and treated
cheese samples gradually decreased during the storage period,
consistent with prior studies (El-Kholy et al., 2014; Hassan et al.,
2022; Korany et al., 2024). On the 35™ day of refrigerated storage,
pH values ranged between 5.19+0.12 and 5.41+0.07 (Table, 3). The
reduction in pH levels throughout refrigerated storage could be
referred to the bacterial action, leading to the hydrolysis of lactose in
cheese into some acids (Hassan et al., 2022; Korany et al., 2024).

Table Y. Changes in pH of treated and untreated Domiati cheese with antimicrobials during refrigerated storage.

Day Control 100ppm 200ppm 400ppm 50ppm 100ppm 200ppm 100 ppm LAE + 100 ppm LAE + 200 ppm LAE + 200 ppm LAE +
OA OA OA LAE LAE LAE 200 ppm OA 400 ppm OA 200 ppm OA 400 ppm OA
Zero 6{::: 66?3; 66‘:’3; 662‘:71 60”: : 6(;0871 60‘ (?71 6.Y0+0.12 6.Y1+0.13 6.Y1+0.14 6.Y2+0.08
1t 6(':3: 66?:: 6(:5: GI.J.YZIt 6(':3: 66?391 66?:: 6.Y4+0.07 6.Y6 + 0.09 6.18 +0.10 6.18+0.14
3rd 6(')?;: Géjf; 6(')?‘;'; 66?;: 66?:; 6(')::: 66?:: 6.16 £ 0.10 6.14+0.10 6.11+0.11 6.13+0.12
7t 6('):01; 6(')::; 6(')_' fot 5('): fzt 6(‘):; : 53;;3: °;fot 6.-3:0.11 0.49£0.16 0.96 £ 0.09 6.-410.09
14t 56{\3; 5('){\]?1i 5(.){\:.: 5(.1,.\(‘:81. 56{\08; 06‘.‘]:21. 56,.\:41. 0.4Y +0.14 5.A6 £ 0.10 5.A8 £ 0.09 5.A5+0.15
21 56?;‘: 5,_-’,?;‘; Sé?ggi 5(.)\2]1t 56\.If1i Sa?fot Sa?f: 5.V6 £ 0.16 5.V1+0.08 5.¥410.14 5.¥3%0.10
28t 5::;; 5::; 5(.)f..foi 56?:: 5('::; 5('::'21 5('::.)01 5.01+0.11 5.02+0.13 5.06+0.12 5.69+0.13
35th 56?3; 5('::: 5(':;': 50\‘f lt 50\"; : 56‘.‘:: 56‘.‘;; 5.Y9 + 0.08 5.Y0 + 0.08 5.£1+0.07 5.Y8 +0.08

OA, octanoic acid; LAE, lauric arginate ester. Mean + SEM. No significant differences (P > 0.05) between different treatments at the same time point.

4. Conclusion

The application of OA or LAE significantly reduced the population of
L. monocytogenes in Domiati cheese during storage at 4°C.
Additionally, the antimicrobial efficacy of LAE could be enhanced by
the incorporation of 400ppm OA. Among all evaluated treatments, the
combination of 200ppm LAE + 400ppm OA was the most effective,
leading to a 3.31+0.03 log CFU/g reduction of L. monocytogenes in
Domiati cheese after 35 days of refrigerated storage. Data obtained
from this study indicated that the combination of LAE and OA can be
effectively applied to Domiati cheese during the manufacturing
process to control L. monocytogenes during refrigerated storage.

5. Conflict of Interest
The authors declare no conflict of interest.

6. References

Becerril R, Manso S, Nerin C, Gomez-Lus R (2013). Antimicrobial activity of
Lauroyl Arginate Ethyl (LAE), against selected food-borne bacteria. Food
Control, 32: 404-408. https://doi.org/10.1016/j.foodcont.2013.01.003

Brown SRB, Kozak SM, D’Amico DJ (2018). Applications of Edible Coatings
Formulated with Antimicrobials Inhibit Listeria monocytogenes Growth on
Queso  Fresco. Frontiers in  Sustainable Food Systems, 2.
https://doi.org/10.3389/fsufs. 2018.00001

Bucur Fl, Grigore-Gurgu L, Crauwels P, Riedel CU, Nicolau Al (2018).
Resistance of Listeria monocytogenes to Stress Conditions Encountered in
Food and Food Processing Environments. Frontiers in microbiology, 9:
2700. https://doi.org/10.3389/fmicb. 2018.02700

CDC (2021). Listeria Outbreak Linked to Queso Fresco Made by El Abuelito
Cheese Inc. Centers for Disease Control and Prevention.

Choi MJ, Kim SA, Lee NY, Rhee MS (2013). New decontamination method
based on caprylic acid in combination with citric acid or vanillin for
eliminating Cronobacter sakazakii and Salmonella enterica serovar
Typhimurium in reconstituted infant formula. Int J Food Microbiol., 166,
499-507. https://doi.org/10.1016/j.ijffoodmicro. 2013.08.016

EFSA, ECDC (2023). The European Union One Health 2022 Zoonoses Report.
European Food Safety Authority and European Centre for Disease
Prevention and Control. 21: e8442. https://doi.org/10.2903/j.efsa.
2023.8442

El-Kholy AM, El-Shinawy SH, Meshref AMS, Korany AM (2014).
Microbiological Quality of Domiati Cheese and the Influence of Probiotics
on the Behavior of Staphylococcus aureus and Escherichia coli 0157:H7 in
Domiati Cheese. J Food Safety, 34: 396-406. https://doi.org/10.1111/
jfs.12157

FDA (2005). Agency Response Letter GRAS notice No. GRN 000164. Food and
Drug Administration.

FDA (2023). 21 CFR 184.1025 Direct food substances affirmed as generally
recognized as safe; Caprylic acid.

Hassan AHA, Korany AM, Zeinhom MMA, Mohamed DS, Abdel-Atty NS
(2022). Effect of chitosan-gelatin coating fortified with papaya leaves and
thyme extract on quality and shelf life of chicken breast fillet and Kareish
cheese during chilled storage. Int J Food Microbiol.,, 371: 109667.
https://doi.org/10.1016/j.ijfoodmicro.2022.109667

Hawkins DR, Rocabayera X, Ruckman S, Segret R, Shaw D (2009). Metabolism
and pharmacokinetics of ethyl Na-lauroyl-L-arginate hydrochloride in
human volunteers. Food Chem Toxicol., 47: 2711-2715. https://doi.org/
10.1016/j.fct.2009.07.028


https://doi.org/10.1016/j.foodcont.2013.01.003
https://doi.org/10.3389/fmicb
https://doi.org/10.1016/j.ijfoodmicro.%202013.08.016
https://doi.org/10.2903/j.efsa.%202023.8442
https://doi.org/10.2903/j.efsa.%202023.8442
https://doi.org/10.1111/%20jfs.12157
https://doi.org/10.1111/%20jfs.12157
https://doi.org/%2010.1016/j.fct.2009.07.028
https://doi.org/%2010.1016/j.fct.2009.07.028

“_ JIVMR

Korany and Abd-Elmontaleb, 2024

Heiman KE, Garalde VB, Gronostaj M, Jackson KA, Beam S, Joseph L, Saupe A,
Ricotta E, Waechter H, Wellman A, Adams-Cameron M, Ray G, Fields A,
Chen Y, Datta A, Burall L, Sabol A, Kucerova Z, Trees E, Metz M, Leblanc
P, Lance S, Griffin PM, Tauxe RV, Silk BJ (2016). Multistate outbreak of
listeriosis caused by imported cheese and evidence of cross-
contamination of other cheeses, USA, 2012. Epidemiol Infect., 144: 2698-
2708. http://10.1017/s095026881500117x

Jackson KA, Gould LH, Hunter JC, Kucerova Z, Jackson B (2018). Listeriosis
Outbreaks Associated with Soft Cheeses, United States, 1998-2014.
Emerging Infect Dis., 24: 1116-1118. http://10.3201/eid2406.171051

Korany AM, Abdel-Atty NS, Zeinhom MMA, Hassan AHA (2024). Application
of gelatin-based zinc oxide nanoparticles bionanocomposite coatings to
control Listeria monocytogenes in Talaga cheese and camel meat during
refrigerated storage. Food Microbiol., 122: 104559. https://doi.org/
10.1016/j.fm.2024.104559

Kozak SM, Bobak Y, D'Amico DJ (2018a). Efficacy of Antimicrobials Applied
Individually and in Combination for Controlling Listeria monocytogenes as
Surface Contaminants on Queso Fresco. J Food Protect., 81: 46-53.
https://doi.org/10.4315/0362-028X.JFP-17-279

Kozak SM, Brown SRB, Bobak Y, D'Amico DJ (2018b). Control of Listeria
monocytogenes in whole milk using antimicrobials applied individually and
in combination. J Dairy Sci., 101: 1889-1900. https://doi.org/10.3168/
jds.2017-13648

Lourengo A, Kamnetz MB, Gadotti C, Diez-Gonzalez F (2017). Antimicrobial
treatments to control Listeria monocytogenes in queso fresco. Food
Microbiol., 64: 47-55. https://doi.org/10.1016/j.fm.2016.12.014

Ma Q, Davidson PM, Zhong Q (2013). Antimicrobial properties of lauric
arginate alone or in combination with essential oils in tryptic soy broth
and 2% reduced fat milk. Int J Food Microbiol.,, 166: 77-84.
https://doi.org/10.1016/j.ijfoodmicro.2013.06.017

MaY, MaY, Chi L, Wang S, Zhang D, Xiang Q (2023). Ethyl lauroyl arginate: An
update on the antimicrobial potential and application in the food systems:
a review. Frontiers in Microbiol., 14. https://doi.org/10.3389/fmich.
2023.1125808

Marina AM, Che Man YB, Nazimah SAH, Amin | (2009). Chemical Properties of
Virgin Coconut Oil. J} Am Oil Chemists' Soc., 86: 301-307. https://doi.org/
10.1007/s11746-009-1351-1

Nyarko EB, Donnelly CW (2015). Listeria monocytogenes: Strain
Heterogeneity, Methods, and Challenges of Subtyping. J Food Sci., 80:
M2868-2878. https://doi.org/10.1111/ 1750-3841.13133

Palacios A, Otto M, Flaherty E, Boyle MM, Malec L, Holloman K, Low M,
Wellman A, Newhart C, Gollarza L, Weeks T, Muyombwe A, Lozinak K,
Kafka E, O'Halloran D, Rozza T, Nicholas D, Ivory S, Kreil K, Huffman J,
Gieraltowski L, Conrad A (2022). Multistate Outbreak of Listeria
monocytogenes Infections Linked to Fresh, Soft Hispanic-Style Cheese -
United States, 2021. MMWR. Morbidity and mortality weekly report, 71:
709-712. http://10.15585/mmwr.mm7121a3

Park YW, Juarez M, Ramos M, Haenlein GFW (2007). Physico-chemical
characteristics of goat and sheep milk. Small Rumt Res., 68: 88-113.
https://doi.org/10.1016/j.small rumres.2006.09.013

Soni KA, Desai M, Oladunjoye A, Skrobot F, Nannapaneni R (2012). Reduction
of Listeria monocytogenes in queso fresco cheese by a combination of
listericidal and listeriostatic GRAS antimicrobials. Int J Food Microbiol.,
155: 82-88. https://doi.org/ 10.1016/j.ijfoodmicro.2012.01.010

Soni KA, Nannapaneni R, Schilling MW, Jackson V (2010). Bactericidal activity
of lauric arginate in milk and Queso Fresco cheese against Listeria
monocytogenes cold growth. J Dairy Sci., 93: 4518-4525.
https://doi.org/10.3168/jds.2010-3270

Suksathit S, Tangwatcharin P (2013). Activity of organic acid salts in
combination with lauric arginate against Listeria monocytogenes and
Salmonella  Rissen. Sci Asia, 39: 346. https://doi.org/10.2306/
scienceasial513-1874.2013.39.346

Terjung N, Loeffler M, Gibis M, Hinrichs J, Weiss J (2014). Control of listeria in
meat emulsions by combinations of antimicrobials of different solubilities.
Food Res Int., 66: 289-296. https://doi.org/10.1016/j.foodres.2014.09.025

Thakur M, Asrani RK, Patial V. (2018). Chapter 6 - Listeria monocytogenes: A
Food-Borne Pathogen, In: Holban AM, Grumezescu AM (Eds.) Foodborne
Dis Acad Press, 157-192. https://doi.org/10.1016/B978-0-12-811444-
5.00006-3

Tiwari U, Walsh D, Rivas L, Jordan K, Duffy G (2014). Modelling the
interaction of storage temperature, pH, and water activity on the growth
behaviour of Listeria monocytogenes in raw and pasteurised semi-soft
rind washed milk cheese during storage following ripening. Food Control,
42:248-256. https://doi.org/10.1016/ j.foodcont.2014.02.005

Youssef AM, El-Sayed SM, El-Sayed HS, Salama HH, Dufresne A (2016).
Enhancement of Egyptian soft white cheese shelf life using a novel
chitosan/carboxymethyl cellulose/zinc oxide bionanocomposite film.
Carbohydrate Polymers, 151:, 9-19. https://doi.org/10. 1016/j.carbpol.
2016.05.023

How to cite this article:

Korany AM, Abd-Elmontaleb HS. Efficacy of Octanoic Acid and Lauric
Arginate, Individually and in Combination, against Listeria monocytogenes in
Domiati Cheese. J Vet Med Res., 2024; 31(1): 09-14. https://doi.org/10.
21608/ jvmr.2024.292928.1101.


http://10.0.3.249/s095026881500117x
http://10.0.12.129/eid2406.171051
https://doi.org/%2010.1016/j.fm.2024.104559
https://doi.org/%2010.1016/j.fm.2024.104559
https://doi.org/10.4315/0362-028X.JFP-17-279
https://doi.org/10.3389/fmicb.%202023.1125808
https://doi.org/10.3389/fmicb.%202023.1125808
https://doi.org/
https://doi.org/
https://doi.org/10.3168/jds.2010-3270
https://doi.org/10.2306/%20scienceasia1513-1874.2013.39.346
https://doi.org/10.2306/%20scienceasia1513-1874.2013.39.346
https://doi.org/10.1016/j.foodres.2014.09.025
https://doi.org/10.1016/B978-0-12-811444-5.00006-3
https://doi.org/10.1016/B978-0-12-811444-5.00006-3
https://doi.org/10.1016/
https://doi.org/10.%201016/j.carbpol
https://doi.org/10



