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ABSTRACT
Laurus nobilis, Citrus limon, Eucalyptus cinerea and Aloysia polystachya 
essential oils, and pure (R)-(−)-carvone compound are potential bactericides 
against the growth of Leuconostoc mesenteroides MS1. This strain can alter 
Vienna sausages by growing under anaerobic conditions, producing gas and 
causing packages to swell. The objectives of this work were to determine the 
minimum inhibitory and the minimum bactericidal concentrations of essential 
oils from Laurus nobilis, Citrus limon, Eucalyptus cinerea, Aloysia polystachya 
essential oils, and (R)-(−)-carvone, using the broth macrodilution technique, 
and to evaluate their effect on the sensitivity of Leuconostoc mesenteroides 
MS1 in the food matrix during 42 days. Low minimum inhibitory and bactericidal 
concentrations of the essential oils and pure compound were found, indicating 
that Leuconostoc mesenteroides MS1 is sensitive to them. Furthermore, 
0.70  mL of Aloysia polystachya and 0.50  mL of Eucalyptus cinerea, Laurus 
nobilis and (R)-(−)-carvone were found to maintain viable cells of Leuconostoc 
mesenteroides MS1 at the initial count of 103 CFU g-1 in 2.5 g of sterile sausage 
samples.
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RESUMEN
Los aceites esenciales de Laurus nobilis, Citrus limon, Eucalyptus cinerea 
y Aloysia polystachya, junto con el compuesto puro (R)-(−)-carvona, son 
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potenciales bactericidas contra el crecimiento de Leuconostoc mesenteroides 
MS1. Esta cepa puede alterar salchichas tipo Viena al crecer en condiciones 
anaeróbicas, produciendo gas y provocando que los paquetes se hinchen. 
Los objetivos de este trabajo fueron determinar las concentraciones inhibitorias 
y bactericidas mínimas de los aceites esenciales de Laurus nobilis, Citrus 
limon, Eucalyptus cinerea, Aloysia polystachya, y del componente puro 
(R)-(−)-carvona, utilizando la técnica de macrodilución en caldo, y evaluar su 
efecto sobre la sensibilidad de Leuconostoc mesenteroides MS1 en la matriz 
alimentaria durante 42 días. Se encontraron concentraciones inhibitorias y 
bactericidas mínimas bajas de los aceites esenciales y del compuesto puro, 
lo que indica que Leuconostoc mesenteroides MS1 es sensible a ellos. Se 
encontró que 0,70 mL de Aloysia polystachya y 0,50 mL de Eucalyptus cinerea, 
Laurus nobilis y (R)-(−)-carvona fueron capaces de mantener las células viables 
de Leuconostoc mesenteroides MS1 en el recuento inicial de 103 CFU g-1 en 
una muestra de 2,5 g de salchicha estéril.

Palabras clave: Leuconostoc mesenteroides MS1, control de microorganismos 
en alimentos, actividad antimicrobiana, pruebas de sensibilidad, recuento de 
células viables, condiciones anaeróbicas 
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INTRODUCTION 

The presence of Leuconostoc genus in vacuum-
packed cooked sausages has been documented 
in the literature. This genus has been found in low 
concentrations in the raw meat and on the surfaces 
of the processing plant. However, according to 
Hultman et al. (2015), its concentration increased 
by almost 98  % in cooked sausages. The 
microorganisms frequently associated with the 
spoilage of vacuum-packed sausages are lactic 
acid bacteria, mainly Lactobacillus, Leuconostoc 
and Oenococcus (Cejas Farias et al., 2018). In 
addition, the increase of CO2 concentration in 
packages during storage can be attributed to the 
heterofermentative metabolism of Lactobacillus 
and Leuconostoc (Korkeala and Björkroth, 1997).

Padilla-Frausto et al. (2015) identified 
Leuconostoc bacteria in a Vienna sausage 
processing plant, where the equipment and the 

conveyor belts were identified as contamination 
sources. Some Leuconostoc strains were isolated 
from the equipment and the sausage surfaces 
showed the same genotype. 

According to studies conducted by Diez et 
al. (2009), the species of Leuconostoc genus 
generally grow fast, producing a pH drop (due to 
the appearance of aldehydes and acids) which 
results in a milky exudate and sour aroma.  

Natural extracts are widely used for their 
antimicrobial properties (Hammer et al., 1999). 
Additionally, interest in these types of preservative 
agents has increased due to consumer demand for 
healthier food options (Calo et al., 2015). Essential 
oils are secondary metabolites that participate 
in processes beyond the primary physiological 
functions of cell metabolism and reproduction. 
These secondary metabolites extend their biological 
effect to organisms other than their source, which 
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turns them valuable for the pharmaceutical, food 
and fine chemical industries. In this sense, the 
importance of finding essential oils to control 
microbial growth in food, particularly meat-derived 
products, lies in their potential to act as natural and 
sustainable preservatives. Essential oils possess 
antimicrobial properties that can inhibit the growth 
of pathogenic and spoilage microorganisms, 
thereby extending the shelf-life of food products 
and ensuring their safety for consumption. This 
is especially critical in meat products, which are 
highly perishable and prone to contamination. 

Recent literature demonstrates the effective use 
of essential oils as potential bactericides in various 
food matrices (Bermúdez-Vásquez et al., 2019; 
Enríquez et al., 2024; Ruiz-Navajas et al., 2012; 
Vignola et al., 2020; Viuda-Martos et al., 2008).

In this context, the application of natural extracts 
in the inhibition of Leuconostoc mesenteroides 
has been reported by several authors (Fernández-
López et al., 2005; Khorsandi et al., 2018; Kivanç et 
al., 1991; Michelena et al., 2005; Radha Krishnan et 
al., 2014). In previous studies Aloysia polystachya, 
Citrus limon, Eucalyptus cinerea and Laurus nobilis 
essential oils (Serra et al., 2018) and (R)-(−)-carvone 
(Serra, 2022) proved to be promising in the inhibition 
of spoilage bacteria in Vienna sausages. Following 
this assessment, this work had two aims. Firstly, to 
determine the minimum inhibitory concentrations 
(MIC) and the minimum bactericidal concentrations 
(MBC) of Aloysia polystachya, Citrus limon, 
Eucalyptus cinerea and Laurus nobilis essential oils, 
and (R)-(−)-carvone pure component. Secondly, to 
evaluate the effectiveness of Aloysia polystachya, 
Eucalyptus cinerea and Laurus nobilis essential 
oils, and (R)-(−)-carvone in the food matrix, against 
the strain Leuconostoc mesenteroides MS1. It is 
important to note that (R)-(−)-carvone is the main 
component of Aloysia polystachya essential oil and 
is the only essential oil in this study containing this 
compound.

MATERIALS AND METHODS 

Materials

The essential oils used in this work were 
obtained by steam stripping from leaves of Aloysia 
polystachya, Eucalyptus cinerea and Laurus 
nobilis and peels of Citrus limon, using semi-
laboratory scale equipment (Figmay, Argentina) 
for 60 min after boiling started. Before extraction, 
the vegetal material was ground using a grinder at 
maximum speed (Moulinex, 750 W) for 2 min. The 
composition of each essential oil was previously 

reported by Serra et al. (2018). 
(R)-(−)-carvone (Sigma-Aldrich, 98 %), the major 

compound in Aloysia polystachya essential oil, 
accounts for 90.2  % of its composition. In addition 
to the essential oils, this pure compound was also 
evaluated. Bacterial isolation, biochemical and 
molecular typification of Leuconostoc mesenteroides 
MS1 were described in a previous work (Serra et al., 
2018). Leuconostoc mesenteroides MS1 is stored as 
frozen stock (-80 °C) in de Man, Rogosa and Sharpe 
(MRS) broth (Britania, Buenos Aires, Argentina) using 
15 % (v/v) glycerol as cryoprotectant, being routinely 
reactivated overnight (16–18 h) at 30 °C in MRS broth 
and counted in MRS agar (after 48 h at 30 °C).

 The broth macrodilution technique

A series of screw-cap test tubes containing 
different volumes of MRS broth was prepared 
to achieve the required dilutions, into which the 
antimicrobial agent (essential oil or (R)-(−)-carvone) 
was added. Given the insolubility between the 
essential oil and the aqueous culture medium, an 
emulsion was prepared with each antimicrobial. 
To achieve this emulsion, the essential oils or 
(R)-(−)-carvone were mixed with the supernatant of 
the mixture of soy lecithin in distilled water at 2 % 
(p/v). The initial concentration of the essential oil 
or (R)-(−)-carvone was calculated in %  w/v. The 
successive dilutions were prepared considering 
a minimum final volume required in each tube of 
1 mL. In addition, a control tube containing only the 
culture medium was used. 

Then, each tube was inoculated with a 
standardized suspension of Leuconostoc 
mesenteroides MS1. This inoculation was prepared 
following the direct suspension of colonies in saline 
solution (0.85 % NaCl) to obtain a turbidity of 0.50 
on the McFarland scale, which is equivalent to 
1.50 × 108 CFU mL-1 concentration.

Minimum inhibitory and minimum bactericidal 
concentrations

The minimum inhibitory concentration (MIC) 
value is defined as the lowest concentration of the 
antimicrobial agent evaluated that inhibits the visible 
growth of the microorganism studied. Determination 
of the minimum bactericidal concentration (MBC) is 
the most common estimation of bactericidal activity, 
being defined as the lowest concentration of 
antimicrobial agent necessary to kill 99.90 % of the 
final inoculum after incubating each microorganism  
(Balouiri et al., 2016). Both values were determined 
by the broth macrodilution technique, reported by 
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Araújo et al. (2018), with some modifications.
The tests were examined after 48 h of incubation 

at 30 °C. After that period, the presence or absence 
of microbial growth in the tubes was observed and 
the MIC and MBC were determined. When there 
was no growth and no turbidity was evidenced, a 
sample was taken from the tube with a hook, and 
streak plating was then performed.  These plates 
were incubated at 30 °C for 48 h, and the growth 
or non-growth of the bacteria was observed. 
From these observations, the MIC and the MBC 
values were obtained as detailed in Figure 1, 
which represents a schematic diagram of the 
macrodilution broth method used.

The tests were carried out in triplicate for each 
dilution in each essential oil and (R)-(−)-carvone.

Figure 1. Schematic representation of macrodilution broth method

Sample conditioning of food matrix

The sensitivity tests of essential oils and 
(R)-(−)-carvone in the food matrix were carried 
out. The commercial sausages were cut in slices 
of approximately 2.5 g and sterilized for 15 min at 
121 °C. After that, each sample was placed under 
aseptic conditions in sterile bags. Each bag was 
inoculated with 0.20  mL of an overnight culture 
dilution of Leuconostoc mesenteroides MS1 (initial 
concentration of 103  CFU  g-1) and treated withes 
0.10 mL, 0.50 mL or 0.70 mL of each antimicrobial 
agent (essential oil or (R)-(−)-carvone). As controls, 
three assays were conducted: (i) the sterile 
sausage sample, (ii) the sterile sausage sample 
with antimicrobial agent but without Leuconostoc 
mesenteroides MS1 inoculation, (iii) the sterile 
sausage sample inoculated with Leuconostoc 
mesenteroides MS1 but without antimicrobial 

agent. All bags were refrigerated at 4 °C until the 
microbiological analysis was carried out at 0, 2, 
7, 14, 21, 28, 35, and 42 days, according to the 
procedure proposed by Pesavento et al. (2015).

Each sample was analyzed microbiologically in 
duplicate on the aforementioned days. To this end, 
the sample was homogenized for 1 min with 25 mL 
of peptone solution (hydrolyzed meat peptide, 
Britania, Buenos Aires, Argentina) and decimal 
dilutions were plated on MRS agar (Šojić et al., 
2015), and incubated for 48 h at 30 °C. 

RESULTS AND DISCUSSION

Minimum inhibitory concentration and 
minimum bactericidal concentration 

Different dilutions of the essential oils (Aloysia 
polystachya, Citrus limon, Eucalyptus cinerea 
and Laurus nobilis) and the pure (R)-(−)-carvone 
compound were tested to determine the MIC 
and MBC values. The values for the essential 
oils and (R)-(−)-carvone were found in the range 
of 0.64-1.87 mg/mL and 0.76-2.41  mg/mL, 
respectively (Table 1). MIC and MBC values of 
essential oils and (R)-(−)-carvone were low, which 
means that they are good inhibitors/bactericides 
against Leuconostoc mesenteroides MS1. 
However, it was observed that the bacteria under 
study were more sensitive to the essential oils of 
Aloysia polystachya, Eucalyptus cinerea, Laurus 
nobilis and the pure (R)-(−)-carvone compound 
than to the Citrus limon essential oil. As expected, 
the essential oil of Aloysia polystachya and the pure 
(R)-(−)-carvone compound showed similar results, 
since the latter makes up 90.2 % of the composition 
of the essential oil (Serra et al., 2018). Citrus limon 
essential oil has lower bactericidal effectiveness 
compared to other essential oils due to its chemical 
composition, which is dominated by limonene 
(Serra et al., 2018), a monoterpene that, although 
it possesses antimicrobial properties, is not as 
potent as other compounds found in more effective 
essential oils (Kačániová et al., 2024; Viuda-Martos 
et al., 2008; Yazgan et al., 2019).

Antimicrobial activity in food matrix

Table 2 shows the growth of Leuconostoc 
mesenteroides MS1 in 2.5 g of fresh Vienna sausage 
containing the different essential oils or (R)-(−)-carvone 
over the successive days of the study. As stated earlier, 
the initial concentration of the inoculum was in the 
order of 103 CFU g-1. As expected, no bacterial growth 
was observed in the samples of (i) sterile sausage 
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ing only 0.50 mL. The count remained at 103 CFU g-1, 
effectively preventing the growth of Leuconostoc 
mesenteroides MS1 as seen in Figure 2 (c) for both 
essential oils throughout the experiment (42 days).  

As reported by Burt (2004), to achieve the same 
effect observed for the MIC, a higher concentration 
of the antimicrobial agent must be used when 
tested in the food matrix. The same results were 
found in this work, where the concentration used in 
the food matrix was in the order of fifty times the MIC 
values using 0.50 mL of Eucalyptus cinerea, Laurus 
nobilis and (R)-(−)-carvone and 75 times the MIC 
value using 0.70 mL of Aloysia polystachya.  

The bactericidal activity of the essential oils and 
(R)-(−)-carvone used in this work was previously 
reported in the literature. For example, Akgül et al. 
(1989) found antimicrobial activity in Laurus nobilis 
essential oil against Enterobacter aerogenes and 
Streptococcus faecalis, while Biondi et al. (1993) 
reported the effectiveness of this agent against 
Streptococcus faecalis, Staphylococcus aureus, 
Micrococcus luteus, Bacillus subtilis, Escherichia 
coli, Hafnia alvei and Proteus vulgaris. Regarding 
the antimicrobial activity of Citrus limon, Fisher 
and Phillips (2006) found this essential oil effective 
against Listeria monocytogenes, Staphylococcus 
aureus, Bacillus cereus, Escherichia coli O157 
and Campylobacter jejuni. On the other hand, 
Settanni et al. (2012) reported the effectiveness 
of this agent against Listeria monocytogenes 
and Staphylococcus aureus and no antimicrobial 
activity against Salmonella. 

Based on the available literature, no antimicrobial 
activity against bacteria has been previously 
reported for Aloysia polystachya essential oil. 
Regarding Eucalyptus spp. essential oil, its 
antibacterial, fungicidal, antiseptic and pest control 
properties have been demonstrated (Batish et 
al., 2008). Finally, Aggarwal et al. (2002) reported 
activity in gram-positive and gram-negative 

and (ii) sterile sausage with antimicrobial aggregate 
but without inoculation, during all the experiments. 
On the other hand, the sample (iii) sterile sausage 
inoculated with Leuconostoc mesenteroides MS1 but 
without antimicrobial addition, showed an increasing 
count up to 108 CFU g-1, which remains until the 42 
days (Figure 2).

Figure 2 (a) shows the behavior of the samples 
treated with 0.10, 0.50 and 0.70  mL of Aloysia 
polystachya essential oil. The samples with 0.1 mL 
of Aloysia polystachya essential oil had a similar 
development to the inoculated sample used as 
control, reaching 107 CFU  g-1. On the other hand, 
the samples treated with 0.50 mL of Aloysia polys-
tachya essential oil showed an increase of Leu-
conostoc mesenteroides MS1 up to 104  CFU  g-1, 
decreasing to 103 CFU g-1 at 42 days. Finally, the 
addition of 0.70 mL of Aloysia polystachya essen-
tial oil maintained the bacterial count constant at 
103  CFU  g-1 from the beginning to the end of the 
study. Figure 2 (b) shows the samples with 0.10 
and 0.50 mL of (R)-(−)-carvone. The samples with 
0.10  mL of (R)-(−)-carvone reached 107  CFU  g-1 
at 42 days, while those containing 0.50  mL of 
(R)-(−)-carvone maintained the initial count concen-
tration (103 CFU g-1) until the end of experiment (42 
days). Based on the results obtained with Aloysia 
polystachya essential oil and (R)-(−)-carvone, Lau-
rus nobilis and Eucalyptus cinerea were tested us-

Day w/o EO A. Polystachya (R)-(−)-carvone L. Nobilis E. Cinerea
0.10 mL 0.50 mL 0.70 mL 0.10 mL 0.50 mL 0.50 mL 0.50 mL

CFU g-1* CFU g-1* CFU g-1* CFU g-1* CFU g-1*
0 3.63×103 4.07× 103 2.75×1033 1.65×103 6.16×103 3.30×103 1.10×103 2.20×103

2 3.85×105 3.52×105 7.59×103 1.52×103 9.24×104 3.06×103 1.37×103 3.52×103

7 8.14×106 2.48×107 2.35×105 1.10×103 1.20×106 3.14×103 1.79×103 3.85×103

14 1.00×108 6.00×107 1.00×105 1.28×103 3.05×106 3.01×103 1.23×103 2.75×103

21 1.00×108 4.85×106 8.00×104 1.08×103 5.06×106 1.84×103 9.90×102 2.08×103

28 6.49×107 3.85×106 6.40×104 1.06×103 1.35×106 1.38×103 1.01×103 1.34×103

35 1.03×108 2.59×106 5.28×104 9.57×102 4.23×106 1.09×103 1.05×103 1.29×103

42 5.50×107 3.63×106 9.90×103 8.25×102 2.87×106 9.13×102 9.68×102 1.14×103

Table 2. Time-course of Leuconostoc Mesenteroides MS1 growth in fresh Vienna sausage containing the different essential oils or 
(R)-(−)-carvone

Table 1. MIC and MBC values* of different essential oils and (R)-

(−)-carvone

MIC mg/mL MBC mg/mL
Aloysia polystachya  0.64 ± 0.01  0.76 ± 0.02
Citrus limon  1.87 ± 0.02  2.41 ± 0.10
Eucalyptus cinerea  0.75 ± 0.04  1.10 ± 0.12
Laurus nobilis  0.65 ± 0.02  1.32 ± 0.31
(R)-(−)-carvone   0.66 ± 0.01  0.77 ± 0.02
*The values are expressed as the average ± the standard 
deviation obtained from the triplicate at each dilution.
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bacteria for (R)-(−)-carvone. 

CONCLUSIONS 

The minimum inhibitory and minimum 
bactericidal concentrations of Aloysia polystachya, 
Eucalyptus cinerea, Laurus nobilis and Citrus 
limon essential oils and (R)-(−)-carvone were 
evaluated against the growth of Leuconostoc 
mesenteroides MS1. This strain acts as a spoilage 
microorganism in vacuum-packed Vienna 
sausages, causing packaging swelling after two 
to three weeks of refrigerated storage. Low values 
of minimum inhibitory concentrations and minimum 
bactericidal concentrations of the essential oils and 
of the pure compound evaluated have been found, 
which means that the bacteria under study are 

sensitive to them. It was found that Leuconostoc 
mesenteroides MS1 is more sensitive to Aloysia 
polystachya, Laurus nobilis, Eucalyptus cinerea 
essential oils and pure (R)-(−)-carvone compound 
than to Citrus limon. 

The assays in the sausage matrix of 2.5  g 
showed a constant bacterial count, in the order of 
103 CFU g-1, using 0.70 mL of Aloysia polystachya 
or 0.50 mL of Eucalyptus cinerea, Laurus nobilis, 
or (R)-(−)-carvone. Approximately 50 and 75 
times the MIC values were needed to achieve the 
antimicrobial activity desired in the food matrix 
system studied, using 0.50  mL of Eucalyptus 
cinerea, Laurus nobilis and (R)-(−)-carvone, and 
using 0.70 mL of Aloysia polystachya, respectively.  

Regarding the Leuconostoc mesenteroides 
MS1 counts during the experiment, the results 
obtained were in line with expectations based on 
the concentrations and types of essential oils used. 
A significant reduction in microorganisms was 
observed in the samples treated with essential oils, 
particularly at higher concentrations, confirming 
their antimicrobial potential. However, in samples 
with lower concentrations of essential oil or 
(R)-(−)-carvone, Leuconostoc mesenteroides MS1 
counts were higher (108 CFU g-1), suggesting that 
longer exposure times or higher concentrations 
may be necessary to achieve effective control, 
particularly in meat products. 

Aloysia polystachya, Eucalyptus cinerea, Laurus 
nobilis essential oils and (R)-(−)-carvone represent 
an alternative to the common chemical-synthesis 
food preservatives against common spoilage 
bacteria found in Vienna sausages, particularly 
Leuconostoc mesenteroides MS1.  

A potential application of the essential oils or 
pure (R)-(−)-carvone compound evaluated in 
this study lies in their incorporation into active 
packaging systems, particularly designed for 
Vienna sausages and other meat products. This 
approach represents an innovative solution to 
extend the shelf-life of the product by inhibiting 
the growth of spoilage microorganisms such as 
Leuconostoc mesenteroides MS1 under refrigerated 
storage conditions. Integrating these antimicrobial 
compounds into polymeric matrices (encapsulation 
technologies), biodegradable films, or edible 
coatings could not only improve the microbiological 
quality of the food but also reduce the need for 
conventional chemical additives, addressing 
consumer demands for more natural and safer 
food products. Additionally, the incorporation of 
essential oils into active packaging systems could 
enable the gradual release of active compounds, 
maintaining their efficacy throughout the product 

Figure 2. Growth of Leuconostoc mesenteroides MS1 in Vienna 
sausage samples treated with different antimicrobial agents: (a) ○ 
0.10, ●●  0.50, ● 0.70 mL of Aloysia polystachya essential oil; (b) ∆ 
0.10, ▲ 0.50 mL of (R)-(−)-carvone; (c) ▲0.50 mL of Laurus nobilis 
or ● Eucalyptus cinerea. The control Ж correspond to the sterile 
sausage sample inoculated with Leuconostoc mesenteroides 
MS1 without antimicrobial addition.
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shelf-life. This feature is particularly relevant for 
highly sensitive products, such as vacuum-packed 
sausages, which are prone to swelling caused by 
heterofermentative lactic bacteria.  

In the long term, this strategy could contribute to 
the development of a more sustainable food supply 
chain by promoting the use of natural compounds 
and reducing reliance on synthetic preservatives. 
Therefore, further studies aimed at optimizing 
concentrations, encapsulation techniques, and 
sensory evaluation of treated products represent 
key steps toward translating these findings into 
practical and viable applications in the food industry.
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