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Abstract: The antimicrobial activity of garlic (Allium sativum L.) and onion (Allium cepa L.) plant
active extracts was determined against Listeria monocytogenes in two meat products. Samples of
sausages “cacciatore” and cooked ham in vacuum-packaged slices were artificially contaminated,
and the presence of Listeria was evaluated during the sausages ripening and throughout the shelf-life
of the cooked ham. The test carried out on sausages did not show differences among treated and
untreated samples. The antagonistic activity of the plant extracts against the pathogen was probably
hidden by the competition from the sausages microbial flora and the pH and the water activity (aw)
decrease. On the other hand, the plant extracts determined an initial reduction of about 1.00 log cfu/g
of the L. monocytogenes viable count in the cooked ham slices contaminated with 103 cfu/g, but the
best result was obtained with the contamination of 102 cfu/g of L. monocytogenes. In addition to the
pathogen’s initial decrease, we observed an extension of the lag phase and a reduction of the Listeria
growth rate. Considering that the presence of L. monocytogenes during the slicing phase of the cooked
ham does not exceed 10 cfu/g, the use of plant extracts can lead to complete pathogen elimination.
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1. Introduction

The need to produce healthy and safe food without the use of chemical additives has
led to the development of technologies for the control of both pathogenic and spoilage
microorganisms and consequently high-quality standards. This requirement comes from
the consumers demanding safe and quality food products but, at the same time, little
processing, with a low content of chemical additives and with an extended shelf-life [1].
The main innovative conservation techniques optimized and available for food applications
are based on the implementation of high pressure [2], active packaging [3-5] and natural
antimicrobial compounds [6-10]. The growing interest in food bio-conservation has led
to the use of new antimicrobial compounds of various origins, including those based on
the use of microorganisms, their metabolites and natural extracts of plant origin [11-13]. A
wide range of hams and sausages can be found on the market, with their characteristics
deriving from different product recipes, raw materials and processing conditions, which
are also related to the climatic conditions and to the specific origin of the raw meats. Conse-
quently, different recipes and processing methods give the products different organoleptic
characteristics. Italian Salami and hams are made with fresh, carefully selected Italian pork,
with spices added to refine the taste of the meat: this is a fundamental step to enhance
the scent of the final product, and is essential to shape the different tastes, which are
typical of specific territories [14]. The spices are added during the preparation of foods
with the aim of improving their organoleptic characteristics. Furthermore, the antioxidant
action carried out by the molecules that compose the spices can contribute significantly
to the prevention of natural food alteration phenomena (oxidative phenomena) with an
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advantage for the final consumer as well [15]. Since ancient times, spices have been used
for the control of microbial alterations and for their antimicrobial activity in food [16-18].
Spices such as cinnamon, cloves, garlic, mustard and onion can increase the commercial
life of foods thanks to the content of some biologically active compounds consisting of
phenols, aldehydes, ketones, ethers and hydrocarbons. Several studies carried out using
other spices, such as laurel, coriander, rosemary, thyme, oregano and sage, have shown
their significant bacteriostatic effect [19-21]. Some authors have described the use of these
natural extracts for the preservation of fresh meat, fish products and fresh cheeses [15,20].
Some extracts are not only able to control the development of altering microorganisms but,
by prolonging the shelf-life, they allow for a general increase in quality itself [22-26]. Spices,
in addition to exhibiting antimicrobial action against certain foodborne pathogens, have a
stimulating action towards lactic acid bacteria, used as starters in seasoned meat products
and fundamental protagonists of fermentation processes. In fact, the presence of lactic acid
bacteria has a positive impact on fermented products only, whereas in non-fermented or
cooked meat products, they can be involved with food spoilage if a cross-contamination
post thermal process happens [27]. The stimulus action seems to be dependent not only on
the type of spices and their origin, but also on the different types of microbial population
present in the food [28,29]. Different extracts of spices can be effectively used as natural
additives alone or in combination with other conservation technologies. They can act on
food preservation with an inhibitory effect on the spoilage microbial population, both
Gram-positive and Gram-negative bacteria. However, their effectiveness changes accord-
ing to pH, storage temperature, oxygen presence and the concentration of biologically
active components responsible for antimicrobial activity [30]. For this reason, evaluat-
ing spices in food, and evaluating food structure, composition and interaction between
natural microflora and foodborne bacteria should be done for their use as natural alterna-
tives to chemical compounds (i.e., nitrites and nitrates) that are employed in the control
of unwanted microorganisms. The aim of this study, realized in collaboration with the
experimental station for the food preserving industry—S.S.1.C.A., Parma, Italy, was the
achievement of two different objectives: (i) to assay the antimicrobial activity of a plant
active extract from garlic (Allium sativum L.) and onion (Allium cepa L.) against an important
foodborne pathogens, Listeria monocytogenes, added during the sausages’ manufacturing
process; and (ii) to evaluate the effectiveness of the same vegetable extract during the
shelf-life of packed vacuum-cooked ham slices that were artificially contaminated with L.
monocytogenes.

2. Materials and Methods
2.1. Plant Extracts, Strains and Culture Conditions

The plant extract employed is a natural concentrated product containing active in-
gredients obtained by hydro-distillation of fresh and dried garlic (Allium sativum L.) and
onion (Allium cepa L.), and considered safe (GRAS) by the Food and Drug Administration
(FDA). The garlic and the onion plant extracts were used, as they are often employed, to
flavor sausages. To make the extracts, 30 g of garlic and onion, respectively, were placed
in infusion in a flask containing 300 mL of sterile distilled water for one hour. After this
time, the mixture was stirred and allowed to stand at room temperature for 24 h. Four
extraction cycles using dichloromethane (30 mL) and one extraction with diethyl ether
(30 mL) were performed on each. All the fractions were collected into a sterile flask and
dried over anhydrous sodium sulphate. After 24 h, the extracts were concentrated under
reduced pressure in a rotary evaporator and were stored at —20 °C for further analysis.
The compounds of extract from garlic and onion were analyzed and identified by GC-FID
and GC-MS.
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A cocktail of five Listeria monocytogenes strains from different sources was used in the
study based on their different sensitivity to the extracts tested as shown by the minimum
inhibitory concentration (MIC) values. The mixture of Listeria included L. monocytogenes
CSA10, L. monocytogenes 10P and L. monocytogenes 123 (belonging to the experimental station
for the food preserving industry—S.S.1.C.A., Parma, Italy SSICA collection), previously
isolated from sausages and cooked ham, and L. monocytogenes Scott A (from National
Laboratories of Foods and Drugs) and L. monocytogenes ATCC 7644 (from American Type
Culture Collection).

Overnight cultures of Listeria strains were grown at 37 °C in 5 mL of Tryptic Soy
Broth (TSB, Oxoid, Milan, Italy), and collected and centrifuged (Eppendorf Centrifuge
5417r, Eppendorf s.r.l., Milan, Italy) at 4000 rpm (66.70 Hz) at 4 °C for 15 min. The pellet
of each strain was suspended in 9 mL of sterile peptone saline solution (Oxoid, Milan,
Italy), enumerated as colony-forming units per milliliter (cfu/mL) on Tryptic Soy Agar
(TSA, Oxoid, Milan, Italy) and stored at a refrigerated temperature (4 °C) for 4 h before
contaminating the samples.

The inoculum for the sausage contamination was carried out by adding the cocktail
of Listeria to the standard dough then stirred by hand to obtain a uniform distribution of
about 10° cfu/g of the pathogen. In this case, a high contamination charge (10° cfu/g) is
required considering that the product, consisting of minced meat, presents a large exposed
surface.

To validate the concentration and the uniform distribution of the artificial contamina-
tion, the inoculated pathogens were counted (cfu/g) by taking 25 g samples in six different
positions of the standard dough immediately after preparation (time 0). Approximately 4
h after bagging and before drying and ripening treatments, other three samples per line
were analyzed removing three 25 g portions from the core, the top and the bottom of
sausages. The portions of each sausage were diluted in a 1:10 ratio with sterile peptone
saline medium and homogenized for 2 min in a stomacher (Lab Blender, Seward, London,
UK). L. monocytogenes viable counts were determined by spreading on Palcam Agar Base
(Oxoid, Milan, Italy) plates and incubated aerobically at 37 °C for 48 h. The samplings were
then repeated at established times (1, 3, 8, 17, 21 and 28 days) in the same way. For the
cooked ham, the contamination was performed by spreading the L. monocytogenes mixture
on the surface of square slices of the product and dispensed with a sterile glass spatula, to
obtain a uniform inoculum of about 10* or 102 cfu/g.

2.2. Minimum Inhibitory Concentration (MIC) Determination

The extracts MIC values were determined against all microorganisms by the broth
microdilution method in 96-well microplates, according to the Clinical Laboratory
Standards Institute (CLSI) guidelines from 2019 [31]. For each strain, an overnight
culture was diluted in a sterile TSB to the final concentration of 10° cfu/mL, and 5 uL
were dispensed into each well of a sterile 96-well plate with 95 uL of TSB. Then, 100
uL of extracts serial dilutions were added to obtain concentrations ranging from 512 to
0.125 pL/mL. Negative control wells consisted of bacteria in TSB without extracts. The
plates were mixed on a plate shaker at 300 rpm for 20 s and incubated at 37 °C for 24 h.
The MIC value was defined as the lowest extracts concentration able to inhibit a visible
growth of the target microorganism, compared to the growth in the positive control, after
the optical density (OD) measure at 570 nm using a microtiter-plate reader (Sunrise™,
Tecan Trading AG, Mannedorf, Switzerland). All the experiments were repeated three
times.

2.3. Growth Control of L. monocytogenes by Plant Extracts in Artificially Contaminated Sausages
The standard dough used to produce sausages “cacciatore” consists of ground pork
meat added with NaCl 2.8% (w/w), black pepper in wheat 0.2% (w/w), milk powder 3%
(w/w) (containing up to 60% (w/w) lactose), 0.015% sugar, sodium ascorbate and sodium
nitrite. About 24 kg of standard dough was divided into two portions, one of 12 kg used
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as the control and one of 12 kg that was contaminated before packing with a cocktail of L.
monocytogenes.

The portion inoculated with L. monocytogenes was further divided into two batches,
one of which was added with 10 pL/g of the plant extract (about 3 mL/sausage, garlic
and onion were added in a same ratio of 0.05%) based on data obtained from prelimi-
nary in vitro evaluations. We obtained 18 non-inoculated sausages (C-control), 18 non-
inoculated sausages with plant extract added (10 uL/g) (PEC—plant extract control), 18
sausages contaminated with L. monocytogenes mixture (LMC) and 18 inoculated with L.
monocytogenes mixture and plant extract (PELM) (Table 1).

Table 1. Inoculation trials in sausages “cacciatore”.

(C)—Standard Dough

(PEC)—Standard Dough with Plant Extracts Added (10 uL/g)

(LMC)—standard dough with cocktail of L. monocytogenes added (about 10° cfu/g)
(PELM)—standard dough with cocktail of L. monocytogenes and plant extracts added (10 uL/g)

2.4. Production and Ripening of Sausages

The inoculated and non-inoculated standard doughs, with all components uniformly
distributed by hand in sterile bags made of pliant, highly resistant polyethylene (VWR
International Srl, Milan, Italy), were stuffed into a 5 cm diameter natural casing using
a mechanical stuffer. The obtained sausages, of about 25 cm long and 300 g in weight,
according to the ripening parameters adopted by the producer, were dried at 24 °C and
55%—70% relative humidity for 10-12 h and subsequently stored at 12 °C and humidity of
80%—-85% for 28 days. All stages of production were carried out in a suitable pilot plant
equipped with temperature and humidity control programs and subjected to periodic
environmental microbiological controls.

2.5. Microbiological Parameters of Sausages

Approximately four hours after bagging and before drying and ripening treatments,
three samples per line were analyzed to verify the level of initial artificial contaminants
(cfu/g) (time 1). At the same time, the viable count of mesophilic bacteria (colony count
at 30 °C; ISO 4833-1:2013) [32], lactic acid bacteria (ISO 15214:1998) [33], Micrococcus and
Staphylococcus spp. (UNI EN ISO 6888-1:2004) [34], Staphylococcus aureus (UNI EN ISO
6888-1:2004) [34] and Enterobacteriaceae (ISO 21528-2:2004) [35], as well as the detection in
25 g of L. monocytogenes (UNI EN ISO 11290-1:2005) [36] and Salmonella spp. (UNI EN ISO
6579:2008) [37], were determined. Afterwards, to investigate the trend of the inoculated
pathogens, three sausage samples were analyzed for each established time (1, 3, 8,17, 21 and
28 days). Microbiological investigations were performed after preparation (time 1), after
drying (3-8 days), at half ripening (8th day), at final ripening (17th day) and during and
after storage at 4 °C (21-28th day). After removing the natural casing, 25 g portions of each
sausage were diluted in a 1:10 ratio with sterile peptone saline medium and homogenized
for 2 min in a stomacher (Lab Blender, Seward, London, UK). L. monocytogenes viable counts
were determined by direct spread plating in Aloa agar (Biolife, Milan, Italy) and by the EN
ISO 11290-2: 2017 method [38].

2.6. Growth Control of L. monocytogenes by Plant Extracts in Artificially Contaminated Cooked
Ham Slices

To determine the anti-listerial potential of the plant extracts added to cooked ham,
the test was conducted according to the “Technical guidance document for conducting
shelf-life studies on Listeria monocytogenes in ready-to-eat foods (2014)” [39]. From a
whole cooked ham, 120 square slices of 15 g were cut and overlapped at sandwich to
obtain a total of 60 samples of about 30 g weight. Using a vacuum-packaging machine
(LAPACK 450 LCD), 9 control samples (C—control) were packaged and 9 samples were
added only with 10 uL/g of plant extracts (PEC—plant extracts control) (garlic and
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onion were added in a same ratio of 0.05%). Notably, 9 samples of both CLM3 and
PELM3 were inoculated with a mixture of L. monocytogenes to obtain 10% cfu/g, while
samples of both CLM2 and PELM2 were inoculated with a mixture of approximately 102
cfu/g of Listeria (Table 2).

Table 2. Inoculation trials in cooked ham slices.

C—Square Slices as They Are (Control)

PEC—square slices with plant extracts added (10 uL/g)

CLM3—square slices with 10® cfu/g L. monocytogenes added

PELM3—square slices with 103 cfu/g L. monocytogenes and plant extracts added (10 uL/g)
CLM2—square slices with 10? cfu/g L. monocytogenes added

PELM2—square slices with 10% cfu/g L. monocytogenes and plant extracts added (10 pL/g)

Controls and inoculated samples were then stored at 4 °C until the 28th day (shelf-life
of the product). L. monocytogenes viable counts (cfu/g) were assessed by the direct plate-
counting method (ISO 4833-1:2013) [32], analyzing 3 cooked ham slices of the different lines
at the indicated times (1, 5, 8, 12, 15, 20 and 28 days). Physico-chemical parameters (pH
and aw) were measured with a temperature and humidity control program, as previously
described for sausages, on 3 samples from the C and PEC lines.

The effectiveness of plant extracts in cooked ham was tested by the rate of L. monocyto-
genes growth in treated and untreated samples using MicroFit©. Through this software
processing, it was also possible to obtain parameters such as initial and final concentration
of Listeria, maximum growth rate, latency phase and generation time.

2.7. Statistical Analysis

The data obtained, relative to the growth of L. monocytogenes, were modelled using
MicroFit© (Institute of Food Research, Norwich, UK), a predictive microbiology software.
This software processes a graph with experimental points and the regression curve derived
from the use of the Baranyi and Roberts’s primary model.

Each experiment was replicated three times. The statistical significance was deter-
mined by the t-test and ANOVA test using statistical program GraphPad Prism 9.2.0. (San
Diego, CA, USA). The p-values were declared significant at <0.05.

3. Results
3.1. Minimum Inhibitory Concentration (MIC) Determination

MICs of garlic and onion extracts are shown in Table 3. The growth of Listeria was
inhibited by garlic and onion extracts from 8 to 32 pL/mL and from 4 to 32 uL/mL,
respectively. The major components of onion extract were dimethyl-trisulfide (13.40%),
me-thyl-propyl-trisulfide (11.36%), methyl-(1-propenyl)-disulfide (16.11%) and me-thyl-
(1-propenyl)-trisulfide (14.16%). While the major constituents of garlic EO were diallyl-
trisulfide (36.28%), diallyl-disulfide (25.42%) and methyl-allyl-trisulfide (10.12%). The high
content of organo-sulfur compounds found in garlic and onion cause their antibacterial
activities [40].

Table 3. Minimum and maximum value of minimum inhibitory concentration (MIC) of plant extracts.
Data are expressed as uL./mL.

Strains Garlic Extract Onion Extract
L. monocytogenes CSA10 8.00-16.00 8.00-16.00
L. monocytogenes 10P 16.00-32.00 4.00-8.00
L. monocytogenes 123 32.00 8.00
L. monocytogenes Scott 8.00-16.00 16.00-32.00

L. monocytogenes ATCC 7644 8.00 4.00
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3.2. Growth Control of L. monocytogenes by Plant Extracts in Artificially Contaminated Sausages

The results of the study conducted on sausages, untreated (LMC) and treated (PELM)
with plant extracts and contaminated with L. monocytogenes, are shown in Figure 1.

- PELM
e LMC
o
- |
LL
(&)
(@)
9 2-
1_
0 1 1 1 1 1 1 1 1 1 1

0 3 6 9 12 15 18 21 24 27 30
Time (Days)

Figure 1. Trend of L. monocytogenes during the sausages production with (PELM) and without (LMC)
plant extract. p-values of * <0.05, ** p < 0.01, *** p < 0.001 and *** p < 0.0001 were considered
significant by t-test and ANOVA. ns means not significant.

During the sausage production in both types of samples (treated and untreated), a
progressive decrease in L. monocytogenes viable count was observed. In untreated samples
(LMC) from an initial viable count of 5.46 log cfu/g, a reduction up to values of 4.73 log
cfu/g was detected after the first 3 days (fermentation phase). In the following sampling,
the decrease was constant until reaching 2.60 log cfu/g at the end of the seasoning (decimal
reductions of 2.86 log cfu/g).

In sausages treated with plant extracts (PELM) analogous results were recorded: From
an initial Listeria viable count of 5.43 log cfu/g, we observed a value of 2.88 log cfu/g
(decimal reduction equal to 2.55 log cfu/g) at end seasoning. The only difference was
found on the 17th day, with a difference between LMC and PELM of 0.26 log.

3.3. Microbiological Parameters of Sausages

The standard dough at the time of receipt showed a microbial profile character-
ized mainly by lactic acid bacteria (LAB) and Micrococcaceae (6.36 and 6.13 log cfu/g
respectively). This natural bacterial flora, normally present in the raw material of the
sausages “cacciatore” and, in particular, the lactic acid bacteria growth during seasoning,
are important to promote the organoleptic and physicochemical characteristics of the
product.

Lower values were detected for Enterobacteriaceae and Staphylococcus aureus (3.34
and 1.13 log cfu/g viable counts, respectively) while L. monocytogenes and Salmonella
spp. were absent in 25 g. These data demonstrate a good quality of the raw material
(Table 4).
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Table 4. Evaluation of the microbial flora in sausages.
. Microbial Profile (log cfu/g)
Sampling — - -
(Days) Mesoph.1 lic Lactic A.Cld Micrococcaceae Enterobacteriaceae Staphylococcus
Bacteria Bacteria aureus
1 6.58 + 0.10 6.36 + 0.22 6.13 +0.23 3.34 +0.12 1.13 £0.21
3 8.73 £ 0.18 8.69 + 0.31 6.88 + 0.11 1.78 £ 0.16 1.70 £ 0.09
8 8.75 + 0.22 8.72 + 0.18 5.57 + 0.08 0.70 + 0.21 1.70 £+ 0.07
17 8.52 +0.11 8.47 +0.15 5.78 £+ 0.06 0.70 £ 0.15 1.70 £ 0.18
21 8.26 = 0.15 8.24 + 0.06 6.02 +0.11 0.70 £0.23 1.70 £ 0.11
28 8.51 + 0.08 8.37 + 0.10 5.88 + 0.15 0.70 +0.28 1.70 £ 0.16

While the Micrococcaceae counts remained at about 6.00 log cfu/g until the end of
seasoning, lactic acid bacteria showed a progressive increase reaching 8.70 log cfu/g
between the 3rd and 8th days and did not change until at the end of ripening. Throughout
this period, the lactic acid bacteria produced a strong fermentation activity highlighted
by the corresponding lowering of the pH values. Enterobacteriaceae from the initial viable
count underwent a progressive decrease until reaching a value of 0.70 log cfu/g below
the microbiological limit of contamination (<10 cfu/g) determined for the meat from the
8th day onwards [34]. A similar trend was observed for S. aureus, which already recorded
values of 1.70 log cfu/g below the microbiological limit of contamination (<100 cfu/g) from
the 3rd day [34].

3.4. Physico-Chemical Parameters of Sausages

The initial pH (average of 5.80) decreased in all sausages at the end of ripening. During
storage, the pH value was 5.4, while at the end of seasoning, the pH decreased further to
5.10. At the same time, the aw value decreased from 0.96 at the beginning of the process
to 0.84 after storage (28th day). The decrease was slow over time with values of 0.93 and
0.89 during the ripening (8th and 17th days, respectively). The decrease in pH and aw
values during the seasoning is ordinary for this food process. Regarding the weight, from
an initial value of about 370 g, a decrease in all samples up to an average value of 39.23% at
the end of seasoning was observed, which is a fluctuation that is consistent with the usual
production trend (Table S1).

3.5. Growth Control of L. monocytogenes by Plant Extracts in Artificially Contaminated
Cooked Ham

Figures 2 and 3 show the plant extracts effectiveness against L. monocytogenes artificially
inoculated in cooked ham slices. The test, performed during the shelf-life at 4 °C of the
product using two different levels of contamination, demonstrated that, unlike sausages,
the cooked ham, due to its intrinsic characteristics (pH, aw, etc.) allows for the growth of
the pathogen. The samples CLM3 untreated with plant extracts and inoculated with the
higher concentration (on average 3.74 log cfu/g of L. monocytogenes) showed 5.48 log cfu/g
viable counts after 8 days, 7.33 log cfu/g after 15 days and a greater 8.00 log cfu/g at the
end of shelf-life (Figure 2).

In PELM3 samples treated with plant extracts, the activity of the compound im-
mediately after treatment is highlighted from a decrease of about 1.00 log cfu/g of L.
monocytogenes (the counts recorded were between 2.04 and 2.70 log cfu/g). After 8 days of
storage, L. monocytogenes viable counts increased up to 4.11 log cfu/g, and they increased
up to 6.05 log cfu/g 15 days later, reaching 7.86 log cfu/g at the end of the product shelf-life
(Figure 2). The difference between CLM3 and PELM3 was significant during the test
(p-value < 0.01), with an average difference of 1.00 log. On the 5th and the 12th day after
contamination, the difference between treated and untreated ham slices was of 2.00 log
(p-value < 0.001).
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Figure 2. Trend of L. monocytogenes during shelf-life of ham cooked with (PELM3) and without
(CLM3) plant extract. p-values of * <0.05, ** p < 0.01, *** p < 0.001 and *** p < 0.0001 were considered
significant by t-test and ANOVA. ns means not significant.

In the cooked ham inoculated with the lower microbial concentration (on average 2.05
log cfu/g of L. monocytogenes) a similar trend was observed. In samples CLM2 untreated
an increase in Listeria viable counts of almost 1.00 log cfu/g was recorded from the 5th day;
this value increased to 4.00 log cfu/g at 12th day and remains unchanged until to the end
of shelf-life (Figure 3).

In the slices treated with the plant extracts (PELM2), in the first 5 days after treatment,
we observed a reduction of about 1.00 log, with viable counts of L. monocytogenes reaching
on average 0.87 log cfu/g. From the 5th to the 12th day of experimentation, the greatest
differences in the growth of L. monocytogenes were exhibited in the two samples (PELM2
and CLM2), with a difference of 2.00 log (p-values < 0.001). After 15 days, in the treated
sample (PELM2,) the pathogen growth increased up to about 3.00 log cfu/g and then
remained constant until the end of the shelf-life (Figure 3). The difference between the two
samples decreased from the 15th day (p-values < 0.01) until the end of the test (p-values
< 0.05) due to the unchanging L. monocytogenes growth in both the treated and untreated

ham slices.

-~ PELM2
-4+ CLM2

Log CFU/g

0 rFr T 11T 1T "T1T"“57T"57T".]
0 3 6 9 12 15 18 21 24 27 30

Time (Days)
Figure 3. Trend of L. monocytogenes during shelf-life of ham cooked with (PELM2) and without
(CLM2) plant extract. p-values of * <0.05, ** p < 0.01, *** p < 0.001 and *** p < 0.0001 were considered
significant by t-test and ANOVA. ns means not significant.
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In summary, the results of the study carried out using two different levels of contami-
nation showed that the plant extracts added in cooked ham slices produced a slow down
of the potential growth rate of L. monocytogenes compared to the untreated control. Cooked
ham is commonly considered a safe product, but recontamination by psychrotrophic
pathogens such as L. monocytogenes can occur during post-processing. The use of plant
extracts can determine the elimination of the pathogens; however, the effectiveness of this
inhibition is strongly correlated to the quantity of the pathogen and of the plant extracts
used.

3.6. Assessment of Growth Speed Using MicroFit Software©

The growth rate of L. monocytogenes on cooked ham was estimated through a non-
linear regression using the MicroFit© software. The behavior in the two lines treated and
untreated with plant extracts were different, and this outcome was also to be attributed
to the initial bacterial contamination level. The statistical data show that the use of plant
extracts, in samples inoculated with 103 cfu/g (average 3.74 log cfu/g), caused a reduction
of about 1.50 log in the 24 h following the treatment, but did not affect the duration of the
lag phase or the growth rate in the subsequent days. In samples inoculated with 10> cfu/g
(average 2.05 log cfu/g), the treatment, in addition to an initial reduction of about 1.00 log,
produced an extension of the lag phase of the surviving cells (from 1.40 to 7.70 days) and
a reduction in the growth rate. It can therefore be assumed that the activity of the plant
extracts is also related to the initial level of L. monocytogenes contamination. Considering
that the degree of recontamination in the shearing phase and/or slicing of the cooked ham
usually does not exceed 10 cfu/g, our results support the use of the plant extracts as an
adjuvant in containing the pathogen growth.

3.7. Trend of Physico-Chemical Parameters in Cooked Ham

The impact of the plant extracts on the physico-chemical features during the cooked
ham shelf-life in the samples treated and untreated was monitored. The pH value initially
recorded in PEC and in C samples was 6.02 and 6.11, respectively, and did not change
substantially during storage (28 days at 4 °C). Even the aw values recorded for both types
of samples were similar showing an average value around 0.97 at all deadlines. These
results are in conformity with what is expected for this type of production (Table S2).

4. Discussion

In the present investigation, the antibacterial capability of plant extracts containing
natural compounds derived from garlic and onion was tested against the psychrotrophic
foodborne pathogen L. monocytogenes, which was artificially inoculated in sausages and in
cooked ham slices. The antibacterial activities of these natural compounds are attributed
to the high content of organo-sulfur compounds, including diallyl sulfide (DAS), diallyl
disulfide (DADS), diallyl trisulfide (DATS) and their precursors that destroy the structure
and the metabolic process of bacterial cells [40-42]. Most studies carried out on the antimi-
crobial activity of natural products against foodborne pathogens have only been performed
in cultural substrates, but the structure and composition of foods, as well as conserva-
tion conditions, can influence the effectiveness of the antagonistic compounds [15,43,44].
Firouzi et al. [45] reported that higher levels of oregano and nutmeg extracts were needed
to contain the growth of L. monocytogenes in roast chicken than in culture medium trials,
and according to Singh et al. [46], the antibacterial activity of both clove and thyme ex-
tracts added to a culture broth was significantly lower than that obtained in a food matrix,
such as hot dogs. Consequently, the real effectiveness of natural antibacterial compounds
should be directly evaluated in food substrates. In the tests carried out during sausages
manufacturing, we observed a reduction of Listeria viable counts, but the decrease does
not differ between treated and untreated samples. Furthermore, during sausage seasoning,
a reduction in the pH and aw values was detected, as also observed by Morales-Partera
for L. innocua [47]. These results were in accordance with Sun et al. [48], who reported that
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heat-dried Chinese-style sausages containing garlic had no significant differences between
the samples. The rate of inactivation that naturally occurs during seasoning and is related
to several factors (presence of microbial starters, acidity of the substrate, decreasing activity
of water, etc.), and could explain the lack of an evident antibacterial action due to the
addition of the plant extracts. Indeed, L. monocytogenes exhibits compensatory mechanisms
to adapt to stressful conditions such as low pH, low aw or low temperature, which may
explain the increased survival along the seasoning process [49]. The tolerance of this
pathogen to the dry-curing process is probably related to its tolerance to salts and low tem-
peratures in the presence of organic material and underlines the importance of controlling
L. monocytogenes during the processing of cured products [50]. Meat and meat products
are a complex environment of organic materials, and some constituents may even provide
microbial cells protection from antimicrobial substances. Cutter et al. [51] suggested that
fat in foods could protect them from antimicrobial agents by forming a protective layer
around bacteria. On the other hand, the test performed on sliced vacuum-packaged cooked
ham showed, immediately after the addition of the plant extracts, the decrease of the L.
monocytogenes contamination of about 1.00 log cfu/g. L. monocytogenes was sensitive to
spice extracts, which was probably due, at least in part, to the fact that those cooked ham
slices were leaner than the sausages. These results were in agreement with Somrani et al.
2020 [40], who reported the antibacterial activity of garlic and onion essential oils towards
L. monocytogenes. Other authors reported the antimicrobial activities of garlic and onion
against pathogenic bacteria including Salmonella Typhimurium, Escherichia coli O157:H?7,
Listeria monocytogenes, Staphylococcus aureus and Campylobacter jejuni [52,53]. The plant
extracts do not appear to interfere with the physico-chemical features of the cooked ham,
and the pH and aw values recorded did not change during the shelf-life of this product.

Considering that, in cooked ham, the presence of L. monocytogenes does not exceed
10 cfu/g, the use of plant extracts can determine the complete elimination of the pathogen.
In fact, cooked ham is commonly considered a safe product, but recontamination can occur
during post-processing. Some pathogens such as L. monocytogenes can still grow during
refrigerator storage, while the development of ‘classic’ foodborne pathogens is inhibited
by low temperatures used to preserve this product. For this reason, the cooked ham was
contaminated with L. monocytogenes using two concentrations, both overestimated (10> and
103 cfu/g) considering the usual presence of the pathogen in this type of meat product. In
sausage samples, greater quantities of L. monocytogenes than the cooked ham slices were
added, as the curing process takes place at room temperature, which is an environment
suitable for the growth of both psychrotrophic and mesophilic bacteria.

5. Conclusions

To improve safety and quality, natural compounds endowed with antimicrobial ac-
tivity could be employed during the production process. Considering the results that
emerged from the present investigation, we can assume that, during the ripening of the
sausages, the plant extracts tested do not produce further advantages on the control of
foodborne pathogens due to pH and aw decreases. The use of this natural compound
seems to be a useful technological adjuvant for the control of L. monocytogenes in other
types of meat products, such as sliced vacuum-packaged cooked ham or other cooked meat
products stored at refrigeration temperature. However, further studies are necessary to
better define the potential of these types of natural products in the field of bio-preservation,
exploiting the possibility of synergies between them and carefully evaluating the role of
food composition in determining their effectiveness.

Supplementary Materials: The following files are available online https:/ /www.mdpi.com/article/
10.3390/app112210820/5s1, Table S1: Physico-chemical parameters of sausages “cacciatore” standard
dough. The pH and aw values are expressed as mean =+ standard deviation (SD). Table S2: Physico-
chemical parameters in cooked ham. C-square slices (control) and PEC-square slices with plant
extract added (10 uL/g). The pH and aw values are expressed as mean = standard deviation (SD) of
three determinations. ns means no statistical differences between PEC and C by t-test and ANOVA.
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