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Abstract

Mortadella is a widely consumed product due to its sensory characteristics, however, nitrite is used as a preservative
and this synthetic additive has been linked to some diseases. In this sense, this study aimed to evaluate the
antimicrobial effect of oregano and clove essential oils, besides the major compound carvacrol on Clostridium
botulinum endospores inoculated in mortadella and the physicochemical effect of them on the product. The minimum
sporicidal concentration of the essential oils and the major compound was determined by the broth microdilution
method and the best results used to prepare the mortadellas containing 0 and 150 ppm of nitrite. All the evaluated
treatments showed decrease of nitrite levels over time and lower lipid oxidation. The combinations of essential oils
and carvacrol did not affect the mortadella color in the final product. In the mortadellas added of combinations of
essential oils and of major compound there was reduction in the population of C. botulinum, whereas in mortadella
without essential oils the antimicrobial effect was attributed only to the nitrite. The results are promising and suggest
the use of clove and oregano essential oils together with carvacrol compound in meat sausages as a natural
preservative and action against foodborne pathogens.

Keywords: Clostridium botulinum; Endospore; Essential oil; Foodborne pathogen; Mortadella; Natural preservative.

Resumo

Mortadela é um produto amplamente consumido devido suas carcteristicas sensoriais, entretanto, o nitrito utilizado
como conservante e os aditivos sintéticos tém sido associados a certas doengas. Sendo assim, este estudo objetivou
avaliar o efeito antimicrobiano dos 6leos essenciais de orégano e cravo, juntamente com o composto majoritario
carvacrol, sobre endosporos de Clostridium botulinum inoculados em mortadela, bem como o efeito fisico-quimico
deles sobre o produto. A concentragdo minima esporicida dos 6leos essenciais e do composto majoritario foi
determinada pelo método de microdiluicdo em caldo e os melhores resultados utilizados para o preparo das
mortadelas contendo 0 e 150 ppm de nitrito. Todos os tratamentos avaliados mostraram diminuigdo nos niveis de
nitrito ao longo do tempo e reducdo da oxidacdo lipidica. A combinagdo de éleos essenciais e carvacrol ndo afetou a
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cor da mortadela no produto final. Nas mortadelas adicionadas das combinac@es de dleos essenciais e do componente
majoritario houveram reducdo da populacéo de C. botulinum, no entanto em mortadelas sem 6leos essenciais o efeito
antimicrobiano foi atribuido apenas ao nitrito. Os resultados sdo promissores e sugerem o uso dos 6leos essenciais de
cravo e orégano juntamente com o carvacrol em embutidos carneos como conservantes naturais e contra patdgenos
veiculados por alimentos.

Palavras-chave: Clostridium botulinum; Conservante natural; Endésporo; Mortadela; Oleo essencial; Patogeno
alimentar.

Resumen

La mortadela es un producto muy consumido por sus caracteristicas sensoriales, sin embargo, el nitrito utilizado como
conservante y los aditivos sintéticos se han asociado con ciertas enfermedades. Por lo tanto, este estudo tuvo como
objetivo evaluar el efecto antimicrobiano de los aceites esenciales de orégano y clavo, juntamente con el compuesto
mayoritario carvacrol, sobre endosporas de Clostridium botulinum inoculadas en mortadela, asi como su efecto
fisicoquimico sobre el producto. La concentracion minima esporicida de los aceites esenciales y del compuesto
mayoritario se determind por el método de microdiluciéon en caldo y los mejores resultados se utilizaron para la
elaboracion de mortadelas con 0 y 150 ppm de nitrito. Todos los tratamientos evaluados mostraron una disminucién
en los niveles de nitrito con el tiempo y una reduccién en la oxidacion de lipidos. La combinacién de aceites
esenciales y carvacrol no afectd el color de la mortadela en el producto final. En la mortadela con la adicion de
combinaciones de aceites esenciales y el componente mayoritario hubo una reduccién en la poblacion de C.
botulinum, sin embargo en la mortadela sin aceites esenciales el efecto antimicrobiano se atribuyé Unicamente al
nitrito. Los resultados son prometedores y sugieren el uso de aceites esenciales de clavo y orégano junto con carvacrol
en embutidos carnicos como conservantes naturales y contra patdgenos alimentarios.

Palabras clave: Aceite esencial; Clostridium botulinum; Conservante natural; Endospora; Mortadela; Patégeno
alimentario.

1. Introduction

Clostridium botulinum is a gram-positive, anaerobic and rod-shaped bacterium. It is an endospore-forming agent and
shows high resistance to the thermal treatment applied to food, hence it is extremely important in the food industry, since in
low acidity foods (pH >4.5) and under anaerobic conditions the endospores can germinate leading to the multiplication of
vegetative cells and the production of toxins (Sharma et al., 2006). Ingestion of food contaminated with botulinum toxin causes
botulism in humans, a disease with neurological symptoms that causes flaccid paralysis and high mortality rate (Peck et al.,
2010).

Among the low acidity foods whose control of C. botulinum is highly relevant, the most important are cured meat
sausages, such as mortadella. Although these products undergo heat treatment this is not enough to inactivate the endospores of
the bacteria, that can germinate under favorable ambient conditions. Thus, nitrite and nitrate salts are widely used as
preservatives in the meat industries because they are active against the germination of C. botulinum endospores (Cassens,
1997; Dutra, 2011). However, the nitrite in meat products is transformed into nitrous acid, which can react with amines and
forming N-nitrous compounds, especially nitrosamines, which have toxic, mutagenic, neurogenic, nephrotoxic and
carcinogenic effects (Oliveira et al., 2005). Therefore, total or partial substitution of this preservative is of great interest.

In this context the essential oils of condiments are promising proposals because they are generally recognized as safe
(GRAS) and have antimicrobial, sporicidal, antioxidant and flavoring activities (Chaibi et al., 1997). There is a significant
interest in the use of natural preservatives such as essential oils (Abdollahi et al., 2014, Fernandes et al., 2015) to replace the
use of chemical preservatives due to evidence of toxicity of synthetic antimicrobials (Asensio et al., 2014). However, it is
known that high concentrations of essential oils should be employed to achieve the desired antimicrobial effect in certain
foods, and it can change the sensory characteristics of the final product.

As an alternative to essential oils can be used its major compounds that are GRAS and can be used in a lower
concentration reducing the sensorial changes caused by essential oils (Bakkali et al., 2008). Hence, the aim of the present study

was to evaluate the sporicidal effect of oregano and clove essential oils and the major compound carvacrol on Clostridium
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botulinum endospores inoculated in mortadella, besides evaluating the effect of these combinations on lipid oxidation, residual
nitrite, pH, texture and color development in the product.

2. Methodology
Materials
Essential oils of oregano (Origanum vulgare) and clove (Syzygium aromaticum) were purchased from FERQUIMA

Industria e Comércio Ltd., Sdo Paulo, Brazil, and the major compound carvacrol from Sigma-Aldrich, Sdo Paulo, Brazil.

Culture of microorganism and standardization of endospore inoculum

The bacterium C. botulinum type D used in this study was gently provided by the National Laboratory for Agriculture
(LANAGRO) of Pedro Leopoldo, MG, Brazil.

The strain was grown in DRCBB (Himedia®) medium supplemented with 0.5% filtered sodium sulfate and ferric
citrate solution, and incubated in anaerobiosis at 37°C/48 h. The obtained inoculum was grown up to a population of 8 Log
CFUmL-1 and plated in AK No.2 (Himedia®) medium and incubated at 37°C/120 h in anaerobiosis to obtain the endospores.
The plates were washed with 0.9% (w/v) saline solution in order to standardize the number of endospores through absorbance
readings (D.0.600nm) and optical microscopy counts of endospores stained by the Wirtz-ConKlin technique (Murray et al.,
1999). The suspension was subjected to heat shock (75°C/15 min) and cooled rapidly in an ice bath. Serial dilutions were
performed on endospore suspension and plating on isolation agar base of C. botulinum. The plates were incubated in

anaerobiosis at 37°C/48 h and standardized suspension in 4 log CFUmL-1 endospores.

Determination of the minimum sporicidal concentration (MSC)

The minimum sporicidal concentrations (MSC) of the major compound and the essential oils were determined using
the broth microdilution technique according to NCCLS (National Committee for Clinical Laboratory Standards, 2018), with
modifications. The base broth for Clostridium containing 0.5% Tween 80 was added with the essential oils and carvacrol at
concentrations 30; 25; 20; 18; 15; 13; 10; 8; 5 and 3 uL mL-1 and inoculated with Clostridium endospores. The tubes were
incubated in anaerobiosis at 37°C/48 h and plated to determine the MSC based on visual growth. The test was performed in
triplicate and the base broth was used as positive control for Clostridium added with tween 80, and the negative control was

added with chloramphenicol.

Determination of the minimum sporicidal concentration of essential oil and carvacrol combinations

Oregano and clove essential oils and carvacrol were combined in their MSC, as shown in Table 1. The biocidal effect
of the essential oil combinations and the major compound was evaluated using the broth microdilution methodology (National
Committee for Clinical Laboratory Standards, 2018). The MSCs of the essential oils and carvacrol combinations were

considered positive when plate growth was not observed. The analyzes were performed in triplicate.

Preparation of mortadellas

The mortadellas were prepared according to Dutra (2011) with modifications and added the combinations of essential
oils, carvacrol and nitrite, according to the best results of the MSC (Table 2). After preparation, the mortadellas were stored at
4°C/ 48h for technological analysis. Microbiological analyses were performed with 25 g aliquots of each treatment, cooked in
plastic bags and inoculated with 4 log CFUg-1 of C. botulinum type D endospores, being vacuum-sealed packages. Samples

were stored at 10°C, simulating improper storage and analyzed after 24 h and after 30 days.
3


http://dx.doi.org/10.33448/rsd-v11i7.29854

Research, Society and Development, v. 11, n. 7, €38811729854, 2022
(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v11i7.29854

Table 1. Concentrations of oregano and clove essential oils and major compound carvacrol used in different combinations.

Test Oregano pL.mL™ Clove pLmL* Carvacrol pLmL™*!
1 12.5 0 0

2 0 25 0

3 0 0 5

4 6.3 12.5 0

5 6.3 0 25
6 0 125 25
7 8.4 4.25 0.85
8 2 16.8 0.85
9 2 4.25 3.35
10 4,12 8.25 1.65

Source: Authors.

Table 2. Ratios of different combinations of essential oils, carvacrol and sodium nitrite concentrations added to mortadellas,

based on the better msc results.

Samples Nitrite Oregano Clove Carvacrol
(ppm) (nLmL™) (hLmL™) (nLmL™)
ONT 0 0 0 0
TCO1 0 8.4 4.25 0.85
TCO2 0 4.12 8.25 1.65
CONT 150 0 0 0
TCO1 150 8.4 4.25 0.85
TCO2 150 4.12 8.25 1.65

CONT, control; TCO1, treatment with essential oil and carvacrol (test 7); TCO2, treatment with essential oil and
carvacrol (test 10). Source: Source: Authors.

Vegetative cell count of Clostridium botulinum
10 g samples of each treatment were homogenized in 90 ml peptone water for 2 min in stomacher (490 strokes/min),
diluted at 0.1% sterile peptone water and plated (in depth with over layer) in base medium for insolation of C. botulinum

(Pinelli et al., 2021). Plates were incubated at 37°C/48 h for colony counting. The analyses were performed in triplicate.

Technological analyses of mortadella
The physicochemical analyzes were performed in the mortadella to evaluate the changes during the storage time, and

if there was interference of the addition of the essential oils.

Concentration of residual nitrite

The residual nitrite content, expressed as sodium nitrite (ppm), was determined according to the official method N°.
973.31 of the Association of Official Analytical Chemists (1998). A total of 5 g of each treatment was homogenized with 40
mL of distilled water and heated at 80°C. The samples were washed successively with hot water until reaching the approximate

volume of 300 mL and incubated at 80°C/2 h, being stirred occasionally. The solution was then cooled and the volume filled
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with distilled water and filtered. The filtrate containing sodium nitrite (NaNO2) was added with 2,5 mL of sulfanilamide
solution in acetic acid at a 50 mL flask and homogenized. After 5 min, 2.5 mL of the N-(1-Naphthyl) ethylenediamine (NED)
dichloride reagent was added and the volume filled with distilled water. The solution was stirred and kept at rest 15 min for
color development, being measured the absorbance (D.O. 540 nm). The concentration of sodium nitrite was obtained by
analytical curve.

Lipid oxidation

The lipid oxidation was determined by the ratio of thiobarbituric acid reactive substances (TBARs), according to the
methodology proposed by Raharjo et al. (1992), with adaptations. A total of 10 g of the samples were homogenized in 40 mL
of 5% trichloroacetic acid (TCA) added with 1 mL of 0.15% butylhydroxytoluene (BHT) and centrifuged at 3000 g for 2 min.
The supernatant was collected and filtered to a 50 mL volumetric flask and the volume was filled with 5% TCA. 5 mL aliquot
of the solution was added with 5 mL of 0.08 M thiobarbituric acid at 50% acetic acid, incubated at approximately 100°C/5 min
for absorbance reading at 531 nm. The values were expressed in milligrams of malondialdehyde (MDA) per kilogram of
sample (mg MDA/KQ), through the analytical curve using 1,1,3,3-tetraethoxypropane (TEP).

Obijective color

Mortadellas were sliced in the middle and the internal surface evaluated by a CM-700d colorimeter-
spectrophotometer (Konica Minolta Sensing Inc., Osaka, Japan). The color indices were luminosity (L*), red (a*) and yellow
(b*) obtained using the illuminant D65, 10° observer angle and considering the average value of five readings performed at
different points on the surface (Dutra et al., 2011).

pH index
The samples were homogenized in distilled water and the pH value was measured with a combined electrode
(Ag/AgClI reference system) coupled to a DM20 potentiometer (Digimed, Sao Paulo, SP, Brazil).

Texture

The samples were evaluated by the texture profile analysis (TPA) test, according to the procedure described by Ramos
and Gomide (2017) for cured products, using a TA.XT2i-plus Texture Analyser (Stable Micro System Ltd., Surrey, England),
connected to a computer equipped with the Texture Expert® software. Mortadellas were cut into 1.0 cm edge cubes and
compressed twice up to 50% of their size with a compression plate of 7.5 cm diameter. There was no sample rest time between
the two compression cycles. The deformation curve over time was obtained at a compression speed of 180 mm/min, from
which six texture parameters were generated according to Ramos and Gomide (2017): hardness (N), cohesiveness,

adhesiveness (N.mm), flexibility (mm) and chewing (mm).

Statistical analyses
Data from the analyses of mortadellas prepared with the best MSC results were compared through the Statistical
Analysis System (SAS), using a completely randomized design (CRD) in a split-plot: a plot in factorial design with two levels

of nitrite x three levels of oil and two-stage subplot. Analysis of variance (ANOVA), Tukey test and F test were performed.
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3. Results

Minor sporicidal concentration (MSC) and sporicidal effect of essential oil and carvacrol combinations
The MSC of oregano and clove essential oils was, respectively, 13 and 25 pL mL-1, and 5 pL mL-1 for carvacrol.
Regarding the combinations, all showed sporicidal action against Clostridium botulinum.

Preservative action against C. botulinum in mortadella

Once all tested combinations of essential oils and carvacrol were effective against C. botulinum endospores, the tests 7
and 10 were selected as preservatives added to mortadella. It was aimed not change the sensory characteristics of the product,
since both oils are used as condiments.

The evaluation of treatments (nitrite levels and combination of essential oils) and storage time showed significant
interaction (p<0.05). Except for the control, without addition of nitrite and essential oil, the other treatments involved a
reduction in cell counts after 30 days of refrigerated storage (Table 3).

Table 3. Average (zstandard deviation) of the effects of nitrite levels and the addition of essential oil blends in the count of

vegetative cells of Clostridium botulinum (Log CFUg™) with the storage time at 10°C.

NO2 (ppm) Time (days) CONT TCO1 TCO2

0 0 3.69+0.09° 3.38+0.222 3.43+0.03?
30 4.92+0.04° 2.68+0.23P 2.61+0.38°
A +1.23 -0.70 -0.81

150 0 3.22+0.272 3.44+0.16% 3.18+0.03?
30 2.62+0.24° 2.75+0.04° 2.76x0.07°
A -0.60 -0.69 -0.42

CONT = control treatment without addition of oil;

TCO1 = treatment with addition of oil in combination 1;

TCO2 = treatment with addition of oil in combination 2.

A = Variation between the two times,

+ = increase in the count of vegetative cells,

- = decrease in the count of vegetative cells.

Averages followed by different letters in the column and within each nitrite level differed among themselves
(p<0.05) by the F test.

Source: Authors.

Treatments, nitrite levels, essential oils and storage time did not show statistically significant differences for red (a*)
and yellow (b*) indices. However, an isolated significant effect (p<0.05) for nitrite levels was verified by increasing the a*
values and reducing the b* values. The value of parameter a * was 4.40 + 2.00 for treatment without nitrite and 10.14 + 2.7 for
the sample containing 150 ppm nitrite. The mean value b * was 11.98 +1.80 and 10.01 + 1.48 for 0 and 150 ppm of nitrite,

respectively.

TBARS index
The highest results were found for the samples without addition of nitrite (0.51 mg MDA kg-1), whereas the
mortadellas added with 150 ppm of nitrite showed a TBAR index of 0.36 mg MDA kg-1.

Residual nitrite

Nitrite concentrations and storage time showed significant interaction in relation to the residual nitrite content found
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in mortadella. Initially, mortadella formulated without sodium nitrite presented residual nitrite of 4.53 ppm, and at the end of
storage (30 days), 3.35 ppm, with no significant change. In the sample containing 150 ppm nitrite, initially the value found was

32.51 ppm, and 19.76 ppm at the end of 30 days, with significant reduction of residual nitrite.

pH
The CONT treatment presented pH from 6.28 to 6.54, while TCO1 presented pH between 6.28 and 6.50, and TCO02
showed pH from 6.28 to 6.73. There was a slight increase in pH during storage and this increase was slightly higher in samples

without nitrite added. However, the pH variation was not significant.

Texture

The evaluated texture parameters did not show a significant interaction between nitrite levels and the addition of
essential oils. However, nitrite-containing samples showed values higher than the samples without this additive, demonstrating
an isolated significant effect (p<0.05) (Table 4).

Table 4. Average (tstandard deviation) of the effect of nitrite addition on the texture parameters of mortadellas.

NO2 HARD (N) COHES ADHES FLEX CHEW
(N.mm) (mm) (N.mm)
0 18.68+1.682 0.74+0.012 8.64+2.54? 4.75+0.16° 67.9315.102
150 25.59+3.08° 0.760.01° 12.83+3.05° 5.51+0.11° 105.03+11.49°
Treatment HARD (N) COHES ADHES FLEX CHEW
(N.mm) (mm) (N.mm)
CONT 20.66+2.05 0.74%0.005 9.22+1.78 4.78+0.082 75.90+8.012
TCO1 22.10+1.63 0.75+0.08 10.24+3.26 5.12+0.19° 85.96+4.45
TCO2 23.65+3.45 0.75+0.007 12.75+3.34 5.50+0.14 ¢ 97.57+12.41°

HARD = hardness; COHES = cohesiveness; ADHES = adhesiveness; FLEX = flexibility; CHEW = chewing;
CONT = control treatment without addition of oil; TCO1 = treatment with addition of oil in combination 1;
and TCO2 = treatment with addition of oil in combination 2. Averages followed by different letters in the
column differ among themselves (p<0.05) by the Tukey. Source: Authors.

4. Discussion

Essential oils are a complex mixture of numerous molecules and their biological effect may be resulting from
synergism with all molecules or only of the major compound, which is present in a greater amount (Bakkali et al., 2008). It is
known that the chemical composition of the essential oils of a particular species of plant may vary according to the
geographical origin and the period of harvest (Bassanetti et al., 2017). Many essential oils and their components have shown
antimicrobial efficacy against pathogenic and deteriorating food microorganisms (Arsi et al., 2014; Pinheiro et al., 2015; Kim
and Rhee, 2016). However, research have demonstrated that essential oils that have the major components carvacrol, thymol
and eugenol are associated with greater antimicrobial activity than oils without these compounds (Ouattara et al., 1997).

The results found in the present study are in agreement with this statement, since all evaluated concentrations of the
essential oils of oregano and clove, besides the major compound carvacrol, were efficient in inhibiting C. botulinum
endospores. Similar results were also found by Marino, Bersani and Comi (2001) and Hoffmann et al. (1999) when evaluated
the antimicrobial action of oregano and clove essential oils, respectively, under Gram-positive and Gram-negative bacteria.

Asensio et al. (2014) demonstrated that gram-positive bacteria were strongly inhibited by oregano essential oil showing more
7
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sensitivity than the Gram-negative bacteria evaluated. It was observed in a study by Bassanetti et al. (2017) that the minimum
inhibitory concentrations and minimum bacterial concentrations of the tested oils against Clostridium perfringens were the
same or lower than those observed against the gram-negative bacteria tested.

The synergistic effect of essential oils and major compounds is a source of research and has showed significant
results, such as the present study. Different terpenoid components of essential oils may interact to amplify the antimicrobial
effect (Delaquis et al., 2002). The interaction between EO chemical compounds can produce different effects, among them
synergism, observed when the effect of the combined substances is greater than the sum of the individual effects while the
absence of interaction is defined as indifference (Burt, 2004). Most studies in this regard deal with the mode of action of
essential oil components with other preservatives or antibiotics (Ultee et al., 2000; Misaghi & Basti, 2007; Dimitrijevic et al.,
2007). Few studies report the action between the essential oil components, however, there are some accepted mechanisms.
Sequential inhibition of the biochemical pathway, inhibition of enzymes, and membrane porosity, which may increase uptake
of other antimicrobials (Santiesteban-Lopez, 2007), are usually indicated as a mode of action. In Gram-negative bacteria Pei et
al. (2009) suggested that the synergistic effects of eugenol/carvacrol and eugenol/thymol could be due to carvacrol and thymol
disintegrating the outer mebrane of the cell, facilitating eugenol entry into the cytoplasm and causing enzyme inactivation of
metabolism. The practical implications observed in this paper, which show that there was synergism between essential oils of
clove and oregano and carvacrol are important when using essential oils in food matrices, as it shows that the use of the lowest
concentration can produce antibacterial activity and this in a food entails a reduction in sensory impact.

In the absence of nitrite, the combination of oils showed satisfactory antimicrobial effect, similar to the conventional
treatment in which the nitrite is added at a maximum concentration of 200 ppm. Synergism among oils and nitrite was not
observed, although the lowest cell count after 30 days of refrigerated storage was observed in treatments with 150 ppm of
nitrite and the TCO2 combination. Dias et al. (2015) studied C. perfringens in mortadellas prepared with 75 ppm of nitrite in
combination with essential oils of oregano (2.5%), cloves (0.6%) and thyme (0, 3%) and obtained a population reduction of the
microorganism, demonstrating, similarly with the present study, the efficiency of essential oil combinations. Ghabraie et al.
(2016) when studying the effect of combinations of cinnamon essential oil (0.025 and 0.05%), nisin (12.5 and 25 ppm), nitrite
(100 and 200 ppm) and a mixture of potassium lactate and sodium acetate (1.55 and 3.1%) against Clostridium sporogenes
endospores in the formulation of a meat product found that nitrite was the most important component in the control of C.
sporogenes. However, there was a contribution of other components in the antibacterial activity, such as nisin, essential oils
and salts of organic acids. Therefore, to ensure food safety antibacterial agents should be used together and under optimized
conditions or of lowest possible concentration.

In this study, similarly as in Oliveira et al. (2012), higher values of a* for mortadellas added with nitrite were found,
indicating a more intense red hue. There was no significant interaction among the treatments (nitrite levels and combination of
essential oils) and storage time for the objective color parameter. High values of the a* index, referring to the red color of the
product, are expected in meat products added with nitrite, since this provides the color characteristic of cured product (Ramos
& Gomide, 2017). Similarly, Dutra (2011) evaluated color formation in mortadellas prepared with different nitrite levels (0.75
and 150 ppm) and subjected to irradiation, being found the lowest a*values in the samples without nitrite addition. Blanco-
Lizararo et al. (2017), when evaluating the effect of sodium nitrite (200 ppm), sodium lactate (1.5%) and thyme essential oil
(100 ppm) added separately in the sausage formulation, found that the values of a * were larger in the treatment containing
sodium nitrite, from the second day to the 37th day of storage of the meat product. Oliveira et al. (2012) also reported a slight
increase in L* after 20 days of storage for mortadellas prepared with 31.25 ul of Sartureja montana essential oil and 200 ppm
of nitrite. The same was observed by Dias et al., (2015) in mortadellas added with 150 ppm of nitrite after 20 days of
refrigerated storage. According to Alahakoon et al. (2015), to preserve color generation during storage, it is necessary to
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maintain the residual nitrite concentration between 10ppm and 15ppm. The addition of nitrite to mortadella, on other hand,
slightly reduced the b* values in the samples, parameter referring to the yellow coloration of the product. The addition of
essential oil combinations in the mortadella generally did not affect the final product color, being the nitrite effect significant in

the color change (Figure 1).

Figure 1. Mortadellas after 24 h of preparation. CONT = control without addition of oil; TCO1 = treatment with addition of oil
in combination 1; and TCO2 = treatment with addition of oil in combination 2.

CONT TCO1 TCO02

WITHOUT

WITH NITRITE
(150 ppm)

Source: Authors.

Regarding the TBARS index, the lowest values of lipid oxidation in mortadellas were found at higher concentrations
of nitrite, as well as verified by Pinelli et al. (2021) and Dutra (2016). Oliveira et al. (2012), when evaluating the lipid
oxidation of mortadellas added with essential oil of Satureja montana L. and sodium nitrite verified that in the treatments
without addition of essential oil, lipid oxidation values were lower in all storage times (1, 10, 20 and 30 days) in samples with
nitrite compared to the sample without nitrite. In the samples with essential oil and nitrite, they observed possible benefits of
the combined use of essential oils and minimal amounts of sodium nitrite in cured meat products due to the reduced values of
lipid oxidation in mortadella formulated with the lowest concentrations of essential oil without addition of nitrite and in
samples with essential oil and reduced amounts of sodium nitrite. Although essential oils act as antioxidants, nitrite is still the
most effective way to prevent or delay spoilage by lipid oxidation. Some compounds act as antioxidants whether added at low
concentrations, such as eugenol. Otherwise, they can act as pro-oxidants whether present at high concentrations (Decker,
1997). Another fact refers to the composition of essential oils, which together with carvacrol are phenolic compounds and,
when reacting with the peroxyl radical, they form the phenoxyl radical that, although stable, can be affected by ultraviolet light
and high temperatures, giving rise to new radicals, which can compromise the antioxidant efficiency (Angelo and Jorge, 2007).

The amount of residual nitrite in meat products is generally lower than that added one, since it is consumed
throughout the storage time due to the ability to react with several mortadella compounds, such as myoglobin (Cassens et al.,
1997). The residual nitrite values found in this study corroborate with those observed by Al-Shuibi and Al-Abdullah (2002) in
mortadellas prepared with 120 ppm of nitrite. Under this condition, the residual nitrite concentration was 32 ppm, similar to the
results obtained by Dutra (2011).

Nitrite is considered as one of the most relevant factors to inhibit the growth of C. botulinum in meat products, since it
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is @ mandatory anaerobic bacterium capable of being developed in vacuum packed products (Cassens, 1997). Residual nitrite,
derived from the nitrite added in the mortadella formulation ensures the microbiological quality of the product preventing the
development of microorganism. If concentrations below 150 ppm are added to the product the residual nitrite will be less than
10 ppm, so the risk of microorganisms growth cannot be ruled out. However, the use of different food preservation systems,
such as thermal treatment, pH, refrigeration, water activity and the addition of natural antimicrobial agents may reduce or
replace the use of nitrite in these foods and result in a safe, stable and loss-free sensory quality product. In this context, the
combined use of oregano and clove essential oils, and the major compound carvacrol represent a safe alternative to the
reduction of nitrite in this type of food, since they proved antimicrobial efficiency against C. botulinum endospores and the
residual nitrite concentration agrees with the recommended safety parameter (19.76 ppm). Although the absence of reports in
the literature on the action of essential oils or their compounds on C. botulinum, the results obtained in the present study
corroborate those found in the literature for other microorganisms (Zhang et al., 2019; Soji¢ et al., 2019; Sharma et al., 2020;
Tomovi’c et al., 2020; Ajourloo et al., 2021; Pinelli et al., 2021).

Although, in this study, the pH variation was not significant, your determination in food provides the evaluation of
possible predominant microbiota, and potential and probable nature of spoilage it may suffer and how it food should be
processed (Toldra, 2014). In general, the pH remained between 6.0 and 7.0, and are considered normal and within acceptable
levels for good preservation of processed foods (Cheng et al., 2007). The values found do not indicate deterioration process by
microorganisms. The variation found between mortadella treatments can be attributed to slight variations in ingredient
quantities (antioxidant, acidulant and stabilizers) as well as different amounts of essential oils and carvacrol.

Texture is the result of the deformation of a food when bitten, pressed and cut. This change provides knowledge about
hardness, adhesiveness, elasticity, cohesiveness, gomesity, chewability among others (Teixeira, 2009). Hardness is directly
related to the maximum force applied in the first cycle of sample compression. Adhesiveness is a negative force resulting from
work done to overcome the attraction between the food and the probe. Flexibility is the ability of the material to return to its
original shape when subjected to deformity. Cohesiveness is the ratio of work done in the second cycle to work done in the
first cycle. Chewiness is the work required to chew a sample (Chen & Opara, 2013).

The application of the essential oils implied in the increase of flexibility and chewing of mortadellas as observed at
Dong et al. (2007) for increase in hardness and adhesiveness parameters in mortadellas added with nitrite at concentrations 0,
75 and 150 ppm. Similarly, found at Viuda-Martos et al. (2010) in the experiment with mortadella added with dietary fiber of

orange and essential oil of rosemary.

5. Conclusion

The MSC of oregano and clove essential oils was, respectively, 13 and 25 pL mL-1, and 5 uL mL-1 for carvacrol.
There was synergism between the essential oils and carvacrol, reducing the concentration required for antimicrobial action.
The population of C. botulinum in the mortadella was reduced with the addition of combinations of oils and the major
compound both in the presence and absence of the nitrite. However, the antimicrobial effect was supported by nitrite in the
absence of combinations. Therefore, the objective of microbiological analysis was achieved, the study showed the potential
antimicrobial action of natural compounds when added to meat product. Regarding the physicochemical analysis, it was
observed that nitrite has unquestionable technological action, however, the addition of essential oils did not cause significant
changes. Clearly, further studies should be conducted in this regard also involving sensory analysis.

The results of this research are promising and suggest the use of clove and oregano essential oils together with the

major compound (carvacrol) in meat sausages as a natural preservative and action against foodborne pathogens.
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Furthermore, future research will be focus to investigate the antimicrobial potential of essential oils combination and
major compound to films elaboration. Thereby mitigating sensory effects in the product while to act as natural preservative.
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