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Abstract

Interest in essential oils and their food applications has grown due to the negative reaction of consumers to synthetic
chemical additives intentionally added in industrialized products in order to increase their shelf life. In this context,
the present study aimed to evaluate the chemical profile, toxicity to Artemia salina Leach and antibacterial activity in
vitro of essential oils obtained from natural condiments on bacteria of clinical and food importance. Plant material
was obtained in the municipality of S&o Luis-MA. The essential oils were extracted by hydrodistillation at 100 °C/3 h.
Folin Ciocalteau methodology was performed for the determination of total phenolics. The toxicity assay was
performed using the artemia salina Leach lethality bioassay. Antimicrobial activity followed the methodology
described by the Clinical and Laboratory Standards Institute using the Broth Disc Diffusion and Dilution Method for
the action of essential oils against the bacteria Escherichia coli, Salmonella sp., Staphylococcus aureus and Bacillus
cereus. The presence of bioactive classes in the plant materials used in this research was identified and the essential
oils obtained were classified as nontoxic in the toxicity assay, presenting low lethality to the micro crustacean Artemia
salina Leach. In the bactericidal activity assay, the essential oils of O. vulgare, T. vulgaris, C. zeylanicum showed
significant results, classified as efficient against the microorganisms tested. Finally, the use of essential oils classified
as active and nontoxic is highlighted in this study as alternatives in the control and combat of pathogenic
microorganisms presenting a proposal of natural product with low cost of obtaining and high market potential.
Keywords: Essential oils; Antimicrobial; Condiments.

Resumo

O interesse sobre dleos essenciais e suas aplicacdes em alimentos tem crescido devido a reagdo negativa dos
consumidores em relagdo aos aditivos quimicos sintéticos adicionados intencionalmente em produtos industrializados
com a finalidade de aumentar a vida Gtil dos mesmos. Nesse contexto, o presente estudo teve por objetivo avaliar o
perfil quimico, a toxicidade frente a Artemia salina Leach e atividade antibacteriana in vitro de 6leos essenciais de
obtidos de condimentos naturais sobre bactérias de importancia clinica e alimentar. O material vegetal foi obtido no
municipio de Sdo Luis-MA. Os 6leos essenciais foram extraidos por hidrodestilacdio a 100 °C/3 h. Para a
determinacéo dos fendlicos totais executou-se a metodologia de Folin Ciocalteau. O ensaio de toxicidade foi realizado
através do bioensaio de letalidade frente Artemia salina Leach. A atividade antimicrobiana seguiu a metodologia
descrita pelo Clinical and Laboratory Standards Institute utilizando o Método de Difusdo de Disco e Dilui¢cdo em
Caldo para acdo dos 6leos essenciais frente as bactérias Escherichia coli, Salmonella sp., Staphylococcus aureus e
Bacillus cereus. Identificou-se a presenca de classes bioativas nos materiais vegetais utilizados nesta pesquisa e 0s
6leos essenciais obtidos foram classificados como atdxicos no ensaio de toxicidade, apresentando baixa letalidade ao
micro crustdceo Artemia salina Leach. No ensaio de atividade bactericida, os 6leos essenciais de O. vulgare, T.
vulgaris, C. zeylanicum apresentaram resultados significativos, classificados como eficientes frente aos
microrganismos testados. Por fim, destaca-se 0 uso dos 6leos essenciais classificados como ativos e atoxicos neste
estudo como alternativas no controle e combate de microrganismos patogénicos apresentando uma proposta de
produto natural com baixo custo de obtencéo e alto potencial de mercado.

Palavras-chave: Oleos essenciais; Antimicrobiano; Condimentos.

Resumen

El interés por los aceites esenciales y sus aplicaciones alimentarias ha crecido debido a la reaccién negativa de los
consumidores a los aditivos quimicos sintéticos afiadidos intencionalmente en los productos industrializados con el fin
de aumentar su vida atil. En este contexto, el presente estudio tenia como objetivo evaluar el perfil quimico, la
toxicidad para la Artemia salina Leach y la actividad antibacteriana in vitro de los aceites esenciales obtenidos a partir
de condimentos naturales en bacterias de importancia clinica y alimentaria. Material vegetal: se obtuvo en el
municipio de San Luis-MA. Los aceites esenciales fueron extraidos por hidrodestilacién a 100 °C/3 h. Se realiz6 la
metodologia Folin Ciocalteau para la determinacion de fendlicos totales. El ensayo de toxicidad se realizé utilizando
el bioensayo de letalidad Artemia salina Leach. La actividad antimicrobiana siguié la metodologia descrito por el
Instituto de Normas Clinicas y de Laboratorio utilizando el Método de Difusién y Dilucién de Discos de Caldo para la
accién de los aceites esenciales contra la bacteria Escherichia coli, Salmonella sp., Staphylococcus aureus y Bacillus
cereus. Se identificd la presencia de clases bioactivas en los materiales vegetales utilizados en esta investigacion y los
aceites esenciales obtenidos fueron clasificados como no téxicos en el ensayo de toxicidad, presentando baja letalidad
al micro crustaceo Artemia salina Leach. En el ensayo de actividad bactericida, los aceites esenciales de O. vulgare,
T. wvulgaris, C. zeylanicum mostraron resultados significativos, clasificados como eficientes contra los
microorganismos probados. Por Gltimo, destacamos el uso de aceites esenciales clasificados como activos y no toxicos
en este estudio como alternativas en el control y combate de microorganismos patdgenos que presentan una propuesta
de producto natural con bajo coste de obtencién y alto potencial de mercado.

Palabras clave: Aceites esenciales; Antimicrobiano; Condimentos.
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1. Introduction

Among the ways of controlling microbial proliferation in foods, the use of chemical additives and the use of natural
compounds as preservatives can be mentioned, with or without the aid of barrier technology. However, the suspicion about the
toxicity of some chemical additives in products and the abuse of the use of such compounds have demanded more and more
vigorous legislative measures in the world.

Natural extracts and essential oils are used to increase shelf-life and improve the sensory characteristics of food
(Catellan, 2012). Essential oils are compounds derived from plant materials with the potential to be used as preservatives
natural from foods. The growing consumer demand for the use of antimicrobial agents from natural sources justifies the
inclusion of essential oils in food (Jiménez et al., 2018). Essential oils can have antimicrobial action in three ways: interference
with the phospholipid double layer of the bacterial cell wall, by increasing the permeability and loss of cellular constituents,
and by altering a variety of enzymatic systems such as those involved in the production of cellular energy and synthesis of
structural components or destruction of genetic material (Sarto & Janior, 2014).

The search for natural antimicrobial agents as an alternative to synthetic preservatives has been constant; in order to
provide microbiological control and shelf life extension, thus excluding the disadvantages brought by the use of artificial
additives, through the bactericidal action of essential oils. According to the legislation in force in Brazil, spices are defined as
products made up of parts (roots, rhizomes, bulbs, barks, leaves, flowers, fruits, seeds, stems) of one or more plant species,
traditionally used to add flavor or aroma to food. and drinks (Brasil, 2005). Among the plant species described in the referred
legislation, we can highlight the Thymus vulgaris, Origanum vulgare, Cinnamomum zeylanicum, Pimpinella anisum, Salvia
rosmarinus and Piper nigrum.

Among the plant species highlighted, Cinnamomum zeylanicum, whose spice is the bark removed from the thin
branches of the tree, which, when dried, curls, taking on the tubular shape of the so-called cinnamon stick. The residues and
broken shells are ground to obtain powdered cinnamon (Stobart, 2018).

Salvia rosmarinus, belonging to the Lamiaceae Family, is a spice known since antiquity for its medicinal effects.
Currently, several studies have pointed out this spice as an antioxidant and antimicrobial. The species Rosmarinus officinalis
L., usually known as rosemary, comes from the Mediterranean Region and has a woody, erect and little branched subshrub
with a height of up to 1.5 m. The very aromatic leaves are 1.5 to 4 cm long and 1 to 3 mm thick (Machado et al., 2013).

Origanum vulgare a spice originated from the Mediterranean, belonging to the Lamiaceae family, with characteristic
flavor and aromas, with main application made in the food industry through flavorings for products called pizza type. The
compound used for this purpose is the essential oil of oregano, the subject of evaluations regarding its biological properties,
due to its potential antioxidants, antimicrobials (Porto, 2018). Thymus vulgaris L., popularly known as thyme, is a medicinal,
aromatic and spice plant, belonging to the Lamiaceae family, originally from Europe and cultivated in the south and southeast
of Brazil. This plant, widely used in folk medicine, has essential oil already reported as responsible for its antiseptic,
expectorant, carminative and antispasmodic activities (Gongalves et al, 2018).

Pimpinella anisum L., is a plant belonging to the Umbelliferae family, being one of the oldest medicinal plants. It is
an annual herbaceous herb 30 - 50 cm tall, with white flowers and small green to yellow seeds, which grow in the eastern
Mediterranean region, Western Asia, the Middle East, Mexico, Egypt and Spain. Its therapeutic properties include the ability to
inhibit intestinal, carminative and antispasmodic fermentation (dos Santos & Martins, 2019). Piper nigrum, popularly known as
black pepper, is a climbing plant, belonging to the Piperaceae family. This plant is composed of terpenes of great applicability
and its different parts can be used as cosmetics, medicines, preservatives, insecticides and larvicides,

In the current context, the addition of spices remains a growing and widespread practice. Spices are used safely
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around the world in order to increase shelf-life and improve the sensory characteristics of food (Catellan, 2012). Studies point
out adverse reactions to synthetic additives, such as toxic reactions and the possible development of specific cancers. Several
natural preservatives have been used to inactivate microorganisms, without adverse effects in relation to the nutritional values
of food and human health.

The search for natural antimicrobial agents as an alternative to synthetic preservatives has been constant; in order to
provide microbiological control and shelf life extension, thus excluding the disadvantages brought by the use of artificial
additives, through the bactericidal action of essential oils. In this context, the present study aimed to evaluate the chemical
profile, toxicity and the in vitro antibacterial activity of essential oils from natural spices against microorganisms of clinical
and food importance.

2. Methodology
2.1 Plant material

Piper nigrum (black pepper) fruits, Pimpinella anisum (fennel) leaves, Cinnamomum zeylanicum sticks (cinnamon),
Origanum vulgare leaves (oregano), Salvia rosmarinus leaves (rosemary) and Thymus leaves were obtained vulgaris (thyme)
in dehydrated form and in the local market in the municipality of Sdo Luis (MA), being transported to the Laboratory of
Research and Application of Essential Oils of the Federal University of Maranhdo (LOEPAYV / UFMA).

Figure 1. Plant material (a) Piper nigrum (b) Pimpinella anisum (c) Cinnamomum zeylanicum (d) Origanum vulgare (e) Salvia

rosmarinus (f) Thymus vulgaris.

(a) Piper nigrum (b) Pimpinella anisum (¢) Cinnamomum zeylanicum

(d) Origanum vulgare (e) Salvia rosmarinus () Thymus vulgaris

Source: Authors (2021).

2.2 Phytochemical screening
A hydroalcoholic extract (Figure 2) was prepared from each of the plant materials obtained and these were subjected

to chemical tests based on the methodology presented by Matos (2009). The tests performed to identify alkaloids, steroids,
4
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phenolics, flavonoids, glycosides, cardiac glycosides, saponins and tannins are described below:

Figure 2. Hydroalcoholic extracts of plant materials.

Source: Authors (2021).

2.2.1  Steroids (Salkowsk test)
About 100 mg of dry extract was dissolved in 2 ml of chloroform. Sulfuric acid was carefully added to form a lower

layer. A reddish-brown color at the interface indicated the presence of a steroid ring.

2.2.2  Alkaloids (Mayer's test)

1.36 mg of mercury chloride were dissolved in 60 ml and 5 mg of potassium iodide dissolved in 10 ml of distilled
water, respectively. These two solvents were mixed and diluted to 100 ml using distilled water. To 1 ml of the aqueous acidic
solution of the samples, a few drops of the reagent previously prepared were added. The formation of white or pale

precipitation showed the presence of alkaloids.

2.2.3  Flavonoids
In a test tube containing 0.5 mL of alcoholic extract from the samples, 5 to 10 drops of diluted HCI were added and a
small amount of Zn or Mg was added to the solution, which was then boiled for a few minutes. The appearance of a reddish

pink or dark brown color indicated the presence of flavonoids.

2.2.4  Glycosides
A small amount of sample alcoholic extract was dissolved in 1 ml of water and then aqueous sodium hydroxide was

added. The formation of a yellow color indicated the presence of glycids.

2.25 Cardiac glycosides
About 100mg of extract was dissolved in 1ml of glacial acetic acid containing a drop of ferric chloride solution and
Iml of concentrated sulfuric acid was added. A brown ring obtained at the interface indicated the presence of an oxy sugar

characteristic of cardenolides.

2.2.6  Saponins
A drop of sodium bicarbonate was added to a test tube containing about 50 mL of an aqueous sample extract. The

mixture was shaken vigorously and held for 3 minutes. A honey comb like foam was formed and showed the presence of
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saponins.

2.2.7  Phenols
For 1 mL of alcoholic sample solution, 2 mL of distilled water was added followed by a few drops of 10% aqueous

ferric chloride solution. The formation of a blue or green color indicated the presence of phenols.

2.28 Tannins
In a test tube containing about 5 ml of an aqueous extract, a few drops of 1% lead acetate solution were added. The

formation of a yellow or red precipitate indicated the presence of tannins.

2.3 Obtaining essential oils
For the extraction of essential oils, the hydrodistillation technique was used with a Clevenger glass extractor coupled

to a round bottom flask wrapped in an electric blanket as a heat generating source. 70g of P. nigrum fruits, 30g of O. vulgare
leaves, 80g of P. anisum leaves, 100g of C. zeylanicum sticks, 30g of S. rosmarinus leaves and 100g of T. vulgaris leaves were
used, adding distilled water (1:10). Hydrodistillation was carried out at 100 ° C for 3 hours, collecting the extracted essential

oil (Figure 3). Each essential oil was dried by percolation with anhydrous sodium sulfate (Na2S04) and stored in a refrigerator

until further analysis.

Figure 3. Essential oil obtained after 3 hours of extraction using the hydrodistillation method.

. 2T
NG

Source: Authors (2021).

The physicochemical parameters of essential oils were determined: refractive index, color and appearance according

to the Brazilian Pharmacopeia (2019).

2.4 Quantification of total phenolics
The determination of the total phenolic compounds of the essential oil was carried out with adaptation of the method

of Folin-Ciocalteu (Waterhouse, 2002). 5 mg of the essential oil diluted in 1 ml of ethanol was used. To this solution was

added 3 mL of distilled water, 500 pL of the reagent Folin-Ciocalteu and 2.0 mL of 20% sodium carbonate. The formed
6
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solution was taken to the water bath at 50 °C for 5 min, removed and left to cool; and then the reading was performed on a
manual spectrophotometer, at a length of 760 nm. The standard curve was expressed in mg L of tannic acid.

2.5 Lethality against Artemia salina Leach (toxicity against non-target organism)

Artificial saline solutions (60 g L of distilled water) were added in a rectangular container, with a divider containing
approximately 0.02 cm thick spaced by 0.5 cm and evenly distributed (60 g L* of distilled water) (60 g of sea salt / 1L of
distilled water).

The container was placed inside an incubator illuminated by a fluorescent lamp, with aeration. On one side of this
container, about 64 mg of Artemia salina cysts were added, since they did not cross the partition. The part of the system
containing cysts was covered with aluminum foil, so that the organisms, at birth, were attracted by the light on the other side of
the system, forcing them to pass through the partition. This procedure aims to homogenize the physical conditions of the test
organisms. The incubation was performed for a period of 48 hours. Throughout the test the temperature was monitored.

To assess the lethality of Artemia salina Leach, a stock saline solution of each essential oil was prepared at a
concentration of 10,000 mg L and 0.02 mg of Tween 80 (active surfactant). Aliquots of 5, 50 and 500 pL of this were
transferred to test tubes and supplemented with saline solution previously prepared up to 5 mL, obtaining concentrations of 10,
100 and 1000 mg L™, respectively, at the end. All tests were performed in triplicates, where ten larvae in the nauplius phase
were transferred to each of the test tubes. To control the blank, 5 mL of saline was used, for the positive control K2Cr207 and
for the negative control, 5 mL of a 4 mg L™ solution of Tween 80. After 24 hours of exposure, live larvae, those who did not
move during the observation or with the slight agitation of the flask were considered dead. The criterion established by
Dolabela was adopted.

2.6 Standardization of the microbial inoculum for sensitivity tests

Four strains of bacteria were used: Escherichia coli (ATCC 25922), Salmonella sp. (ATCC 700623), Staphylococcus
aureus (ATCC 25923) and Bacillus cereus (ATCC 11778). These were previously identified and confirmed by biochemical
tests. Pure microbial cultures maintained on TSA agar were seeded into brain and heart infusion broth (BHI) and incubated at
35 ° C until they reached exponential growth phase (4-6 h). After this period, the cultures had their cell density adjusted in
sterile 0.85% saline, in order to obtain a turbidity comparable to that of the McFarland 0.5 standard solution, which results in a
microbial suspension containing approximately 1.5 x 108 UFC mL " according to the standards of the Clinical and Laboratory
Standards Institute (CLSI, 2020).

2.7 Disc Diffusion Method (MDD)

The disk diffusion technique was performed according to the Clinical and Laboratory Standards Institute (CLSI,
2020), which standardizes disk diffusion sensitivity testing of antimicrobials. First, plates were prepared with the Mueller
Hinton Agar (AMH) culture medium after its solidification was distributed to the microbial suspension on the agar surface and
left to stand at room temperature for 30 min. Soon after, the disks containing 50 pL of essential oils and disks with defined
concentrations of antibiotics are prepared. Using sterile forceps, the disks were distributed on the agar surface. The plates were
incubated in a bacteriological oven at 35 ° C for 24 hours. The diameters of the inhibition halos were measured, including the
diameter of the disk. These tests were done in triplicate. The values of the inhibition halos were the averages of the

measurements of the three results. Tests performed in triplicate.
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2.8 Minimum Inhibitory (MIC) and Minimum Bactericidal Concentration (MBC)

The Minimum Inhibitory Concentration (MIC) assay was performed using the broth dilution technique, proposed by
the Clinical and Laboratory Standards Institute (CLSI, 2020). First, essential oil solutions were prepared using 2%
dimethylsufoxide (DMSQ), with serial dilutions being prepared in MH broth for the bacterial assay, resulting in concentrations
of 10 to 1000 ug mL*. At each concentration, microbial suspension containing 1.5 x108 CFU mL * of the S. aureus, Bacillus,
E. coli and Salmonella strains were added. The tubes were incubated at 35° for 24h. Sterility and growth controls were
performed for the test performed.

After the incubation period, MIC of essential oils and standardized HE was verified, being defined as the lowest
concentration that visibly inhibited bacterial growth (absence of visible turbidity). Tests performed in triplicate. For the
Minimum Bactericidal Concentration (CBM) assay, a 100 uL aliquot of the dilutions from the MH broth was used, which
visibly inhibited microbial growth. The aliquots were inoculated in AMH and AMH (2% methylene blue) with subsequent
incubation at 35 ° C for 24 hours. CBM was defined as the lowest concentration that visually in the MIC assay showed growth
inhibition and that in cultures for bactericidal assays also did not show microbial growth.

3. Results and Discussion
3.1. Physico-chemical properties

The physical-chemical parameters are of great importance to determine the quality of a given product. According to
Table 1, the parameters are presented physico-chemical properties of essential oils.

Table 1. Physico-chemical parameters of essential oils.

Refractive index

Essential oil Color Appearance
(nD 25 °)

Piper nigrum (black pepper) 1,498 Colorless
Cinnamomum zeylanicum(cinnamon) 1.605
Pimpinella anisum(Fennel) 1,572

Clear
Origanum vulgare(oregano) 1.505 Yellow

Salvia rosmarinus(Rosemary) 1,470
Thymus vulgaris(thyme) 1.603

Source: Authors (2021).

When observing the data presented in Table 1, comparisons were made with other studies that obtained the essential
oils described in this research. Since, according to Vieira (2010), the refractive index of a substance is the relationship between
the speed of light in the air and its speed in this substance.

Among the studies obtained, Melo et al. (2020) who reported that the refractive index of the essential oil of P. nigrum
was 1.48 nD 25 °. Mendes et al (2012) observed in the essential oil obtained from the leaves of C. zeylanicum a refractive
index of 1.533 nD 25 °. Hassan & Elhassan (2017) reported the refractive index of 1.55 nD 25 °for essential oil of P. anisum.
Liston (2013) reported that the essential oil of O. vulgare presented itself with a refractive index of 1,495.Atti-Santos et al.
(2010) reported the refractive index of1.46nD 25 °for essential oil ofS. rosmarinus. Imtara et al. (2021) reported the refractive

index of 1.51 nD 25 ° for the essential oil of T. vulgaris. The essential oils studied showed compliance with the color and
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appearance parameters of the studies presented in the literature.

The minimum variations observed are expected and according to Simdes et al. (2007), this is based on the
composition of the essential oil of a plant to be genetically determined, being, in most cases, specific for a certain organ and
characteristic for its development, but with the variability of environmental conditions, they cause significant variations.
Comparing the results for the essential oils studied with those in the literature, it can be observed that there was a similarity
between them, with regard to the analyzed parameters. According to Costa et al. (2012) the differences in the values found can

also be attributed to factors such as collection time, different types of soil, drying conditions and leaf storage time.
3.2. Phytochemical screening
Phytochemical analysis enabled the determination of secondary metabolites present in the analyzed plant materials,

shown in Table 2.

Table 2. Phytochemical screening of plant materials used.

Class
Species 1 2 3 4 5 6 7 8
Piper nigrum(black pepper) + - + - - + + +
Cinnamomum zeylanicum(cinnamon) + - + + + + + -
Pimpinella anisum(Fennel) + - + + + + + +
Origanum vulgare(oregano) + - + + + + + -
Salvia rosmarinus(Rosemary) + + + + + + + -
Thymus vulgaris(thyme) + - + + - + + +

Note:1 - Steroids; 2 - Alkaloids; 3-Flavonoids; 4-Glycosides; 5-Cardiac glycosides; 6-Saponins; 7-Phenols; 8-Tannins. Source: Authors
(2021).

Table 2 shows the presence of different classes in all analyzed plant materials. The presence of phytochemicals is
largely influenced by several factors, including variety, genetic factors, maturation stage, climatic and edaphic
conditions.According to Menezes Filho and Castro (2019) Temperature, water availability, ultraviolet radiation, addition of
nutrients, environmental pollution and attack of pathogens are factors that can influence the amount of secondary metabolites
present in plant extracts.

According to Alfaia et al. (2016), the natural function of many secondary metabolites has been investigated with
greater tenacity, being recognized that these are essential for the existence of plants and in several biotechnological
applications. Gomes et al. (2016), in his phytochemical study of the extract of C. zeylanicum, identified reducing sugars,
phenols, tannins, steroids, triterpenoids, alkaloids, foamy saponins and flavonoids. In another study, Gomes et al. (2018),
identified reducing sugars, phenols, tannins, steroids, triterpenoids, alkaloids, anthraquinones, foamy saponins and flavonoids.

Santos et al. (2020), when analyzing the phytochemical composition of the crude extract of O. vulgare, identified the

presence of phenols, alkaloids, tannins, flavonoids and saponins. Chaves (2019), when analyzing the O. vulgare extract,
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identified the presence of reducing sugars, tannins, phenols, depsides and depsedones, steroids and triterpenoids.

Gongalves et al (2015) performed phytochemical screening in extracts of O. vulgare, T. vulgare and S. rosmarinus,
identified the presence of reducing, phenolic, cardiac glycoside, saponin, tannins and terpenes for hydroalcoholic extracts of S.
rosmarinus, Origanum vulgare, however in the extract of T. vulgare, they observed the presence of reducing sugars, phenolics,
cardiac glycosides, saponins, tannins and found the absence of terpenes.

While Silva et al (2010) reported the presence of flavonoids, tannins, terpenes and phenols in the ethanolic extract of
T. vulgare. Araujo (2005) when performing phytochemical screening in extracts of P. anisum identified the presence of
alkaloids, anthraquinones, flavonoids. While in another study by Sousa et al. (2017), the authors identified the presence of
phenols, tannins, flavanonols and xanthones in the extract of P. anisum. Almeida (2017) in his study on P. nigrum, reported the

presence of alkaloids, propenylphenols, lignans, neolignans, terpenes, steroids, flavones.

3.3. Quantification of the total phenolic content (CFT)
The result of the total phenolic content of essential oils is shown in Table 3. The total phenolic content was expressed
as tannic acid equivalents (mg EAT g plant material) the equation of the line obtained, where y represents the absorbance and

equivalent concentration of tannic acid.

Table 3. Quantification of total phenolics (CFT) of essential oils.

o CFT )
Essential oil Linear R?
mg EAT g*
Piper nigrum(black pepper) 13.99
Cinnamomum zeylanicum(cinnamon) 519.96
Pimpinella anisum(Fennel) 112.45
y = 0.0586 x + 0.06 (0.9980)
Origanum vulgare(oregano) 96.92
Salvia rosmarinus(Rosemary) 74.03
Thymus vulgaris(thyme) 368.77

Note: CFT- Total Phenolic Content. Source: Authors (2021).

According to the results presented in Table 3, it was possible to confirm an important amount of phenolic compounds
ranging from 13.99-519.96 mg EAT g* in the essential oils obtained, with the greatest results obtained for C. zeylanicum, P
anisum, T. vulgaris,, which is of great relevance since phenolics are often associated with several positive health effects,
including antioxidant effects, decreased risk of cardiovascular diseases, anticancer mechanisms and anti-inflammatory
properties (Singh et al., 2012).Phenolic compounds in plant foods have curative, preventive functions in physiological
disorders in humans, making it interesting to determine the amount of total phenolic compounds in fresh and dehydrated
condiment herbs (Soares, 2020).

The important amount of total phenolics observed in this study corroborates the data reported by Soares (2020) when
analyzing the content of phenolic compounds in oregano, basil, mint and rosemary extracts in natura and dehydrated, reporting
higher concentrations in oregano and rosemary, noting yet what dehydrated herbs have a greater extraction of phenolics, since
dehydration increases solubility with a greater extraction of phenolics, reaffirming the significant amount observed in this

study.
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Still, Santos (2009), quantified the phenolic compounds of herbs belonging to the Lamiaceae family, noting that
oregano presented the highest concentration of phenolic compounds of 5.350 equivalents of gallic acid (EAG) per milliliter of
extract, while thyme presented 2,150 EAG mL* and rosemary showed 2,440 EAG mL™. Santos (2014) reported in his study
high levels of phenols for cinnamon562 mg L gallic acid and emphasized that the ingestion of cinnamon can have a beneficial
effect in controlling the variation in blood glucose levels. Similar results were also observed by Zielinski (2015) who reported
in their study a good number of phenolic compounds of 100.45 EAG mg Lt in Pimpinella anisum.

Biazotto (2014) observed in his study low values of phenolic compounds in the grains of white pepper and reported
that the peeling of grains of this type of pepper are the variables capable of reducing the levels of phenolics more significantly
than the enzymatic browning applied to pepper black. In another study, Agbor et al. (2006) found low values of phenolic
compounds in white pepper grains (Piper nigrum).

Therefore, as observed a significant number of phenolic compounds, it is emphasized that these are considered as
considerable bioactive compounds, associated with several favorable health effects, among other functions, they are mainly
related to the antioxidant activity in plants (Rocha et al., 2011). According to Achkar et al. (2013) the use of phenolic
compounds, specifically phenolic acids, in food preservation, can increase the shelf life of the product between 15 to 200%.

Thus, the significant results obtained in this stage are extremely important and encourage studies with biological activities
3.4. Lethality in front of Artemia salina Leach (toxicity bioassay)
Table 4 shows the Lethal Concentration 50% (LCso) referring to the action of essential oil against Artemia saline L.

and its subsequent classification according to the criterion of Dolabela (1997).

Table 4. LCs quantification for the action of essential oils against Artemia salinaleach and toxicity classification.

EO LCso (ug mL™) Linear Standard error
Piper nigrum(black pepper) 261.5 (non-toxic) y = 36.776x - 42.798 0.0823
Cinnamomum zeylanicum(cinnamon) 653.4 (non-toxic) y = 16.135x - 8.1245 0.1485
Pimpinella anisum(Fennel) 293.8 (non-toxic) y =32.129x - 37.178 0.0913
Origanum vulgare(oregano) > 1000(non-toxic) - -
Salvia rosmarinus(Rosemary) > 1000(non-toxic) y =14,129x - 22,291 0.1891
Thymus vulgaris(thyme) 410.0 (non-toxic) y = 23.706x - 26.678 0.1161

Source: Authors (2021).

According to the results presented in Table 4, it can be seen that essential oils were classified as non-toxic, therefore,
their applications have their application potential encouraged.Knowledge of the toxicological potential of plants is an
important factor in establishing the consumable limit. And in this toxicity test the essential oils of O. vulgare , S. rosmarinus, C.
zeylanicum and T. vulgaris, presented the LCso well above the criterion of 250 mg L™ to be classified as non-toxic.

Similar results are justified by Pereira et al. (2015) when analyzing the toxicological potential of condiment plants,
found a low toxicological potential for rosemary and fennel and associated their atoxicities with beneficial non-toxic

compounds in their compositions, when consumed within limits. The results described by Ramos et al. (2011) also corroborate
11



Research, Society and Development, v. 10, n. 2, €58310212898, 2021
(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v10i2.12898

the data reported in this study, when analyzing the cytoxity of thyme essential oil, reporting that it presents 25% lysis at the
minimum tested concentration (1.25 mg mLt), showing low toxicity. As the concentration of essential oil increased by 25 and
50 times, the percentage of lysis increased visually to 50%. In another study, Reis (2012) reported that the essential oil of
cinnamon leaves has 162.1 mg L,

For oregano essential oil, Santin (2013) evaluated acute skin and eye irritation and skin sensitization with in vivo tests
and observed that 3% essential oil causes mild and reversible acute skin and eye irritation for seven days. Cleff et al. (2008)
studied the toxicity of 3% oregano essential oil administered daily for 30 days in rats by oral and intra vaginal route and
observed that there was no macroscopic alteration in the reproductive and digestive tract, liver, spleen and kidneys and also did
not contact changes in clinical, hematological evaluations.

Cardoso et al. (2005) evaluated the toxic effect of piperine isolated from black pepper on liver, kidney and blood cells
of mice and observed that there was no significant modulation for the hematological parameters analyzed.

According to Bakkali et al. (2006), the cytotoxic activity of essential oils is probably related to the lipophilicity of
their chemical constituents, which, due to their interaction with the cytoplasmic membrane, crosses the cell wall, breaking the
structures of the different layers of polysaccharides, fatty acids and phospholipids, reaching several targets to same time, thus
leading to cell death.

Everton et al. (2020) emphasizes that many studies in the literature do not yet disclose toxicity of the plants under
study in a specific test such as the bioassay againstSaline artemia. The study of toxicity is extremely important, as it provides
information about the quality of the environment or part of it, thus making it possible to measure the lethal concentration of a
given product (Botelho et al., 2010).

According to Reis (2012), the toxicity bioassay with Saline artemia provides an estimate of the concentration of a
substance by measuring a biological response, in which there is only one parameter involved: life or death. Since this assay is
specific, it allows the assessment of acute toxicity and, therefore, is considered essential as a preliminary bioassay in the study
of compounds with potential biological activity (Reis, 2012). Thus, this study brought the toxicity test with very significant

results for condiments widely used in daily life, but without in-depth studies on their toxicity.
3.5. In vitro bactericidal activity of essential oils

The results for the disk-diffusion assays for determining the inhibition halos for antimicrobial activity are shown in
Table 5.
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Table 5. Diameter of the inhibition halos (mm) for the action of essential oils against the pathogenic microorganisms tested.

DHI - Diameter of inhibition halos (mm)

=0 B. cereus E. coli Salmonella sp. S. aureus
Piper nigrum(black pepper) NI * NI * <9R NI *
Cinnamomum zeylanicum(cinnamon) 325 30S 31S 36S
Pimpinella anisum(Fennel) <9R <9R <9R <9R
Origanum vulgare(oregano) 12S 15S 19S 13S
Salvia rosmarinus(Rosemary) <9R NI * <9R <9R
Thymus vulgaris(thyme) 30S 27 S 24S 328

Note: NI *, there was no inhibition of the microorganism by the action of essential oil; S-Sensitive; R-Resistant. Source: Authors (2021).

As seen in Table 5, the strains were classified as sensitive and resistant according to Moreira et al. (2005), being
defined according to the diameter of the inhibition halo formed, being classified as resistant when the inhibition halo is less
than 8 mm and sensitive to 9 to 14 mm halos. Thus, the essential oils of cinnamon, oregano and thyme are described as active
in the control and combat of pathogenic microorganisms B. cereus, E. coli, Salmonella sp. and S. aureus.

Similar results have been reported by Jiménez et al. (2018) when evaluating the antimicrobial action of essential oils
of C. zeylanicum and P. nigrum against S. aureus, Salmonella sp. and E. coli, the authors reported minor zones of inhibition for
essential oil C. zeylanicum, When compared to this study, where they obtained the 8.20 mm halo for S. aureus, 10.15 mm for
Salmonella sp. and 12.30 mm for E.coli. While the results forP. nigrum were similar to those found in this study, having no
effects for these microorganisms.

In another study by Salviano et al. (2017) using the bark ofC. zeylanicum the authors reported activity for the peel
essential oil, since the authors' essential oil was more efficient compared toE. coli with 36 mm, while in this study it observed
the best efficiency forS. aureus, for Salmonella, they observed a 23 mm inhibition zone while the one found in this study was
31 mm and the results for B. cereus were similar to this study. In a study by Binatti et al. (2016) when analyzing the
hydroalcoholic extract of fennel obtained a 6 mm inhibition halo forS. aureus, 8 mm for Salmonella and did not obtain an
inhibition halo formed for B. cereus.

In addition, Reis et al. (2020) when analyzing the essential oils of oregano, thyme and rosemary and black pepper
against S. aureus,Salmonella sp. and E. coli, reported the greater effectiveness of bacterial action to the essential oil of O.
vulgare where they observed the 31 mm inhibition zone for S. aureus, 13 mm for Salmonella and 19 mm for E. coli, however
for T. vulgare observed the formation of 11.7 mm inhibition halo for Salmonella,16 mm to E. coli and did not obtain inhibition
halo for S. aureus, which reinforces the satisfactory results obtained in that study, where for S. aureus we obtained the best
efficiencies of the essential oil of T. vulgare with the 32 mm inhibition halo, the results of rosemary and P. nigrum corroborate
with that of this study, the authors report inactivity of the two essential oils.

The biological action observed is explained by Carvalho (2012) that the plant's potential is due to the presence of
flavonoids, which have the ability to complex proteins and bacterial cell wall, causing their lysis. Viuda-Martos et al., (2011)
point out that the susceptibility of a bacterium to an essential oil is the result of differences in the structure of the cell
membrane.
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The results for the Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal Concentration (MBC) assays

for determining antimicrobial activity are shown in Table 6.

Table 6. Minimum Inhibitory Concentration and Minimum Bactericide (ug mL™) of essential oils against microorganisms.

o MIC / MBC _
Essential oil B. cereus E. coli Salmonella sp. S. aureus
Hg mL*

P. nigrum CIM NI* NI * 1000 NI *
(black pepper) CBM NI * NI * > 1000 NI *
C. zeylanicum CIM 200 200 200 200

(cinnamon) CBM 400 400 400 400

P. anisum CIM 1000 1000 1000 1000

(Fennel) CBM > 1200 > 1200 > 1200 > 1200

0. vulgare CiM 400 200 200 400

(oregano) CBM 600 400 400 600
S. rosmarinus CIM 1000 1000 1000 1000

(Rosemary) CBM > 1200 > 1200 > 1200 > 1200

T. vulgaris CIM 200 200 200 200

(thyme) CBM 400 400 400 400

Note: MIC, Minimum Inhibitory Concentration; MBC, Minimum Bactericidal Concentration;NI * there was no inhibition of the
microorganism by the action of essential oil. Source: Authors (2021).

According to Aligianis et al. (2001), the classification of antimicrobial activity for plant specimens, according to the
MIC results, is considered to be strongly inhibited: MIC up to 500pug mL; moderate inhibition: MIC between 600 and 1000ug
mL™; and weak inhibition: MIC above 1000ug mL™. Thus, according to Table 6, essential oils fromO. vulgare, T. vulgaris, C.
zeylanicum showed bactericidal activity and strong inhibition, while the essential oils of P. anisum and S. rosmarinus were
moderately inhibitory and P. nigrum showed no activity.

Studies have already reported the inhibitory action of the essential oils of O. vulgare, T. vulgaris, C. zeylanicum.In the
study by Jiménez (2018) the essential oil of C. zeylanicum zeylanicum inhibited the growth of S. aureus, E. coli and
Salmonella.Andrade et al., (2012) also observed the bacterial inhibition of the essential oil ofC. zeylanicum against S. aureus
and E.coli and found the presence of 14 constituents in essential oil, the majority being: (E) - cinnamaldehyde (77.72%), (E) -
cinamyl acetate (5.99%) and the monoterpenoid 1.8-cineole (4.66%), this result in the inhibition of bacterial growth may be
related to the presence of the major component cinnamic aldehyde in high concentration. According to the literature, the
mechanism of action of aldehydes causes damage to lipids and proteins, where it is believed that the carbonyl group is capable
of binding to proteins, preventing the action of amino acid decarboxylases, for example inEnterobacter aerogenes which are
gram-negative bacilli.

14



Research, Society and Development, v. 10, n. 2, €58310212898, 2021
(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v10i2.12898

Cattelan (2012) in his study, when analyzing bacterial activity essential oil of O. vulgare, T. vulgaris and S.
rosmarinus against E. coli, S. aureus, S. thyphi P. aeruginosa, B. subtilis and B. cereus, reported that the essential oil of S.
rosmarinus had a good moderate bacterial action, being consistent with our study, observed that the essential oil of O vulgare
was effective in bacterial inhibitionand unlike this study, there was no activity of essential oil in relation to B. cereus, which
reinforces the satisfactory results obtained in this study, where for B. cereus we obtained a MIC of 400 pg mL™, Casttelan also
reported for T. vulgaris essential oil efficiency in bacterial inhibition only for E. coli, whereas in the present study, we obtained
the MIC 0f200 pg mL™%, for all microorganisms tested.

The compounds responsible for the antibacterial action of the essential oil of T. vulgaris are believed to be the
phenolics, present in high levels. According to the literature, the essential oil of T. vulgaris has thymol as a major compound
(46.6%). Studies report that phenolic compounds are able to alter the permeability of the plasma membrane and penetrate
bacterial cells, where they interact in metabolic mechanisms and this interaction affects the membrane permeability and thus,
the loss of its resistance potential occurs (Hyldgaard, 2012). Costa Junior et al., (2019) when analyzing the essential oil of O.
vulgare observed the inhibitory action of the essential oil obtaining the MIC of800 pg mL.Castilho et al., (2012) observed the
inhibitory action of essential oil ofO. vulgare front to S. aureus and E.coli and also pointed out that its broad spectrum of
antimicrobial activity is due to the presence of phenolic derivatives, such as carvacrol and thymol.

Cutrim et al. (2019) reported weak inhibition of rosemary essential oil aheadthe bacteria S. aureus and E. coli,
obtained the 1700 MIC pg mL*for E. coli and 1500pug mL™ for S. auereus, thus confirming the results obtained in the present
study.Da Silva et al. (2019) reported in his study the inactivity of the antibacterial action of the extract ofP. anisum, However,
Gessinger(2013) reported that this essential oil is effective against the bacterium Micrococcus luteus, thus presenting great
divergence in the literature showing bactericidal activity and the absence of this activity. Studies recommend modifying the
methodology used to verify the active principles of plants before and after the extraction process.

Reis et al. (2020) in their study reported that the essential oil of P. nigrumit did not inhibit the microorganisms tested
at any concentration. In another study, Indui et al. (2006) evaluated the extract of P. nigrum against E. coli, Salmonella,
Listeria monocytogenes and Aeromonas hydrophila and observed that the extract did not show antimicrobial activity.

Hyldgaard (2012) reports that Gram-negative bacteria are generally less susceptible than Gram-positive bacteria, as
the outer membrane of Gram-negative bacteria contains hydrophilic lipopolysaccharides (LPS), which create a barrier for
macromolecules and hydrophobic compounds, providing bacteria Gram-negatives with greater tolerance for hydrophobic
antimicrobial compounds like those found in essential oils. The literature shows that most constituents of essential oil have
multiple targets, so it is difficult to predict how susceptible a microorganism is and why the susceptibility varies from strain to
strain.

4. Final Considerations

Finally, the potential of all essential oils in this study is highlighted again, since they presented an important quantity
of phenolic compounds, showing themselves as promising for application and use in food. In addition, all essential oils studied
they were non-toxic, since oils with high toxicity are not recommended for biological applications. The essential oils of O.
vulgare, T. vulgaris, C. zeylanicum, present themselves as promising for application in the conservation of foods, aboth species
showed better antibacterial activity considered extremely efficient in the control of pathogenic microorganisms, represented by
E.coli and Salmonella sp. as Gram-negative, S.aureus and B. cereus as Gram-positive.
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