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ABSTRACT

This study aimed to determine the total phenolic compounds, evaluate the antioxidant and anti-
inflammatory activities of nanoemulsions (O/W) and essential oils (EOs) from Salvia rosmarinus
(rosemary). The plant material was obtained in the city of Sdo Luis (MA). The EO was obtained by
the hydrodistillation technique in a modified Clevenger extractor, and the NOE's by phase inversion.
The chemical constituents of EO were determined by GC-MS. The determination of total phenolic
compounds (TPC) was performed by the Folin-Ciocalteu method. The anti-inflammatory activity was
performed by the method of protein denaturation, and the antioxidant activity was performed by the
spectrophotometric method of scavenging hydroxyl radicals. The GC-MS allowed quantifying 1,8-cineol
(30.22%), a-pinene (22.14%), camphor (18.33%), and camphene (10.36%) as major components of the
EO. The TPC of the EO was quantified at 26.74 mg EAT g’ and the refractive index at 1.466 nD 25°. In the
antioxidant activity test, an EC, of 80.33 mgL" was obtained for the EO and from 19.56 to 408.85 mg L
for the nanoemulsions. In the anti-inflammatory activity assay, an EC_, of 62.46 mgL" was obtained for
EO and 64.96 to 4220.25 mg L for NOE's. Finally, the pharmacological activities tested showed efficient
values for EC,, therefore being considered active. This activity is attributed to the chemical compounds
present, thus encouraging studies with this species aiming at its potential application in a formulated
bioproduct.
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RESUMO

Este estudo teve como objetivo determinar os compostos fendlicos totais, avaliar as atividades
antioxidante e anti-inflamatéria de nanoemulsdes (O/A) e 6leos essenciais (OEs) de Salvia rosmarinus
(alecrim). O material vegetal foi obtido na cidade de S&do Luis (MA). O OE foi obtido pela técnica de
hidrodestilagcdo em extrator Clevenger modificado e as NOE’s por inversdo de fases. Os constituintes
quimicos do OE foram determinados por CG-EM. A determina¢do de compostos fendlicos totais (CFT)
foi realizada pelo método de Folin-Ciocalteu. A atividade antiinflamatéria foi realizada pelo método de
desnaturacdo de proteinas e a atividade antioxidante pelo método espectrofotométrico de sequestro
de radicais hidroxila. A CG-EM pertimitiu quantificar 1,8-cineol (30,22%), a-pineno (22,14%), canfora
(18,33%) e canfeno (10,36%) como componentes majoritarios do OE. O CFT do OE foi quantificado em
26,74 mg EAT g e o indice de refracdao em 1,466 nD 25°. No teste de atividade antioxidante, obteve-
se EC,,de 80,33 mgL" para o OE e de 19,56 a 408,85 mg L' para as nanoemulsées. No ensaio de
atividade antiinflamatoria, obteve-se CE, de 62,46 mgL" para OE e 64,96 a 4220,25 mg L™ para as NOE’s.
Por fim, as atividades farmacolégicas testadas apresentaram valores eficientes para CE,, sendo assim
consideradas ativas. Essa atividade é atribuida aos seus compostos quimicos presentes, incentivando
assim estudos com essa espécie visando sua potencial aplicagdo em um bioproduto formulado

Palavras-chave: Alecrim; Anti-inflamatorio; Nanoemulsédo

1 INTRODUCTION

Nanoemulsions can be defined as heterogeneous systems, in which a liquid (the
internal phase) is dispersed in another (the external phase) in the form of nanometer-
sized droplets, in the presence of an emulsifying agent (Fronza et al., 2007). This system
has several advantages that increase solubility and provide better physical stability, in
addition to better biologic activity at lower concentrations and uniform dispersion of
hydrophobic compounds throughout the celular matrix (Noori, Zeynali, & Almasi, 2018).
Other advantages include the controlled emissions of an effective formulation and the
development of evaporation and loss prevention (Syed, Banerjee, & Sarkar, 2020).

These formulations are characterized by their thermodynamic stability and small
droplets, ranging from 20 to 200 nm and have a wide variety of industrial applications
(Izquierdo et al., 2002; Tadros et al., 2004; Ostertag et al., 2012).

Nanoemulsions are promising systems for drug delivery with low solubility in

water and have already been proposed to be associated with the essential oil of Salvia
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rosmarinus Spenn (Duarte et al., 2015). it is popularly known as rosemary, being an
aromatic plant with needle-shaped leaves belonging to the Lamiaceae family. It has
the characteristics of being a subshrub with green branches, having woody stems and
small leaves (Silva et al., 2008; Macedo, 2020).

Thisis a medicinal plant native to the Mediterranean region and cultivated all over
the world. In addition to being commonly used as a condiment and food preservative,
it is widely used in cosmetics and flavoring agents, it has antibacterial, cytotoxic,
antimutagenic, antioxidant, anti-inflammatory and chemopreventive properties (De
Oliveira, 2019; Hussain et al., 2010).

The EO of S. rosmarinus is characterized by being EO with high concentrations
of some monoterpenes, such as a-pinene, limonene, 1,8-cineol, borneol and camphor,
which are known to inhibit seed germination, growth and seedling survival of many
plant species (De Martino et al., 2012; Maccioni et al., 2019).

Salvia species EO was shown to inhibit the 5-LOX enzyme (IC,, = 36.15 + 1.27 mg/L),
which maybe duetothe presence of 1,8-cineole (22.22%), myrcene (0.96%), 3-caryophyllene
(0.27). %), alpha-pinene (1.71%), beta-pinene (1.29%), camphene (4.88%), borneol (2.64%)
have been found to be involved in the treatment of some infections and effectively inhibit
the inflammation called enzymes (El Euch et al., 2019; El Jery et al., 2020).

S. rosmarinus contains an abundance of properties attributed to its secondary
metabolites, but few reports relate these activities to its nanoemulsions, thus resulting
in the relevant interest in exploring the particularities of its biological activities. Thus,
this study aimed to evaluate the chemical constituents and biotechnological potential

of nanoemulsions (O/W) of Salvia rosmarinus EO formulated by phase inversion.

2 MATERIAL AND METHODS

2.1 Plant material

Leaves of S. rosmarinus were acquired in the municipality of Sdo Luis (MA) from
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the certified distributor of Produtos Naturais Muniz LTDA. The sample was sent to
the Laboratory for Research and Application of Essential Oils (LOEPAV/UFMA) for

extraction of the EO.
2.2 Obtaining the essential oil

For extraction of the EO, the technique of hydrodistillation - Farmacopeia
Brasileira, with a glass Clevenger extractor coupled to a round bottom flask placed
in an electric blanket as a source of heat. 200 g of dried and crushed leaves of S.
rosmarinus were used, adding distilled water (1:8) to the plant material contained in the
flask. Hydrodistillation was conducted at 100°C for 3h and then the extracted EO was
collected. The EO was dried by percolation with anhydrous sodium sulfate (Na,SO,).

The sample was stored in an amber glass vial under refrigeration at 4°C.
2.3 Chemical constituents

The EO constituents were identified by gas chromatography coupled to
mass spectrometry (GC-MS). 1.0 mg of the sample was dissolved in 1000 pL of
dichloromethane (99.9% purity).

The analysis conditions were as follows: Method: Adams. M; Injected volume:
0.3pL; Column: Capillary HP-5MS (5% diphenyl, 95% dimethyl polysiloxane) (equivalent
DB-5MS or CP-Sil 8CB LB/MS), in dimensions (30m x 0.25 mm x 0.25 pym); Carrier gas:
He (99.9995); 1.0 mL.min”; Injector: 280°C, Split mode (1:10); Oven: 40°C (5.0 min.)
to 240°C at a rate of 4°C min™', from 240°C to 300°C (7.5 min) at a rate of 8°C.min™");
tT=60.0 min; Detector : EM; IS (70 eV); Scan mode (0.5 sec scan-1); Mass range: 40-500
daltons(one); Line transfer: 280° C.; Filament: off 0.0 to 4.0 min; Linear quadrupole
type mass spectrometer. For the identification of the compounds in the sample,
the program AMDIS (Automated Mass spectral Deconvolution Mass & Identification

System) was used.
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2.4 Formulation of nanoemulsions

The preparation of nanoemulsions was carried out according to the adapted
methodologies described by Lima et al. (2020), Sugumar et al. (2014), Kubitschek et al.
(2014) and Rodrigues et al. (2014). The oil-in-water nanoemulsion was formulated with
essential oil, non-ionic surfactant (Tween 20 and Tween 80) and water. The required
amounts of each oil phase constituent (oil+surfactant) were heated to 65 + 5°C. The
aqueous phase was separately heated to 65 + 5°C, providing a primary formulation, by
the phase inversion method.

To prove the stability, the formulated emulsion was submitted to different
stress tests (Shafiqg et al., 2007). Heating-cooling cycle: it was carried out by keeping the
formulated nanoemulsions at 40 and 4°C, alternating each temperature for 48h. The
cycle was repeated three times. Freeze-thaw stress: nanoemulsion alternately at-21 and
25°C for 48h at each temperature. The cycle was repeated three times. Formulations

that passed thermodynamic stress tests were carried over to further studies.
2.5 Spectrophotometric determination of Total Phenolic Content (TPC)

The determination of the total phenolic compounds of the EO and of the
nanoemulsions was carried out with an adaptation of the Folin-Ciocalteu method
(Waterhouse, 2006). 5 mg of diluted EO or nanoemulsions were used in 1 mL of 70%
ethanol. To this solution, 7 mL of distilled water, 800 pL of Folin-Ciocalteu reagent
and 2.0 mL of 20% sodium carbonate were added. After two hours, the reading was
performed in a UV-VIS spectrophotometer at a length of 760 nm. The standard curve

was expressed in mg L' of tannic acid.
2.6 Refractive index determinations

The refractive index of the EO and the formulations was determined with the aid
of the Abbé Refractometer device, initially calibrated according to the refractive index

of distilled water at 25°C, informed by the manufacturer, of 1.332.
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2.7 Determination of Antioxidant Activity

Antioxidant activity was determined by the spectrophotometric method of
eliminating hydroxyl radicals from salicylic acid, according to the methods described
by Smirnoff and Cumbes (1989) and Sundarajan et al. (2016).

EO and nanoemulsions in different concentrations of 10-100 mg L' were
dissolved in 0.2% DMSO and distilled water, respectively. To these concentrations, 1 mL
of salicylicacid (9 mM), 1 mL of ferrous sulfate (9 mM) and 1 mL of hydrogen peroxide (9
mM) were added. Ascorbic acid was used as a positive standard. The reaction mixture
was incubated for 60 min at 37°C in a water bath; after incubation, the absorbance of
the mixtures was measured at 510 nm using a UV/VIS spectrophotometer and the EC,,

calculated.
2.8 Determination of Anti-Inflammatory Activity

The anti-inflammatory activity was evaluated by the protein denaturation
method (Padmanabhan; Jangle, 2012).

The reaction mixture (4 mL) consisted of 2 mL of different concentrations of
EO, as well as for the formulations (50-500 mg L") and 2 mL of a 10% albumin solution
diluted in PBS and incubated at (37 £1)°C for 15 minutes. Denaturation was induced
by keeping the reaction mixture at 60°C in a water bath for 10 minutes. After cooling,
the absorbance was measured at 660nm. Inhibition of protein denaturation was
expressed as a percentage and the 50% Efficient Concentration (EC, /IC, ) capable of

inhibiting 50% of denaturation was expressed in mg L.

3 RESULTS AND DISCUSSION

3.1 Chemical constituents

The Table 1 lists the components found in the sample with their respective
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retention times. The 12 compounds were identified reaching a total of 100% of the
composition, in this total are the major compounds such as 1,8-cineol (30.22%),

a-pinene (22.14%), camphor (18.33%) and camphene (10.36%).

Table 1 - Identification of chemical constituents in the essential oil sample of Salvia

rosmarinus

Peak Retention Time (min) Compounds NIST08 Content (%)
1 6.01 a-pinene 22.14
2 6.41 camphene 10.36
3 7.22 B-pinene 5.98
4 8.26 P-Cymene 1.08
5 8.37 limonene 1.88
6 8.51 1,8-Cineole 30.22
7 9.16 Linalool 0.75
8 10.28 Isopulegol 2 1.55
9 11.88 Camphor 18.33
10 13.19 a-Terpineol 3.01
11 13.60 Verbenone 2.01
12 19.70 [B-caryophyllene 2.69

Source: Autorship (2024)

Chemical composition like this one was identified by Zaouali et al. (2010), who
found, among the 25 identified components, 1,8-cineol (40.0%), camphor (17.9%),
a-pinene (10.3%), and camphene (6.3%) as major components.

Similarly, Bouyahya et al. (2017) also presented as the main components of the
EO of S. rosmarinus, a-pinene (14.07%), 1,8-Cineol (23.67%) and camphor (18.74%)
among the 29 components identified.

In another study proposed by Sales and Sales (2020), 19 compounds were
identified in the EO of S. rosmarinus, corresponding to 96.57% of the EO. The major
componentswere1.8cineole(21.8%),a-pinene(18.7%),camphor(14.6%),linalool(13.4%)

and camphene (7.2%). Maia et al. (2014, p. 330) identified the following composition:
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1,8-cineole (44.39%), camphor (19.75%), a-pinene (12%) and [B-caryophyllene (4.53%).

So far, about 150 chemical compounds have been identified in S. rosmarinus
EO samples, the most frequently reported molecules being the monoterpenes
1,8-cineole, a-pinene and camphor (Borges et al.,, 2019). The presence of
monoterpenes in EOs is widely reported in several studies as the main metabolites.
They are responsible for several biological activities, including the allelopathic
effect (Filho et al., 2009; Sawi et al., 2019; Assaeed et al., 2020).

Comparing the results for the EO of S. rosmarinus studied with those available
in the reference literature, there were similarities between the values found, with
differences being observed only in their concentration levels and in the number of
compounds found. According to Zaouali et al. (2010), these differences may depend on
factors such as the time and stage of harvesting the plant, plant age, soil type, climate
and EO extraction method, since these are effective in the effective constituents of the

plant.
3.2 Refractive Index and Total Phenolic Content (TPC)

The results for the refractive index and total phenolic content of the EO and O/W
of the plant material are shown in Table 2.

The S. rosmarinus EO sample had a refractive index of 1.466. According to
Santos et al., (2005), Brazilian S. rosmarinus oils had an average refractive index
of 1.468, an average optical rotation of +11.82. Carreiro et al. (2020) found similar
values for commercial samples and a cultivated sample of R. officinalis, namely
1.466, 1.469 and 1.471 respectively.

The S. rosmarinus EO sample had a refractive index of 1.466. According to
Santos et al., (2005), Brazilian S. rosmarinus oils had an average refractive index
of 1.468, an average optical rotation of +11.82. Carreiro et al. (2020) found similar
values for commercial samples and a cultivated sample of R. officinalis, namely

1.466, 1.469 and 1.471 respectively.
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Accordingtothe FarmacopeiaBrasileira(2019),S. rosmarinus EOs have arefractive
index in the range of 1.460 - 1.476. Similarly, the specifications recommended by the
International Standard Organization (ISO) establish, for S. rosmarinus, a refractive index

in the range of 1.464 - 1.472 according to I1SO 1342:2012.

Table 2 - Refractive index and total phenolic content of essential oil and stable

nanoemulsions from S. rosmarinus

ID Refractive index (nD 25°) TPC (mg EAT g") Equation R?
EO 1,466 26.74
NEO1 1,341 7.32
NEO2 1,343 6.59
NEO3 1,344 7.44 y=0.3151x-0.1813 0.998
NEO4 1,338 6.56
NEOS5 1,344 6.73
NEO6 1,342 7.05

where; EO- essential oil; NEO- Stable essential oil nanoemulsion formulated by phase inversion; 1 - Nanoemulsion
composition 2.5% essential oil, 2.5% Tween 80 and 95% H,.; 2 - Nanoemulsion composition 2.5% essential oil,
5.0% Tween 80 and 92.50% H,0; 3 - Nanoemulsion composition 2.5% essential oil, 7.5% Tween 80 and 90.0% H,O;
4 - Nanoemulsion with 2.5% essential oil, 2.5% Tween 20 and 90.0% H,O; 5 - Nanoemulsion with 2.5% essential
oil, 5.0% Tween 20 and 92.50% H,O; 6 - Nanoemulsion with 2.5% essential oil, 7.5% Tween 20 and 92.50% H,0.
Autorship (2024)

This physical-chemical parameter is used to identify and determine the purity
of compounds and to analyze the composition of homogeneous binary mixtures of
known constituents. This property is used to control the purity of EOs, which have a
characteristic refractive index (Bandoni, 2000). Observing the values for the EO studied
inthiswork and those in the literature, it can be seen that there are similarities between
them, with the refractive index of the sample within the standards established by the
Farmacopeia Brasileira (2019).

Table 2 also presents the results of nanoemulsions (O/W) in different
concentrations, these values are lower, having the EO as a reference, but still close
results. According to Instituto Adolfo Lutz (1985), the refractive index is characteristic

for each type of oil, within certain limits.
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This is related to the degree of bond saturation but is affected by other factors
such as free fatty acid content, oxidation and heat treatment. Nanoemulsions, being a
nanometric material, which have a reduced band size, have particular physicochemical
properties in relation to materials structured on a macroscopic scale (Duran, 2006).

The total phenolic content (TPC) of the EO, as well as the O/W, were shown in
Table 2. The total phenolic content (TPC) was expressed as tannic acid equivalent (mg
EAT/g of plant material) the equation of the straight line obtained was y = 0.3151x -
0.1813 (R2=0.998), y absorbance being x the equivalent concentration of tannic acid.

The TPCresult for the EO of S. rosmarinus in this study showed a value of phenolic
compounds of 26 mg EAT g. Silva et al. (2011) reported a similar result, through a
study with aqueous extract of S. rosmarinus, on an equivalent basis in grams of gallic
acid, an expressive number of phenolic compounds with an average of 30.70 mg g
The total phenolic content for the EO of the species under study has few references
available in the literature, thus highlighting the importance of this study.

The TPC content of S. rosmarinus is also confirmed by Wang et al. (2018) and
Moczkowska et al. (2020). In a study carried out by. Wang et al. (2018) reported the
amount of TPC in the range of 10.30 to 160.70 mg EAG g of extract.

S. rosmarinusis recognized as a potential source of phenolic compounds,
highlighting three major ones: phenolic acids, flavonoids and phenolic diterpenes
(Silva, 2012). The biological activities of this plant have been related to its phenolic
compounds and its volatile constituents, such as a-pinene, bornyl acetate, camphor
and 1,8-cineol present in the essential oil of this plant (Babovic et al., 2010).

The presence of phenolic compounds has been constantly related to antioxidant
potential and other biological activities, such as anti-inflammatory (Bastianetto et al.,

2000; Silva et al., 2008; Liu et al., 2014; Lou et al., 2014).
3.3 Antioxidant activity

Table 3 shows the antioxidant activity of the EO and the stable formulations.
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From the equations of the line, the respective values of the 50% effective concentration
(EC,,) responsible for the inhibition of 50% of hydroxyl radicals were calculated.

It can be seen in the results of Table 3, the EC_, values of the samples under
study, as well as the respective equations of the lines obtained from the ascorbic acid
standard. The EC,, value for the S. rosmarinus EO was 80.33 mg L', its nanoemulsions
showed superior results, except for the NEO6 formulation (nanoemulsion with 2.5%

EO and 7.5% Tween 20) with the value of 19.56 mg L.

Table 3 - EO antioxidant activity and stable formulations

ID EC,,(mgL") Equation R?

EO 80.33 y=144.22x-224.72 0.9882
NEO1 408.85 y=26.733x-19.815 0.9929
NEO2 157.41 y=31.528x-19.268 0.9919
NEO3 82.51 y=36.125x+19.234 0.9998
NEO4 110.51 y=59,963x-72,529 0.991

NEO5 109.03 y=35.808x-22.961 0.9995
NEO6 19.56 y=39.916x+1.5459 0.9907

where; EO- essential oil; NEO- Stable essential oil nanoemulsion formulated by phase inversion; 1 - Nanoemulsion
composition 2.5% essential oil, 2.5% Tween 80 and 95% H,O; 2 - Nanoemulsion composition 2.5% essential oil,
5.0% Tween 80 and 92.50% H,0; 3 - Nanoemulsion composition 2.5% essential oil, 7.5% Tween 80 and 90.0% H,O;
4 - Nanoemulsion with 2.5% essential oil, 2.5% Tween 20 and 90.0% H,O; 5 - Nanoemulsion with 2.5% essential
oil, 5.0% Tween 20 and 92.50% H,O; 6 - Nanoemulsion with 2.5% essential oil, 7.5% Tween 20 and 92.50% H,0;
Autorship (2024)

The studied samples showed effective concentrations lower than 500 mg L7,
according to Campos et al. (2003), natural products with this level of concentrations
have antioxidant activity.

According to Sousa et al. (2007), the lower the EC., value, the greater the
antioxidant activity of the plant compound, since a lower concentration of essential
oil is required to reduce the hydroxyl radical by 50%. Thus, highlighting the NEO6

formulation with EC,, of 19.56 mg L', which is the best result for antioxidant activity.
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Wanderley (2016) presented EC,, in different samples of this EO by the DPPH free
radical scavenging method, concentrations ranging from 33.44 to 36.43 mg mL" were
observed. It is known that the antioxidant activity of an EO is primarily related to
the genetics of the plant and the climatic conditions of its growth, and as a second
parameter the process of extracting the EO.

Antioxidant activity is also one of the biological activities that have been reported
for both EO and its isolated compounds. Scientific evidence concluded that the EO of
S. rosmarinus has greater antioxidant activity due to its major compounds, namely
1,8-cineole, a-pinene and camphor (Wang et al., 2018).

According to Takayama et al. (2016) monoterpenes are among those responsible
for the antioxidant action of S. rosmarinus EO. The literature demonstrates that S.
rosmarinus, in the form of its EO, has antioxidant capacity. However, the composition
of the oil must be taken into account, considering that environmental and cultural

factors can alter the antioxidant response (Tiuzzi & Furlan, 2016).
3.4 Anti-inflammatory activity

Table 4 presents the results of the anti-inflammatory activity of the EO and
nanoemulsions of S. rosmarinus, these values are the Inhibitory Efficient concentrations
(EC,,) resulting from the processes of protein denaturation.

The result obtained for the EO of S. rosmarinus, compared to those presented
by the formulations, was lower, having an EC_, of 62.46 mg L, so the EO has a greater
anti-inflammatory activity.

The evaluated nanoemulsions showed responses of higher concentrations,
however related to protein denaturation, with the exception of NEO1 which differs
from the others by presenting inhibition of the denaturation process, with an EC_
of 64.96 mg L, this result being the best anti-aging activity. inflammatory response
to nanoemulsions. The NEO3 nanoemulsion did not show satisfactory or conclusive

results.
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Table 4 - Anti-inflammatory activity of EO and stable nanoemulsions

ID EC,, (mgL") Equation R?

EO 62.46 y=6.782x+37.822 0.9986
NEO1 64.96 y=24.196x+ 6.1419 0.9977
NEO2 624.66 y=111.62x-262.05 0.9998
NEO3 - - -

NEO4 4220.25 y=32.117x-66.435 0.9997
NEO5 477.71 y=110.71x+246.61 0.9981
NEO6 101.57 y=56,881x+64,148 0.9997

where; EO- essential oil; NEO- Stable essential oil nanoemulsion formulated by phase inversion; 1 - Nanoemulsion
composition 2.5% essential oil, 2.5% Tween 80 and 95% H,O; 2 - Nanoemulsion composition 2.5% essential all,
5.0% Tween 80 and 92.50% H,0; 3 - Nanoemulsion composition 2.5% essential oil, 7.5% Tween 80 and 90.0% H,O;
4 - Nanoemulsion with 2.5% essential oil, 2.5% Tween 20 and 90.0% H,0; 5 - Nanoemulsion with 2.5% essential
oil, 5.0% Tween 20 and 92.50% H,O; 6 - Nanoemulsion with 2.5% essential oil, 7.5% Tween 20 and 92.50% H,O;
Autorship (2024)

In the study developed by Borges et al. (2018) evaluated the anti-inflammatory
potential of nanoemulsions containing EO from S. rosmarinus in vitro and in vivo, and
observed the ability of nanoemulsions to enhance the anti-inflammatory action of EO.

While studies carried out by Altinier et al. (2007) of anti-inflammatory activity
resulted in a weak effect for S. rosmarinus extracts.

This result for the nanoemulsions can be justified by the majority composition
found in the sample evaluated in this work, mainly the monoterpenes, in the disposition
of the formulations or even in the phenotype of the plant. Protein denaturation is
one of the main problems documented in inflammatory conditions (Padmanabhan
& Jangle, 2012). However, studies that evaluated the anti-inflammatory activity by
protein denaturation were not found for EO and S. rosmarinus formulations, this being

an unprecedented study.
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4 CONCLUSIONS

This study deals with the chemical and biotechnological potential of
nanoemulsions containing Salvia rosmarinus essential oil. Through the results obtained
in this study, the EO of Salvia rosmarinus (rosemary) is within established norms and
standards, considering its physical-chemical parameters and the majority composition
of its chemical constituents. The formulations of nanoemulsions were also evaluated,
the refractive index and total phenolics presented satisfactory values very similar to
their EO and being in agreement with the references found in the literature of other
studies. The pharmacological activities, such as anti-inflammatory, showed low values
for EC,, thus being considered efficient. The antioxidant activity showed potential and
satisfactory result, showing one of the nanoemulsions with a better result than the
EO. As this is a relatively new study, few references are available for S. rosmarinus
nanoemulsions. Therefore, this study is important for demonstrating potential effects
and serving as a basis for future studies regarding the potential use of nanoemulsions

containing rosemary essential oil.
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