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Evaluation of antibacterial and antioxidant
properties of Lavandula officinalis extracts obtained

by ultrasound

Abstract

Lavandula officinalis is a Mediterranean plant to which antimicrobial and antioxidant
properties are attributed. The objective of the research was to evaluate the chemical
composition, antioxidant and antibacterial activity of dried leaves of Lavandula
officinalis. For the extraction of bioactive compounds, ultrasound was used, which is an
environmentally friendly technique, where a yield percentage of 15.51% was obtained.
The chemical composition was evaluated by high-performance liquid chromatography
coupled to mass (HPLC-MS), where it was demonstrated that it was possible to extract
compounds such as rosmarinic acid, medioresinol, which are the main compounds to which
the properties of this plant are attributed. The antioxidant evaluation was carried out by
DPPH, ABTS, and FRAP, where inhibition percentages of 60.99 %, 79.86 %, and 0.07
mg Trolox/mL, respectively, were found. The antibacterial activity against Staphylococcus
aureus and Escherichia coli was evaluated by the agar diffusion method, finding inhibition
halos of 10 mm and 9 mm, respectively. This demonstrates that the bioactive compounds
contained in Lavandula officinalis are an alternative to the synthetic compounds currently
used in the cosmetic, food, and pharmaceutical industries due to the properties they possess.
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Introduction

The search for natural products to replace synthetic compounds
has acquired great importance because these are widely used in
the cosmetic, food, and pharmaceutical industries, and it has been
demonstrated in several studies that they are toxic and cause adverse
effects.! The Lavandula officinalis (lavender) plant is presented as an
alternative to this problem. Because it contains bioactive compounds
that provide antibacterial, antifungal, anti-inflammatory, antioxidant
and anti-carcinogenic properties.> Lavandula officinalis is a plant
belonging to the Lamiaceae family, a small shrub with lilac flowers
from the Mediterranean.>* It’s dried flowers contain a large amount
of bioactive compounds, including ursolic acid, rosmarinic acid,
carnosol, carnosic acid, linalool, among others.> These bioactive
compounds are also considered inhibitors of pathogens such as
Staphylococcus aureus, Escherichia coli, Listeria monocytogenes.>

Obtaining these bioactive compounds is affected by various factors
depending on the extraction method since conventional techniques
are not efficient, as they involve high energy consumption and long
extraction times. Therefore, strategies that consume less energy and
obtain higher yield percentages are sought, such as non-conventional
techniques, including ultrasound.” Ultrasound is based on the cavitation
phenomenon, which consists of the collapse of bubbles, causing the
cell wall to break and allowing the release of bioactive compounds.?
The increase in diseases related to oxidative stress, such as cancer,
has led the scientific community to focus on the bioactive compounds
present in various aromatic plants,” which is why the objective of this
research is to evaluate the antibacterial and antioxidant properties of
the bioactive compounds present in the Lavandula officinalis plant,
obtained by environmentally friendly methods such as ultrasound.

Material and methods

Extraction of bioactive compounds from dried
Lavandula officinalis leaves

The leaves were collected from a plant of approximately 70cm
in height; these were left to dry at room temperature for one week.
Once dried, they were ground and weighed 100g in an analytical
balance (Ohaus), which were placed in a reactor together with 1000
mL of ethanol (Jalmek, 100% purity). The extraction was carried out
under ultrasound for 25 minutes and at a temperature of 70°C (using a
hybrid Ultrasonic Microwave Cooperative Workstation reactor model
X0-SM400).

High-performance liquid chromatography-mass
spectrometry (HPLC-MS) of bioactive compounds

Lavandula officinalis extracts were analyzed by HPLC-MS
(Varian prostar) with diode array detector (280 nm). 1.8 mL of sample
was filtered (0.45um membranes). Separation of components was
performed on a Grace Denali c-18 column at 30°C. Mobile phase A
was methanol (wash), B acetonitrile and 3% acetic acid C, flow rate
ImL/min, and injection volume 10pL. Mass analysis was performed
using a Varian 500-MS ion trap equipment, electrospray ionization
(ESI), capillary voltage 90V, negative mode ([M-H])-m/z) and mass
acquisition range 100-2000 m/z.

DPPH (2,2-diphenyl-1-picrylhydrazyl) free radical
scavenging assay

A calibration curve was performed with TROLOX (sigma-aldrich)
with different concentrations ranging from zero to 0.5, in the three

antioxidant capacity techniques and 1:10 dilutions of the extracts
were prepared. The DPPH reagent was prepared by weighing 1.18
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mg of DPPH and placing it in 50mL of ethanol. Subsequently, 190uL
of the DPPH reagent and 10uL of the extract dilution were added to
a microplate and allowed to stand for 30 min in the dark and finally
read in a spectrometer at an absorbance of 517 nm. The percentage
inhibition of the DPPH radical and ABTS was calculated using the
equation shown below and the calibration curve shown in Figure 1.

control absorbance — sample absorbance

% inhibition = x100
control absorbance
DPPH and ABTS calibration curve
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Figure | Trolox equivalent calibration curve for DPPH and ABTS.

ABTS free radical scavenging assay (2,2’-azino-bis-3-
ethylbenzothiazoline-6-sulfonic acid)

For the development of this technique, two reagents were prepared
in equal 1:1 amounts. The first was ABTS, for which 18mg was
weighed and placed in SmL of water. For the second reagent, 3.31mg
of potassium persulfate was considered and placed in SmL of water.
Subsequently, both reagents were mixed and left to stand for 16 hours
in complete darkness. After the resting time, a dilution of the ABTS
reagent was made with ethanol, placing 0.7uL of the ABTS reagent
and 20pL of ethanol; with this last solution, the assay was performed.
For 190 puL of the ABTS reagent and 10uL of the extract dilution were
placed in the microplate, which was left to stand for 30 minutes in the
dark, to finally read at an absorbance of 734 nm.

FRAP assay (ferric ion reducing antioxidant capacity)

Three different reagents were prepared in this assay. The first was
TPTZ (2,4,6-tri(2-pyridyl)-1,3,5-triazine), for which a dilution of
hydrochloric acid (HCl) was prepared by placing 264.54uL of HCI
in 100mL of water, then 1mL of the HCI solution was taken, and
3.123mg of TPTZ was added. The second reagent was FeC13-6H20,
of which 54.058 mg were weighed and placed in 10 mL of water. The
third reagent was an acetate buffer with a pH of 3.6. Finally, to prepare
the FRAP reagent, a 2:2:20 mixture of the previous reagents was
made. In the microplate, 190uL of the FRAP reagent and 10uL of the
extract dilution were placed. The microplate was incubated for 15 min
in the dark and then read at an absorbance of 593nm. The calibration
curve shown in Figure 2 was used to calculate the antioxidant capacity
of this technique.

FRAP calibration curve

y=5.333x+ 0.0871
R*=0.9864
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Figure 2 Calibration curve equivalent to trolox for FRAP.
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In vitro antibiosis bioassay of Lavandula officinalis
extract

Tablets of 0.1g of extract were made. The assay used was agar
diffusion, which was performed against a gram-positive bacterium
(Staphylococcus aureus) and a gram-negative bacterium (Escherichia
coli), which were sown in nutrient broth. With the help of an isopo,
Petri dishes were sowed in a fluted manner, and then three tablets
of the extract were placed separately. The assay was performed in
triplicate, with an absolute ethanol control and an antibiotic control.
These were left incubating for 24h at a temperature of 37°C. After
the incubation time the presence or absence of an inhibition halo was
observed.

Results

When ultrasound was used as the extraction method, a yield
percentage of 15.51% was obtained, which is higher than that reported
by several authors using conventional extraction techniques. Table 1
shows the different compounds and families that were extracted from
the dried leaves of Lavandula officinalis, among which rosmarinic
acid, medioresinol and sesaminol stand out. sIn the DPPH test, a loss
of coloration is observed, due to the fact that the ethanol solution
of this radical has an absorption maximum around 517 nm, while
the reduced form has no coloration, so that, in the reaction, as the
antioxidant gives up a hydrogen atom to the radical to deactivate it,
there is a proportional loss of the violet coloration, as shown in Figure
3& 4. While the ABTS technique is based on the neutralization of
the cation radical ABTS, which results in a discoloration of green,
as shown in Figure 5, this radical is generated prior to the reaction
by the addition of potassium persulfate and upon addition of the
antioxidant is able to give up an electron or hydrogen atom, as shown
in the mechanism depicted in Figure 6. On the other hand, the FRAP
method is based on the antioxidant reduction power of the ferric ion,
which consists of measuring the reduction of Fe(III) to Fe(II) in acid
medium of the iron of the complete TPTZ, obtaining an intense blue
complex, as shown in Figure 7.

Table | Bioactive compounds identified by HPLC-MS of Lavandula officinalis
extract

Retention Mass

time (min)  (mlz) Compound Family

742 369.3  Sesaminol Lignans

22.52 3249  Ferulyltartaric acid Methoxycinnamic acids
23.50 259.0  Rosmarinic acid Hydroxycinnamic acids
28.16 387.0  Medioresinol Lignans

31.79 3269  p-cumaroyl tirosina Hydroxycinnamic acids
42.29 430.9  Apigenin 6-c-glucoside  Flaconoids

Figure 3 DPPH assay of ethanol extract of Lavandula officinalis.
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Figure 5 ABTS assay of ethanol extract of Lavandula officinalis.
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Figure 6 Reaction of ABTS radical with antioxidant.'

Figure 7 FRAP assay of ethanol extract of Lavandula officinalis.

These tests showed that the ethanol extracts of Lavandula officinalis
contain bioactive compounds that provide antioxidant capacity to the
plant through a synergistic effect since it was demonstrated by HPLC-
MS that there is a mixture of bioactive compounds. Table 2 shows
the results of the antioxidant tests with the different techniques used.

Table 2 Antioxidant capacity of Lavandula officinalis extract using DPPH,ABTS
and FRAP

Method Concentration Confidence interval
DPPH 60.99 % inhibicidn +0.1
ABTS 79.86 % inhibicién +03
FRAP 0.07 mg trolox/mL +0.2

It was also demonstrated that the ethanol extract of Lavandula
officinalis has antibacterial properties against Staphylococcus aureus
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and Escherichia coli, using the agar diffusion method. Inhibition halos
of 10mm against Staphylococcus aureus and 9mm against Escherichia
coli were obtained, while for the antibiotic halos of 18mm were
obtained, as shown in Figure 8, demonstrating that the extracts are
an excellent alternative for various applications in the food, cosmetic
and pharmaceutical industries, due to the properties they have been
shown to possess.
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Figure 8 Inhibition halos of ethanol extracts of Lavandula officinalis against
Staphylococcus aureus and Escherichia coli.

Discussion

In the extraction of bioactive compounds from Lavandula
officinalis, a'yield percentage of 15.51% was obtained, which is higher
when compared to the results obtained in the extraction by conventional
methods. Soler," et al performed a conventional extraction of dried
leaves of Lavandula angustifolia, using maceration, for which they
weighed 130g of plant material and placed it in deionized water for
30, 60, 90 and 120 minutes, obtaining yield percentages of 0.26,
0.35, 0.32 and 0.22 %. "' Perales et al. obtained methanol extracts of
Rosmarinus officinalis and Ruta graveolens. The organic material was
dried in an oven at 60°C for 48h, to later obtain the methanol extracts
using an ultrasound bath at 40Hz with an extraction time of 60 minutes
at room temperature and using a ratio of 1:12:5 solid: liquid, where
they obtained yield percentages of 0.1% for Rosmarinus officinalis
and 3.19 % for Ruta graveolens."> This demonstrates that by using
green technologies such as ultrasound, higher yield percentages are
obtained in a shorter extraction time, in addition to the fact that it is an
environmentally friendly technology. Three different techniques were
used to evaluate the antioxidant capacity of Lavandula officinalis
extract, the DPPH (2,2-diphenyl-1-picrylhydroxyl) technique, which
is based on the ability of antioxidants to act as free radical scavengers,
as well as the ABTS (2,2-azino-bis-3-ethylbenzothiazolin-6-sulfonic
acid) technique, while the FRAP method measures the ability of
antioxidants to act as reductants.'>!*

In DPPH, a color change from purple to yellow was observed when
the extract was added to the DDPH reagent, which is indicative of the
ability of the bioactive compounds of Lavandula officinalis to inhibit
free radicals. Dhouibi et al.'’ evaluated the antioxidant capacity of
ethanolic extracts of Rosmarinus officinalis obtained by ultrasound,
which is a plant belonging to the Lamieaceae family. These were
evaluated based on the IC50 values that they determined based on the
calibration curve obtained, finding IC50= 0.22 mg/mL, concluding
that the extracts of Rosmarinus officinalis present antioxidant
properties, due to the fact that they are capable of neutralizing
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DPPH radicals.” While Briones et al.'® reported 73.85% inhibition
of aqueous extract of Rosmarinus officinalis.'® Rojas et al. evaluated
the antioxidant capacity of lavender (Lavandula angustifolia)
essential oil by FRAP and ABTS, obtaining results of 88.24pmol
Fe2+/g and 101.23umol trolox/g, respectively.!” The varied chemical
composition of the Lavandula officinalis plant, makes it present a high
antioxidant activity, especially marked by the presence of phenolic
compounds. Rosmarinic acid and medioresinol are among the main
compounds to which these antioxidant properties are attributed.'®
The agar diffusion test was performed against Staphylococcus
aureus and Escherichia coli, where inhibition halos of 10 and 9mm
were obtained, respectively. The antibacterial action of Lavandula
officinalis is attributed to polyphenols, which produce an enzymatic
inhibition of oxidized compounds, by reactions of sulthydryl groups
and by nonspecific interactions with proteins. It has been proven that
polyphenols damage the integrity of the bacterial cell membrane, with
a greater effect on Gram-positive bacteria, which are more susceptible
to the antimicrobial action of bioactive compounds.'*?! The bioactive
compounds present in the extracts directly affect the bacterial cell
membrane and the cytotoxic activity directly affects the mitotic phase
of gram-positive and gram-negative bacteria. Microorganisms such as
Escherichia coli, Listeria monocytogenes and Staphylococcus aureus
are susceptible to the bioactive compounds of Lavandula officinalis
extract, where rosmarinic acid, carnosol, flavonoids, caffeic acid and
carnosic acid prevail. 2224

Conclusion

The bioactive compounds extracted from the dried leaves of
Lavandula officinalis showed antioxidant properties by DPPH, ABTS
and FRAP, while in the in vitro bioassay, they showed antibacterial
properties against Staphylococcus aureus (gram positive) and
Escherichia coli (gram negative), with inhibition halos of 10mm
and 9mm, respectively. The bioactive compounds work under a
synergistic effect because there is a mixture of different compounds,
which was observed in the HPLC-MS results, since compounds such
as rosmarinic acid, sesaminol and medioresinol were obtained. This
demonstrates that the compounds present in Lavandula officinalis
present an alternative to avoid the use of synthetic compounds in the
pharmaceutical, food and cosmetic industry.

Acknowledgments

We thank the Universidad Autonoma de Coahuila and the Facultad
de Ciencias Quimicas, CONAHCYT for the grant awarded and the
support provided through the project SEP-CONACYT Ciencias
Basica 2017- 2018 CB2017-2018 A1-S-44977.

Conflicts of interest

The authors declare that there are no conflicts of interest.

References

1. Dakhlaoui S, Wannes W, Sari H, et al. Combined effect of essential
oils from lavander (Lavandula officinalis L.) aerial parts and coriander
(Coriandrum sativum L.) seeds on antioxidant, anti-diabetic, anti-cancer
and anti-inflammatory activities. Journal of essential oil bearing plants.
2022;25(1):188-189.

2. Kalantar M, Houshmand G, Kalantar H, et al. Protective effect of
hydroalcoholic extract of Lavandula officinalis L. on gentamicin induced
nephrotoxicity in rats. J Babol Univ Med Sci. 2016;18(7):62-67.

3. Diass K, Brahmi F, Mokhtari O, et al. Biological and pharmaceutical
properties of essential oils of Rosmarinus officinalis L. and Lavandula
officinalis L. Materials today: proceedings. 2021;45(8):7768-7773.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Copyright:
©2024 Lopezetal. 18

Pirzad A, Mohammadzadeh S. Water use efficiency of three mycorrhizal
Lamiaceae species (Lavandula officinalis, Rosmarinus officinalis and
Thymus vulgaris). Agricultural water management. 2018;204:1-10.

. Rojas J, Travez A, Zambrano Z, et al. Lavander essential oil (Lavandula

angustifolia): extraction, characterization of volatile compounds,
antioxidant capacity and antimicrobial activity. UTC. 2022;9(3):113—
127.

. Oliveira F, Alves T, Pereira M, et al. Evaluation of the non-stick potential

of lavender oil against Escherichia coli strain. Research society and
development. 2021;10(8):1-8.

. Torres L, Serna J, Pinto V, et al. Evaluation of conditions of ultrasound

assisted extraction of yellow pitahaya peel bioactive compounds. Rev
Lasallista Investig. 2020;17(1):70-83.

. Ramén C, Gil M. Effect of the operating parameters of the ultrasound-

assisted extraction on the obtention of grape polyphenols: a review.
Tecnol. 2021;24(51).

Graham J Burton, Jauniaux E. Oxidative stress. Best Pract Res Clin
Obstet Gynaecol. 2011;25(3):287-299.

Sierra M. Determination of the antioxidant capacity of aromatic plants.
Lavandula angustifolia. Degree work. University of Jaén. 2022.

Soler R, Ortiz A. Ultrasound-assisted extraction of value-added
compounds. Thesis to obtain the degree of industrial chemical engineer.
University of Jaén, Escuela Politecnica Superior de Linares, Jaén, Spain.

Perales J, Verde M, Viveros J, et al. Antioxidant, toxic and antimicrobial
activity of Rosmarinus officinalis and Ruta graveolens against
Helicobacter pylori. Biotecnia. 2023;25(1):88-93.

Granados C, Tejeda C, Leon G. Antioxidant activity of the ethanol
extract of Capsicum baccatum L. Revista de la Facultad de Ciencias
Basicas. 2019;17(2):102—-111.

Tural S, Turhan S. Antimicrobial and antioxidant properties of thymes
(Thymus vulgaris L.), rosemary (Rosmarinus officinalis L.) and laurel
(Lauris nobilis L.) essential oils and their mixtures. Gida The Journal of
Food. 2017;42(5):588-596.

Dhouini N, Manuguerra S, Arena R, et al., Impact of the extraction
method on the chemical composition and antioxidant potency of
Rosmarinus officinalis L. extracts. Metabolites. 2023;13(2):290.

Briones J, Beristain C, Pascual L. Design and functionality in in vivo
systems of liquid nanocapsules in rosemary essential oil. Food Science
and Technology. 2019;1-17.

Rojas J, Travez A, Zambrano Z, et al. Aceite esencial de lavanda
(Lavandula angustifolia): extraccion, caracterizacion de compuestos
volatiles, capacidad antioxidante y actividad antimicrobiana. UTCiencia.
2022;9(3):113-127.

Nurzyriska WR, Zawislak G. Chemical composition and antioxidant
activity of lavender (Lavandula angustifolia Mill) abovegraound parts.
Acta Sci Pol Hortorum Cultus. 2016;15(5):225-241.

Garcia A, Bartolomé B, Cueva C, et al. Polyphenols as a natural
alternative to the use of sulphites in the winemaking. Internet Journal of
Enology and Viticulture. 2013;7(1):1-5.

Westmoreland A, Maier L, Oberpaur C. Antimicrobial effect of white
sage (Sphacele salviae (lindl.) briq.) leaf extract on gram-positive and
gram-negative bacteria. Agrosur. 2014;42(3):47-54.

Cervantes E, Garcia R, Salazar P. General characteristics of
Staphylococcus aureus. Rev Mex Patol Clin Med Lab. 2014;61(1):28—
40.

Flores C, Rocha R, Barrios E, et al. Staphylococcus aureus and
Escherichia coli: two multidrug-resistant bacteria that we can share with
our pets. Invurnus. 2022;17(1):1-15.

Citation: Lopez WYV, Alvarado CJC, Medina MDD, et al. Evaluation of antibacterial and antioxidant properties of Lavandula officinalis extracts obtained by
ultrasound. Int | Mol Biol Open Access. 2024;7(1):15—-19. DOI: 10.15406/ijmboa.2024.07.00159


https://doi.org/10.15406/ijmboa.2024.07.00159
https://www.tandfonline.com/doi/abs/10.1080/0972060X.2022.2049892
https://www.tandfonline.com/doi/abs/10.1080/0972060X.2022.2049892
https://www.tandfonline.com/doi/abs/10.1080/0972060X.2022.2049892
https://www.tandfonline.com/doi/abs/10.1080/0972060X.2022.2049892
https://www.tandfonline.com/doi/abs/10.1080/0972060X.2022.2049892
http://jbums.org/article-1-5595-en.pdf
http://jbums.org/article-1-5595-en.pdf
http://jbums.org/article-1-5595-en.pdf
https://colab.ws/articles/10.1016/j.matpr.2021.03.495
https://colab.ws/articles/10.1016/j.matpr.2021.03.495
https://colab.ws/articles/10.1016/j.matpr.2021.03.495
https://www.sciencedirect.com/science/article/abs/pii/S037837741830180X
https://www.sciencedirect.com/science/article/abs/pii/S037837741830180X
https://www.sciencedirect.com/science/article/abs/pii/S037837741830180X
https://rsdjournal.org/index.php/rsd/article/view/17225
https://rsdjournal.org/index.php/rsd/article/view/17225
https://rsdjournal.org/index.php/rsd/article/view/17225
https://www.cabidigitallibrary.org/doi/full/10.5555/20203580232
https://www.cabidigitallibrary.org/doi/full/10.5555/20203580232
https://www.cabidigitallibrary.org/doi/full/10.5555/20203580232
https://pubmed.ncbi.nlm.nih.gov/21130690/
https://pubmed.ncbi.nlm.nih.gov/21130690/
https://www.scielo.org.mx/scielo.php?pid=S1665-14562023000100012&script=sci_abstract&tlng=en
https://www.scielo.org.mx/scielo.php?pid=S1665-14562023000100012&script=sci_abstract&tlng=en
https://www.scielo.org.mx/scielo.php?pid=S1665-14562023000100012&script=sci_abstract&tlng=en
https://revistas.unipamplona.edu.co/ojs_viceinves/index.php/BISTUA/article/view/3526
https://revistas.unipamplona.edu.co/ojs_viceinves/index.php/BISTUA/article/view/3526
https://revistas.unipamplona.edu.co/ojs_viceinves/index.php/BISTUA/article/view/3526
https://dergipark.org.tr/tr/download/article-file/333750
https://dergipark.org.tr/tr/download/article-file/333750
https://dergipark.org.tr/tr/download/article-file/333750
https://dergipark.org.tr/tr/download/article-file/333750
https://pubmed.ncbi.nlm.nih.gov/36837909/
https://pubmed.ncbi.nlm.nih.gov/36837909/
https://pubmed.ncbi.nlm.nih.gov/36837909/
https://www.uv.mx/qfb/files/2020/10/Produccion-2019-LIPM_Luz-Irene-Pascual-Mathey.pdf
https://www.uv.mx/qfb/files/2020/10/Produccion-2019-LIPM_Luz-Irene-Pascual-Mathey.pdf
https://www.uv.mx/qfb/files/2020/10/Produccion-2019-LIPM_Luz-Irene-Pascual-Mathey.pdf
https://www.researchgate.net/profile/Renata-Nurzynska-Wierdak/publication/309578139_Chemical_composition_and_antioxidant_activity_of_lavender_Lavandula_angustifolia_Mill_aboveground_parts/links/58231ace08aeebc4f8985c24/Chemical-composition-and-antioxidant-activity-of-lavender-Lavandula-angustifolia-Mill-aboveground-parts.pdf
https://www.researchgate.net/profile/Renata-Nurzynska-Wierdak/publication/309578139_Chemical_composition_and_antioxidant_activity_of_lavender_Lavandula_angustifolia_Mill_aboveground_parts/links/58231ace08aeebc4f8985c24/Chemical-composition-and-antioxidant-activity-of-lavender-Lavandula-angustifolia-Mill-aboveground-parts.pdf
https://www.researchgate.net/profile/Renata-Nurzynska-Wierdak/publication/309578139_Chemical_composition_and_antioxidant_activity_of_lavender_Lavandula_angustifolia_Mill_aboveground_parts/links/58231ace08aeebc4f8985c24/Chemical-composition-and-antioxidant-activity-of-lavender-Lavandula-angustifolia-Mill-aboveground-parts.pdf
https://www.infowine.com/intranet/libretti/libretto10820-01-1.pdf
https://www.infowine.com/intranet/libretti/libretto10820-01-1.pdf
https://www.infowine.com/intranet/libretti/libretto10820-01-1.pdf
http://revistas.uach.cl/pdf/agrosur/v42n3/art05.pdf
http://revistas.uach.cl/pdf/agrosur/v42n3/art05.pdf
http://revistas.uach.cl/pdf/agrosur/v42n3/art05.pdf
https://www.medigraphic.com/cgi-bin/new/resumenI.cgi?IDARTICULO=48300
https://www.medigraphic.com/cgi-bin/new/resumenI.cgi?IDARTICULO=48300
https://www.medigraphic.com/cgi-bin/new/resumenI.cgi?IDARTICULO=48300
https://invurnus.unison.mx/index.php/INVURNUS/article/view/98
https://invurnus.unison.mx/index.php/INVURNUS/article/view/98
https://invurnus.unison.mx/index.php/INVURNUS/article/view/98

Evaluation of antibacterial and antioxidant properties of Lavandula officinalis extracts obtained by Copyright: 19
ultrasound ©2024 Lépez et al.

23. Hurtado M, De la parte M, Brito A. Staphylococcus aureus: review of 24. Pardo L, Arias J, Molleda P. Preparation of silver nanoparticles

the mechanisms of pathogenicity and pathophysiology of staphylococcal synthesized from rosemary (Rosmarinus officinalis L.) leaf extract
infections. Journal of the Venezuelan Society of Microbiology. and their use as a preservative. The Farm. Life Sciences Magazine.
2022;22(2):112-118. 2022;35(1):45-58.

Citation: Lopez WYV, Alvarado CJC, Medina MDD, et al. Evaluation of antibacterial and antioxidant properties of Lavandula officinalis extracts obtained by
ultrasound. Int | Mol Biol Open Access. 2024;7(1):15—-19. DOI: 10.15406/ijmboa.2024.07.00159


https://doi.org/10.15406/ijmboa.2024.07.00159
https://ve.scielo.org/scielo.php?script=sci_abstract&pid=S1315-25562002000200003&lng=en&nrm=isola&tlng=en
https://ve.scielo.org/scielo.php?script=sci_abstract&pid=S1315-25562002000200003&lng=en&nrm=isola&tlng=en
https://ve.scielo.org/scielo.php?script=sci_abstract&pid=S1315-25562002000200003&lng=en&nrm=isola&tlng=en
https://ve.scielo.org/scielo.php?script=sci_abstract&pid=S1315-25562002000200003&lng=en&nrm=isola&tlng=en
http://scielo.senescyt.gob.ec/scielo.php?script=sci_abstract&pid=S1390-85962022000100045&lng=en&nrm=iso
http://scielo.senescyt.gob.ec/scielo.php?script=sci_abstract&pid=S1390-85962022000100045&lng=en&nrm=iso
http://scielo.senescyt.gob.ec/scielo.php?script=sci_abstract&pid=S1390-85962022000100045&lng=en&nrm=iso
http://scielo.senescyt.gob.ec/scielo.php?script=sci_abstract&pid=S1390-85962022000100045&lng=en&nrm=iso

	Title
	Abstract
	Keywords
	Introduction
	Material and methods 
	Extraction of bioactive compounds from dried Lavandula officinalis leaves 
	High-performance liquid chromatography-mass spectrometry (HPLC-MS) of bioactive compounds 
	DPPH (2,2-diphenyl-1-picrylhydrazyl) free radical scavenging assay  
	ABTS free radical scavenging assay (2,2’-azino-bis-3-ethylbenzothiazoline-6-sulfonic acid) 
	FRAP assay (ferric ion reducing antioxidant capacity) 
	In vitro antibiosis bioassay of Lavandula officinalis extract 

	Results
	Discussion
	Conclusion
	Acknowledgments
	Conflicts of interest 
	References
	Figure 1 
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	Figure 7
	Figure 8
	Table 1
	Table 2

