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Abstract
Objective: The aim of the present study was to adapt and optimize a broth microdilution method and compare it to
the agar dilution method for the evaluation of activity of essential oils from medicinal plants against Gram-negative
bacteria. Based on bibliographic research, active and not active oils were selected. The sensitivity and specificity were
established as parameters for validation. The comparison between both methods was made using contingency
analysis tables, based on the observed frequencies. For both methods, the minimum inhibitory concentration was
determined against Escherichia coli strains, in an essential oil concentration range between 0.03 and 0.48% (v/v).
Results: A stable emulsion formation was achieved with the addition of Tween 80 and constant agitation, guarantee‑
ing the continuous contact of oil with bacteria (critical step in the microdilution method). The statistical analysis of
results obtained with both methods presented a good sensitivity and specificity (100% in both cases), which let us
correctly discriminate between active and non-active oils. The values obtained for the minimal inhibitory concentra‑
tion were independent of the technique used. Finally, the obtained results show that the validated microtechnique
allows important diminishment of time and resources for investigations dealing with essential oils or lipophilic
extracts evaluation.
Keywords: Essential oils, Escherichia coli, Microdilution assay, Validation, Sensitivity, Specificity
Introduction
The resistance to antimicrobials is a global health problem, probably related to millions of deaths each year [1,
2]. Natural products have become an option for scientists in the search of new treatments to confront resistant
and multidrug-resistant bacteria (MDR). Plant products include a range of structurally complex and diverse
metabolites [3]. One important group corresponds to
the essential oils, which are volatile compounds found in
certain families at different structures [3]. Essential oils
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Products, Faculty of Chemistry, School of Biochemistry and Pharmacy,
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have several applications in food and cosmetic industries,
but also, important biological properties such as their
antibacterial activity against many pathogenic microorganisms, which can be an alternative to fight resistant
bacteria [3–5].
Nowadays, there are different “in vitro” methods to
evaluate the antibacterial activity of natural compounds,
being agar and broth dilution methods the gold standard to determine the minimum inhibitory concentration
(MIC) values in a more exact approach [6]. However, in
many of the articles published, results do not coincide
among them due to the use of different methods, possibly standardized in each laboratory, which are not internationally certified; in addition, most of them employ
techniques of poor sensitivity to determine antibacterial
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Given the fact that sensitivity is represented by the
admissible error (Zα/2), the standardized value of the
normal distribution corresponds to a confidence level of
100% (1 − α).

activity for essential oils, making it difficult and delaying cross-publication comparisons of new findings and
advances [7–9]. Many factors might influence the sensitivity of the different methods used, such as concentration of inoculum, interactions between the components
of the essential oil and culture medium, formation of
emulsion, volatility of some metabolites, concentration of
surfactants, time and temperature of incubation, among
others [7, 8]. Therefore, it is convenient to define the conditions under which the experiments were carried out in
order to control them.
The main objective of this study was to validate a broth
microdilution standard method by comparing it against
the agar dilution method in order to determine the MIC
of selected essential oils, while achieving high sensitivity
and specificity.

Essential oils selection

Thirty-three medicinal plants were selected based on
literature review, where the activity of the respective
essential oil against E. coli were reported. Limits for
activity were established at 0.03 to 0.48% v/v, based on
the reported MIC and cytotoxicity for the different oils
[3, 4, 10–33]. The list of selected species are presented
in Tables 1 (purchased at herbal shop), and 2 (plants at
local markets). Essential oils were obtained by hydrodistillation method where fresh plant material (100 g)
was dried, cut, and placed with distilled water (1 L) into
a Clevenger`s type apparatus for 3 h. The mix of oil and
water was collected and dried over anhydrous sodium
sulfate. After the centrifugation process (3000 rpm for
5 min), supernatant (essential oils) was stored in amber
vials at − 20 °C until analysis.

Main text
Sample size

The number of samples were defined using the equation
for binary data; through the calculation of sensitivity (n1)
and specificity (n2), the result established 16 essential
oil samples to each parameter, corresponding to different plants. Total sample size, including prevalence, was n
= 32 essential oils. To assure that the minimum sample
size was fulfilled, the final sample size was determined to
be 33 essential oils to correctly validate the microdilution
method.

Bacterial strain

Escherichia coli (ATCC 25922) standard strains
were used and cryo-conserved at concentrations of
5 × 104 − 5 × 105 CFU/mL using 10% glycerol as cryoprotectant and stored at − 80 °C [34, 35].

Table 1 Essential oils of therapeutic grade tested and references of their activity or no activity against E. coli strains
Essential oil

Common name

Part used

Reported antibacterial activity
MICa

References

Eucalyptus globulus

Blue gum

LT

> 0.5% v/v

[10]

Syzygium aromaticum

Clove

BD

0.24% v/v

[10]

Cinnamomum cassi

Chinese cinnamon

W

0.1% v/v

[11]

Boswellia serrata

Sallaki

R

9.25% v/v

[12]

Lavandula angustifolia

Lavender

FL

1.07% v/v

[13]

Cymbopogon flexuous

Cochin grass

LT

> 0.08% v/v

[14]

Mentha × piperita

Peppermint

LT

0.004% v/v

[15]

Rosmarinus officinalis

Rosemary

LT

0.014% v/v

[4]

Mentha spicata

Spearmint

LT

0.04% v/v

[15]

Melaleuca alternifolia

Tea tree

LT

> 1% v/v

[16]

Citrus racemose

Grapefruit

P

0.63% v/v

[17]

Citrus limonum

Lemon

P

1% v/v

[18]

Citrus aurantifolia

Key lime

P

1% v/v

[19]

Citrus sinensis

Sweet orange

P

0.08% v/v

[20]

Pogostemon cablin

Patchouli

NN

0.05% v/v

[16]

Salvia sclarea

Clary sage

NN

> 53.2% v/v

[21]

Citrus bergamia

Bergamot orange

NN

1% v/v

[18]

BD bud; FL flower; LT leaves; P peel; NN not named; R resin; W wood
a

The range of activity/no-activity were determined based on reported MIC and the cytotoxicity of essential oils
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Table 2 Essential oils of medicinal plants from local markets, and references of their activity or no activity against E. coli strains
Plants

Common name

Plant part

Reported antibacterial activity
MICa

References

Zingiber officinale

Ginger

RH

> 2% v/v

[19]

Foeniculum vulgare

Fennel

S

0.007 %v/v

[4]

Pimpinella anisum

Anise

S

0.10% v/v

[22]

Coriandrum sativum

Coriander

S

0.07% v/v

[23]

Curcuma longa

Turmeric

RH

48.02% v/v

[24]

Piper nigrum

Black pepper

FR

> 2% v/v

[19]

Peumus boldus

Boldo

LT (dry)

0.003% v/v

[4]

Laurus nobilis

Baby laurel

LT (dry)

1.25% v/v

[25]

Petroselinum crispum

Parsley

S

1.08% v/v

[3]

Elettaria cardamomum

Green cardamom

S

1% v/v

[26]

Ocotea quixos

Ishpingo

S

1.68% v/v

[27]

Eucalyptus citriodora

Eucalyptus

LT

0.2% v/v

[21]

Salvia microphylla

Baby sage

LT

> 53.2% v/v

[28]

Cuminum cyminum

Cumin

S

0.001% v/v

[29]

Illicium verum

Star anise

S

0.001% v/v

[30]

Pimenta dioica

All spice

FR

0.19% v/v

[22]

FR fruit; L T leaves; RH rhizome; S seed
a

The range of activity/no-activity were determined based on reported MIC and the cytotoxicity of essential oils

Preliminary assays—dilution in agar

Agar dilution method was carried out with tempered
agar (45 °C), essential oil and Tween 20 (0.5%) were
mixed to obtain an emulsion; 25 mL of this emulsion was
poured into petri dishes to obtain a 3 to 4 mm depth [6,
36]. After solidification of the culture medium (MHA,
Merck, Germany), eight spots with 1.5 µL each one (different dilutions) were scattered using a micropipette and
were allowed to dry (each spot containing 1 × 104 CFU/
mL E. coli), and incubated as inverted dishes at 35 ± 2 °C
for 16–20 h [6]. Procedure was performed in triplicate,
using inoculum as positive control and culture medium
as negative control; ampicillin ( Ampibex® 1 g/4 mL, Life,
Ecuador) was used as antibiotic control range from 16 to
1 µg/mL [31]. Minimum inhibitory concentration was
determined based on the absence of visual turbidity after
20 h of incubation [6].
Microdilution in broth

Microdilution test was performed as established in CLSI
standard methods with the following modifications: first,
the Tryptic Soy Broth medium (Becton Dickinson and
Company, USA) was supplemented with Tween 80 at a
final concentration of 0.5% [37], 30 min sonication and
vortex homogenization for 8 min were used to obtain a
stable essential oil emulsion [38]. The serial dilutions of
the essential oil in broth were prepared in micro tubes
of 1 mL with a concentration range from 0.06 to 0.96%

(v/v). Then, 100 µL of each dilution were transferred
into a 96-well microplate in 2 × 11 columns. Bacterial
suspension (100 µL) was inoculated in each well with
1 × 105 CFU/mL of E. coli ATCC 25922 to obtain final
concentrations of 5 × 104 CFU/mL and a final volume
of 200 µL per well. The inoculum (positive control) and
culture medium (negative control) were put into the first
column of the microplate, and the ampicillin antibiotic
control ranging from 64 to 0.5 µg/mL in the final column.
Finally, microplate was incubated with a sterile film cover
for 18–24 h at 35 ± 2 °C [6, 31] Subsequently, 20 µL of
bacterial growth indicator, resazurin, was added to wells,
which were then incubated for 30 min at 35 ± 2 °C. The
lowest concentration of essential oil that visually showed
no growth was determined as MIC [3].
Validation of a standardized microdilution method

For the validation of the proposed method, sensitivity and specificity were determined based on the results
obtained from the analysis of essential oils against the
bacterial strains through the comparison of both methods. Given that the test works with a binomial variable:
active (1) and non-active (0), a comparison between both
methods was carried out using 2 × 2 contingency analysis
tables. Based on the observed frequencies (Active-Active,
Active-Non active, Non active-Active and Non activeNon active), sensitivity and specificity were calculated
through Eqs. 1, 2:
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Sensibility =

OAA
OAA + ONA

(1)

Specificity =

ONN
OAN + ONN

(2)

where OAA represents true positive values, O
 NA false positive values, ONN true negative values and OAN true false
negative values.
To establish if there was independence between the
results of essential oil antimicrobial activity and the values of MIC in both assays, a Chi-Square Test and Fisher’s
exact F Test were performed, using a 2 × 2 contingency
table analysis. Based on the results, the p value was calculated for both tests, with the purpose of accepting
or rejecting the null hypothesis, which determines the
independence of data. The independence of the MIC
values was determined only with positive results with a
MIC ≤ 0.48% (v/v).
Finally, to determine if there was independence
between the antibacterial activity determination method
and the MIC, Chi-square Test with Yates correction, Chisquare with 2000 Monte Carlo simulation and Fisher’s
exact test were performed.
Results and discussion

Thirty-three essential oils from medicinal plants were
evaluated for their antibacterial activity against E. coli
ATCC 25922; fifteen of them were active inside the
study range. These include E. citriodora, Z. officinale,
S.aromaticum, C. cassia, L. angustifolia, C. flexuosus
M. × piperita, M. spicata, M. altinifolial, C. cyminum,
P. dioica, C. sativum, P. boldus, L. nobilis and O. quixos.
Eighteen did not result active in a maximum concentration of 0.48% (v/v) in both methods. With results of the
activity of the essential oils against E. coli ATCC 25922,
sensitivity and specificity were determined with a value
of 100%, being highly sensitive and highly specific. The
number of trials considering the replicas was 156 tests for
microdilution and 159 tests for dilution method.
The p values of the Chi-Square Test and Fisher’s Exact
F of the frequency table of activity, showed a value of 1,
indicating independence between the applied methods
and their respective results regarding the activity or nonactivity of the essential essentials. This means that the
activity in both cases does not depend on the method
applied (both following the CLSI guidelines).
For the control of methodology, specific E. coli ATCC
25922 strains were considered with MIC values ≤ 8 µg/
mL for ampicillin as a reference, which was used as control for each assay plate. The concentration of the bacterial inoculum is an important factor to consider due
to its relation with an increase or decrease of the MIC,

generating false positive or negative results as pointed
in official method M07-A10 and by other authors [39].
Besides, lipophilicity of essential oils might represents
another limitation for the methodology, avoiding the
normal contact of bacteria with natural metabolites. The
use of emulsification agents such as Tween 80 in broth
and Tween 20 in agar, with concentrations of 0.5% (v/v)
in both cases, resulted in a good dispersion of oils in a
liquid medium [40, 41]. Sonication was applied to the
emulsion for 30 min showing the reduction of droplet
size and the increment of the emulsion’s stability as well
as their antimicrobial activity [42]. To guarantee contact
of the oil and the microorganism all time, constant agitation was employed during the incubation period.
When comparing results, 11 of the 15 active essential oils (73%) coincided with their MIC values, using
both methods; 4 of the 15 (27%) have a different value
as observed in Fig. 1. The difference in MIC values was
only with one concentration. This is probably because the
value was in the limit of two successive concentrations.
Additionally, the serial dilutions and the adherence of the
essential oils to the polypropylene pipette points could
also affect results.
In Yates correction, a Chi-Square value of 6.05 was
obtained. Meanwhile, the theoretical value (critical value)
with 5 freedom degrees was 11.07, with a p value 0.63.
For Montecarlo simulation the p value was > 0.7, and for
Fisher´s exact test p > 0.05. With these results, did not
exist enough criteria to reject the null hypothesis. Thus,
it is assumed that the applied methodologies and the
MIC values are independent, which confirms that there
does not exist a value of MIC that has a preference for the
applied methods.
The dilution in agar and broth dilution methods allow
to compare and determine the MIC of the evaluated
essential oils. Small variations in MIC values could be
attributed to emulsion stability and the microtechnique
limitations [8].
The microdilution modified method for the evaluation
of essential oils activity presented in this study is an effective procedure for determining MIC values of these kind
of compounds. The constant homogenization, the use of
microtubes, and the use of film paper over the microplate
wells are important factors for the success of this methodology as it is shown when comparing the sensitivity
and specificity of both methods. However, the proposed
microdilution method permits savings in resources and
time, principally due to the possibility to evaluate multiple essential oils in the same microplate.
Limitations

The presented method is still semi quantitative and
does not allow the determination of neither the % of
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Fig. 1 Comparison of the antimicrobial activity of the essential oils at a MIC ≤ 0.48% (v/v) for the micro and macro dilution methods of E. citriodora
(Ae1), Z. officinale (Ae5), S. aromaticum (Ae8), C. cassia (Ae9), L. angustifolia (Ae12), C. flexuosus (Ae15), M. × piperita (Ae16), M. spicata (Ae19), M.
altinifolial (Ae20), C. cyminum (Ae26), P. dioica (Ae28), C. sativum (Ae29), P. boldus (Ae32), L. nobilis (Ae33), and O. quixos (Ae36)

inhibition nor the IC50 or IC90. Values at limits of the
different ranges, for example between 0.24 and 0.48%
v/v are critical, because of the fact that minimal variations of MIC will transfer to the next group. Quantification of activity by tetrazolium salts are proposed for a
next stage.
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Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s13104-021-05838-8.
Additional file 1: Table 1. Essential oils of therapeutic grade tested and
references of their activity or no activity against E. coli strains. Table 2.
Essential oils of medicinal plants from local markets, and references of
their activity or no activity against E. coli strains
Additional file 2: Figure 1. Comparison of the antimicrobial activity of
the essential oils at a MIC ≤0.48% (v/v) for the micro and macro dilution
methods of essential oils.

Acknowledgements
We thank Research Direction of the University of Cuenca (DIUC) Cuenca-Ecua‑
dor for financial support in the development the project 204000_07_1682
winner of XVI DIUC call.
Authors’ contributions
DV and AA-N: practical work and writing of the article. LJ-A: planned the
in vitro experiments and analysis of the results. AK: design of the experiments,
analysis of the results. FL-T: analysis of the results and writing of the article.
EP, IW and NC: analysis of results. JC: practical work. All authors discussed the
results and contributed to the final manuscript. All authors read and approved
the final manuscript.
Funding
Research Direction of the University of Cuenca (DIUC) Cuenca-Ecuador (pro‑
ject 204000_07_1682; XVl DIUC).
Availability of data and materials
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations
Ethics approval and consent to participate
The plants were purchased in local markets where no collection permissions
are required.
Consent for publication
Not applicable.
Competing interests
All authors in this article declare no competing interests.

David et al. BMC Research Notes

(2021) 14:439

Received: 21 September 2021 Accepted: 10 November 2021

References
1. Bryan-Wilson J. No time to wait: securing the future from drug resistant
infections. Artforum Int. 2016;54(10):113–4.
2. World Health Organization. New report calls for urgent action to avert
antimicrobial resistance crisis. Jt News Release. 2019;29:2019–21.
3. Semeniuc CA, Pop CR, Rotar AM. Antibacterial activity and interactions
of plant essential oil combinations against Gram-positive and Gramnegative bacteria. J Food Drug Anal. 2017;25(2):403–8.
4. Rezende DACS, Souza RV, Magalhães ML, Silva Caetano AR, Sousa Car‑
valho MS, de Souza EC, et al. Characterization of the biological potential
of the essential oils from five species of medicinal plants. Am J Plant Sci.
2017;08(02):154–70. https://doi.org/10.4236/ajps.2017.82012.
5. Mazzarello V, Donadu MG, Ferrari M, Piga G, Usai D, Zanetti S, et al. Treat‑
ment of acne with a combination of propolis, tea tree oil, and aloe vera
compared to erythromycin cream: two double-blind investigations. Clin
Pharmacol Adv Appl. 2018;10:175–81.
6. Standard for quality in clinical laboratory testing around the world. M07–
A10: methods for dilution antimicrobial susceptibility tests for bacteria
that grow aerobically. Annapolis: CLSI; 2015. p. 110.
7. Balouiri M, Sadiki M, Ibnsouda SK. Methods for in vitro evaluating antimi‑
crobial activity: a review. J Pharm Anal. 2016;6(2):71–9. https://doi.org/10.
1016/j.jpha.2015.11.005.
8. Van de Vel E, Sampers I, Raes K. A review on influencing factors on the
minimum inhibitory concentration of essential oils. Crit Rev Food Sci
Nutr. 2019;59(3):357–78.
9. Le NT, Ho DV, Doan TQ, Le AT, Raal A, Usai D, et al. Biological activities
of essential oils from leaves of paramignya trimera (Oliv.) guillaum and
limnocitrus littoralis (miq.) swingle. Antibiotics. 2020;9(4):1–12.
10. Kurpas D, Mroczek B, Brodowski J, Urban M, Nitsch-Osuch A. Does health
status influence acceptance of illness in patients with chronic respiratory
diseases? Advs Exp Med Biol Respir. 2015;6(October 2014):57–66.
11. Mith H, Duré R, Delcenserie V, Zhiri A, Daube G, Clinquart A. Antimicrobial
activities of commercial essential oils and their components against
food-borne pathogens and food spoilage bacteria. Food Sci Nutr.
2014;2(4):403–16. https://doi.org/10.1002/fsn3.116.
12. Shareef AA. Evaluation of antibacterial activity of essential oils of Cinnamomum sp. and Boswellia sp. J Basrah Res. 2011;37(5):60.
13. Imane MM, Houda F, Haj A, Amal S, Kaotar N, Mohammed T, et al. Phyto‑
chemical composition and antibacterial activity of Moroccan Lavandula
angustifolia Mill. J Essent Oil Bear Plants. 2017;5026:1074–82.
14. Oussalah M, Caillet S, Saucier L, Lacroix M. Inhibitory effects of selected
plant essential oils on the growth of four pathogenic bacteria: E. coli
O157:H7, Salmonella typhimurium, Staphylococcus aureus and Listeria
monocytogenes. Food Control. 2007;18(5):414–20.
15. Abdallah HM, Asfour HZ, El-halawany AM, Elfaky MA. Saudi plants as a
source of potential β -lactamase inhibitors. Pak J Pharm Sci. 2018;2:31.
16. Mora-Vivas FD, Velasco J, Díaz T, Rojas-Fermín L, De Lorena Díaz T, RíosTesch N, et al. Chemical composition and antibacterial activity of essential
oil Peperomia acuminata from Venezuelan Andes (Composición química
y actividad antibacteriana del aceite esencial de Peperomia acuminata de
los Andes venezolanos). Rev Peru Biol. 2016;23(3):301–4. https://doi.org/
10.15381/rpb.v23i3.12865.
17. Deng W, Liu K, Cao S, Sun J, Zhong B, Chun J. Chemical composition,
antimicrobial, antioxidant, and antiproliferative properties of grapefruit
essential oil prepared by molecular distillation. Molecules. 2020. https://
doi.org/10.3390/molecules25010217.
18. Fisher K, Phillips CA. The effect of lemon, orange and bergamot
essential oils and their components on the survival of Campylobacter
jejuni, Escherichia coli O157, Listeria monocytogenes, Bacillus cereus and
Staphylococcus aureus in vitro and in food systems. J Appl Microbiol.
2006;101(6):1232–40.
19. Hammer KA, Carson CF, Riley TV. Antimicrobial activity of essential oils
and other plant extracts. J Appl Microbiol. 1999;86(6):985–90.
20. Guo Q, Liu K, Deng W, Zhong B, Yang W, Chun J. Chemical composition
and antimicrobial activity of Gannan navel orange (Citrus sinensis Osbeck
cv. Newhall) peel essential oils. Food Sci Nutr. 2018;6(6):1431–7.

Page 6 of 7

21. Cui H, Zhao C, Li C, Lin L. Essential oils-based antibacterial agent against
Escherichia coli O157:H7 biofilm on cucumber. J Food Process Preserv.
2017. https://doi.org/10.1111/jfpp.13140.
22. Aumeeruddy-Elalfi Z, Gurib-Fakim A, Mahomoodally F. Antimicrobial,
antibiotic potentiating activity and phytochemical profile of essential oils
from exotic and endemic medicinal plants of Mauritius. Ind Crops Prod.
2015;71:197–204. https://doi.org/10.1016/j.indcrop.2015.03.058.
23. Scazzocchio F, Mondì L, Ammendolia MG, Goldoni P, Comanducci A,
Marazzato M, et al. Coriander (Coriandrum sativum) essential oil: effect on
multidrug resistant uropathogenic Escherichia coli. Nat Prod Commun.
2017;12(4):623–6.
24. Zhang J, Ye K-P, Zhang X, Pan D-D, Sun Y-Y, Cao J-X. Antibacterial activity
and mechanism of action of black pepper essential oil on meat-borne
Escherichia coli. Front Microbiol. 2017;7(January):1–10. https://doi.org/10.
3389/fmicb.2016.02094/full.
25. Al-Mariri A, Safi M. In vitro antibacterial activity of several plant extracts
and oils against some Gram-negative bacteria. Iran J Med Sci IJMS.
2014;39(1):36.
26. Pereira AD, Piccoli RH, Batista NN, Camargos NG, Oliveira MMM.
Thermochemical inactivation of Escherichia coli, Staphylococcus aureus
and Salmonella enterica Enteritidis by essencial oils. Ciência Rural.
2014;44(11):2022–8.
27. Noriega P, Mosquera T, Paredes E, Parra M, Zappia M, Herrera M, et al.
Antimicrobial and antioxidant bioautography activity of bark essential oil
from Ocotea quixos (Lam.) kosterm. JPC J Planar Chromatogr Mod TLC.
2018;31(2):163–8. https://doi.org/10.1556/1006.2018.31.2.11.
28. Lima RK, Cardoso MDG, Andrade MA, Guimarães PL, Batista LR, Nelson
DL. Bactericidal and antioxidant activity of essential oils from Myristica
fragrans Houtt and Salvia microphylla H. B. K. JAOCS J Am Oil Chem Soc.
2012;89(3):523–8.
29. Mahmoud AM, Abd El-Baky RM, Ahmed ABF, Gad FMG. Antibacte‑
rial activity of essential oils and in combination with some standard
antimicrobials against different pathogens isolated from some clinical
specimens. Am J Microbiol Res. 2016;4(1):16–25.
30. De M, De AK, Sen P, Banerjee AB. Antimicrobial properties of star anise
(Illicium verum Hook f ). Phyther Res. 2002;16(1):94–5.
31. Prashar A, Locke IC, Evans CS. Cytotoxicity of clove (Syzygium aromaticum) oil and its major components to human skin cells. Cell Prolif.
2006;39(4):241–8.
32. Lorenzo-Leal AC, Palou E, López-Malo A, Bach H. Antimicrobial, cytotoxic,
and anti-inflammatory activities of Pimenta dioica and Rosmarinus officinalis essential oils. Biomed Res Int. 2019. https://doi.org/10.1155/2019/
1639726.
33. Ghasemian A, Al-Marzoqi AH, Mostafavi SKS, Alghanimi YK, Teimouri
M. Chemical composition and antimicrobial and cytotoxic activi‑
ties of Foeniculum vulgare Mill essential oils. J Gastrointest Cancer.
2020;51(1):260–6.
34. Standards P, Testing AS. M100 performance standards for antimicrobial. J
Clin Microbiol. 2019. https://doi.org/10.1128/JCM.00213-21.
35. Kaftanoglu O. ATCC bacterial culture guide. Scribd. 2015;21:1–32.
36. Hammer KA, Carson CF, Riley TV. Susceptibility of transient and commen‑
sal skin flora to the essential oil of Melaleuca alternifolia (tea tree oil). Am J
Infect Control. 1996;24(3):186–9.
37. Marques CS, Carvalho SG, Bertoli LD, Villanova JCO, Pinheiro PF, dos
Santos DCM, et al. β-Cyclodextrin inclusion complexes with essential
oils: obtention, characterization, antimicrobial activity and potential
application for food preservative sachets. Food Res Int. 2019;119(May
2019):499–509.
38. Amrutha B, Sundar K, Shetty PH. Spice oil nanoemulsions: potential
natural inhibitors against pathogenic E. coli and Salmonella spp. from
fresh fruits and vegetables. LWT Food Sci Technol. 2017;79:152–9. https://
doi.org/10.1016/j.lwt.2017.01.031.
39. Butler T. Effect of increased inoculum of Salmonella typhi on MIC of
azithromycin and resultant growth characteristics. J Antimicrob Chem‑
other. 2001;48(6):903–6.
40. Donadu MG, Peralta-Ruiz Y, Usai D, Maggio F, Molina-Hernandez JB, Rizzo
D, et al. Colombian essential oil of Ruta graveolens against nosocomial
antifungal resistant candida strains. J Fungi. 2021. https://doi.org/10.
3390/jof7050383.
41. Li XM, Luo XG, Si CL, Wang N, Zhou H, He JF, et al. Antibacterial active
compounds from Hypericum ascyron L. induce bacterial cell death

David et al. BMC Research Notes

(2021) 14:439

Page 7 of 7

through apoptosis pathway. Eur J Med Chem. 2015;96:436–44. https://
doi.org/10.1016/j.ejmech.2015.04.035.
42. Ghosh V, Saranya S, Mukherjee A, Chandrasekaran N. To check the
antimicrobial activity of the essential oils (EOs) selected, a broth dilu‑
tion method, in which the microorganisms were in direct contact
with oregano or cinnamon, was carried out. As was mentioned above,
the major components of the EOs were c. J Nanosci Nanotechnol.
2013;13(1):114–22.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

Ready to submit your research ? Choose BMC and benefit from:

• fast, convenient online submission
• thorough peer review by experienced researchers in your field
• rapid publication on acceptance
• support for research data, including large and complex data types
• gold Open Access which fosters wider collaboration and increased citations
• maximum visibility for your research: over 100M website views per year
At BMC, research is always in progress.
Learn more biomedcentral.com/submissions

