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The objective of this study was to evaluate the antibacterial activity of different EOs against Escherichia
coli, Salmonella spp., and coagulase-positive Staphylococcus isolated from ground beef. The EOs had
values varying from 0.78pl/mL to 100pl/mlL, and the essential oil of Citrus lemon did not present any
bacterial activity against the studied strains. For E. co/, the essential oil of Cinnamomum zeylanicum
presented the best inhibitory activity (MIC = 0.78ul/mL to 1.56ul/mL). In Salmonella spp., the EOs of
Cymbopaogon citratus (MIC = 12.5pl/mL and 25.0ul/mL), C. zeylanicum (MIC = 25.0 ul./mL) and Ocimum
basilicun MIC = 6.25ul/mL, 12.5pl/mL and 50.0pl/mL) exhibited similar results. The EOs of C.
zeylanicum and Eugenia caryophyllata demonstrated the lowest average values of study against coagulase-
positive Staphylococcus (MIC = 3.12ul/mL, 6.25pl/mL and 12.5pl/mL). With the data obtained in the
study, it can be observed the potential of essential oils of cinnamon, oregano and cloves, to control
pathogenic strains of food, as well as validate future researches on the proprieties and active
compounds of these products, besides the toxicity of these compounds and the possible alterations that
can be caused on the food.
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Potencial Antibacteriano de Oleos Essenciais Contra Micro-organismos Isolados

de Carne Moida

O objetivo do presente estudo foi avaliar a atividade antibacteriana de diferentes 6leos essenciais frente
a Escherichia coli, Salmonella spp. e Staphylococcns coagulase positiva isoladas de carne moida. Os 6leos
essenciais apresentaram valores de inibi¢ao vatiando de 0.78 pl/mL a 100 pl/mL, sendo que o 6leo
essencial de Citrus lemon nido apresentou atividade antibacteriana frente a cepas estudas. Para E. co/, o
6leo essencial de Cinnamonmum eylanicum apresentou a melhor atividade inibitéria (MIC = 0.78 pl/mL a
1.56 ul/mL), ja pata Salmonella spp., os éleos essenciais de Cymbopogon citratns (MIC = 12.5 ul/mL e 25.0
wl/mL), C. geylanicum MIC = 25.0ul/mL) e Ocimum basilicumr (MIC = 6.25 ul/mlL, 12.5 pl/mL e 50.0
ul/mL) exibiram resultados semelhantes. Os 6leos essenciais de C. geylanicum e Eugenia caryophyllata
demonstraram os menores valores de médias do estudo frente a S. coagulase positiva (MIC = 3.12
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ul/mL, 6.25 ul/mL e 12.5 ul/mL). Com os dados obtidos neste estudo, pode-se obsetvar o potencial
dos 6leos essenciais de canela, orégano e cravo, para o controle de cepas patogénicas de alimentos,
assim como validar pesquisas futuras a cerca das propriedades e compostos ativos dos respectivos
produtos, além de testes de toxicidade destes compostos e possivels alteragdes que possam vir a ser

causadas nos alimentos.

Palavras-chave: Concentra¢io Inibitoria Minima, carneos, condimentos, bactérias

INTRODUCTION

Pathogenic microorganisms are the
main agents that cause foodborne illnesses.!"
The techniques of food conservation have as
central objective to prevent microbial spoilage,
thus increasing shelf life period, preventing
economic losses, and to avoid contamination by
foodborne pathogens.”

Chemical conservation remains one of
key issues in food safety, making necessary the
development of alternatives for conservation
that can provide quality and increasingly safe
foods under the microbiological and
toxicological point of view along with already
existing technologies.”! The use of aromatic
plants that have essential oils (EOs) and usually
present flavoring agents, besides a combination
of herbs and spices with proven antibacterial
and antioxidant action, may be used for
preserving food, decreasing the concentration
of synthetic additives."

Over the last decades, there has been
interest in the therapeutic potential of medicinal
plants that contain EOs.> ! This interest aims
towards natural products with antimicrobial
potential combined to antioxidant potential,
different EOs that act in synergy when
combined.! In addition to these, some
researchers propose the use of treatments with
mild temperatures in combination with other
substances, such as natural antimicrobial
barriers.*”

Therefore, this study was made on the
effectiveness in vitro and to assess the
inhibitory effects of cinnamomum, lemongtrass,
lemon, clove, basil, oregano and rosmarinus
EOs against samples of Escherichia  coli,

Salmonella ~ spp. and  coagulase-positive
Staphylococcus isolated from ground beef.

MATERIAL AND METHODS

Essential oils: It has been used for the
study of EOs from Cinnamomum zeylanicum (L.)
Blume. (Cinnamomum), Cymbopogon  citratus
(DC.) Stapf (Lemongtrass), Citrus lemon (L.)
Burm  (Lemon), Eugenia  caryophyllata (L.
Thumb. (Clove), Ocimum basilicur (L.) (basil),
Origanum vulgare (L.) (oregano) and Rosmarinus
officinalis (L..) (rosmarinus). All EOs used in the
study are commercially available through
Florananda Ind. and Com. de Cosm. and Prod.
Nat. Ltda., except for the EO of O. wulgare
belonging to Universidade Federal de Pelotas —
Rio Grande do Sul/Brazil. All essential oil’s
were extracted by the steam distillation
technique in a Clavenger-type apparatus."’

Microorganisms: The strains of
Escherichia coli (nine), Salmonella spp. (eleven) and
coagulase-positive Staphylococcus (twelve) used
in this study were previously isolated from
ground beef, collected in Pelotas city, Rio
Grande do Sul, Brazil. The samples were
collected from  different  establishments
randomly chosen using the methodology of
Silva et al. ") and maintained in nutritional
medium agar (Brain Heart Infusion -
Acumedia®) until the antibacterial test.

Preliminary  evaluation of the
antibacterial  activity: For the initial
antibacterial activity analysis of the EOs, the
bacterial were picked by depletion in a medium
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plate (BHI agar- Acumedia®) in order to obtain
isolated colonies. After, the disk diffusion was
realized following the methodology of CLSI
MO02-A11."% A suspension of 1.5 x 10°
CFU.mL" of each bacterial strain, performed
through MacFarland Scale, was inoculated onto
Muller Hinton agar using a swab. Filter paper
disks (6 mm) with 10 puL of each EO (in
duplicate for each test) and a filter paper disc
containing 10 pL of sterile distilled water as
negative control were used. The Broth
Microdilution Test was performed for all EOs
that showed visible inhibition halo against the
bacterial strains.

Determination of Minimum
Inhibitory Concentrations (MIC): The MICs
were determined using 96-well microtiter plates.
The bacterial suspension was adjusted with
sterile saline to a concentration of 1.5 x 10°
cfu/ml, after subsequent dilution in BHI Broth
(Acumedia®) plus Tween 80 1% (T80-Vetec®)
surfactant  agent, achieving a  bacterial
population of 1.5 x 10° cfu/mL"™ The highest
concentration of EO used was 100 ul.mlL.”,
from it was serially diluted up to 0.781 ul.mL".
It was included negative controls containing
only BHI broth and another containing the
pure EO, besides positive control containing
BHI medium with microorganisms. The
microplates were incubated for 24h at 36°C *2.
The lowest concentrations were defined as
concentrations that inhibited bacterial growth,
demonstrated by no changing the color of the
medium from transparent to red when exposed
to the reagent used (2, 3, 5 triphenyl-
tetrazolium chloride - 0.5%). The change in
color from the medium of transparent to red
indicates bacterial growth.

Statistical ~ analysis: Data  was
subjected to T-Test analysis paired for mean
comparisons using SPSS statistic program
(Version 20.0).

RESULTS AND DISCUSSION

According to the diffusion disk tests, all
EOs showed some antibacterial activity
(inhibitory halo formation), and the MIC was
evaluated for all of these. After the MIC assays,
only the lemon EO did not show any
antibacterial effect.

Previous  studies  have  shown
antibacterial activity of Lemon on molds like
Aspergillus  niger, A. flavus, Penicillinm spp. and
Fusarium spp..'* " On the other hand, there are
few reports on the bacteriostatic and
bactericidal activity of this EO and compounds
thereof against bacterial species, such as
Salmonella spp., E. coli, Staphylococcus aurens and
others.!"> "' Espina et al.l'"¥ showed great activity
of this oil on E. coli and Salmonella enteretidis only
in combination with mild heat treatment
(54°C/10min).

It can be observed the inhibition
averages of the EOs that exhibited antibacterial
activity by the Broth Microdilution Test against
the bacterial samples used in the study. The
EOs that showed the best antibacterial against
E. coli and coagulase-positive Staphylococcus
potential were Cinnamomum and Clove. Their
MIC averages for isolates of E. co/i were in 0.90
uwl/mL and 7.20 pl/ml, respectively. Both
having antibacterial activity against coagulase-
positive Staphylococcus, with values of ¥ = 7.50
ul/mL to Cinnamomum and ¥ = 5.90 ul/mL to
Clove. The activities of other essential oils are
shown in Figure 1, wherein the essential oil of
rosemary, showed weak activity against isolates
of E. coli and Salmonella sp.

The major compound present in both
EO, eugenol, representing between 78% and
88% of components."” > *l On their studies,
Catherine et al® analyzed the antibacterial
activity of eugenol against different bacteria in
vitro system, and achieved MIC values of
2.00pl/mL as well as S. aurens as E. coli, the
findings of this study may be associated with

the usual presence of high rates of eugenol in
both EQO's.
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MIC averages value Gulfmi)

Figure 1. Averages of antibacterial activity of
essential oils (ul/ml), by the broth microdilution
test, against the bacterial samples of Escherichia coli
(1a), Salmonella spp. (2a) and Staphylococens positive
coagulase (3a).

Oregano EO presented a more intense
inhibitory effect in Salmonella spp. isolates (X =
3.90 ul/mL). The high antimicrobial activity of
oregano EO could be explained by their high
percentage of phenol components, such as
carvacrol, which is able to disintegrate the outer
membrane of gram-negative bacteria, releasing
lipopolysaccharides (LPS) and increasing the
permeability of cytoplasmic membrane to
ATP.[23’24]

Table 1. Paired differences of the minimum
inhibitory concentration (%) and their confidence
intervals showed by essential oils against isolates of
Escherichia coli and Salmonella spp.

In this study, the EO of oregano has
significant antibacterial activity averages for E.
coli and S. anrens, and lemongrass showed a low
antibacterial activity against the three bacterial
species tested. Several studies demonstrate the
excellent effect of Lemongrass EO against
bacterial pathogens.” ***1 However, variations
in the components may occur in different
samples from the same plant species which
might lead to conflicting results among
different studies. For large-scale production, it
is important to note that the composition of the
EOs of a particular species of plant may differ
according to the method of drying and the
season of the year in which the crop was made,
because of genetic factors.” > Tables 1, 2 and
3 describe the statistical matching between MIC
results obtained on the bacterial samples.

The EO of basil and rosmarinus has a
weak antibacterial activity over the bacterial
isolates. The Basil EO exhibited better effect
on gram-negative bacteria, E. co/i (¥ = 15.20
wl/mL) and Salmonella spp. (X = 20.40 ul/mL),
whereas R. officinalis has better action on gram-
positive used, coagulase-positive Staphylococcus (%
= 24.20 ul/mL).

Table 2. Paired differences of the minimum
inhibitory concentration (%) and their confidence
intervals showed by essential oils against isolates of
Escherichia coli and Staphylococcus coagulase-positive.

EO/bacterial Paired differences
species
compared ~ Mean (%) 1C95% p value
Lemongrass ~ 0.27889 1.18254 - 0.62476  0.497
Cinnamomum  2.40333  2.43408 - 2.37259 < 0.001
Clove 0.8 2.015-0.415 0.167
Basil 0.41667 1.40754 - 0.57421 0.361
Oregano 1.53111  1.02955 - 2.03267 < 0.001
Rosmarinus  0.79667 4.02238 - 5.61571 0.713

EO/bacterial Paired differences
species
compared ~ Mean (%) 1C95% p value
Lemongrass 0.69444  0.18804 - 1.20085  0.013
Cinnamomum  0.69889  0.97143 - 0.42635 < 0.001
Clove 0.20889  0.24187 - 0.65965  0.316
Oregano 1.73667  4.39832-0.92499  0.171
Basil 0.10333  0.66749 - 0.46083  0.684
Rosmarinus 1.07444  2.99078 - 513967  0.559
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Table 3. Paired differences of the minimum
inhibitory concentration (%) and their confidence
intervals showed by essential oils against isolates of
Salmonella spp. and Staphylococens coagulase-positive.

EO/bacterial Paired differences
species
compared  Mean (%) 1C95% 2 value

Lemongrass 1.02364 0.52252 - 1.49475 0.001

Cinnamomum  1.73636  1.51765 - 1.95507 < 0.001

Clove 0.88273  0.00249 - 1.76795 0.051
Oregano 1.59091 3.81623 - 0.63441 0.142
Basil 1.62182  1.07479 - 2.16884 < 0.001

Rosmarinus 0.14182 1.67265 - 1.95628 0.865

According to the results obtained by
statistical analysis, it can be observed a
discrepancy between MIC values of some EOs
in bacterial strains. The EOs of Cinnamomum
and Oregano showed significant differences in
their antibacterial activities in both gram-
negative bacteria of the present study, Salnonella
spp. and E. c/i (Table 1), demonstrating the
restricted antibacterial action of these oils,
probably  because of their variation, even
against strains with similar bacterial walls.

When comparing, gram positive and
gram negative bacteria analyzed, significant
variation can be observed in the antibacterial
action of EOs in Cinnamomum and
Lemongrass (Tables 2-3), result expected
because of the biochemical differences in the
bacterial walls. However, the EOs of Clove,
Basil and Rosmarinus showed no statistically
significant variation in their MIC values in the
researched bacterial species, what can infer that
these could generate compounds of broad
antimicrobial spectrum. In contrast, the EO
Cinnamomum showed statistical difference
between all species, attribute to restricted
spectrum characteristic of antimicrobial action.

The importance of EOs and extracts as
flavonoid action products in foods has been
known scientifically for many decades P,
however, some considerations must be made.
When analyzing a plant extract as an
antibacterial product to be used in food, for
example, the necessary concentration for

inhibiting a microorganism should be taken into
account, since the in vitro MIC of the
compound will be different from that required
for the preservation of the food i vivo."!

When it is necessary to increase the
concentrations of the EO to obtain
antibacterial activity, it is important to observe
the established rules in some countries. Some
examples are the ban of the addition of the
sassafras and fava-tonca EOs in Brazil, and
substances with maximum values established in
the BEuropean Union.’>*! Other aspects should
be emphasized before the application of EOs in
foods, such as the interaction of these with
matrix components of food (eg. fats), and the
alteration in product aroma, which can be a
negative aspect to the consumer.?* !

For these  considerations, some
alternatives can be put into practice, such as the
study of components and extracts considered
safe for human consumption, such as clove,
oregano, thyme, basil and cinnamon EOs.P
Also, further studies with nanoemulsion-
encapsulated oils, which may minimize
organoleptic effects and associate the type of
EO with a particular food, where the flavoring
action of the compound can enhance the
flavor/aroma of the food.””

CONCLUSION

The essential oil of cinnamon presented
the best in vitro activity against Escherichia coli
isolated from ground beef, followed by the
essential oil of clove. For the samples of
Salmonella sp., Oregano essential oil showed
better antibacterial efficiency, while for
Staphylococens coagulase-positive isolates, clove
essential oil showed satisfactory results.

REFERENCES

[1] Jokerst JC, Adkins JA, Bisha B, Mentele MM,
Goodridge LD, Henry CS. Development of a
paper-based analytical device for colorimetric
detection of select Foodborne pathogens. Analytical
Chemistry. 2012; 84(6): 2900-2907, 2012.

Segur. Aliment. Nutr., Campinas, v. 24, n. 2, p. 161-168, jul./dez. 2017

165



DOI: http://dx.doi.org/10.20396/ san.v24i2.8650280

Antibacterial Potential of Essential Oils. Volcao, ef al.

[2] Varela P, Fiszman SM. Exploring consumers’
knowledge and perceptions of hydrocolloids used as
food additives and ingredients. Food Hidrocolloids.
2013; 30(1): 477-484.

[3] Whitman H ez a/. A social-ecological perspective
on harmonizing food security and biodiversity
conservation. Regional Environmental Change.
2016; 1-11, 2016. doi: 10.1007 /s10113-016-1045-9.

[4] Samy RP, Manikandan ], Qahtani MA.
Evaluation of aromatic plants and compounds used
to fight multidrug resistant infections. Evidence-

Based Complementary and Alternative Medicine.
2013;2013: 1-17. doi: 10.1155/2013/525613

[5] Yunes RA, Pedrosa RC, Filho VC. Farmacos e
fitoterapicos: a necessidade do desenvolvimento da
industria de fitoterapicos e fitofirmacos no Brasil.
Quimica Nova. 2001; 24(1): 147-152.

[6] Solérzano-Santos F, Miranda-Novales MG.
Essential oils from aromatic herbs as antimicrobial

agents. Current Opinion in Biotechnology. 2012;
23(2): 136-141.

[7] Barbosa IM ef al. Efficacy of the combined
application of oregano and rosemary essential oil
for the control of Escherichia coli, Listeria monocytogenes
and Salmonella enteretidis in leafy vegetables. Food
Control. 2017; 59: 468-477. doi:
10.1016/j.foodcont.2015.06.2017

[8] Maiias P, Pagan R. Microbial inactivation by new
technologies of food preservation. Journal of
Applied Microbiology. 2005; 98(6): 1387-1399.

[9] Kamdem SLS e a/ Effect of mild heat
treatments on the antimicrobial activity of essential
oils of Curcuma longa, Xylopia acethiopica, Zanthoxylum
xanthoxyloides  and  Zanthoxylum  leprienrii  against
Salmonella enteritidis. Journal of
Essential Oils Research. 2015; 27(1): 52-60.

[10] Santos AS, Alves SDM, Figuereido FJC, Rocha
Neto OG. Descricao de sistemas ¢ de métodos de
extracao de Oleos essenciais ¢ determinacao da
umidade de biomassa em laboratério. Embrapa

Amazoénia Oriental. Comunicado Técnico 99, p. 1-
6, 2004.

[11] Silva N, Junqueira VCA, Silveira NFA,
Taniwaki MH, Santos RFS, Gomes RAR. Manual
de métodos de analise microbioldgica de alimentos
e agua: 4t ed. Sdo Paulo: Varela; 2010.

[12] CLSI. National Committee for Clinical
Laboratory Standards: Performance Standards for
Antimicrobial Disk Diffusion Susceptibility Tests.
Approved standard M02-A11, 2012.

[13] CLSI. National Committee for Clinical
Laboratory =~ Standards. Methods for diluition
antimicrobial susceptibility tests for bacteria that
grow aerobically. Approved standard M7-A6, 2012.

[14] Souza EL, Lima EO, Narain N. Especiarias:
uma alternativa para o controle de qualidade
sanitaria e de vida util de alimentos, frente a novas

petspectivas  da induastria alimenticia. Higiene
Alimentar. 2003; 113(17): 38-42.

[15] Viuda-Martos M, Ruiz-Navajas Y, Fernandez-
Lopez |, Pérez-Alvarez J. Antifungal activity of
lemon (Citrus lemon 1..), mandatin (Citrus reticulate 1..),
grapefruit (Citrus paradise 1.) and orange (Citrus
sinensis 1..) essential oils. Food Control. 2008; 19(12):
1130-1138.

[16] Olasupo NA, Fiyzgerald DJ, Gasson M],
Narbad, A. Activity of mnatural antimicrobial
compounds against Escherichia coli and  Salmonella

enterica serovar Typhimurium. Letters Applied in
Microbiology. 2003; 37(6): 448-451.

[17] Fischer 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 anrens in vitro and in food
systems. Journal of Applied Microbiology. 2006;
101(6): 1232-1240.

[18] Espina L, Somolinos M, Loran S, Conchello P,
Garcfa D, Pagan, R. Chemical composition of
commercial citrus fruit essential oils and evaluation
of their antimicrobial activity acting alone or in
combined processes. Food Control. 2011; 22(06):
896-902.

Segur. Aliment. Nutr., Campinas, v. 24, n. 2, p. 161-168, jul./dez. 2017

166


http://dx.doi.org/10.1155/2013/525613

DOI: http://dx.doi.org/10.20396/ san.v24i2.8650280

Antibacterial Potential of Essential Oils. Volcao, ef al.

[19] Prashar A, Locke 1C, Evans CS. Cytotoxicity of
clove (Syzyginm aromaticums) oil and its major
components to human skin cells. Cell Proliferation.
20006; 39(4): 241-248.

[20] Chaieb K e# a/. The chemical composition and
biological activity of clove essential oil, FEugenia
caryophyllata (Syzigium aromaticum L. Myrtaceae): a
short review. Phytotherapy Research. 2007; 21(6):
501-06.

[21] Wang R, Wang R, Yang B. Extraction of
essential oils from five cinnamon leaves and
identification  of  their volatile compound
compositions.  Innovative Food Science &
Emerging Technology. 2009; 10(2): 289-292.

[22] Catherine AA, Deepika H, Negi PS.
Antibacterial activity of eugenol and peppermint oil
in model food systems. The Journal of Essential Oil
Research. 2012; 24(5): 481-486.

[23] Sartoratto, A.; Machado, A.L.M.; Delarmelina,
C.; Figueira, G.M.; Duarte, M.C.T.; Rehder, V.L.G.
Composition and antimicrobial activity of essential

oils from aromatic plants used Brazil. Brazilian
Journal of Microbiology. 2004; 35(4): 275-280.

[24] Gurudatt PS e¢f a/. Changes in the essential oil
content and composition of Origanum vulgare L.

during annual growth from Kumaon Himalaya.
Current Science. 2010; 98(8): 1010-1012.

[25] Cimanga K ez al. Correlation between chemical
composition and antibacterial activity of essential
oils of some aromatic medicinal plants growing in
the Democratic Republic of Congo. Journal of
Ethnopharmacology. 2002; 79(2): 213-20.

[26] Naik MI, Fomda BA, Jaykumar E, Bhat JA.
Antibacterial activity of lemongrass (Cymbopogon
citratns) oil against some selected pathogenic

bacterial. Asian Pacific Journal of Tropical
Medicine. 2010; 3(7): 535-538.

[27] Millezi AF, Caixeta DS, Rossoni DF, Cardoso
MG, Piccoli RH. In vitro antimicrobial properties of
plant essential oils Thymus vulgaris, Cymbopogon citratus
and Laurus nobilis against five important foodborne
pathogens. Food Science and Technology. 2012;
32(1): 167-172.

[28] Ennajar M ez a/. The influence of organ, season
and drying method on chemical composition and
antioxidant and antimicrobial activities of Juniperus
phoenicea L. essential oils. Journal of Science and
Food Agticulture. 2010; 90(3): 462-70.

[29] Russo A e al. Chemical composition and
anticancer activity of essential oils of Mediterranean
sage (Salvia officinalis L.) grown in different
environmental conditions. Food and Chemical
Toxicology.  2013; 55: 42-47, 2013. doi:
10.1016/j.£ct.2012.12.036

[30] Demyttenaere JCR. The new European union
flavoring regulation and its impact on essential oils:
production of natural flavouring ingredients and
maximum levels of restricted substances. Flavors
and  Fragrances.  2010; 23: 3-12.  doi:
10.1002/£].2093

[31] Hyldgaard M, Mygind T, Meyer RL. Essential
oils in food preservation: mode of action, synergies
and interactions with food matrix components.

Frontiers in Microbiology — Antimicrobials,
Resistance and chemotherapy. 2010; 3(12): 1-24.

[32] AGENCIA NACIONAL DE VIGILANCIA
SANITARIA:  MINISTERIO DA  SAUDE.
Diretoria colegiada, RDC n° 2: Regulamento
Técnico sobre Aditivos Aromatizantes. Brasilia,
2007. Acessed in: 10 oct 2016. Available:
www.cidasc.sc.gov.br/inspecao/files /201208 /resol
u%c3%A30-2.2007.pdf

[33] EUROPEAN COMMISSION, Parlamento
Europeu e do Conselho. Regulamento de Execucio
(UE) n° 872/2012: anexo I relative aos aromas ¢ a
determinados  ingredientes  alimentares  com
propriedades aromatizantes utilizados nos e sobre
os generos alimenticios. Acessed: in 7 dec 2016.
Available:  www.europa.cu/rapid/press-releaselP-

12-1045pt.html

[34] Cava-Roda R, Taboada-Rodriguez A, Valverde-
Franco M, Marin-Iniesta. Antimicrobial activity of
vanillin and mixture with cinnamon and clove
essential oils in controlling Listeria monocytogenes
genes and Escherichia coli O157:H7 in milk. Food
Bioprocess and Technology. 2010; 5(6). doi:
10.1007/511947-010-0484-4

Segur. Aliment. Nutr., Campinas, v. 24, n. 2, p. 161-168, jul./dez. 2017

167


http://www.cidasc.sc.gov.br/inspecao/files/201208/resolu%c3%A3o-2.2007.pdf
http://www.cidasc.sc.gov.br/inspecao/files/201208/resolu%c3%A3o-2.2007.pdf
http://www.europa.eu/rapid/press-releaseIP-12-1045pt.html
http://www.europa.eu/rapid/press-releaseIP-12-1045pt.html

DOI: http://dx.doi.org/10.20396/ san.v24i2.8650280

Antibacterial Potential of Essential Oils. Volcao, ef al.

[35] Lv F, Liang H, Yuan Q, Li CL In vitro
antimicrobial effects and mechanism of action
selected plant essential oil combinations against four

food-related  microorganisms. Food Research
International. 2011; 44(9): 3057-30064.

[36] FOOD AND DRUG ADMINISTRATION,
U.S. Department of Health and Human Services.
Substances generally prohibited from direct addition
or use as human food, CFR Part 189. Acessed in: 7
dec 2016. Available:
www.gpo.gov/fdsys/pkg/CFR-2016-title21-
vol3/xlm/CFR-2016-title21-vol3-part189-

subpartC.xlm

[37] Donsi F, Annunziata M, Sessa M, Ferrari G.
Nanoencapsulation of essential oils to enhance their
antimicrobial activity in foods. Food Science and
Technology. 2011; 44(9): 1908-1914.

Segur. Aliment. Nutr., Campinas, v. 24, n. 2, p. 161-168, jul./dez. 2017

168


http://www.gpo.gov/fdsys/pkg/CFR-2016-title21-vol3/xlm/CFR-2016-title21-vol3-part189-subpartC.xlm
http://www.gpo.gov/fdsys/pkg/CFR-2016-title21-vol3/xlm/CFR-2016-title21-vol3-part189-subpartC.xlm
http://www.gpo.gov/fdsys/pkg/CFR-2016-title21-vol3/xlm/CFR-2016-title21-vol3-part189-subpartC.xlm

	Keywords: Minimum Inhibitory Concentration, meats, spices, bacterial

