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ABSTRACT

Thiswork reportsantimicrobial activity of oregano (Origanumvulgare) essential oil against several bacteria
in sausage. The in vitro minimum inhibitory concentration (MIC) was determined for 9 selected aerobic
heterotrofic bacteria. The antimicrobial activity of distinct concentrations of the essential oil on the basis of
the highest MIC found was tested in afood system comprised of fresh sausage. Batch food samples were
aso inoculated with Escherichia coli with a fixed concentration and the time course of the product was
evauated with respect to the action of the different concentrations of essential oil. Sensory analysis were
conducted, and results showed that the addition of oregano essential oil to sausage may be apromising route
as bacteriostatic effect was verified for oil concentrations lower than the MIC.
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INTRODUCTION

Research in essential (volatile) oils has attracted increased
attention from both academic and industrial circles due to a
growing interest in green consumerism, world-wide reduction
in the composition of salt in food (health reasons), and the
need of aternative techniques to assure quality and safety of
perishablefoods (4,15). Essential oilsof aromatic and medicinal
plants present a great potential of application as antimicrobial
agents and their use as remedies has been recognized for long
time(20).

In additionto antimicrobial properties, essentia oilsor their
components have shown to exhibit antiviral, antimycotic,
antitoxigenic, antiparasitic, and insecticidal properties, which
are possibly related to the function of these compounds in
plants (4). Excellent review papersare available on this subject
inthe specialized literature (4,15).

Though synthetic chemical additives have been added
during food manufacture to extend products shelf-life through
preventing or inhibiting microbial growth, coherently with
“green” image, the use of natural preservatives has become

popular. As a consequence, plant essential oils having
antimicrobial activity against a broad spectrum of
microorganismsisof great interest.

Essential oils are aromatic oily liquids obtained from plant
materia (flowers, buds, leaves, seeds, fruits, roots, twigs, barks,
herbs and wood) and are in fact a complex mixture of
hydrocarbons, alcohols, esters, aldheydes, carboxylic
compounds and, in some cases, phenylpropanoids. The most
frequent hydrocarbons are terpenic compounds, but
sesquiterpenes can also be found. The antibacterial properties
of essential oils have been attributed to the presence of phenolic
components and though other constituents are believed to have
little effect, synergistic effects should not be neglected apriori
(4,15).

Although several studies have been conducted regarding
invitro antibacterial and antifungal propertiesof plant essential
oils and extracts (4,32), just a few studies on the activity of
essentia oilsinfood systemshave been reported in theliterature
(15). Itiswell known that the antimicrobial potency of essential
oilsinfood systemsis generally reduced when comparedto in
vitro work, as the presence of fats, carbohydrates, proteins,
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salts and pH strongly influence the effectiveness of these
agents (4). Accordingly, higher amounts of essential oils are
required in food systems, thus seriously interfering in the final
organoleptical aspects(23). In this sense, theinfluence of food
composition on antimicrobia effectiveness of essential oils
comprises achallenging and important area of study (15).

Among several essential oils that may be useful as
antimicrobia agents, oregano il (Origanumvulgare) may have
a great potential for industrial applications (2,7,9,10).
Undoubtedly, oregano has been recognized as one of the most
used vegetable all over theworld, with abundant occurrencein
East Europe, in the Middle Asiaand South and North America
(21,33). Some properties like antimicrobial, antioxidant and
antimutagenic activities have been attributed to the essential
ail from Origanum(3,8,18).

Several oregano species are characterized by the presence
of two main chemotypes, thymol and carvacrol. Another
intermediate type would contain high content of two
monoterpene hydrocarbons, y-terpinene or p-cymene. But, some
species were found with high values of linalool and other
monoterpenes and sesquiterpenes (6,12,22,24-27).

The present paper is part of a broader project aiming the
eval uation of some kinds of L abiatae species of plants, mainly
Marjoran and Origanum, as antimicrobial agentsin vitro and,
mainly, infood systems. In thiscontext, thegoal of thiswork is
toevaluateinvitroandinfood antimicrobial activity of oregano
essential oil obtained from hydrodistillation. Minimuminhibitory
concentration (MIC) values were determined for 9 selected
aerobic heterotrofic bacteria. The essential oil potency was
tested in fresh sausage and sensory analyses were conducted
in the resulting products for different oil concentrations.

MATERIALSAND METHODS

Materials

Samplesof oregano (dried leavesfrom Chile) were purchased
from TecPharma Importacao de Produtos Quimicos e
Farmacéuticos LTDA. These samples were crushed manually
and stored under nitrogen atmosphere until the extraction. The
analytical standards o.-pinene, B-pinene, p-cymene, camphene,
o-terpinene, limonene, y-terpinene, linalool, terpineol-4, o-
terpineol, carvacrol, thymol and biphenyl are purchased from
Aldrich, PaloAlto, CA, USA. A stock solution of each standard
was prepared at 1000 mg/L in dichloromethane (Merck, PA grade,
bi-distilled) and stored under refrigeration. Additional details
regarding chemical characterization of oregano oil can befound
inthework of Rodrigueset al. (26).

Methods

The extractions were performed in a Clevenger apparatus
for 95 min and theyield of essential wasrecorded at each 5 min.
Density of essential oil measured by the gravimetric method
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afforded 0.92 g/mL at room temperature (£ 20°C). After
hydrodistillation runs, water was removed by decantation and
the essentid oil obtained was stored at 4°C and protected against
light to avoid alteration in its composition.

Analytical methods

The essential oil was analyzed with a gas-chromatograph
interfaced with amass sel ective detector — GC/M SD (Shimadzu,
Model QP5050A), using acapillary column DB-5 (30mx 0.25
mmx 0.25 um); flow rate of 1 mL/min (Helium ascarrier gas); in
electronic impact mode of 70 eV and in split mode (split ratio
1:30). Thefollowing oven temperature gradient programming
was adopted: 50°C heating to 100°C at 2°C/min, to 145°C at
3°C/min and to 280°C at 5°C/min (25 min hold). Theinterface
temperature was kept at 280°C. The identification of major
compounds was accomplished by comparing their retention
times with those of authentic standards, and by comparison
their mass spectra with those from the Wiley library.
Compositions are then expressed as percent of normalized
peak areas.

Invitrotestsof antimicrobial activity

According to Katzung (19), the disk diffusion methods are
satisfactory to determine the sensibility of several
microorgani sms agai nst many pharmaceutical substances, and
are sufficient when the resistance mechanism is due to the
degradation of the antimicrobial agent by the microorganism.
In this work, the sensitivity degree or resistance of the 18
microorganisms shown in Table 1 was preliminarily tested by
measuring the size of the zones of antimicrobial effect (size of
halo formed).

For this purpose, Watmann number 3 paper diskswith 7 mm
diameter soaked with 5 L of oregano essential oil werelaid on
top of Agar Muller-Hinton (Merck) culture medium plate
previously inoculated (100 L - 108 CFU/mL) with the different
microorganismstested in thiswork. Sampleswereexaminedin
triplicate, separately, against each bacterium together with a
negative control disk and another for positive control
(Chloramphenicol 30 ug). Afterwards, 9 bacteriawere selected
based on the hal o size and on the relevance to the food product
examined. MIC values were measured by the optical density
method.

The bacteria were then inoculated in micro-tubes (10 L -
108 CFU/mL) in 150 pL of LuriaBentani (LB) liquid medium
(triptone 10 g/L, yeast extract 5g/L, NaCl 5g/L), containing the
essential ail at different concentrations, by 24 hours in oven
maintained at 35°C. The optical density of the samples was
evaluated at the beginning and 24 hours (Bio-Tec | nstruments
Inc., model EL800), with wavelength of 490 nm. Thefollowing
concentrations of the essential oil was tested for the nine
bacteria: 0; 0.046; 0.069; 0.092; 0.23; 0.46; 0.598; 0.690; 0.782;
0.92; 2.3 and 4.6 mg/mL. Bacterial growth was determined by
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computing the difference between recorded optical density
measurementsin triplicate at zero and after 24 hours.

Antimicrobial activity in afood system

Towards evaluating the antimicrobial activity of oregano
essential ail in a food system, a sufficient amount of fresh
sausage was prepared following the actual Brazilian legislation
(ANVISA), stored under refrigeration at 4°C + 1.0°C, and tested
using three distinct oil concentrations with respect to the
highest MIC found for all tested bacteria: equal to, 2 timesand
5timesof thisMIC value. Of course, in addition to these sample
tests, areference blank (control) test without the oil was also
employed.

In order to prepare the food system, the essential oil and
sausage were mixed with the help of dehydrate sodium chloride
(NaCl). The same number of samples was inoculated with
Escherichia coli, previously grown in nutrient broth (Merck)
for 24 hours at 37°C and diluted to the concentration of 1x10°
MPN/g. The following oil concentrations in relation to the
highest MIC found were used: half, equal and 2 ¥2times.

To evaluate the antimicrobial potency in the food system,
tests were carried out using heterotrofic aerobic bacteria
following the method of Silvaet al. (29). These analyses were
performed for aperiod of 0, 10, 20, 25, 30 and 35 days. For the
food samples containing Escherichia coli analyseswerecarried
out adopting the most probable number (MPN) technique, as
mentioned by Silvaet al. (29). In this case, the chosen period of
timewasO, 10, 15, 20 and 30 days.

Sensory analysis

To evaluate the sensory characteristics (global test) of the
food system, it was adopted the control difference method as
described by Fariaand Yotsuyanagi (11), which consistsina9-
point structured scale: 1- extremely worse than the standard; 5-
equal to the standard, and 9- extremely better than the standard,
being the standard the sausage without the addition of essential
oil. Results obtained from sensory analysis performed by thirty
panelists, who were graduate students, were statistically
evaluated through ANOVA and Dunnet tests adopting a
confidencelevel of 95%.

RESULTSAND DISCUSSION

Chemical composition of or egano essential oil

The average extraction yield of the oregano essential oil
wasdetermined to be 1.33 wt% + 0.16 wt%, achieved after about
60 min extraction, which valueis similar to that found by von
Hertwig (35). Fig. 1 presents the chromatogram of oregano
essential oil where one can see that terpinen-4-ol (peak 21,
percent area of 21.43), y-terpinene (peak 13, percent area of
12.32) and are the major components, followed by carvacrol
(peak 30, percent area of 11.67) and thymol (peak 29, percent
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area of 9.45), a chemical profile very similar to that found by
Rodrigueset al. (26).

Invitroantimicrobial activity

From thedisk diffusion method, 9 bacteriawere preliminary
selected (see Table 1) by taking into account the size of halo
formed and their possible occurrence in meat products. This
technique is recognized as a useful semi-quantitative method
to determine the sensitivity of microorganisms to certain
compounds(16,17,19).

AscanbeseeninTable 1, al bacteriashowed to be sensitive
to the inhibitory effect of oregano essential oil, except
Pseudomonas aeruginosa, which is in agreement with the
findingsof Sivropoulou et al. (30) in which work three Origanum
essential oils (among them Origanum vulgare) did not present
antimicrobial activity against this bacterium. The highest
antimicrobial activity was observed for Salmonella
choleraensius, with the formation of ahal o of 29 mm, whereas
thelowest activity, 7.2 mm, wasverified for Micrococcus|uteus
(ahaloof only 11 mm).

In thiswork, thein vitro antimicrobial activity of oregano
essential oil will not be overemphasized asit does not comprise
the main contribution of the present work and al so because this
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Figure 1. Chromatogram of oregano essential oil obtained by
hydrodistillation. Peaksidentification: 1- o-thujene (0.45%); 2-
o-pinene (1.88%); 4- Sabinene (1.50%); 5 B-pinene (0.19%); 6-
Myrcene (1.18%); 7- a-phellandrene (0.39%); 8- a-terpinene
(5.58%); 9- p-cimene (2.99%); 10- Limonene (2.21%); 11- 1,8-
cineole(2.31%); 12- cisitrans-3-ocimene (0.81%); 13- y-terpinene
(12.32%); 14- Trans-sabinene-hydrate (0.56%); 15- Terpinolene
(1.97%); 16- Cis-sabinene-hydrate (3.35%); 17- Lina ool (3.47%);
18- Trans-p-menthenol (1.27%); 19- Cis-p-menthenol (0.89%);
20- Borneal (0.40%y); 21- terpinen-4-al (21.43%); 22- o-terpineol
(3.17%); 23- Trans-piperitol (0.37%); 24- Cis-piperitol (0.40%);
25- Methyl ether thimol (0.86%); 26- Methyl ether carvacrol
(1.66%); 27- Lind ool acetate (0.36%); 28- Geraniol/neral (1.36%);
29- Thymol (9.45%); 30- Carvacrol (11.67%); 31- Geranil/neril
acetate (0.34%); 32- B-caryophyllene (2.24%); 33- Germacrene
(1.12%); 34- Spathulenal (0.51%); 35- Caryophyllene oxide
(0.51%).



Table 1. Microorganisms tested for antimicrobial activity
through the disk diffusion method.

Antimicrobial agent in sausage

Table2. Resultsof minimuminhibitory concentration (MIC) for
oregano essential oil.

Bacterium ATCC Average halo
(m)

Gram-positive

Enterococcus faecalis 19433 16.3+0.09
Micrococcus luteus 10240 11.0£0.09
Sarcina sp * 16.0+£0.09
Saphylococcus aureus 6538 26.8+0.08
Saphylococcus epidermidis 12228 16.8+0.09
Streptococcus mutans 25175 16.5+0.07
Gram-negative

Acinetobacter sp * 19.0+0.09
Aeromonas sp * 13.8+0.08
Citrobacter freundii 8090 15.8+0.08
Escherichia coli 25022 17.3+0.12
Klebsiella pneumonae 13883 195+0.09
Proteus mirabilis 25033 13.3+0.07
Proteus vulgaris 13315 17.8+0.08
Pseudomonas aeruginosa 27853 ns’
Salmonella choleraesius 10708 29.0+0.08
Serratia sp 13830 14.3+0.06
Shigella flexneri 12022 16.3+0.06
Yersinia enterocolitica 10460 17.3+0.12

ATCC: American Type Culture Collection - (USA)
*Obtained from Instituto Biol6gico - Campinas SP; 'not susceptible.

subject has been extensively discussed in the literature by
numerous papers (seethereview papersof Burt (4); Holley and
Patel (15)).

Deter mination of minimum inhibitory concentration (M1C)
From Table 2 it can be observed that al microorganisms
were susceptible to the action of oregano essential oil, with a
variation in the MIC values from 0.23 to 0.69 mg/mL. The
generaly verified greatest resistance of Gram-negative bacteria
to essential oilshasbeen attributed in part to the great complexity
of the double membrane-containing cell envelope of these
microorganismsin contrast with the single membrane structures
of Gram-positive bacteria(1,13,14,16,17,28,31,34). Inthiswork
however no significant difference (through statistical Dunnet
test at p < 0.05) was observed between the Gram-positive and
Gram-negative bacteriaregarding sensitive to the essentia ail.
Results of MIC of oregano essential obtained in this work
are of the same order of magnitude of those found for thyme
essential oil (Thymus vulgaris); e.g., for Escherichia coli,
Salmonella sp. and Staphylococcus aureus the respective
valuesfoundwere: 0.5, 0.4 and 0.2 mg/mL (13,16,28,34), whilein

Bacterium Gramtype  MIC(mg/mL)
Aeromonas sp - 0460
Enterococcus faecalis + 0460
Escherichia coli - 0460
Klebsiella pneumonae - 0460
Salmonella choleraensius - 0460
Serratia sp - 0.598
Shigella flexneri - 0230
Staphylococcus aureus + 0230
Streptococcus mutans + 0690
Average values i 0444
+ 0460

this work it was found 0.46 mg/mL for both Escherichia coli
and Salmonella choleraesius and 0.23 mg/mL for
Staphylococcus aureus.

Effect of essential oil concentration on antimicrobial activity
against aer obic heterotroficbacteriain fresh sausage

Asmentioned before, to evaluate the antimicrobial activity
of oregano essential oil in the food system, it was adopted
three distinct oil concentrations with respect to the highest
MIC found for al tested bacteria: equal to, 2 timesand 5 times
of this MIC value. A blank test, without the essential oil was
also conducted.

Asit can be noticed from Table 3, asignificant increasein
the number of bacterial cells during the storage period was
verified for number 1 sample test (without the oil), especially
after the 20" day. For thissample, theinitial number of bacterial
cellswas 3.81 Log CFU/g with the final value as high as6.78
Log CFU/g. For number 2 batch sample test a progressive
increase in the number of bacterial cells was also observed
during the storage period but with afinal CFU/g value smaller
than that found for sample 1.

For sample 3 CFU/g values maintained almost constant up
to the 30" day with a subsequent significant bacterial growth
increase reaching 5.18 Log CFU/g at the end of the storage
period. For sample 4 a reduction in the number of CFU was
noticed along the storage period, reaching 2.43 Log CFU/g after
a 35-day storage period.

Effect of essential oil concentration on antimicrobial activity
against Escherichia coli inoculated in fresh sausage

For the samples inoculated with Escherichia coli
(concentration of 1x10®* MPN/g), an increase of bacterial cells
was verified to occur in batch sample 1, which did not havein
its formulation the essentia oil. As presented in Table 4, this
fact becomes clear after 30 days, reaching afinal concentration
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Table 3. Time-course of aerobic heterotrofic bacteriagrowthin
fresh sausage containing oregano essential oil initsformulation.
Valuesexpressedintermsof Log (CFU/g*).

Table 4. Development of Escherichia coli present in fresh
sausage with different oregano essential concentration. Values
expressed intermsof Log (MPN/mL).

Time Batch sample* Time Batch sample*
(days) 1 2 3 4 (days) 1 2 3 4
0 3.81Ad 3.78%¢ 3.944b 3.85%2 0 438 397 4.66 438
10 3.994d 3.788x 3.87480 3.95%2 10 4.66 4.66 438 397
20 4,284 3.265¢ 3.308° 3.268¢ 20 504 4.66 4.66 438
5 5.284¢ 4.268° 3.94> 3.68¢x D 504 4.66 4.66 438
D 5.674b 4,238 3.908 3.53¢% ] . ] . ]
» 6.7822 5.594a 5.1882 2 43cd *1- without oregano essential oil but with bacteriainoculum; 2- essential

*different letters mean significant difference at 95% (Dunnet test -
p<0.05), comparison being made between lower caselettersin columns
with capital lettersin rows, with 3 replicate experiments.

T1- without addition of oregano essential oil; 2- essential oil
concentration equal to the highest MIC (0.69 mg/g); 3- essential oil
concentration of 2 times of the highest MIC (1.725 mg/g); 4- essential
oil concentration of 5 times of the highest MIC (3.45 mg/qg).

of 5.04 Log MPN/g. For samplestreated with theessentia oil, it
was not detected enhancements in the MPN cells for all
concentrations, which allows affirming that the oil acted
efficiently.

This inhibitory effect is due probably to the action of the
major compound terpinen-4-ol, which is believed to work
inhibiting the oxidative inhal e, inducing membrane deformation
(dilatation) with consequent changein membrane permeability
(5). It may be important to mention at this point that thereis a
lack in theliterature concerning the action of oregano essential
oil in food systems.

Furthermore, it may be interesting to note that the majority
of works published in the literature points out the need of using
a high concentration of essential in food systems, typically
from 2 to 100 times of the determined in vitro MIC value,
depending on thefood characteristics (4). In thisaspect, results
obtained in this work indicate the technical viability of using
the oregano essential oil to enlarge the shelf-life of fresh
sausage, asarelatively low concentration of oil was sufficient
to reduce the number of natural-occurring heterotrofic bacteria
aswell asE. coli, even inoculated at high concentrations.

Sensory analysis

Results obtained from the application of the difference
control method show the presence of significant differences
compared to the standard, with the exception of sample B (half
of MIC), which registered the same acceptance of the standard
(Table 5). As one could expected based on several studies
available in the literature, sensory analysis revealed that
acceptance is improved as the oil concentration is reduced.
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oil concentration equal to the half of highest MIC (0.345 mg/qg); 3-
essential oil concentration equal to the highest MIC (0.69 mg/qg); 4-
essential oil concentration 2.5 times of highest MIC (1.725 mg/g).
Average values obtained from 3 replicate experiments.

Table 5. Average grade from sensory analysis of fresh sausage
with different oregano essential oil concentrations.

Sample* Average grade’
A 5582
B 4.18%
C 3.08°
D 258>
E 1.98¢

* A- samplewithout oregano essential oil; B- essential oil concentration
equal to the half of highest MIC (0.345 mg/g); C- essential oil
concentration equal to the highest MIC (0.69 mg/g); D- essentid oil
concentration 2 times of highest MIC (1.725 mg/g); E- essential oil
concentration 5 times of highest MIC (3.45 mg/g)

fequal letters mean no significant difference at 95% (Dunnet - p<0.05)

Thus, the addition of oregano essential oil to fresh sausage
showsto be promising because bacteri ostatic effect was verified
for oil concentrationslower than the highest M1C, which means
enhancement in shelf-life. Possibly, reducing the concentration
of spicesduring product formulation will helpto achieveawell-
balanced product, satisfying antimicrobial and acceptability
consumers’ requirements.

CONCLUSIONS

Inthiswork it wasinvestigated the use of oregano essential
oil as antimicrobial agent against several bacteriaand aso in
fresh sausage. Results obtained showed that a good
performance is achieved with relatively low concentration of
the essential oil, thus leading to extended product shelf-life
with the desired dight alteration of the original taste parameters.
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RESUMO

Avaliacao da atividade antimicrobiana de 6leo
essencial de Origanum vulgare em linguica

O presente trabalho reporta resultados referentes a testes
de atividade antimicrobiana do 6leo essencia de orégano
(Origanum vulgare) contra varias bactérias em linglica. A
concentracdo inibitéria minima (CIM) foi determinada para 9
bactérias aerdbicas heterotroficas. Com base no maior valor
encontrado da CIM, testou-se a atividade antimicrobiana para
distintas concentragdes do 6leo essencial in lingtica fresca.
Amostras do sistemaalimentar escolhido foram inoculadascom
Escherichia coli numadeterminada concentracéo e aevolucdo
temporal do produto concernente ao crescimento microbiano
foi monitorada avaliando-se o efeito das diferentes
concentracdes de 6leos essencial aplicadas ao produto
inoculado. Os resultados das andlises microbiol gicae sensorial
mostraram gque aadicao do 6leo essencial de orégano alinguica
fresca coloca-se como promissora tendo em vista os efeitos
bacteriostéticos observados em baixas concentracdes do 6leo
essencial, inferioresaCIM.

Palavras-chave: Propriedades antimicrobianas, orégano,
aimentos, lingliica
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