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ABSTRACT

Thisstudy eval uated the occurrence of an enhancing inhibitory effect of the combined application of Origanum
vulgare L. essentia oil and acetic acid against Staphylococcus aureus by the determination of Fractional
Inhibitory Concentration (FIC) index and kill-timeassay in nutrient broth, meat broth andin afood model (meat
pieces). Acetic acid showed MIC and MFC of 0.6 and 1.25 pL..mL 2, respectively. For O. vulgare essential ail
MICand MBC were 1.25 and 2.5 pL..mL 2, respectively. FIC indexes of the mixture of essential oil and acetic
acid at MIC x ¥2 were < 1.0, showing an additive effect. No synergy was found at kill-time study. Anti-
staphylococcal effect of the antimicrobialsalone or in mixture (MIC x ¥2) waslower in meat than in nutrient
and meat broths. The effective combination of essential oils and organic acids could appear as an attractive
aternative for the food industry, as the doses to inhibit the microbia growth in foods can be lowered.
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INTRODUCTION

Staphylococcal food poisoning is a common disease
transmissible by improper handling and storage of food
contaminated with staphylococci (42). In many countries,
Saphylococcus aureusis considered the second or third most
common pathogen responsible for outbreaks of food
poisoning (33).

Staphylococcus enterotoxins (SEs) are a family of
serologically well defined, low-molecul ar-wei ght proteins (26-
30 kDa) produced by some strains of Staphylococcus aureus
(23,31). Twenty different typesof SEs, i.e., SEA-SEE, SEG-SER,
and SEU have already been discovered, however SEA-SEE are
the most common enterotoxinsinvolved in staphylococcal food
poisoning (20). These toxins are heat stable, resistant to gut
proteases, and stable over a wide range of pH (pH 4-10) (37).
Foods that are frequently associated with staphylococcal food
poisoning include meat, salads, cream-filled bakery items,
sandwich accoutrements, and dairy products (7,18).

The constant threat posed by S aureus for food industry
stimulates the search for successful procedures to be applied
in food conservation in order to control its survival and
production of toxic metabolites (3). Essential oils has been
known as one of the more interesting compounds to be applied
as alternative antimicrobial agentsin foods, including for anti-
S aureus purposes (2,35).

The increased demand of consumers for additive-free,
fresher, more natural tasting foods and with asmaller impact on
the environment, while maintaining the microbiological safety,
provokes many researchers to investigate the antimicrobial
effects of natural compounds (12). Several investigations have
confirmed the antimicrobial action of essentia oilsagainst food-
borne pathogens and spoilage bacteriain synthetic media, food
systemsand real foods (39). However, higher concentrations of
essential oils are needed to achieve the same effect in foods as
in synthetic media. These higher concentrations needed to
inhibit spoilage and pathogen bacteria in food matrixes could
often exceed the flavor threshold acceptabl e to consumers (27).
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If essential oils are expected to be widely applied as
antimicrobials in foods, the organoleptic impact must be
considered (30). Combination of essential oils with existing
physical or chemical treatments (Hurdle Technology concept)
could rise as an effective approach for reinforcing their natural
antimicrobial effects. The addition of small amounts of other
natural preservatives may be a way to provide the balance
between sensory acceptability and antimicrobial efficacy
(17,29).

Weak organic acids are either naturally present as
congtituents of the food, produced in different fermented foods
by desirablefood-grade starter cultures, or added to the products
through the food formulation. Acetic acid, also known as
ethanoic acid, is one of the simplest carboxylic acids. Acetic
acid is usually used as vinegar (4%) or as salts of sodium and
calcium at 25% higher levels in pickles, salad, dressings, and
sauces. It is cited to be more effective against bacteria than
yeasts and moulds. Besides its use in foods, acetic acid has
been recommended for use (1 to 2% level) in carcass wash to
reduce bacteria levels. In the food industry acetic acid is used
under the food additive code E260 as an acidity regulator (10).

Recently, some studies have focused on the biological
properties of the essential oil from Origanum vulgare L.,
Lamiaceae, and their mgjor constituents (38,39). O. vulgare,
commonly known as oregano, possesses many therapeutic
properties (e.g. diaphoretic, anti-inflammatory, antiseptic,
carminative, antispasmodic and tonic) being used in medicine
native systemsfor along. O. vulgare essential oil has presented
interesting results in inhibiting the growth of bacteria, fungi
and synthesis of microbial metabolites (4,31).

This study aimed to investigate the occurrence of an
enhancing anti-S. aureus effect between O. vulgare essential
oil and acetic acid in different media on the base of FIC index
and kill-time assay. To date, no reference data have been found
about the effect of the combined application of O. vulgare
essential oil and acetic acid at sub-inhibitory concentrations
against the foodborne pathogen S aureus.

MATERIALAND METHODS

Antimicrobial agents

Aceticacid PA. (85 - 90%) was obtained from Vetec Quimica
FinaLtda (Rio de Janeiro, Brazil). Stock solutions of the acid
weremadein distilled water. Theessential oil from O. vulgareL.
was supplied by Ferquima Ind. e Com. Ltda. (Vargem Grande
Paulista, S8o Paulo, Brazil). Stock solution of the essentia oil
was prepared in nutrient broth using bacteriol ogical agar (0.15%
w/v) as stabilizing agent (6).

Bacterial strains

S aureus QCA, S aureus QCB, S aureus QCC, S aureus
QCD, S aureus QCF, S aureus QCG, S aureus QCH and S
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aureus QCI obtained from the Microorganism Collection,
Laboratory of Food Micrabiology, Health Sciences Center,
Federal University of Paraiba, Jodo Pessoa, Brazil were used as
test microorganisms. The strains were isolated from unripened
cheese samples by the standard procedures (41) and identified
by positive Gram test, positive catalase activity, positive
coagulase production (level four), positive thermonuclease
production, acid production from mannitol anaerobically, acid
production from glucose anaerobically and lysostaphin positive
sensitivity (1,5).

Inoculaused inthe antimicrobial assayswere obtained from
overnight cultures grown on nutrient agar slants at 37°C and
diluted in sterile saline solution (0.85% wi/v) to have a fina
concentration of approximately 107 colony forming unity per
mL (cfu.mL-t) (adjusted according to the turbidity of 0.5
McFarland scale tube).

Preparation of meat broth

Bovine meat steaksweretrimmed for all externa fat and cut
in pieces of uniform sizes (3x 3x 3 cm). The meat pieceswere
cooked during 20 min at 80°C. About 500 mL of meat broth
were obtained and vacuum filtered using Whartman n° 1. The
filtrate was sterilized by using autoclave for 15 min (121 atm).
After that, the broth was stored at - 50°C in aliquots of 50 mL.
When required one aliquot wasthawed under refrigeration (7°C,
+ 1°C) and used for the experimental analysis.

Deter mination of theMinimum I nhibitory Concentration (MIC)
and Minimum Bactericidal Concentration (MBC)

MIC and MBC values of acetic acid were determined using
the macrodilution in broth procedure. 5 mL of double strength
nutrient broth wasinoculated with 1 mL of the bacterial inocula
(ca10’cfu.mLt). After that, 4 mL of the acetic acid solutionwith
proper concentration was added and followed by shaking for
30 s. The system was incubated for 24 hours at 37°C without
shaking. MIC was defined as the lowest concentration of the
acid required to completely prevent visible bacterial growth.
Analiquot (100 L) of thetubeswith no visible bacterial growth
was subcultured on sterile Nutrient agar Petri dishesat 37°C for
48 hto determineif theinhibition wasreversible or permanent.
MBC was defined asthe lowest concentration which no growth
was noted on Nutrient agar. Control flasks without acetic acid
weretested in the sameway (15).

Syner gy assaysin broth

The study of synergy of O. vulgare essential oil and acetic
acid was carried out by determining Fractional Inhibitory
Concentration (FIC). For this, was used the macrodilution in
broth procedure as previously described. FIC was calculated
asfollow: FIC: MIC of the il in combination of aceticacid/MIC
of theoil alone. Synergy was FIC < 0.5; additionwasFIC > 0.5
to 4; and antagonismwas FIC > 4 (17,26).



For analyzing 96-h kill times curves synergy wasdefined as
> 2 log cycles increase-bacterial killing as compared to the
most active antimicrobial agent in combination (16). For this, 5
mL of double strength nutrient broth or meat broth was
inoculated with 1 mL of the bacterial suspension (ca 107
cfu.mL?). After that, 4 mL of the assayed antimicrobial agent
(ail: MIC, acid: MIC, oil: ¥2MIC + acid: ¥2MIC) sol ution proper
concentration was added to the system and gently shaken for
30s. The system was incubated at 37°C. At different time
intervals (0, 24, 48, 72 and 96 h), 1 mL of the suspension was
seriadly diluted (10 - 10°) in sterile peptone water (0.1% w/v)
and inoculated on nutrient agar Petri dishes for 24 h at 37°C.
Control flaskswithout essential oil or acetic acid weretested in
the same way. The mean humber of colonies was counted and
compared with that found in the control assay. The results
were expressedinlog of cfu.mL 2.

Syner gy assaysin food model

Bovine meat steaksweretrimmed for al external fat and cut
in pieces of uniform sizes (3 x 3 x 3 cm). The meat pieceswere
put in scraped glassflasks and sterilized using autoclave (121°C
for 15 min, 121 atm). After that, meat pieces were inoculated
with a staphylococcal suspension according the following
procedure: the pieceswereindividually submerged in 50 mL of
the bacteria inoculum (ca 107 cfu.mL*prepared in sterile 0.85%
saline solution, S. aureus QCE), rotated with sterile glass stick
for L minto ensureeveninoculation, air dried for 30 mininabio-
safety cabinet before washing with the antimicrobials. The
pieces were randomly divided into four groups and immersed
for 30s(1:4wi/v) asfollow: (1) control - dippedin steriledistilled
water; (2) dipped in the essential MIC solutions; (3) dipped in
acetic acid MIC solutions; and (4) dipped in ail (*2 MIC) +
acetic acid (Y2 MIC) solution. The pieces were put in sterile
sealed sterile polypropylene cupsand stored under refrigeration
(7°C, £ 1°C). At 0, 24, 48, 72 and 96 h of storage the meat samples
were submitted to count of S. aureus according to procedure
described by Vanderzant and Spplittstoesser (41). The results
were described inlog of cfu per gram of meat (log cfu/g meat).

All antimicrobial assays were carried out in triplicate and
theresults are expressed as average of thethree parallel assays.

Satigtical analysis

Statistical analysis was performed to determine significant
differences (p<0.01) by ANOVA followed for Tukey test in the
bacteria kill time assays. For this was used Sigma stat 2.03
computer program.

RESULTSAND DISCUSSION

In our previous experiments O. vulgare essentia oil showed
MICvalueof 0.6 uL.mLt, whileMBCwasinarangeof 1.25-2.5
pL.mL* (not published data) toward the tested S. aureus
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strains. Vaues of MIC and MBC of acetic acid on each S
aureus strain by macrodilution assay are given in Table 1. All
ninetest strains were sensitive to acetic acid being found MIC
and MBC valuesof 0.6 and 1.25 puL.mL %, respectively (datanot
showed). MIC of the essential il and acetic acid werethe same
for the all strains. MBC of acetic acid was two-folds higher
than the corresponding MIC.

FIC indices of the combined application of O. vulgare
essential oil and acetic acid on S. aureus strains are given in
Table 2. FICindiceswere 1.0 for the strains showing an additive
interaction of the antimicrobials. Test strains presented
capability to grow at sub-inhibitory concentrations (Y2MIC, ¥
MIC) of both antimicrobials when applied alone (data not
showed). Interactions between antimicrobials are still a
contentious issue. At theory, synergy is found when the effect
of the combined compounds is greater than the sum of the

Table1. MIC and MBC of acetic acid against S aureus strains.

Strains Aceticacid (uL.mL")  Strainviability
MIC MBC
QCA 06 125 +
QB 06 125 +
QcC 06 125 +
QD 06 125 +
QCE 06 125 +
QCF 06 125 +
QG 06 125 +
QCH 06 125 +
a 06 125 +

a: capability of the strain to grow in nutrient broth without adding
essential oil.

Table 2. FIC indexes of the combined action of O. vulgare L.
essential oil and acetic acid to S aureus strains.

Control
O. wulgare L
Strains HC essentia ail Acetic acid
MICx MICx MICx MICx
12 iz 12 14
SaureusQCD 10 + + + +
S aureus QCE 10 + + + +
SaureusQCF 10 + + + +

+ : capability of the strain to grow in nutrient broth added of the
antimicrobial agent at the assayed concentration.
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individual effects. Regarding the FIC index assay, synergy
occurs at a FIC index < 1, however as the dilution method can
present a+ 1 error dilution convention states that synergy is <
0.5. However, aminor synergy (i.e. upto FIC 1) could beregarded
to present some practical importance (16).

McKay et al. (26) reported that the advantage of using FIC
index assay in combination with kill time studies is the
availability of much more information about the kinetic of
microbid kill resulting in adynamic picture of the antimicrobial
interaction.

Kill-time of S. aureus QCE when exposed to O. wulgare
essential oil (MIC), acetic acid (MIC) and O. vulgare essential
ail (*2MIC) in combination of acetic acid (*2MIC) in nutrient
broth are given in Fig. 1. The oil showed a sharp drop in the
bacterial count after 24 h and after this interval on the counts
were aways at 2 log cycles. Acetic acid caused a clear linear
decrease in bacterial inoculum along the evaluated intervals,
being noted a bacterial count of 2 log cycles after 96 h.
Combination of essential oil and acetic acid at sub-inhibitory
concentrations provided a reduction of 3 log cycles (99.9%
killing rate) ininitial bacterial inoculain meat broth after 72 h.
No significant difference (p > 0.05) wasfound among thebacterial
counts for the nutrient broth added of essentia oil, acetic acid
and essential oil combined of acetic acid.

Kill-time of S. aureus QCE when exposed to O. wulgare
essential oil (MIC), lactic acid (MIC) and O. vulgare essential
ail (*2MIC) in combination of acetic acid (*2MIC) in meat broth
are shown in Fig. 2. In meat broth the il caused a prominent
drop in the bacterial inoculum after 24 h, and kept a strong
inhibitory effect onthebacterial cell viability upto 96 h. During
the evaluated interval s the bacterial countsfound for the media
added of essential oil and acetic acid at sub-inhibitory
concentrations showed aclear time exposurelinear killing-rate.
In meat broth added of essentia oil the countsweresignificantly
lower (p<0.01) than those found in the control assay and in the
meat broth added of acetic acid. Significant difference (p<0.01)
was hoted between the counts found for the meat broth added
of essentid oil and of acetic acid alone.

Kill-time of S. aureus QCE when exposed to O. wulgare
essential oil (MIC), acetic acid (MIC) and O. vulgare essential
ail (*2MIC) in combination of acetic acid (*2MIC) in meat are
shown in Fig. 3. Anti-staphylococcal effect of all treatments,
excepting the control assay, was smaller in meat in comparison
to its addition in nutrient and meat broth. No significant
difference (p<0.01) was found for the microbial countsin meat
treated with the antimicrobia salone or in mixture.

The application of antimicrobia saloneor in mixturesin meat
showed asimilar drop inthe microbial inoculum after 24 h, and
asmaller kill-effect was noted in thefollowing intervals. These
results could suggest a more difficulty of the antimicrobia to
disperseinto thefood model (meat pieces), sinceit could impair
the contact of antimicrobialswith target microorganism.
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Figure 1. Survivors curves for Staphylococcus aureus QCE
in nutrient broth at 37°C as a function of antimicrobial
concentration: (=): control (O pL.mL2); (M): essential cil (MIC:
0.6 uL.mL%); (A): acetic acid (0.6 pL.mL%; (@): essential oil
(MICx%2 0.3 uL.mL?) +aceticacid (MICx %2 0.3uL.mL™2). The
detection limit for viable cells was 2 log cfu.mL-t. Where no
cellswere recovered, the detection limit isindicated.
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Figure 2. Survivors curvesfor Saphylococcus aureus QCE in
mest broth at 37°C asafunction of antimicrobial concentration:
(=): control (OpL.mL"%); (M): essentia oil (MIC: 0.6 uL.mLY);
(A): aceticacid (MIC: 0.6 uL.mL%; (#): essentid oil (MICx ¥z
0.3pL.mL?) +aceticacid (MIC x %2 0.3 uL.mL ). Thedetection
limit for viable cellswas 2 log cfu.mL 1. Where no cells were
recovered, the detection limit isindicated.
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Figure 3. Survivors curves for Staphylococcus aureus QCE
in meat at 7°C as a function of antimicrobial concentration:
(=): control (O pL.mL%); (M): essentia oil (MIC: 0.6 uL.mLY);
(A): aceticacid (2.5 uL.mL%; (@): essential oil (MIC x %2 0.3
pL.mL?Y) +aceticacid (MIC x ¥z 0.3 uL.mL1). Thedetection limit
for viable cells was 2 log cfu.mLt. Where no cells were
recovered, the detection limit isindicated.

Counts found in meat exposed to antimicrobials alone or in
combination showed no significant difference (p>0.01).

Elliopoullos and Moellering (13) stated that the occurrence
of synergy between compounds on the base of kill-time study
is aso generally reported when the combined antimicrobials
demonstrate an additional one log reduction compared to the
sum of thelethal effects of each preservative. Thisdefinition of
synergy is based on the hypothesis that the inhibitory effect of
each compound islinear with concentration when its act alone.
Although, no clear synergy was found between the tested
antimicrobiasinkill-timestudy it isinteresting to citethat their
combination at %2 MIC caused a level of inhibition of the S
aureus cell viability asintense asthat noted for the essentia oil
(the most active compound) at a maximum time of 72 hin al
growth media.

It is supposed that the high levels of fat and lower content
of water in foodstuffs may hamper the progress of antibacterial
agents to the target site in the bacterial cell. If the essential oil
dissolvesin the lipid phase of the food there will be relatively
less available to act on bacteria present in agueous phase.
Moreover, the physical structure of a food may limit the
antibacterial activity of an essentia ail (9).

It has generally been found that a greater concentration of
essential oilsis needed to achieve the same antibacterial effect
in foods (34). The ratio has been cited to be approximately
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twofold in semi-skimmed milk (21), 10-fold in pork liver sausage
(32), 50-fold in soup (40) and 25- to 100-fold in soft cheese (27).

Regarding that higher concentrations of plant essentia oils
are generally required when added to food, the application of
essential oils in food may be limited due to changes in
organoleptic and textural quaity (11). Although, the mixtures of
antimicrobials showed no synergy in the performed assays,
combining O. vulgare essential oil and acetic acid at sub-
inhibitory concentrations has some potential for practical
application to extend the shelf-life of foods, particularly, meat
products.

Few studies have focused on the antimicrobial activity of
combinations of plant products in the presence of other
inhibiting compounds. Activities of O. vulgare essential oil
constituents (thymol and carvacrol) against Bacillus cereus
and Listeria monocytogenes are enhanced by nisin (14). Blaszyk
and Holley (8) found that sodium citrate can increased the
inhibitory action of eugenol. Lambert et al. (24) reported that
carvacrol and thymol in combination were additive against S.
aureus and P. aeruginosa.

Guttierrez et al. (17) found an additive effect by FIC index
when oregano essentia oil wasappliedin combinationto thyme
or marjoram essential oil toward P. aeruginosa, B. cereus, E.
coli and L. monocytogenes. According to the authors as the
assayed essential oils possess similar composition, their
combination may exhibit addition rather than asynergistic effect.
Antimicrobial activity depends not only on chemical
composition but on lipophilic properties hence the potency of
functional groups or aqueous solubility and the mixtures of
compoundswith different biochemical properties may increase
the essential oil efficacy (17).

No much of literature about the mechanism for devel oping of
the antibacterial activity when combination of essential oilsand
organic acidsare applied. Studieson the antibacterial mechanism
of phenolic compounds found in essential oils focused on their
effects on the cellular membrane changing its structure and
function, resulting in swelling increased permeability (36). The
damage to cell membrane might explain the observed effects,
since phenolic could cause sublethal injury to cell membranes,
causing disruption of proton motiveforce, duelossof H*-ATPase
(24). This could make bacteria more susceptible to acid
environment. Moreover, at low pH the hidrophobicity of an
essential ail increases, enabling it to more easily dissolvein the
lipidsof the cell membrane of target bacteria (22).

It is known that organic acids can interact with other
preservatives to enhance their effects (12). Acetic and lactic
acid wasfound to enhancethe antilisterial effects of monolaurin
(28). Lactic acid also increased the susceptibility of L.
monocytogenes to heat shock in culture media (19).

Theresults presented in this study showed by our knowledge
at first timethe effect of the simultaneous combined application
of O. vulgare essential oil and acetic acid at sub-inhibitory
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concentrations on theinhibition of S aureus on the base of FIC
index and kill-time study. The effective combination of essential
oilsand organic acids could provide amore natural and attractive
alternative to industry, meaning an additional barrier to inhibit
the growth and survival of pathogens and spoilage
microorganisminfoods. Moreover, our resultsencourage further
researchesfocusing the application of essential oilsinlow doses
and other preservative hurdles, since it arises as an interesting
approach for theimprovement of food safety when considering
the current demand of consumers and sensory quality of foods.

RESUMO

Aplicacéo combinada do 6leo essencial de Origanum
vulgarelL. eéacido acético parao controledo
crescimento de Staphylococcus aureus em alimentos

Este estudo avaliou a ocorréncia de um efeito inibitdrio
potenciaizado quando daaplicagdo combinadado 6leo essencial
de O. vulgare e &cido acético sobre Staphylococcus aureus
através dadeterminagdo Concentracao I nibitoriaFracional (FIC)
e de ensaios de tempo de morte em caldo nutriente, caldo base
carne e em um modelo alimentar (pedacos de carne). O &cido
acético mostrou umvaor deCIM eCBM de0,6e1,25uL.mL 2,
respectivamente. Estudos prévios encontraram valores de CIM
e CBM parao 6leo essencial de O. vulgare sobre as cepasteste
deS aureusde1,25e1,5 pL.mL ™, respectivamente. Valoresde
indices de CIF da misturado 6leo essencia e &cido acético na
concentracdo de CIM x % foram < 1,0 caracterizando uma
interacdo de adicdo. Nenhum efeito sinérgico foi encontrado
nos ensai os de tempo de morte. O efeito anti-estafilococico dos
antimicrobianosisolados ou em combinagéo (CIM x %) foi menor
guando aplicado em carne em comparacdo a sua adicdo em
caldo nutriente e caldo carne. A efetiva combinagdo de 6leos
essenciais e outros agentes preservativos pode ser reconhecida
como umaalternativapromissora paraainduistriade alimentos,
podendo viahilizando adiminui¢éo de doses de antimicrobianos
aplicadas parainibir o crescimento microbiano em alimentos.

Palavras-chave: 6leo essencial, acidos organicos, uso combi-
nado, efeito anti-estafilocdcico.
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