
The objective of this study was to investigate the antimicro-
bial effects of carvacrol (CV) against Staphylococcus aureus 
(S. aureus) and Escherichia coli O157:H7 (E. coli O157:H7) 
strains in milk. The minimum inhibitory concentrations 
(MICs) and minimum bactericidal concentrations (MBCs) 
of CV against S. aureus and E. coli O157:H7 were deter-
mined. In addition, bactericidal kinetics and antimicrobial 
activity of CV against the aforementioned pathogens in milk 
over a period of 2 weeks were investigated. CV exhibited an-
tibacterial activity against both foodborne pathogens tested. 
The MIC and MBC of CV against S. aureus were 15.0 
and 20 mg/mL, respectively, whereas those against E. coli 
O157:H7 were 16.0 and 32 mg/mL, respectively. In time-kill 
assays, CV at MBC reduced the number of S. aureus and E. 
coli O157:H7 in milk to undetectable levels within 24 hr. The 
antibacterial effects of CV persisted for 14 days without any 
loss of activity. Results of this study suggest that CV has  a 
potential antibacterial activity against foodborne pathogens 
such as S. aureus and E. coli O157:H7 in milk.
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Antibacterial effects of carvacrol against Staphylococcus aureus and 
Escherichia coli O157:H7

Introduction
With rapid globalization of food production and trade, 

many outbreaks of foodborne diseases now take place 
on worldwide dimensions. Foodborne disease resulting 
from consumption of food contaminated with pathogenic 
bacteria and/or their toxins is a vital concern to public 
health [1]. 

In general, it is estimated that up to one-third of the 
population for industrialized countries suffer a foodborne 
illness each year [2]. In the United States, Centers for 
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Disease Control and Prevention (CDC) estimates that 
each year roughly 1 in 6 Americans (or 48 million peo-
ple) get sick, 128,000 are hospitalized, and 3,000 die of 
foodborne diseases. Although the vast majority of cases 
are mild, a significant number of deaths do occur and the 
high levels of acute infections and chronic sequela lead 
to billions of dollars in medical costs and lost productiv-
ity [3]. According to the data of Ministry of Food and 
Drug Safety during 2006~2012 [4], the number of food-
borne disease occurrences and patients was 2,137 cases 
and 54,386 persons, respectively. Pathogenic Escherich-
ia coli (E. coli), Norovirus, Staphylococcus aureus (S. 
aureus), nontyphoidal Salmonella and Vibrio parahemo-
lyticus were the top five pathogens causing domestically 
acquired foodborne illnesses in Korea. 

S. aureus is one of the major bacteria causing food-
borne disease. The bacterium is a gram positive coccus 
bacterium that is a member of the Firmicutes, and is fre-
quently found in the human respiratory tract and on the 
skin. Foodborne disease-associated strains often promote 
infections by producing potent protein toxins and ex-
pressing cell-surface proteins that bind and inactivate an-
tibodies [5]. In addition, E. coli O157:H7 is an enterohe-
morrhagic serotype of the bacterium E. coli and a cause 
of foodborne illness, typically through consumption of 
contaminated food [6]. 

With the investigation of the bacterial safety for meats, 
fishery and vegetables in the local market by Korean 
Consumer Agency [7], S. aureus and E. coli were detect-
ed at 27.8 and 62.7% of 212 cases surveyed, respectively, 
and among them, 94.8% of S. aureus and 92.9% of E. 
coli were identified as antibiotic-resistant bacteria. 

Around the world, the widespread use of antibiotics in 
food animal production systems has resulted in the emer-
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Materials and Methods
Materials and milk samples

CV (99%) and gentamicin sulfate were purchased from 
Sigma-Aldrich Korea Ltd. (Yongin, Korea). A solution 
was prepared by dissolving 1.0 g of CV in enough etha-
nol (≥99.8%) to make 10 mL of stock solution and by dis-
solving 1.0 mg gentamicin sulfate in sufficient distilled 
water to make 10 mL of stock solution. Stock solutions 
were diluted with absolute ethanol prior to use. Fresh raw 
milk free from antibiotic residues was collected from the 
bulk tank at Gyeongsang National University dairy farm 
and autoclaved at 121°C for 15 min.

Bacterial strains and cultures
S. aureus (KVCC-BA11000330) and E. coli O157:H7 

(KVC-BA0701446) originated from dairy cattle were 
obtained from the Korea Veterinary Culture Collection 
(KVCC, Anyang, Korea). All bacteriological media used 
in the study were purchased from Becton Dickinson Ko-
rea Ltd. (Seoul, Korea). The purity of each culture was 
ensured by characteristic morphology on mannitol salt 
agar (S. aureus) and sorbitol MacConkey agar (E. coli 
O157:H7). For the preparation of inocula, each bacte-
rium was grown separately in 10 mL of tryptic soy broth 

(TSB) for 24 hr at 37°C. The cells were then sedimented 
by centrifugation (3,600 × g for 15 min at 4°C), washed 
twice with sterile phosphate buffered saline (PBS) (pH 
7.2), and resuspended in PBS. The populations of each 
bacterium were determined by plating 0.1-mL portions 
of appropriate dilutions on tryptic soy agar (TSA) plates 
and incubating the plates at 37°C for 24 hr. After incu-
bation, the bacterial concentration was represented as  
colony forming unit (CFU)/mL.

Determination of minimum inhibitory concentra-
tion (MIC) and minimum bactericidal concentra-
tion (MBC)

The MIC and MBC of CV against each bacterial patho-
gen were determined by a broth dilution assay described 
by the previous study [21]. Milk tubes containing CV in 
the range of 0 to 50 mg/mL (2-fold dilution) were in-
ocu1ated separately with each bacterial pathogen at 6.0 
log CFU/mL and incubated at 37°C for 24 hr. Control 
samples included milk inocu1ated with each pathogen. 
Following incubation, the samples were serially diluted 
(1:10) in PBS and appropriate dilutions were spread on 
TSA plates. The plates were incubated at 37°C for 24 hr. 
The lowest concentration of antimicrobial treatment that 
inhibited visible growth of the pathogen after incubation 
was taken as MIC of the treatment. The lowest concen-
tration of the treatment that prevented growth of the or-
ganism after subculture on TSA following serial dilution 
and plating was taken as MBC. Triplicate samples were 
included for each treatment, and the experiment was rep-
licated three times.

Time-kill Assay
The bactericidal kinetics of CV were studied by inocu-

lating sterile milk containing MIC, MBC, and 2 × MBC 
of CV with each S. aureus and E. coli O157:H7 at 6.0 log 
CFU/mL. Negative and positive controls were inoculat-
ed aseptic milk with no added antimicrobial and supple-
mented with gentamicin sulfate at a dose of MBC, re-
spectively. The samples were incubated at 37°C for 24 hr. 
Surviving populations of each bacterial pathogen were 
enumerated at 0, 6, 12, and 24 hr of incubation by plat-
ing 0.1-mL portions of the samples directly or after serial 
dilutions (1:10 in PBS) on duplicate TSA plates. Patho-
gens that were not detected by direct plating were tested 
for surviving bacteria by enriching 1 mL of the sample 
in 100 mL of TSB at 37°C for 24 hr. When growth was 
observed in the broth, the culture was streaked on TSA 
plates and observed for typical colonies of each patho-
gen. Each treatment was done in duplicate and the ex-
periment was replicated three times.

Persistence of antimicrobial activity of CV in milk
Milk samples containing each of MBC or 2 × MBC of 

gence of antibiotic-resistant bacteria that can be transmit-
ted to humans through the food chain [8]. Infection with 
antibiotic-resistant bacteria negatively impacts on public 
health, due to an increased incidence of treatment failure 
and severity of disease [9].

In previous studies, the antimicrobial properties of sev-
eral plant-derived essential oils, and a variety of active 
components of these oils have been identified [10-14]. 
Carvacrol (CV) and thymol, the two main phenols that 
constitute about 78~85% of oregano oil, are mainly re-
sponsible for the antibacterial activity of the oil obtained 
from Origanum vulgare L. [15].

Generally recognized as a safe food additive, CV is 
used as a flavoring agent in several products [16, 17]. 
Moreover, this natural phytochemical has a broad-spec-
trum antimicrobial activity and has not induced resis-
tance in gram-positive and gram-negative bacteria after 
prolonged exposure [18, 19]. 

Milk is a complex medium in which lipophilic proteins 
reduce the bioavailability due to the potential interaction 
with antimicrobial compounds [20]. Therefore, milk was 
chosen as an in vitro model for studying the antimicrobial 
potential of CV for controlling foodborne pathogens.

The present study was to determine the efficacy of CV 
for killing S. aureus and E. coli O157:H7 in milk. Specif-
ically, the antimicrobial effect of CV was investigated on 
each of S. aureus and E. coli O157:H7 as serious bacteria 
causing foodborne disease.



CV were inoculated with each of S. aureus and E. coli 
O157:H7 at 6.0 log CFU/mL and incubated at 37°C for 
14 days. Inoculated milk samples containing no CV 
served as controls. The surviving bacteria were deter-
mined immediately after CV addition and at 24-hr inter-
vals until day 14. To mimic the bacterial survival after 
CV addition, approximate 6.0 log CFU/mL of each S. au-
reus and E. coli O157:H7 were inoculated into the same 
milk samples every 48 hr until day 6 (day 2, 4, and 6) 
and bacterial populations were determined on TSA after 
24 hr. Duplicate samples were inoculated and the experi-
ment was replicated three times.

Statistical Analysis
The data were expressed as the means ± standard devia-

tion (S.D.) for the triplicate experiments. The significance 
between the control group and experimental groups was 
determined by Student’s t-test. A difference at the level 
of P<0.05 was considered to be statistically significant.

Results
MIC and MBC

MIC and MBC of CV against S. aureus and E. coli 
O157:H7 are provided in Table 1. Against S. aureus,  
MIC and MBC of CV were 15.0 and 20.0 mg/mL, re-
spectively, and those of CV against E. coli O157:H7 were 
16.0 and 32.0 mg/mL, respectively. However, MIC and 
MBC of gentamicin were both 0.25 μg/mL against S. au-

reus and E. coli O157:H7. The average pH of milk with 
no addition of CV was slightly higher than that of milk 
with addition of CV. 

Time-kill assay
The bactericidal kinetics of CV on the foodborne patho-

gens in milk are depicted in Fig. 1. The average initial 
bacterial population in all the treatment and control sam-
ples for the two foodborne pathogens was approximate 
6.0 log CFU/mL. In the control samples, the bacterial 
population increased during a 24-hr incubation period. 
In the treatment samples containing CV at MIC (15.0 
mg/mL), MBC (20.0 mg/mL) and 2 × MBC (40.0 mg/
mL), the number of S. aureus was significantly reduced 
at 24 (P<0.05), 12 (P<0.05) and 6 hr (P<0.001) post-
incubation, respectively, compared with that of control. 
The presence of CV at MBC and 2 × MBC reduced the 
population of S. aureus to undetectable levels in 24 and 
12 hr, respectively. In addition, the population of E. coli 
O157:H7 treated with MIC (16.0 mg/mL), MBC (32.0 
mg/mL) and 2 × MBC (64.0 mg/mL) of CV was sig-
nificantly reduced at 24 (P<0.05), 6 (P<0.05) and 6 hr 
(P<0.001) post-incubation, respectively, compared with 
that of control. With the CV at MBC and 2 × MBC, the 
population of E. coli O157:H7 reduced to undetectable 
levels in 24 and 12 hr, respectively. With the results of 
this study, the concentration of CV at MBC completely 
inactivated each bacterial pathogen by 24 hr of incuba-
tion. As expected, for all bacteria, CV at MIC concentra-
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Fig. 1. Inactivation of Staphylococcus aureus (A) and Eshcerichia coli O157:H7 (B) in milk containing MIC, MBC, and 2 × MBC of 
carvacrol. A: MIC=15 mg/mL, MBC=20 mg/mL, 2 × MBC=40 mg/mL. B: MIC=16 mg/mL, MBC=32 mg/mL, 2 × MBC=64 mg/mL.

Table 1. Minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) of carvacrol against Staphylococcus 
aureus (S. aureus) and Escherichia coli O157:H7 (E. coli O157:H7) isolated from clinical bovine mastitis cases

Compounds
MIC MBC

S. aureus E. coli O157:H7 S. aureus E. coli O157:H7

Carvacrol (mg/mL) 15 16 20 32

Gentamicin (μg/mL) 0.25 0.25 0.25 0.25
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tion did not allow growth to occur.

Persistence of antimicrobial activity of CV in milk
The results from an experiment determining the persis-

tence of antimicrobial activity of CV in milk are depicted 
in Fig. 2. S. aureus and E. coli O157:H7 (6.0 log CFU/
mL) inoculated in the milk samples on day 0 were com-
pletely inactivated by each 2 × MBC of CV after 24 hr. 
On day 3 and 6.0 log CFU/mL of S. aureus and E. coli 
O157:H7 reinoculated into the milk samples on day 2 
were reduced to less than 1.0 log CFU/mL. On day 4, 
S. aureus and E. coli O157:H7 populations reinoculated 
at 6.0 log CFU/mL into the milk samples was reduced 
to less than 2.0 log CFU/mL after 24 hr. This trend in 
bacterial reduction was observed on the subsequent days, 
where 6.0 log CFU/mL of S. aureus and E. coli O157:H7 
inoculated on day 6 were decreased to undetectable lev-
els on day 12 of the experiment. A similar trend in S. au-
reus and E. coli O157:H7 inactivation was also observed 
in milk samples containing each MBC of CV, but the 
magnitude of killing was slightly less than that observed 
with each 2 × MBC of CV. In control samples, all the 
population of S. aureus and E. coli O157:H7 increased to 
over than 7.0 log CFU/mL by 24 hr.

Discussion
Antibiotic administration is still widespread in many 

underdeveloped and developing countries and some anti-
biotics are accepted as global food sources. Additionally, 
it became more significant that the globalization of food 
consumption habits raises some foodborne pathogens in 
developed countries of which infection has not been re-
ported before [23]. 

Since 1999, European Union banned antibiotic ad-

ministration for promoting the growth of farm animals. 
In many developed countries, antibiotic application is 
a question of concern. There is an awareness about the 
antibiotic-resistant bacteria and their effects on public 
health [24].

As the widespread use of antibiotics in food animal pro-
duction systems has resulted in the emergence of antibi-
otic-resistant zoonotic bacteria that can be transmitted to 
humans through the food chain, the development of alter-
native strategies using compounds not subject to limita-
tions associated with antibiotics is needed [9, 22]. In the 
present study, the data are presented for the efficacy of 
CV for killing foodborne pathogens in vitro.

In the previous studies, antibacterial activity of CV has 
been demonstrated against both gram-positive and gram-
negative pathogens, including Salmonella thyphimurium, 
E. coli O157:H7, Camphylobacter jejuni, and Listeria 
monocytogenes [25-27]. Several studies have reported 
a decreased antimicrobial effect of plant extracts when 
used in foods or complex systems [28-30]. A higher con-
centration of plant-derived components is required to 
achieve the same antimicrobial activity in complex foods 
such as meat, fish, dairy products, and vegetables than in 
microbiological media [10, 31]. Similarly, the milk com-
position, especially fat level, reduces the antibacterial ef-
ficacy of components derived from plants [29]. In light 
of the above findings, MIC and MBC of CV in this study 
were determined against foodborne pathogens directly in 
milk rather than in any synthetic laboratory media.

The antibacterial mechanism of the action of CV with a 
hydrophobic property is the disruption of the lipid-con-
taining bacterial cytoplasmic membranes, which increase 
its permeability and depolarizes its potential [32, 33]. Be-
sides the interaction with cytoplasmic membranes, CV 
has been proposed to interact with membrane proteins 
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Fig. 2. Antimicrobial activity of carvacrol against Staphylococcus aureus (A) and E. coli O157:H7 in milk. A: ■=control, ●=MBC (20 
mg/mL) of carvacrol, ▲=2 × MBC (40 mg/mL) of carvacrol. B: ■=control, ●=MBC (32 mg/mL) of carvacrol, ▲=2 × MBC (64 mg/
mL) of carvacrol. 6.0 log CFU/mL of Staphylococcus aureus and Escherichia coli O157:H7 were reinoculated at 2, 4, and 6 hr post-
incubation.
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and periplasmic enzymes [34]. 
To be an effective antimicrobial agent as a therapy of 

foodborne disease under clinical conditions, CV should 
maintain its antimicrobial activity over an extended pe-
riod. However, MIC and MBC experiments and time-kill 
assay determined the antimicrobial activity of CV in milk 
only up to 24 hr. Moreover, CV cou1d be degraded or 
inactivated in milk over a period of time. Therefore, the 
persistence of antimicrobial activity of CV on S. aureus 
and E. coli O157:H7 was determined in milk for 14 days 
to confirm if CV could maintain antimicrobial activity 
over this period. S. aureus and E. coli O157:H7 were 
chosen for this experiment because these bacteria are a 
common cause of food poisoning [35]. 

Therefore, to investigate whether CV would maintain 
its effectiveness over a period of time in a milk environ-
ment, S. aureus and E. coli O157:H7 were reinoculated 
into milk samples on day 2, 4, and 6 of the experiment 
after the addition of CV on day 0. As observed in Fig. 
2, the antimicrobial effect of CV persisted for the dura-
tion of the experiment without any loss of activity. It was 
also found that CV added to milk on day 0 was effec-
tive in killing large populations of S. aureus and E. coli 
O157:H7 inoculated multiple times on subsequent days.

Results from the present study suggest that CV may be 
useful as an alternative to antibiotics for the control of 
foodborne pathogens. Although CV may be applicable in 
controlling foodborne pathogens in milk, future experi-
ments are needed to determine the antibacterial activity 
of CV in various foods.

Acknowledgements
This work was financially supported by Dae Han New-

Pharm Co., LTD. (Seoul, Korea).

References
1.  Wu MC, Li HC, Wu PH, Huang PH, Wang YT. Assess-

ment of oligogalacturonide from citrus pectin as a po-
tential antibacterial agent against foodborne pathogens. 
J Food Sci 2014;79:M1541-M1544.

2.  Scott E. Food safety and foodborne disease in 21st cen-
tury homes. Can J Infect Dis 2003;14:277-280.

3.  Scharff RL. Economic burden from health losses due 
to foodborne illness in the United States. J Food Prot 
2012;75:123-131.

4.  Lee MH, Seo DJ, Seo J, Wang X, Lee JS, Joo IS, Lee 
SH, Park GS, Ha SD, Choi C. Trends and epidemiology 
of Norovirus outbreaks. Safe Food 2013;8:3-11.

5.  Lu Y, Shipton F, Khoo TJ, Wiart C. Antileishmanial 
assay and antimicrobial activity on crude extracts of 
Melodinus eugeniifolus barks and leaves from Malay-

sia. Pharmacol Pharm 2014;5:747-754.
6.  Karch H, Tarr P, Bielaszewska M. Enterohaemorrhagic 

Escherichia coli in human medicine. Int J Med Micro-
biol 2005;295:405-418.

7.  Cha CN, Lee YE, Son SE, Park EK, Choi H, Kim S, 
Lee HJ. Anatibacterial activity of sodium chlorate and 
Korean herbal extracts against mice infected with Esch-
erichkia coli O157:H7. J Fd Hyg Safety 2012;27:81-86.

8.  Levy SB. Active efflux, a common mechanism for 
biocide and antibiotic resistance. J Appl Microbiol 
2002;92:65S-71S.

9.  Walsh C, Fanning S. Antimicrobial resistance in food-
borne pathogens - A cause for concern? Curr Drug Tar-
gets 2008;9:808-815.

10.  Burt S. Essential oils: Their antibacterial properties and 
potential application in food - A review. Int J Food Mi-
crobiol 2004;94:223-253.

11.  Kačániová M, Vukovič N, Horská E, Salamon I, Bob-
ková A, Hleba L, Fiskelová M, Vatľák A, Petrová J, 
Bobko M. Antibacterial activity against Clostridium 
genus and antiradical activity of the essential oils from 
different origin. J Environ Sci Health B 2014;49:505-
512.

12.  Sassi AB, Skhiri FH, Chraief I, Bourgougnon N, Ham-
mami M, Aouni M. Essential oils and crude extracts 
from Chrysanthemum trifurcatum leaves, stems and 
roots: Chemical composition and antibacterial activity. 
J Oleo Sci 2014;63:607-617.

13.  Selim SA, Adam ME, Hassan SM, Albalawi AR. 
Chemical composition, antimicrobial and antibiofilm 
activity of the essential oil and methanol extract of the 
Mediterranean cypress (Cupressus sempervirens L.). 
BMC Complement Altern Med 2014;14:179.

14.  Veras HN, Rodrigues FF, Colares AV, Menezes IR, 
Coutinho HD, Botelho MA, Costa JG. Synergistic 
antibiotic activity of volatile compounds from the es-
sential oil of Lippia sidoides and thymol. Fitoterapia 
2012;83:508-512.

15.  Ojha SN, Negi KS, Tiwari LM, Mehta PS, Rana JC, 
Pande V, Sharma S, Panwar A. Variation in essential oil 
composition and anti-microbial activity of Indian Oreg-
ano (Origanum vulgare L.) population from Indian Hi-
malayan Region (IHR). J Med Plants Res 2013;7:3375-
3384.

16.  Leriche V, Carpentier B. Viable but non-culturable Sal-
monella Typhimurium in single- and binary-species 
biofilms in response to chlorine treatment. J Food Prot 
1995;58:1186-1191.

17.  Mehdi SJ, Ahmad A, Irshad M, Manzoor N, Rizvi 
MMA. Cytotoxic effect of carvacrol on human cervical 
cancer cells. Biol Med 2011;3:307-312.

18.  Ohno T, Kita M, Yamaoka Y, Imamura S, Yamamoto T, 
Mitsufuji S, Kodama T, Kashima K, Imanishi J. Anti-



microbial activity of essential oils against Helicobacter 
pylori. Helicobacter 2003;8:207-215.

19.  Veldhuizen EJ, Tjeerdsma-van Bokhoven JL, Zweijtzer 
C, Burt SA, Haagsman HP. Structural requirements for 
the antimicrobial activity of carvacrol. J Agric Food 
Chem 2006;54:874-1879.

20.  Ananda Baskaran S, Kazmer GW, Hinckley L, An-
drew SM, Venkitanarayanan K. Antibacterial effect of 
plant-derived antimicrobials on major bacterial mastitis 
pathogens in vitro. J Dairy Sci 2009;92:1423-1429.

21.  Andrews JM. Determination of minimum inhibitory 
concentrations. J Antimicrob Chemother 2001;48:5-16.

22.  Laport MS, Marinho PR, Santos OC, de Almeida P, Ro-
manos MT, Muricy G, Brito MA, Giambiagi-deMarval 
M. Antimicrobial activity of marine sponges against 
coagulase-negative staphylococci isolated from bovine 
mastitis. Vet Microbiol 2012;155:362-368.

23.  Koluman A, Dikici A. Antimicrobial resistance of 
emerging foodborne pathogens: Status quo and global 
trends. Crit Rev Micorbiol 2013;39:57-69.

24.  Casewell M, Friis C, Marco E, McMullin P, Phillips I. 
The European ban on growth-promoting antibiotics and 
emerging consequences for human and animal health. J 
Antimicrob Chemother 2003;52:159-161.

25.  Nostro A, Papalia T. Antimicrobial activity of carva-
crol: current progress and future prospectives. Recent 
Pat Antiinfect Drug Discov 2012;7:28-35.

26.  Saei-Dehkordi SS, Fallah AA, Saei-Dehkordi SS, Kou-
sha S. Chemical composition and antioxidative activ-
ity of Echinophora platyloba DC. Essential oil, and its 
interaction with natural antimicrobials against food-
borne pathogens and spoilage organisms. J Food Sci 
2012;77:M631-M637.

27.  van Alphen LB, Burt SA, Veenendaal AK, Bleumink-

Pluym NM, van Putten JP. The natural antimicrobial 
carvacrol inhibits Campylobacter jejuni motility and 
infection of epithelial cells. PLoS One 2012;7:e45343.

28.  Firouzi R, Shekarforoush SS, Nazer AH, Borumand Z, 
Jooyandeh AR. Effects of essential oils of oregano and 
nutmeg on growth and survival of Yersinia  enterocolit-
ica and Listeria monocytogenes in barbecued chicken. J 
Food Prot 2007;70:2626-2630.

29.  Gaysinsky S, Taylor TM, Davidson PM, Bruce BD, 
Weiss J. Antimicrobial efficacy of eugenol microemul-
sions in milk against Listeria monocytogenes and Esch-
erichia coli 0157:H7. J Food Prot 2007;70:231-237.

30.  Uhart M, Maks N, Ravishankar S. Effect of spices on 
growth and survival of Salmonella typhimurium DT 
104 in ground beef stored at 4 and 8°C. J Food Safety 
2006;26:115-125.

31.  Corbo MR, Bevilacqua A, Campaniello D, D’Amato D, 
Speranza B, Sinigaglia M. Prolonging microbial shelf 
life of foods through the use of natural compounds and 
non-thermal approaches - a review. Int J Food Sci Tech 
2009;44:223-241.

32.  Sikkema J, De Bont JAM, Poolman B. Interactions of 
cyclic hydrocarbons with biological membranes. J Biol 
Chem 1994;269:8022-8028.

33.  Xu J, Zhou F, Ji BP, Pei RS, Xu N. The antibacterial 
mechanism of carvacrol and thymol against Escherich-
ia coli. Lett Appl Microbiol 2008;47:174-179.

34.  Juven BJ, Kanner J, Schved F, Weisslowicz H. Factors 
that interact with the antibacterial action of thyme es-
sential oil and its active constituents. J Appl Bacteriol 
1994;76:626-631.

35.  Raftari M, Jalilian AF, Abdulamir AS, Son R, Sekawi 
Z, Fatimah AB. Effect of organic Acids on Escherichia 
coli O157:H7 and Staphylococcus aureus contaminated 
meat. Open Microbiol J 2009;3:121-127.

Youyoung Cho and Hu-Jang Lee122


