
J. Agric. Food Chem. 1995, 43, 2839-2845 2839 

Antibacterial Activity of Some Essential Oil Components against 
Five Foodborne Pathogens? 

Jeongmok Kim, Maurice R. Marshall, and Cheng-i Wei* 

Food Science and Human Nutrition Department, University of Florida, Gainesville, Florida 3261 1-0370 

Antibacterial activity of 11 essential oil constituents against Escherichia coli, E .  coli 0157:H7, 
Salmonella typhimurium, Listeria monocytogenes, and Vibrio vulnificus was tested at 5, 10, 15, 
and 20% in 1% Tween 20 using a paper disk method. Eight constituents were then tested in liquid 
medium to determine minimum inhibitory and minimum bactericidal concentrations (MIC and MBC, 
respectively). V. vulnificus was most susceptible using disk assay. Carvacrol showed strong 
bactericidal activity against all tester strains, while limonene, nerolidol, and p-ionone were mostly 
inactive. Carvacrol was highly bactericidal against S. typhimurium and V. vulnificus in liquid 
medium (MBC 250 pglmL). Citral and perillaldehyde had MBCs of 100 and 250 pg/mL against V. 
vulnificus. Terpineol and linalool were least potent against tester strains, with MBCs of 1000 pgl 
mL. Citral, geraniol, and perillaldehyde at 500 pg/mL completely killed E.  coli, E .  coli 0157:H7, 
and S. typhimurium, while citronellal at 250 pg/mL killed V. vulnificus. Therefore, these compounds 
could serve as potential antibacterial agents to inhibit pathogen growth in food. 
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INTRODUCTION 

For years, foodborne illness resulting from consump- 
tion of food contaminated with pathogenic bacteria and/ 
or their toxins has been of vital concern to public health. 
Among foodborne outbreaks in the United States during 
1983-1987 in which the etiology was determined, 
bacterial pathogens caused the largest number of out- 
breaks (66%) and cases (92%) (Bean et al., 1990). Thus, 
controlling pathogens could reduce foodborne outbreaks 
and assure consumers a safe, wholesome, and nutritious 
food supply. 

Antimicrobial agents, including food preservatives 
and organic acids, have been used to inhibit foodborne 
bacteria and extend the shelf life of processed food. 
Many naturally occurring compounds found in edible 
and medicinal plants, herbs, and spices have been 
shown to  possess antimicrobial functions and could 
serve as a source of antimicrobial agents against food 
pathogens (Deans and Ritchie, 1987; Janssen et al., 
1985). Phenolic compounds and their subclasses, such 
as coumarins, flavonoids, and essential oils, have anti- 
microbial function (Jurd et al., 1971; Wyman and 
VanEtten, 1978; Kubo et al., 1993). The antimicrobial 
activity of spices and essential oils is well recognized 
(Shelef, 1983; Farag et al., 1989). Essential oils of 
thyme, cinnamon, bay, and clove are known to possess 
antimicrobial activity (Deans and Ritchie, 1987). Es- 
sential oils and their constituents have been used 
extensively as flavor ingredients in a wide variety of 
food, beverage, and confectionery products and also in 
numerous applications, including toothpaste. Many of 
these compounds are classified as Generally Recognized 
As Safe (GRAS). 

Since foodborne pathogens were seldom included in 
previous antimicrobial studies of essential oil constitu- 

* Author to whom correspondence should be ad- 
dressed [telephone (904) 392-1991; fax (904) 392-9467; 
e-mail CWEI@GNV.IFAS.UFL.EDUl. 

Florida Agricultural Experimental Station Journal 
Series No. R-04327. 

0021 -8561 /95/1443-2839$09.00/0 

ents, five pathogenic strains, Escherichia coli, E .  coli 
0157:H7, Listeria monocytogenes, Salmonella typhimu- 
rium, and Vibrio vulnificus, were used in this study to 
evaluate the antibacterial activity of 11 commercially 
available essential oil compounds using a paper disk 
assay. These compounds were chosen because they 
have previously been shown to possess antibacterial and 
antifungal activities against many plant and food 
microorganisms (Kurita et al., 1979, 1981). E.  coli 
0157:H7 is an important foodborne pathogen found in 
animal feces. This microorganism can cause hemor- 
rhagic colitis, hemolytic uremic syndrome (HUS), and 
thrombotic thrombocytopenic purpura (TTP) and is of 
great concern to the meat industry. Therefore, those 
compounds showing potent antibacterial activities were 
then tested in liquid culture medium to determine the 
minimum inhibitory concentration (MIC) and minimum 
bactericidal concentration (MBC). 

MATERIALS AND METHODS 

Test Compounds. Carvacrol, citral, citronellal, limonene, 
and perillaldehyde were purchased from Aldrich Chemical Co. 
(Milwaukee, WI), and eugenol, geraniol, p-ionone, linalool, 
nerolidol, and a-terpineol were obtained from Sigma Chemical 
Co. (St. Louis, MO). All test compounds were checked for 
purity by thin-layer chromatography and used without further 
purification. Test solutions containing the desired concentra- 
tions of essential oil compounds were freshly prepared before 
each use by dissolving in 10 mL of sterile distilled water 
containing 0.1 g of Tween 20 (Fisher Scientific, Orlando, FL). 

Test Microorganisms. E. coli (ATCC 33985), E. coli 0157: 
H7 (ATCC 438951, S. typhimurium (ATCC 65391, V. vulnificus 
(ATCC 275621, and L. monocytogenes Scott A were used. 
Except for V. vulnificus, all stock cultures were grown on 
tryptic soy agar (TSA, Difco Laboratories, Detroit, MI) plates. 
V. vulnificus was grown on TSA containing 1% NaC1. Test 
strain was transferred to fresh tryptic soy broth (TSB, Difco) 
before use. 

Antibacterial Assay Using a Paper Disk Method. 
Eleven essential oil compounds were tested on five pathogenic 
bacteria using a zone of inhibition assay on TSA (E .  coli, E. 
coli 0157:H7, S.  typhimurium, and L.  monocytogenes Scott A) 
or TSA containing 1% NaCl (V. vulnificus). Bacterial number 
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Table 1. Zone of Inhibition of Eight Essential Oil Constituents against Five Bacterial Tester Strains 

Kim et al. 

chemical concn (%) E.  coli E .  coli 0157:H7 S. typhimurium L.  monocytogenesC V. vulnificus 
citral 5 0.89 i 0.06A a 0.88 f O.OgA 0.86 i 0.02A 0.84 i 0.06A 1.45 i 0.13A 

10 0.90 f 0.07A 1.01 f 0.10B 0.93 i 0.08A 1.13 f O . l l B  1.79 i O.lgB 
15 0.95 f O . l l A  0.98 f O . l l A B  1.07 i O.OgB 1.24 f 0.16B 2.48 f 0.43c 
20 0.96 f 0.04A 0.98 f O . E m  1.12 f 0.14B 2.33 f 0.24c 3.02 i 0.26D 

carvacrol* 5 1.26 f 0.13A 1.20 f 0 . 0 ~ 5 ~  1.37 f 0.05A 0.98 f 0.06A 1.86 f 0.14A 
10 2.19 f O . l t i B  1.93 f O.OgB 1.89 f 0.08B 1.53 f 2.87 f 0.28B 

geraniol 5 0.94 f 0.04A 0.91 f 0.06A 0.92 i 0.06A 0.96 i 0.06A 1.32 f 0.16A 
10 1.06 f 0.07B 1.03 f 0.08B 1.05 f O . l l B  1.20 f 0.19B 1.46 f O.2lm 
15 1.16 f 0.13c 1.13 f 0.14B 1.11 i 0.13B 1.29 f 0.13B 1.55 i 0.14B 
20 1.56 f O.OgD 1.39 f 0.12c 1.33 f 0.13c 1.27 i O . l l B  1.75 i 0.2$ 

terpin eo 1 5 1.04 f 0.07A 0.99 f 0.08A 0.98 i 0.04A 0.91 f 0.0E~~ 1.04 i O.OtiA 
10 1.23 f 0.12B 1.04 f 0.04A 1.31 i O . l O B  0.90 f 0.04A 1.41 i 0.16B 
15 1.52 f 0.16c 1.34 f O . l l B  1.79 f 0.26c 0.91 f 0.03A 1.73 f 0.17c 
20 1.48 f 0.12c 1.44 f 0.06c 1.81 i 0.2fF 1.01 f 0.10B 1.88 i 0.14D 

perillaldehyde 5 0.85 f 0.03A 0.86 f 0.07A 0.93 i 0.0E~~ 0.82 f 0.04A 0.99 i 0.08A 
10 0.95 i 0.04B 0.95 i 0.OgAB 1.10 i 0.09B 0.83 f 0.04A 1.07 i O.OgA 
15 0.96 f 0.05BC 1.01 f O.1OBC 1.26 f 0.16c 0.83 f 0.03A 1.23 i 0.13B 
20 1.01 i 0.08c 1.08 f 0.13c 1.32 i 0.24c 0.88 f 0.06B 1.42 i O . l l c  

0.96 f 0.04A 0.91 f 0.06* 1.14 i O.OgA 
10 1.01 f 0.02m 1.05 f 0.03B 1.11 f 0.13B 0.90 i 0 . 0 ~ 5 ~  1.23 f O.OgA 
15 1.09 f 0.10B 1.11 f 0.03B 1.28 f 0.18c 0.92 i 0.03A 1.50 f O.OgB 
20 1.26 f 0.14c 1.27 f O . l l c  1.50 f 0.17D 1.03 i O . l O B  1.79 f 0.17c 

0.95 f 0.07A 0.87 k O.OgA 1.13 i O.OSA 
10 1.06 i 0.08B 1.05 f 0.04B 1.00 f 0 . 1 0 A  0.89 i 0.0E1~ 1.24 f 0.15A 
15 1.08 i 0.07B 1.13 f 0.08BC 1.03 f 0.12A 0.88 i 0.04A 1.49 f 0.27B 
20 1.12 i 0.10B 1.07 i 0.06c 1.17 f 0.13B 0.86 f 0.06A 1.59 i 0.MB 

10 0.86 i 0.04A 0.83 i 0.03A 0.84 f 0.03A 0.86 f 0.05* 1.16 i 0.14m 
15 0.84 i 0.04A 0.84 i 0.03A 0.84 f 0.02A 0.88 f 0.04m 1.28 i 0.08BC 
20 0.86 i 0 . 0 f ~ ~  0.86 i 0.02A 0.84 i 0.02A 0.92 f 0.08B 1.38 i 0.1lc 

eugenol 5 0.98 f 0.04A 0.96 f 0.04A 

linalool 5 0.96 f 0.08A 0.94 f 0.07A 

citronellal 5 0.83 k 0.05A 0.85 i 0.04A 0.83 i 0.04A 0.84 f 0.03A 1.11 k O . l l A  

a Zone of inhibition is expressed as the diameter in centimeters. Values represent means f standard deviations of inhibition zones 
from four experiments, each using duplicate plates. Within each column and for each compound, means having the same superscripts 
(A, B, and C) are not significantly different (P > 0.05) from each other. * Carvacrol was dissolved in 2% Tween 20. This compound at 15 
and 20% did not dissolve in 2% Tween 20 and was therefore not tested. The control (1 or 2% Tween 20) showed a zone of inhibition of 
about 0.7-0.8 cm for L. monocytogenes Scott A. For the other tester strain, the control showed no zone of inhibition. 

of a 16 h culture in TSB was estimated by comparing the 
absorbance a t  540 nm, using a Beckman DU-40 spectropho- 
tometer (Fullerton, CA), after dilution with TSB and calibra- 
tion to  a standard curve. The concentration was then adjusted 
to 4 x los colony forming units (CFU)/mL using Butterfield's 
phosphate buffer (pH 7.21, and a 100 pL aliquot was evenly 
spread on agar plates using a glass rod spreader. The plates 
were left a t  room temperature for 20 min to allow the agar 
surface to dry. Sterilized filter paper disks (Whatman No. 1 
filter paper, 0.6 cm in diameter) were arranged on the plate, 
and a 10 pL aliquot of test solutions was added to the paper 
disks. Five disks were arranged on a plate: two each for 5 
and 20% concentrations of the test chemical and one for the 
control (or two each for 10 and 15% concentrations of the test 
chemical and one for control). Only two disks were placed on 
the plate for testing with V. uulnificus (one for control and 
the other for test chemical a t  any concentration). After the 
plates were incubated a t  35 "C for 24 h,  the diameters of the 
distinctly clear zones were measured using a metric ruler with 
the aid of a Darkfield Quebec colony counter (American Optical 
Co., Buffalo, NY). Four disks were used for each test com- 
pound a t  each concentration. The zone of inhibition experi- 
ment was repeated four times, and the data were statistically 
analyzed using Duncan's multiple range test (Duncan, 1955). 

Determination of MIC and MBC. The MIC of the test 
compounds was determined using the broth dilution method. 
To each duplicate 50 mL Erlenmeyer flask containing 19.6 mL 
of sterile TSB was added a 200 pL aliquot of bacterial 
suspension at lo6 CFU/mL and a test compound preparation 
to give a final concentration of 100, 250, 500, or 1000 ,ug/mL. 
Test chemicals showing inhibitory effect at 100 ,ug/mL were 
retested a t  25, 50, and 100 pg/mL. Since most of the test 
chemicals were poorly soluble a t  above 1000 pg/mL in TSB, 
they were not tested a t  concentrations above that level. 

Flasks were then incubated with shaking at 140 oscillations/ 
min in a 35 "C water bath. At 0, 6, 12, 18, 24, and 36 h, a 1.0 
mL aliquot was drawn from each flask and turbidity a t  540 
nm measured. Duplicate flasks were run for each compound 
a t  each concentration. The lowest concentration a t  which no 
growth occurred in either flask was taken as the MIC. After 
the MIC was determined, the flask showing no increase in 
turbidity a t  each time interval (0,6, 12, 18,24, and 36 h)  was 
streaked on appropriate agar plates to check bacterial growthi 
survival. The MBC was the lowest concentration a t  which the 
test compound killed the bacteria. This experiment was 
conducted twice with duplicate samples for each compound a t  
each test concentration. 

RESULTS AND DISCUSSION 

Antibacterial Activity Using Paper Disk Assay. 
The 11 test compounds showed various degress of 
inhibition against the five bacterial strains using the 
paper disk assay. Except for nerolidol, limonene, and 
p-ionone, the assay results related to the other eight 
compounds are shown in Table 1. Carvacrol and ge- 
raniol showed a dose-related increase in zone of inhibi- 
tion against all five tester strains, while citral showed 
a similar effect only against E .  coli 0157:H7, S .  typh- 
imurium, L .  monocytogenes, and V. vulnificus. For each 
of these compounds ,with the tester bacteria, the zone 
of inhibition was significantly different (P < 0.05) from 
each other between the lower and higher concentrations 
(Table 1). 

Terpineol, perillaldehyde, and eugenol showed dose- 
related increases in zone of inhibition against the five 
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Figure 1. Time-related growth of E .  coli 0157:H7 in tryptic soy broth in the presence of eight essential oil constituents. 

strains, while linalool showed a similar effect against 
E. coli, E .  coli 0157:H7, S.  typhimurium, and V. 
vulnificus and citronellal against L. monocytogenes and 
V. vulnificus (Table 1). Again, the zones of inhibition 
for these five compounds between the lower and higher 
concentrations were significantly different from each 
other (P 0.05). Linalool also inhibited the growth of 
L. monocytogenes on agar plates, and citronellal inhib- 
ited E .  coli, E .  coli 0157:H7, and S .  typhimurium. 
However, the inhibition was not dose-related, and the 

difference in zone size between the test concentrations 
was not significantly different (Table 1). 

Nerolidol, limonene, and @-ionone did not show any 
inhibition against E.  coli, E .  coli 0157:H7, and S .  
typhimurium at the doses tested (data not shown). 
These three compounds showed a zone of inhibition 
(0.85 cm) against L. monocytogenes; however, the inhibi- 
tion was not dose-related. Limonene and @-ionone 
showed a weak but dose-related increase in antibacterial 
activity against V. vulnificus (0.74-0.86 cm for limonene 
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Figure 2. Time-related growth of V. vulnificus in tryptic soy broth in the presence of eight essential oil constituents. 

and 0.85-0.93 cm for p-ionone). The difference in the 
size of the zones between the lower and higher concen- 
trations was significantly different (P < 0.05). Nerolidol 
was not inhibitory against V. vulnificus (data not 
shown). 

Overall, carvacrol was the most potent inhibitor 
against the five tester bacteria using the disk method. 
This compound at 5% had the greatest zone of inhibition 
against E .  coli (1.26 cm), E. coli 0157:H7 (1.20 cm), S. 
typhimurium (1.37 cm), L. monocytogenes (0.98 cm), and 

V. vulnificus (1.86 cm), while V. vulnificus was the most 
susceptible microorganism for most of the test com- 
pounds except nerolidol. For other bacterial strains, the 
resistance was dependent on the compounds tested. 
Each bacterial strain responded differently to the vari- 
ous essential oil constituents. Thus, the essential oil 
constituents may exhibit different modes of action 
against the bacterial strains. These include (1) interfer- 
ence with the phospholipid bilayer of the cell membrane, 
causing increased permeability and loss of cellular 
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MIC and/or MBC (ug/mL) 
chemical E. coli E .  coli 0157:H7 L. monocytogenes S. typhimurium V. vulnificus 

citral 
carvacrol 
geraniol 
terpineol 
perillaldehyde 
eugenol 
linalool 
Citronellal > 

500 
500 
500 

1000 
500 

1000 
1000 
1000 

500 
500 
500 

1000 
500 

lOOOb 
1000 
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500 
500 
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100 
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Essential oil constituents were dissolved in 1% Tween 20 and then added in liquid media with test bacteria. * The MBCs for eugenol 
against E. coli 0157:H7 and for linalool against L. monocytogenes are greater than 1000 pglmL. 

constituents (Knobloch et al., 1986); (2) impairment of 
a variety of enzyme systems, including those involved 
in the production of cellular energy and synthesis of 
structural components (Conner and Beuchat, 1984); and 
(3) destruction or inactivation of genetic material. 

Antibacterial Activity Using Liquid Culture As- 
say. Eight essential oil constituents (citral, carvacrol, 
geraniol, terpineol, perillaldehyde, eugenol, linalool, and 
citronellal) showing the most potent antimicrobial activ- 
ity using the paper disk assay were selected for deter- 
mination of MICs and MBCs. Only the results with E. 
coli 0157:H7 and V. vulnificus are shown in Figures 1 
and 2. The growth patterns of the other microorgan- 
isms, although slightly different in TSB, showed trends 
similar to  those of E. coli 0157:H7 and V. vulnificus in 
the presence of these eight test compounds (data not 
shown). The growth of E. coli 0157:H7 was completely 
inhibited by citral, carvacrol, geraniol, and perillalde- 
hyde at 500 pg/mL, by terpineol, eugenol, and linalool 
at 1000 pglmL, and by Citronellal a t  greater than 1000 
pg/mL (Figure 1). Carvacrol at 250 pglmL and eugenol 
a t  500 pglmL delayed the lag phase of the growth curve 
of E. coli 0157:H7. These compounds at  the test 
concentrations might have killed some of the initial 
bacterial numbers and then affected the cellular struc- 
tures or biochemical reactions of the growing bacterial 
cells. Once the bacteria overcame the imhibitory effect, 
they multiplied rapidly. 

The growth of V. vulnificus was completely inhibited 
by citral at 100 pg/mL, by carvacrol, citronellal, and 
perillaldehyde at 250 pg/mL, by eugenol and geraniol 
at 500 pg/mL, and by linalool and terpineol at 1000 pgl 
mL (Figure 2). Citronellal at 100 pg/xnL, eugenol and 
geraniol at 250 pglmL, and terpineol at 500 pglmL 
delayed the lag phase of the growth curve for V. 
vulnificus. 

Table 2 is the summary of the MIC and MBC values 
of these eight essential oil constituents with the five 
bacterial strains. A comparison of the bacteriostatic and 
bactericidal results of the test compounds showed that, 
in most cases, the MIC values were the same as the 
MBCs. The compounds at these levels showed inhibi- 
tory effect against bacterial growth by killing the 
bacteria. Eugenol and linalool are th,e only two excep- 
tions. Eugenol showed an inhibitory effect against E. 
coli 0157:H7 and linalool against L. monocytogenes at 
1000 pg/mL but failed to kill the bacteria at this 
concentration. Therefore, the MBC values for these two 
compounds against these two tester strains were greater 
than 1000 pglmL. 

It seemed that carvacrol and citral had the most 
potent inhibitoryhactericidal activity against the five 
bacterial strains, followed by geraniol, perillaldehyde, 
and eugenol. Carvacrol at 250 pg/mL was highly 
bactericidial against S. typhimurium and V. vulnificus. 

Citral at 100 pglmL and perillaldehyde at  250 pg/mL 
completely killed V. vulnificus, while citral, geraniol, 
and perillaldehyde at  500 pg/mL showed bactericidal 
activity against E. coli, E. coli 0157:H7, and S .  typh- 
imurium. Linalool, terpineol, and Citronellal had the 
least bacteriostatichactericidal activity against the five 
tested strains. A MBC value of 1000 pg/mL was 
determined for these five strains; however, Citronellal 
at 250 pglmL did kill V. vulnificus. 

The MIC values obtained for citral (500 pg/mL for E. 
coli, E. coli 0157:H7, S. typhimurium, and L. monocy- 
togenes) were similar to that reported by Onawunmi 
(19891, who demonstrated a value of 0.05% (vlv) against 
E. coli. 

The liquid culture method is useful for determining 
the MIC and MBC of an antimicrobial compound. 
However, one of the major problems with the use of 
turbidimetric analysis t o  determine MIC and MBC 
values is the minimal range of detection. A bacterial 
culture with a concentration of 106-107 CFU/mL is 
always needed for the spectrophotometer to show a 
meaningful reading. Thus, a bacterial culture with a 
concentration below lo5 CFUlmL, and actively growing, 
is undetected and shows no increase in absorbance using 
the spectrophotometer. Therefore, periodic sampling of 
test cultures to determine bacterial survival is needed. 

Relationship between Paper Disk Assay and 
Liquid Culture Assay. The size of the zone of inhibi- 
tion in the paper disk assay does not accurately reflect 
the relative antimicrobial effectiveness of the test 
compounds in liquid culture. Generally, antimicrobial 
agents with a low bacteriostatic activity against a tested 
strain will have a high MIC and produce only a small 
zone of inhibition or no zone at all on agar plates. 
However, a highly active compound will have a low MIC 
value and produce a large zone of inhibition. However, 
in this study, some compounds producing small zones 
of inhibition had a potent bactericidal activity in liquid 
culture (i.e., citral against E. coli and E. coli 0157:H7, 
Tables 1 and 2). On the other hand, some compounds 
producing large zones of inhibition in agar plates had 
high MIC values (i.e., terpineol against E. coli, E. coli 
0157:H7, and S. typhimurium, Tables 1 and 2). There- 
fore, the bacteriostatic results obtained from paper disk 
and liquid culture assays were not correlated with zone 
of inhibition. Furthermore, some compounds showed a 
potent inhibitory effect against a specific bacterial 
species at a relatively low concentration but failed to 
inhibit others at the same test concentration. For 
example, Citronellal completely killed V. vulnificus at 
250 pg/mL, while a concentration of 1000 pg/mL was 
needed to  kill L. monocytogenes and S.  typhimurium. 
Eugenol at 500 pg/mL completely killed V. vulnificus 
and S. typhimurium, while a dose of 1000 pg/mL was 
needed to kill the other tested strains. 
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The paper disk assay is a practical approach for 
screening large numbers of potential antibacterial com- 
pounds. However, using the size of inhibition zone to 
indicate relative antimicrobial activity of the essential 
oil constituents was not adequate. The zone of inhibi- 
tion may be affected by the solubility and rate of 
diffusion of the test compounds in agar medium. More- 
over, evaporation of these essential oil constituents can 
affect the doses applied to paper disks and thus the 
results. Tween 20 was used in this study to increase 
the solubility of the hydrophobic compounds and aid in 
their penetration into bacterial cell wall and membrane. 

Essential oil constituents are, in general, more effec- 
tive inhibitors of fungi than of bacteria (Koedam, 1977; 
Morozumi, 1978; Zaika, 1988). It is also believed that 
essential oils are more active against Gram-positive 
than Gram-negative bacteria (Maruzzella and Sicurella, 
1960; Farag et al., 1989; Lemos et al., 1990). However, 
in this study, V. vulnificus (Gram-negative) was the 
most sensitive to test compounds, while L. monocyto- 
genes (Gram-positive) was the most resistant. Thus, 
there was no discernible trend of inhibition reflected in 
the type of bacterial strains studied; both Gram-nega- 
tive and -positive organisms were affected. 

Kim et al. 

CONCLUSION 

The results of this study further confirmed the pos- 
sibility of using plant essential oil constituents as potent 
antibacterial agents to control foodborne pathogens such 
as E .  coli, E.  coli 0157:H7, L. monocytogenes, S. typh- 
imurium, and V. uulnificus. Essential oils capable of 
preventing the growth of foodborne microorganisms 
have been well documented (Morris et al., 1979; Shelef 
et al., 1980; Huhtanen, 1980; Saleem and Al-Delaimy, 
1982; Gnan and Sheriha, 1986; Deans and Ritchie, 1987; 
Karapinar and Aktug, 1987). Subba et al. (1967) 
showed that orange and lemon oils were inhibitory to a 
wide range of food spoilage microorganisms. Essential 
oils of cinnamon, clove, garlic, onion, oregano, and 
thyme were shown to be inhibitory t o  selected food 
spoilage organisms and industrial yeasts (Conner and 
Beuchat, 1984). Maruzzella and Sicurella (1960) ex- 
amined the antibacterial activity of 133 essential oils 
against Staphylococcus, Escherichia, Bacillus, Strepto- 
coccus, Salmonella, and Mycobacterium species using 
zone of inhibition assay. Bullerman et al. (1977) 
reported that cinnamic aldehyde, the principal compo- 
nent of cinnamon oil, a t  150 ppm and eugenol, the 
principal component of clove oil, at 125 ppm inhibited 
the growth and toxin production by Aspergillus para- 
siticus in candies and baked goods. The antimicrobial 
effect of condiments added to  fish sausage was believed 
to  be attributed to essential oils (Subba et al., 1967). 
Dabbah et al. (1970) used orange oil to  extend the shelf 
life of milk. Liquid seasonings (sauce, dressing) con- 
taining emulsified essential oils and their components 
also serve as antimicrobials against food microorgan- 
isms. Essential oil components with potent antibacte- 
rial activities could also be incorporated in toothpaste, 
cosmetics, skin ointment, disinfectants, and shampoo. 

Although only a limited number of essential oil 
constituents were evaluated in this study, the results 
suggest that many of them, especially carvacrol, citral, 
geraniol, and periallaldehyde, could have the potential 
to be used in food systems to  inhibit the growth of 
foodborne pathogens. Since these natural compounds 
occurring in edible and medicinal plants, herbs, and 

spices are of GRAS status, the safety concern of using 
them to control foodborne pathogens is minimal. 

LITERATURE CITED 

Bean, N. H.; Griffin, P. M.; Goulding, J. S.; Ivey, C. B. 
Foodborne disease outbreaks, 5-year summary, 1983- 1987. 
J .  Food Prot. 1990, 53, 711-728. 

Bullerman, L. B.; Lieu, F. Y.; Seier, S. A. Inhibition of growth 
and aflatoxin production by cinnamon and clove oils, cin- 
namic aldehyde and eugenol. J .  Food Sci. 1977,42,1107- 
1109, 1116. 

Conner, D. E.; Beuchat, L. R. Effects of essential oils from 
plants on growth of food spoilage yeast. J .  Food Sci. 1984, 

Dabbah, R.; Edwards, V. M.; Moats, W. A. Antimicrobial action 
of some citrus fruit oils on selected food-borne bacteria. 
Appl. Microbiol. 1970, 19, 27-31. 

Deans, S. G.; Ritchie, G. A. Antimicrobial properties of plant 
essential oils. Znt. J .  Food Microbiol. 1987, 5 ,  165-180. 

Duncan, D. B. Multiple range and multiple F test. Biometrics 

Farag, R. S.; Daw, Z. Y.; Hewedi, F. M.; El-Baroty, G. S. A. 
Antimicrobial activity of some Egyptian spice essential oils. 
J .  Food Prot. 1989,52, 665-667. 

Gnan, S. 0.; Sheriha, G. M. Antimicrobial activity of (+)- 
tuberine. J .  Food Prot. 1986, 49, 340-341. 

Huhtanen, C. N. Inhibition of Clostridium botulinum by spice 
extracts and aliphatic alcohols. J .  Food Prot. 1980,43,195- 
196. 

Janssen, A. M.; Scheffer, J. J. C.; Svendsen, A.; Aynehchi, Y. 
B. Composition and antimicrobial activity of the essential 
oil of Ducrosia anethifolia. In Essential Oils and Aromatic 
Plants; Svendsen, A. B., Scheffer, J. J. C., Eds.; Martinus 
Nijhoff Publishers: Dordrecht, The Netherlands, 1985; pp 
213-216. 

Jurd,  L.; Corse, J.; King, A. D.; Bayne, H.; Mihara, K. 
Antimicrobial properties of 6,7-dihydroxy-, 7,8-dihydroxy-, 
6-hydroxy- and 8-hydroxycoumarins. Phytochemistry 1971, 
io, 2971-2974. 

Karapinar, M.; Aktug, S. E. Inhibition of foodborne pathogens 
by thymol, eugenol, menthol and anethole. Znt. J .  Food 
Microbiol. 1987, 4 ,  161-166. 

Knobloch, K.; Weigand, H.; Weis, N.; Schwarm, H. M.; Vigen- 
schow, H. Action of terpenoids on energy metabolism. In 
Progress in  Essential Oil Research; Brunke, E. J., Ed.; de 
Gruyter: Berlin., 1986; pp 429-445. 

Koedam, A. Antimicrobial actions of essential oils, literature 
review 1960-1976. Riechst., Aromen, Kosmet. 1977, 27, 
6-11, 36-41. 

Kubo, I.; Muroi, 1%; Himejima, M. Antibacterial activity 
against Streptococcus mutans of mate tea flavor components. 
J .  Agric. Food Cltem. 1993, 41, 107-111. 

Kurita, N.; Miyaji, M.; Kurane, R.; Takahara, Y.; Ichimura, 
K. Antifungal activity and molecular orbital energies of 
aldehyde compouinds from oils of higher plant. Agric. Biol. 
Chem. 1979,43, 2365-2371. 

Kurita, N.; Miyaji, M.; Kurane, R.; Takahara, Y. Antifungal 
activity of compoinents of essential oils. Agric. Biol. Chem. 

Lemos, T. L. G.; Matos, F. J. A.; Alencar, J. W.; Craveiro, A. 
A.; Clark, A. M.; McChesney, J. D. Antimicrobial activity of 
essential oils of Eh-azilian plants. Phytother. Res. 1990, 4 
(21, 82-84. 

Maruzzella, J. C.; Yicurella, N. A. Antibacterial activity of 
essential oil vapors. J .  A m .  Pharm. Assoc. 1960,49, 692- 
694. 

Morozumi, A. Isolat.ion, purification, and antibiotic activity of 
o-methoxy-cinnanionaldehyde from cinnamon. Appl. Enui- 
ron. Microbiol. 19178, 36, 577-583. 

Morris, J. A.; Khettry, A.; Seitz, E. W. Antimicrobial activity 
of aroma chemicals and essential oils. J .  A m .  Oil Chem. 
SOC. 1979, 56, 595-603. 

Onawunmi, 0. G. Evaluation of the antimicrobial activity of 
citral. Lett. Appl. Microbiol. 1989, 9, 105-108. 

49,429-434. 

1955,11, 1-42. 

1981, 45, 945-952. 



Antibacterial Activity of Essential Oil Components 

Saleem, Z. M.; Al-Delaimy, K. S. Inhibition of Bacillus cereus 
by garlic extracts. J .  Food Prot. 1982,45, 1007-1009. 

Shelef, L. A. Antimicrobial effects of spices. J. Food Saf .  1983, 

Shelef, L. A.; Naglik, 0. A.; Bogen, D. W. Sensitivity of some 
common food-borne bacteria to  the spices sage, rosemary 
and allspice. J .  Food Sci. 1980, 45, 1042-1044. 

Subba, M. S.; Soumithri, T. C.; Rao, R. S. Antimicrobial action 
of citrus oils. J .  Food Sci. 1967, 32, 225-227. 

Wyman, J. G.;  VanEtten, H. D. Antibacterial activity of 
selected isoflavonoids. Phytopathology 1978, 68, 583-589. 

6, 29-44. 

J. Agric. Food Chem., Vol. 43, No. 11, 1995 2845 

Zaika, L. L. Spices and herbs: their antimicrobial activity and 
its determination. J .  Food Saf. 1988, 9, 97-118. 

Received for review January 19, 1995. Revised manuscript 
received August 18, 1995. Accepted September 15, 1995.@ 

JF950043C 

@ Abstract published in Advance ACS Abstracts, No- 
vember 1, 1995. 


