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Abstract: Staphylococcus aureus ATCC 25923, Escherichia coli ATCC 25922 and Salmonella enteritidis CMCC (B) 
50041, were used in the antibacterial tests of Cinnamomum longepaniculatum leaf essential oil and its five chemi-
cal constituents. The effect of 1, 8-cineole on the ultrastructural structure of the bacteria (S. aureus and E. coli) 
was also investigated by transmission electron microscopy. The C. longepaniculatum leaf essential oil and the five 
chemical constituents showed variable levels of inhibition. Their  MIC ( minimum inhibitory concentration ) and MBC 
(minimal bacteriocidal concentration) values were all in the range of 0.781 µL/mL~6.25 µL/mL and 0.781 µL/
mL~12.5 µL/mL respectively except γ-terpinene. The MIC values of γ-terpinene against E. coli and S. aureus were 
all higher than 50 µL/mL, but the MIC and MBC values of γ-terpinene against S. enteritidis was only 3.125 µL/mL. 
Among them, α-terpineol possessed the best antibacterial activity. Under the transmission electron microscope, cell 
size of treated E. coli decreased, cell wall and cell membrane ruptured, and nucleoplasm was reduced and gathered 
onto the side. After the S. aureus was treated with 1, 8-cineole, the cell size and shape were damaged and nucleus 
cytoplasm was concentrated or reduced or agglomerated on the side. These results suggest that C. longepanicula-
tum leaf essential oil and its constituents have excellent antibacterial activities, the antibacterial mechanism of 1, 
8-cineole against E. coli and S. aureus might attributable to its hydrophobicity.
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Introduction

Cinnamomum longepaniculatum (Gamble) N. 
Chao is an endemic tree in China. The antimi-
crobial activity of Cinnamomum longepanicula-
tum leaf essential oil has attracted great atten-
tion from many researchers. A series of studies 
have demonstrated the essential oil has strong 
antibacterial activity against Escherichia coli, 
Bacillus subtilis, Staphylococcus aureus, Ba- 
cillus thuringiensis, Streptomyces microflavus, 
Diplococcus catarrhalis and Salmonella [1, 2], 
and also exhibited inhibitory activity against 
plantpathogenic fungi and dermatophytes [3, 
4]. 

In order to explore the potential usefulness of 
the C. longepaniculatum leaf essential oil, it is 
important to know their chemical constituents. 

Published reports indicate that the main con-
stituents of Cinnamomum longepaniculatum 
leaf essential oil are 1, 8-cineole (58.55%), saf-
role (0.04%), γ-terpinene (0.37%), α-terpineo 
(15.43%), terpinene-4-alcohol (4.84%) and so 
on [5-9]. 

1, 8-cineole also known as eucalyptol or caje-
putol is a terpene oxide and is a principal con-
stituent of most Eucalyptus oil (75%), C. longe-
paniculatum leaf essential oil (8.55%), rosemary 
(40%), Psidium (40~60%) and many other 
essential oil [10-12]. It is often employed by the 
pharmaceutical industry in drug formulations, 
as a percutaneous penetration enhancer and 
for its decongestant and antitussive effects 
and in aromatherapy as a skin stimulant in the 
form of skin baths [13-16]. Also, it is considered 
useful for the treatment of bronchitis, sinusitis 
and rheumatism [17].
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Although the chemical constituents of leaf 
essential oil of C. longepaniculatum have been 
studied, the potential antimicrobial activity of 
its constituents has not yet been evaluated. In 
this study, the essential oils of leaves collected 
from C. longepaniculatum was extracted and 
their chemical compositions were analyzed, 
then the antibacterial activities of the essential 
oil and its chemical constituents to S. aureus, 
E. coli and S. enteritidis in vitro were investi-
gated. The effect of 1, 8-cineole on the ultra-
structural structure of bacteria was investigat-
ed to help understand the antibacterial 
mechanism.

Materials and methods

Essential oil distillation 

Leaves of indigenous cinnamon (C. longepanic-
ulatum) clone were collected from Sichuan 
experimental forest. The essential oil of C. 
longepaniculatum leaves was obtained with 
water distillation for 6 h.

GC analysis

GC analysis was performed using a Shimadzu 
model-14B equipped with a FID. The column 
used was 50 m long by 0.22 mm i. d. glass cap-
illary coated with silica. GC was programmed 
from 60 to 220°C at a rate of 2°C/min. 
Identification of the major components of indig-
enous cinnamon leaf oils was confirmed by 
comparison with standards, as well as by spik-
ing. The quantity of compounds was obtained 
by integrating the peak area of spectrograms.

Bacteria strains

Three bacterial strains used in this antibacteri-
al study were Staphylococcus aureus ATCC 

25923, Escherichia coli ATCC 25922 and 
Salmonella enteritidis CMCC (B) 50041, which 
were obtained from the Veterinary Pharma- 
cology Lab, Sichuan Agricultural University, 
Ya’an, China.

Antibacterial activity test

The broth dilution method described in the 
National Committee for Clinical Laboratory 
Standards (NCCLS, 2000, 2008) was used to 
assess the antibacterial activities of the essen-
tial oil and its chemical constituents. The test 
samples were dissolved in 2% Tween-80 at a 
final concentration ranging from 50 µL/mL to 
0.195 µL/mL. 2% Tween-80 was used as nega-
tive control. The antibacterial activities were 
examined after 24 hours of incubation at 37°C. 
MIC was defined as the lowest concentration of 
test samples that resulted in a complete inhibi-
tion of visible growth in the broth. MBC was 
estimated as the least concentration of the 
samples where no visible growth on agar sub-
culture could be detected. The entire experi-
ment was performed in triplicate and the 
results were averaged.

Time-kill curve study of essential oil

Time-kill curve studies were performed in dupli-
cates with the drug and media for each sample 
at 3 different concentrations as follows: 
1/2×MIC, 1×MIC, and 2×MIC. Tubes containing 
Mueller Hinton broth at various concentrations 
and with growth control group were seeded 
with a log-phase inoculum of roughly 5×105 
CFU/mL to a final volume. Inoculated broths 
were incubated at 37°C. 0.1 mL of inoculated 
broths was sampled at different time intervals 
(0, 1, 2, 4, 8, 12, 24, and 36 h) from each tube 

Table 1. MIC and MBC values of C. longepaniculatum leaf essential oil and its five important constitu-
ents against three species bacteria 

Constituents
E. coli ATCC 25922 S. enteritidis CMCC (B) 50041 S. aureus ATCC 25923
MIC MBC MIC MBC MIC MBC

essential oil 3.125 3.125 6.25 6.25 6.25 6.25
1, 8-cineole 3.125 3.125 6.25 6.25 6.25 6.25
α-terpineol 0.781 0.781 3.125 3.125 1.562 3.125
terpinene-4-alcohol 1.562 1.562 3.125 3.125 1.562 1.562
Safrole 12.5 12.5 12.5 12.5 12.5 12.5
γ-terpinene >50 >50 3.125 3.125 >50 >50
MIC and MBC, µL/mL.
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and was subjected to 10-fold serial dilution. 
Then, 0.1 mL of every dilution was spread on 
Mueller Hinton plates for colony counting and 
incubated at 37°C for 24 h. Only plates contain-
ing the count between 30~300 for each series 
of dilutions were counted. Finally, the time-kill 
curves were constructed for organism.

Transmission electron microscopy

In order to investigate the effect of 1, 8-cineole 
on the ultrastructure of bacteria, 100 mL of 106 

CFU/mL S. aureus and E. coli in Mueller Hinton 
broth were exposed to MIC concentration of 1, 
8-cineole and then were incubated at 37°C for 
3 h in an incubator shaker. The control group 
was treated with solvent only. The bacterial 
suspensions were then centrifuged in sterile 
plastic centrifuge tubes at 8000 rpm for 10 min 
at 4°C. The supernatant was discarded and the 
pelleted cellular content was fixed with 2.5% 
glutaraldehyde in 0.1 M cacodylate-buffer 
(pH=7.4) at 4°C overnight. Samples were then 
post-fixed for 2 h in 1% osmium tetroxide (OsO4) 
dissolved in cacodylate-buffer at room temper-
ature and washed in cacodylate-buffer three 
times for 15 min each. Samples were dehydrat-
ed in ethanol in a graded series of 40%, 60%, 
75%, 80% and 95% dilutions two times for 15 
min each. A final dehydration step was carried 
out for 1 h in 100% ethanol with changes every 
30 min. Epoxy resin (Epon-618) was used to 

embed the post-fixed samples for 12 h~16 h at 
45°C. Ultra-thin section of the embedded sam-
ples were prepared by LKB-II Ultra-cut instru-
ment and double stained with uranyl acetate 
and lead citrate. Morphology of the bacterial 
cells was observed on a transmission electron 
microscope.

Results and discussion

Antibacterial activity of essential oils and its 
major compositions

The five compounds isolated from essential oil 
of C. longepaniculatum leaves were identified 
as: 1, 8-cineole, safrole, γ-terpinene, α-terpineol 
and terpinene-4-alcoho. The MIC and MBC val-
ues of C. longepaniculatum leaf essential oil 
and its five important constituents against 
three species bacteria (E. coli, S. aureus and S. 
enteritidis) are presented in Table 1. The C. 
longepaniculatum leaf essential oil had demon-
strable antibacterial properties, and the five 
important constituents present in the oil also 
showed variable levels of inhibition. Their MIC 
and MBC values were in the range of 0.781 µL/
mL~6.25 µL/mL and 0.781 µL/mL~12.5 µL/mL 
respectively except γ-terpinene. 

Comparing the antibacterial activity of five 
important constituents of C. longepaniculatum 
leaf oil with C. longepaniculatum leaf oil, 1, 

Figure 1. The time-kill cures of 
essential oil from Cinnamomum 
longepaniculatum leaves against 
Escherichia coli (A), salmonella 
enteritidis (B), staphylococcus au-
reus (C).
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8-cineole and C. longepaniculatum leaf oil had 
the same antibacterial effect. Meanwhile, the 
inhibitory effect of safrole was less than C. 
longepaniculatum leaf oil, α-terpineol and erpi-
nene-4-alcohol against S. aureus, E. coli and S. 
enteritidis. On the other hand, the inhibitory 
effect of C. longepaniculatum leaf oil was less 
than that of α-terpinene and erpinene-4-alco-
hol against S. aureus, E. coli and S. enteritidis. 
γ-terpinene had high specific bacteriostatic 
action. The MIC values of γ-terpinene against E. 
coli and S. aureus were all higher than 50 µL/
mL, but the MIC and MBC values of γ-terpinene 
against S. enteritidis was only 3.125 µL/mL.

Among the five constituents, α-terpineol pos-
sessed the best antibacterial activity. So the 
inhibitory properties of C. longepaniculatum 
leaf oil against these three bacteria were not 
solely due to 1, 8-cineole. It might be that a syn-
ergistic effect derived from some constituents 
in C. longepaniculatum leaf oil endows it with 
such potent antibacterial activity.

There are several reports stating that other leaf 
oils (eg C. zeylanicum Bl.) exhibit antimicrobial 
activity. Hili and his co-workers [18] have 
assayed the antimicrobial activity of the C. zey-
lanicum leaf oil against three bacteria and four 
yeast strains. Their results demonstrated that 
the leaf oil completely inhibited the growth of E. 
coli, S. aureus, and P. aeruginosa at the level of 
500 µg/mL. Another report found the MICs of 
C. zeylanicum against E. coli, and S. aureus 

were 0.05% and 0.04%, respectively [19]. 
Pitarokili and Sonboli have confirmed that 
essential oil from Cinnamomum longepanicula-
tum is an effective botanical bactericide [20, 
21]. However, there are no reports on active 
constituents of essential oil from Cinnamomum 
longepaniculatum, and few commercial prod-
ucts are available because of the difficult qual-
ity control. Several researchers have reported 
that the antimicrobial activity of an essential oil 
is linked to its chemical composition [22, 23], 
the functional groups (alcohol, phenols, ter-
penes and ketones) of compounds found in 
plant materials (extracts/essential oil) are 
associated with their antimicrobial characteris-
tics [24].

In comparison with those reports, it is evident 
from our results that the inhibitory activity of C. 
longepaniculatum leaf oil and its five important 
constituents on bacteria was better than that 
of C. zeylanicum leaf oil, Himalayan Lauraceae 
species and Cinnamomum osmophloeum, 
whose MIC values for bacterial strains were in 
the range of 3.90 μL/mL~31.25 μL/mL and 
250 μL/mL~500 μL/mL [25, 26]. On the other 
hand, there was no discernible trend of inhibi-
tion reflected in the strain characteristics of 
bacterium: both Gram-negative and Gram-
positive organisms were affected. Which sup-
ported by other researchers who reported that 
essential oil of Cinnamomum longepanicula-
tum and the compounds separated from essen-
tial oil were found to be active against Gram-

Figure 2. EM graph (×25000) of E. coli (non-treated) (A). Stationary phase cells on the micrograph showed a typi-
cal healthful bacilli-shape, even showed growth and cell division (arrows indicating); EM graph (×20000) of E. coli 
exposed to MIC of 1, 8-cineole (B). Cell deformation, breakage of cell wall and membrane, condensation of cellular 
material were observed from the damaged cells of E. coli (arrows indicating).
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positive bacteria, Gram-negative bacteria, 
fungi and some of which are food spoilage 
microorganisms [20, 21]. This is different from 
Taiwania (Taiwania cryptomerioides Hayata) 
heartwood essential oil, which had an inhibito-
ry effect against Gram-positive bacteria only 
[27]. Furthermore, the results showed that the 
inhibitory activity of C. longepaniculatum leaf 
oil and its five important constituents on bacte-
ria was a synergistic effect and associated with 
their antimicrobial characteristics of the func-
tional groups (alcohol, phenols, terpenes and 
ketones) of compounds found in C. longepanic-
ulatum essential oil.

Because the main constituent of C. longepa-
niculatum leaf oil is 1, 8-cineole and it has 
strong antibacterial activity, the effect of 1, 
8-cineole on the ultrastructural structure of the 
bacteria was further tested to help understand 
the antibacterial mechanism. 

Time-kill curves

Time-kill curves of C. longepaniculatum leaf 
essential oil were shown in Figure 1. At 0.5×MIC 
concentration of C. longepaniculatum leaf 
essential oil, the time-kill curves were basically 

the same to the control group, which had the 
integral growth cycle (lag phase, logarithmic 
phase, stationary phase and death phase). But 
at 1×MIC and 2×MIC concentration of C. longe-
paniculatum leaf essential oil, three kinds of 
bacteria directly enter into decline phase with-
out adjustment phase, logarithmic phase and 
stable phase. All the bacterial cells of E. coli, S. 
enteritidis and S. aureus were killed at 1×MIC in 
4 h, 8 h, 12 h and 2×MIC in 2 h, 4 h, 8 h respec-
tively. The rate of killing increased by increasing 
the concentration of C. longepaniculatum leaf 
essential oil. Time-kill curves of C. longepanicu-
latum leaf essential oil showed a concentra-
tion-dependent effect. This will be a more ratio-
nal basis for determining optimal dosage for 
antimicrobial treatment regimens.

Ultrastructural changes of bacteria

The E. coli and S. aureus cells treated with 
3.125 μL/mL and 6.25 μL/mL respectively of 
the purified 1, 8-cineole at 37°C for 3 h were 
observed on a transmission electron micro-
scope (Figures 2 and 3). Non-treated E. coli 
cells showed a typical healthy bacilli-shape, 
even showed cell growth and cell division 
(Figure 2A), and non-treated S. aureus cells 

Figure 3. EM graph (×30000) of S. Aureus (non-treated) (A), cells showed a continuous thin smooth cell wall, cell 
membrane, nuclear material and cell division (arrows indicating); EM graph (×20000) of S. Aureus exposed to MIC 
of 1, 8-cineole (B). The cells became irregular, shriveled, leaking of the contents of the cells (arrows indicating).
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showed a continuous thin smooth cell wall, cell 
membrane, nuclear material and cell division 
(Figure 3A). But the treated cells were severely 
damaged and destructed in the surface and 
inside structure. Under the transmission elec-
tron microscope, the cell size of treated E. coli 
decreased, cell wall and cell membrane rup-
tured, nucleoplasm reduced and gathered onto 
the side (Figure 2B). After the S. aureus was 
treated, the cell size and shape were damaged 
and nucleus cytoplasm was concentrated or 
reduced or agglomerated on the side (Figure 
3B).

Antimicrobial mechanisms of natural com-
pounds found in herbs or spices have been dis-
cussed [28]. Thymol and carvacrol have been 
reported to possess inhibitory effects against 
the growth of enteric bacteria (E. coli O157: H7 
and Salmonella typhimurium) at a similar con-
centration as shown above. They were pro-
posed to have prominent outer membrane dis-
integration and increased the permeability of 
ATP through cytoplasmic membrane. 

In comparison with those reports, our results 
indicated that the 1, 8-cineole has prominent 
outer membrane disintegration and nucleus 
cytoplasm concentration or reduction. The 
results are comparable to the action of nisin, 
which acts on the cytoplasmic membrane by 
inducing pores and cytoplasmic leakage [29, 
30].

In conclusion, C. longepaniculatum leaf essen-
tial oil and its constituents have excellent anti-
bacterial activities and α-terpineol, one of the 
major compounds in the leaf essential oils, 
possessed the strongest antibacterial activi-
ties compared with the other components. And 
the antibacterial mechanism of 1, 8-cineole 
was realized through producing alterations on 
the structure of E. coli, S. enteritidis and S. 
aureus directly. This shows C. longepanicula-
tum leaves have the potential to be used for 
medical purposes. In this study, we investigat-
ed the antibacterial activities and antibacterial 
mechanism of major components from C. 
longepaniculatum leaf essential oil against E. 
coli, S. aureus and S. enteritidis, which has not 
been previously reported. 

Acknowledgements

The Project Supported by Scientific Research 
Fund of Sichuan Provincial Education Depart- 

ment (No. 14TD0031), and The Sichuan Youth 
Science and Technology Innovation Research 
Team for Resources Utilization of Cinnamomum 
longepaniculatum (2011JTD0035).

Disclosure of conflict of interest

None. 

Address correspondence to: Zhong-Qiong Yin, 
College of Animal Medicine, Sichuan Agricultural 
University, Ya’an, 625014, China. Tel: +86 835 
2885614; E-mail: yinzhongq@163.com; Qin Wei, 
Key Lab of Aromatic Plant Resources Exploitation 
and Utilization in Sichuan Higher Education, Yinbin 
College, Yin’bin, 644000, China. E-mail: weiq-
in2001-67@163.com

References

[1] Hammer KA, Carson CF, Riley TV. Antimicrobial 
activity of essential oils and other plant ex-
tracts. J Appl Micobiol 1999; 86: 985-990.

[2] Wei Q, Zhou YK, Zhou NJ, Yin LG, Zhang P. In-
hibitive activity of Cinnamomum oil against 
bacteria. Chin J Tropical Agr 2009; 1: 5-7.

[3] Wei Q, Li Q, Luo Y, Wu B. Antifungal activity of 
leaf essential oil from Cinnamomum longepa-
niculatum (Gamble) N. Chao. Chin J Oil Crop 
Sci 2006; 28: 63-66.

[4] Tao C, Wei Q, Yin ZQ, Jia RY, Zhou LJ, Xie H, et 
al. Antifungal activity of the essential oil from 
Cinnamomum longepaniculatum leaves again- 
st three species of fungi. Chin Vet Sci 2011; 
41: 89-93.

[5] Luo ZJ, Li WY, Wei Q. The future development 
of essential oil from Cinnamomum longepa-
niculatum of Yibin. J Sichuan Normal Universi-
ty (Nat Sci) 2011; 24: 317-319.

[6] Giamakis A, Kretsi O, Chinou I, Spyropoulos 
CG. Eucalyptus camaldulensis: volatiles from 
immature flowers and high production of 1, 
8-Cineole and β-pinene by in vitro cultures. 
Phytochemistry 2001; 58: 351-355.

[7] Du AY, Zhao BX, Miao JY, Yin DL, Zhang SL. Saf-
role oxide induces apoptosis by up-regulating 
Fas and Fasl instead of integrin β4 in A549 hu-
man lung cancer cells. Bioorgan Med Chem 
2006; 14: 2438-2445.

[8] Li CY, Chen WS. Studies on essentiaI oils IV: 
the chemical constituents of the essential oil 
from the leaf of Cinnamomum LongepanicuIa-
tum (Gamble) N. Chao. J Pharmaceut Biomed 
1991; 11: 346-349.

[9] Huang YZ, Wei MZ, Zhao H, Ren WJ. A study on 
the chemical composition of the essential oil 
of Cinnamomum longepaniculatum leaf. J Wu-
han Bot Res 1986; 4: 59-63. 

mailto:yinzhongq@163.com
mailto:weiqin2001-67@163.com
mailto:weiqin2001-67@163.com


Antibacterial activity of leaf essential oil

1727 Int J Clin Exp Med 2014;7(7):1721-1727

[10] Kovar KA, Gropper B, Friess D, Ammon HPT. 
Blood levels of 1, 8-cineole and locomotor ac-
tivity of mice after inhalation and oral adminis-
tration of rosemary oil. Planta Med 1987; 53: 
315-318.

[11] Neto MA, De Alencar JW, Cunha AH, Silveira 
ER. Volatile constituents of Psidium pohlianum 
Berg and Psidium guyanensis Pers. J Essen Oil 
Res 1994; 6: 299-300.

[12] Göbel H, Schmidt G, Dworschak M, Heiiss D. 
Essential plant oils and headache mecha-
nisms. Phytomedicine 1995; 2: 93-102.

[13] Macht D. The absorption of drugs and poisons 
through the skin and mucous membranes. J 
Am Med Assoc 1938; 110: 409-414.

[14] Williams AC and Barry BW. Terpenes and the 
lipid-protein-partitioning theory of skin pene-
tration enhancement. Pharm Res 1991; 8: 17-
24.

[15] Laude EA, Morice AH, Grattan TJ. The antitus-
sive effects of menthol, camphor and cineole 
in conscious guinea-pigs. Pulm Pharmacol 
1994; 7: 179-184.

[16] Levison KK, Takayama K, Okabe K, Nagai T. 
Formulation optimization of indomethacin gels 
containing a combination of three kinds of cy-
clic monoterpenes as percutaneous penetra-
tion enhancers. J Pharm Sci 1994; 83: 1367-
1372.

[17] McGilevery C, Reed J. Aroma Therapy. Ultimate 
Editions. London; 1993.

[18] Hili P, Evans CS, Veness RG. Antimicrobial ac-
tion of essential oils: the effect of dimethylsul-
phoxide on the activity of cinnamon oil. Lett 
Appl Microbiol 1997; 24: 269-275.

[19] Smith-Palmer A, Stewart J, Fyfe L. Antimicrobi-
al properties of plant essential oils and es-
sences against five important food-borne 
pathogens. Lett Appl Microbiol 1998; 26: 118-
122.

[20] Pitarokili D, Tzakou O, Loukis A, Harvala C. 
Volatile metabolites from Salvia fruticosa as 
antifungal agents in soilborne pathogens. J Agr 
Food Chem 2003; 51: 3294-3301.

[21] Sonboli A, Babakhani B, Mehrabian AR. Antimi-
crobial activity of six constituents of essential 
oil from Salvia. Z Naturforsch C 2006; 61: 160-
164.

[22] Inouye S, Takizawa T, Yamaguchi H. Antibacte-
rial activity of essential oils and their major 
constituents against respiratory tract patho-
gens by gaseous contact. J Antimicrob Che-
moth 2001; 47: 565-573.

[23] Cimanga K, Kambu K, Tona L, Apers S, De 
Bruyne T, Hermans N, Totté J, Pieters L, Vlie-
tinck AJ. Correlation between chemical compo-
sition and antibacterial activity of essential oils 
of some aromatic medicinal plants growing in 
the Democratic Republic of Congo. J Ethno-
pharmacology 2002; 79: 213-220.

[24] Sartorelli P, Marquioreto PD, Amaral-Baroli A, 
Lima ME, Moreno PR. Chemical composition 
and antimicrobial activity of the essential oils 
from two species of Eucalyptus. Phytother Res 
2007; 21: 231-233.

[25] Joshi SC, Verma AR, Mathela CS. Antioxidant 
and antibacterial activities of the leaf essential 
oils of Himalayan Lauraceae species. Food 
Chem Toxicol 2010; 48: 37-40.

[26] Chang ST, Chen PF, Chang SC. Antibacterial ac-
tivity of leaf essential oils and their constitu-
ents from Cinnamomum osmophloeum. J Eth-
nopharmacology 2001; 77: 123-127.

[27] Chang ST, Chen PF, Chang SC. Antibacterial ac-
tivity of leaf essential oils and their constitu-
ents from Cinnamomum osmophloeum. J Eth-
no-pharmacology 2001; 77: 123-127.

[28] Brul B, Coote P. Preservative agents in foods: 
mode of action and microbial resistance 
mechanisms. Int J Food Microbio 1999; 50: 
1-17.

[29] Conner DE, Beuchat LR, Worthington RE, Hich-
chcock HL. Effects of essential oils and oleo-
resins of plants on ethanol production, respira-
tion and sporulation of yeasts. Int J Food 
Microbiol 1984; 1: 63-74.

[30] Conner DE and Beuchat LR. Effects of essen-
tial oils from plants on growth of food spoilage 
yeasts. J Food Sci 1984; 49: 429-434.


