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Abstract
The physicochemical properties, composition and antimicrobial activity of cinnamon essential oil (Cinnamomum zeylanicum) were
studied. The bioactivity of this essential oil against Paenibacillus larvae was analyzed by means of a combination of in vitro techniques, such as the tube dilution method and bioautography, a method employed to localize antibacterial activity on a chromatogram.
Cinnamaldehyde and eugenol proved to have antibacterial effects against P. larvae. Minimal inhibitory concentration (MIC) and
minimal bactericide concentration (MBC) for C. zeylanicum essential oil were between 25-100 µg/ml and 125-250 µg/ml, respectively,
for all strains. Essential oil and, especially, two of its main components presented inhibitory capacity against strains of P. larvae.
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Introduction
American Foulbrood (AFB) is the most serious and dangerous bacterial disease affecting honeybee brood (Apis
mellifera L.), the causal agent is Paenibacillus larvae
(White), which produces highly resistant spores. Sustained
efforts have been devoted to controlling this disease, including the use of preventive and curative treatments with
antibiotics and other antimicrobial substances. The extensive use of antibiotics has led to an accumulation of residues in beehive products (especially in honey), thereby
decreasing their quality and hindering marketing opportunities (Fuselli et al., 2005). Therefore, natural antimicrobials and essential oils, above all, have been investigated
(Carta and Floris, 1989; Floris et al., 1996; Alippi, 1996;
Albo, 2003). Essential oils can be distilled from the leaves
and branches of cinnamon Cinnamomum zeylanicum
Breyne, a perennial tree belonging to the Lauraceae family
(Alonso, 1998). This investigation focuses on the antimicrobial screening of cinnamon C. zeylanicum essential oil
against P. larvae, using the combination of two different
bioassay techniques. The antimicrobial activities were determined and compared by means of techniques such as
serial dilution and bioautography agar. The bioautography
method aided in the identification of the antimicrobial active compounds. The chemical composition of the cinnamon essential oil was evaluated and compared using techniques such as thin layer chromatography (TLC) and gas
chromatography (GC). Gas chromatography/mass spectroscopy (GC/MS) analyses were also performed.
Materials and methods
Cinnamon (C. zeylanicum) essential oil, furnished by
Cruciani (Rome, Italy) and derived from bark is the same
previously employed and analysed by Floris et al. (1996).

Thin layer chromatography
Thin layer chromatography (TLC) analysis of essential oil was performed on sílicagel (Kieselgel 60H
Merck). The cinnamon oil was applied using an aliquot
of 10 µl (using Drummond micro-capillaries) to two
TLC plates and developed (93:7 toluene/ethyl acetate).
On one plate, the separated compounds were sprayed
with sulphuric acid in ethanol, and later with vanillin in
ethanol, followed by heating at 110 ºC (Wagner and
Bladt, 1996). The other plates were used for the bioautography assay.
Analyses of physicochemical properties
Density at 20 °C, triplicate of 1 ml of essential oil was
weighed and the average of the obtained values was calculated (Montes, 1981).
Refraction index was measured according to AOAC
official method 921.08, 2003 at 20 (± 0.05) °C with an
Abbe refractrometer of total reflection.
Acid index was obtained by titulation with an aqueous
solution of NaOH 0.1 N. To do so, 1 g of essential oil
was dissolved in ethanol 96%, previously neutralized
with NaOH using blue of thymol as indicator. Titulation
was completed and the final point was visualized.
Optic activity [a]20 was determined with a circle polarimeter VEB Carl Zeiss Jena, with a solution of 0.02
g/ml of the essential oil samples in ethanol. Readings
were made with 2 dm tubes at 20 °C, and rotation was
corrected in proportion to dilution (Horwitz, 2003).
Infrared spectroscopy
The IR spectrum of the sample was recorded as a thin
liquid film on NaCl windows, 8 scans, 2-cm-1 resolution
were obtained with FTIR Mattson, model Genesis II
spectrophotometer. The spectra were accumulated from
x scans measured with a resolution of x cm-1 in the
range of 500–4000 cm-1.

Antimicrobial assay
Three bacterial strains of P. larvae were isolated from
the honeycombs of hives undergoing clinical symptoms
of American Foulbrood. These hives were located in
Mechongué, Cobo and Chapadmalal cities in Buenos
Aires province. Isolation and strains identification were
made according standard biochemical tests (Alippi,
1992). The pure strains were maintained on MYPGP
agar with 15% v/v glycerol until used.
Vegetative cells of P. larvae were grown on MYPGP
agar for 48 h at 35 ± 0.5 °C, and then suspended in double distilled sterile water. To measure antimicrobial activity with serial dilution method, the concentration was
adjusted to 0.5 of Mac Farland scale, and to 1 of Mac
Farland scale when applying the bioautography method.
The minimal inhibitory concentration (MIC) was directly assessed by turbidity observation. Essential oil
was emulsified with 8% v/v propylene glycol (1-2 propanediol). One millilitre of each stock solution was added to MYT (Mueller-Hinton, yeast extract and thiamine) broth [2.0 g/l extract meat; 17.5 g/l hydrolyzed
casein, 1.5 g/l starch, 1.5 % yeast extract and 0.1 mg/l
thiamine (autoclaved separately)] and serially diluted
(final range 12,5-2000 µg/ml). Microbial biomass suspension was then added to each serial dilution tube with
agitation, at room temperature, using a Vortex dispersing tool (Fbr® by Decalab SRL). All sample tubes (as
well as positive and negative controls) were incubated at
35 ± 0.5 ºC for 48 h in order to determine MIC values
under microaerobic conditions (5-10% of CO2).
Minimal bactericide concentration (MBC) was specified. To that end, known volumes were transferred from
MIC negative tubes to MYPGP solid agar (Dingman
and Stahly, 1983), and incubated at 35 ± 0.5 ºC under
microaerobic conditions for 48 h in order to delimit
MBC values. The antimicrobial activities were determined by quintupled analyses for oil and strains.

A bioautography technique was employed to define the
active constituents (Iskan et al., 2002). Strains of P. larvae
were previously inoculated at 40 ºC into MYPGP agar
with a triphenyl tetrazolium chloride solution to 5% w/v in
water. 100 ml of the inoculated medium was poured into
TLC plates, not being previously revealed; and incubated
at 36 ± 1 ºC during 24-48 h under microaerobic conditions.
Microbial growth inhibition was determined by measuring
the area of the inhibition zones. The inhibition area was
calculated as the average of three measurements per TLC
plate. For oil and strains, antimicrobial activities by bioautography method were determined by triplicate analyses.
Statistical analysis
MIC and MBC data obtained from cinnamon essential
oil were comparatively analysed using Fisher exact test,
specially suited for small samples, and then employed to
estimate significant differences (P<0.05) between bacterial strains. With regard to inhibition zones analysis,
Pearson correlation was determined using the PROC
GLM of SAS procedure (SAS, 2000).
Results
Among the 22 compounds identified by means of GC
and CG/ MS analyses (Floris et al., 1996), cinnamaldehyde (79.3% w/w) and eugenol (11.9% w/w) are the
main components, and some terpenic compounds, such
us α− pinene and caryophyllene in a lesser proportion.
Physicochemical properties values were as follows: a
density of 1.061 g/ml at 20 ºC, a refraction index of
1.6073, an optic activity [a]20 of 12.5º (C=0.02 g/ml),
and an acid index of 14.87 mg KOH/g oil.
The infrared spectroscopy spectrum displayed characteristic bands corresponding to aromatic CH bonds, between
3000 cm-1 and 3100 cm-1; to CH alquenes, between 3020
cm-1 and 3080 cm-1; to C=C, between 1640 cm-1 and 1680
cm-1; and to the aldehydes C=O group between 1690 cm-1
and 1760 cm-1. The spectra similarity of the cinnamon
essential oil and a cinnamaldehyde (SDBSWeb at
http://www.aist.go.jp/RIODB/SDBS) are shown in figure 1.
Results of MIC and MBC for the cinnamon oil against
the three bacterial strains are shown in table 1. Relationships between MIC values and bacterial strains (Chapadmalal, Mechongué and Cobo) (P<0.05) were found,
but no correlation between the three strains (P<0.05) for
MBC values was evidenced.
Table 1. Minimal inhibitory concentration (MIC) and
minimal bactericial concentration (MBC) values of
cinnamon essential oil for three bacterial strains of P.
larvae (Chapadmalal, Mechongué and Cobo).

Figure 1. Infrared spectra comparison between cinnamon essential oil and Cinnamaldehyde.
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Strains
Chapadmalal Mechongué
Cobo
MIC values
25-50
50
50-100
in (mg /l )
MBC values
125-150
150-200
150-200
in (mg /l )
The antimicrobial activities were determined by quintupled analyses for oil and strains.

The bioautography assay was applied to strains of P.
larvae. The bioautography technique allows to evaluate
the minimum concentrations of the compound responsible for the biological activity being observed the growth
inhibition areas at first sight (Marquez et al., 2003).
This experiment showed clear inhibition zones corresponding to cinnamaldehyde (3-phenyl-2-propenal) and
eugenol (2-methoxy-4-propenyl-phenol) after separation
on TLC. On silica gel thin-layer chromatograms, cinnamon essential oil was separated into two bioautographic spots with different Rfs (0.67; 0.35) which
showed activity against P. larvae. No active bands corresponding to Rfs between 0.05 and 0.21 related to the
region of terpenic alcohols were observed. Figure 2 displays chromatogram bands and coinciding zones of
growth inhibition on the bioautography plate. Moreover,
table 2 shows the results obtained for these two components in the tests of antimicrobial activity against P. larvae strains from three different geographical origins.
For cinnamaldehyde compound, significant differences
were detected for Chapadmalal strain in relation to
Mechongué and Cobo strains (P<0.05); however, regarding eugenol values of inhibition area, the three
strains showed no significant differences (P<0.05).
Discussion and conclusions
Data about the essential oil composition obtained with
GC and GC/MS are in accordance with those reported
by Floris et al. (1996) and Wagner and Bladt (1996).
Physicochemical properties were analyzed with the
aim of establishing the quality, purity and chemical stability of the essential oil. All physicochemical properties
obtained ranged within the prospective values, except
for the acid index which was higher, if compared with
the results by Montes (1981) and Retamar (1982). The
reason for this could be that the oil applied in this case
had been distilled years before the trial was conducted.
Comparing infrared spectrum of cinnamon essential
oil and the individual spectra of the main compounds,
i.e., cinnamaldehyde and eugenol (database of SDBS)
superimposed, both spectra are notoriously similar. This
could result from the high content of cinnamaldehyde as
well as from the presence of eugenol in the essential oil
analyzed.
Against the different strains under analysis, cinnamon
(C. zeylanicum) yielded good antimicrobial activity

Figure 2. Bioauthography of Chapadmalal strain and
chromatography on a cinnamon plate.
(In colour at www.bulletinofinsectology.org).
comparable to that reported thyme and lemon grass oils,
and greater than other essential oils such as rosemary,
whose MIC values were of 700 µg/ml, and oregano oils
whose MIC values ranged from 250 to 450 µg/ml
(Alippi, 1996).
Bioautography was used to detect qualitative antibacterial activity. Since this method is visual, the stability
of the compounds on the plate can be easily verified
(Dhar et al., 2004). The results obtained in this work
suggest that cinnamon (C. zeylanicum) essential oil and
two of its main components, cinnamaldehyde and
eugenol, presented inhibitory activity against three
strains of P. larvae of different geographical origins.
Therefore, the present experience, supported by previous studies (Carta and Floris, 1989; Floris et al., 1996;
Carpana et al., 1996; Floris, 2001) where antimicrobial
properties of cinnamon oil against P. larvae were
proved in vitro and in vivo, promotes the use of its main
compounds for the AFB management, allowing a most
precise dosage of the active component. This work represents the first part of a research being conducted, in
which the concentration and main compounds of the essential oil inhibiting bacterial growth were studied. Recently, in vitro LC50 (median lethal concentration) has

Table 2. Antimicrobial activities by bioautography method expressed in cm for wide, high and area of bacterial inhibition.
Strain

compound
wide
sd
high
sd
area
sd
cinnamaldehyde
3.43 a
0.04
3.10 a
0.05
8.36 a
0.15
Chapadmalal
eugenol
1.03 b
0.04
0.57 b
0.05
0.46 b
0.15
cinnamaldehyde
1.97 c
0.04
1.57 c
0.05
2.42 c
0.15
Cobo
eugenol
1.00 b
0.04
0.57 b
0.05
0.45 b
0.15
Mechongue
cinnamaldehyde
1.97 c
0.04
1.90 d
0.05
2.94 c
0.15
eugenol
1.00 b
0.04
0.50 b
0.05
0.39 b
0.15
Letters indicate significances inside lines (Fisher exact test, p<0.05) for the same column and compound. Area = π x
r1 x r2 (r1= wide, r2 = high).
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been tested on bees to specify its optimum concentration
in apiaries studies, so as not to cause toxicological risks
to bees and not to overcome taste threshold in honey
(Bogdanov et al., 1999) as well as other undesirable effects such us resistance factors, resulting for the indiscriminate use of antibiotics.
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