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Abstract

Cinnamomum osmophloeum Kaneh is one of the hardwood species indigenous to Taiwan that possesses significant antifungal

activity. To examine the antifungal activity of leaf essential oils and dominant constituents from C. osmophloeum, the essential oils

of leaves from three clones (A, B, and C) collected from Haw-Lin experimental forest were extracted and their components analyzed

by gas chromatography. Results from the antifungal tests demonstrated that the essential oils of both B and C leaves had strong

inhibitory effects. The antifungal indices of these two leaf oils at 100ppm against five strains of white rot fungi and four strains

of brown rot fungi were all 100%. Cinnamaldehyde, the major compound in C. osmophloeum leaf essential oils, possessed the strong-

est antifungal activities compared with the other components. Its antifungal indices against both Coriolus versicolor and Laetiporus

sulphureus were 100%. The MIC (minimum inhibitory concentration) of cinnamaldehyde against C. versicolor and L. sulphureus was

50 and 75ppm, respectively. In addition, comparisons of the antifungal indices of cinnamaldehyde�s congeners proved that cinna-
maldehyde exhibited the strongest antifungal activities.

� 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

People have relied on trees for shelter, building mate-
rials, flavors/fragrances, and not least, medicines, since

ancient times. The special properties of wood, including

its aesthetic appearance, low density, low thermal

expansion, and desirable mechanical strength, have led

to indoor and outdoor applications. Durability is one

of the most important considerations for the use of

wood in construction. Poor durability has often been

recognized as one of wood�s ‘‘disadvantages’’ in certain
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application. Developing methods to prolong the service

life of wood has always been the interest of wood indus-

try researchers. From the environmental perspective,
finding naturally existent constituents in highly durable

tree species and understanding their mechanisms are

the most appropriate approaches to achieve wood pro-

tection while preserving the environment (Chang et al.,

2000).

Owing to the unique ecosystem, there are many valu-

able tree species endemic to Taiwan. In the past few

years, we have consistently studied the relationship be-
tween the properties and chemical constituents of ende-

mic trees in Taiwan. According to the results obtained

from our previous screening assay of endemic wood

durability against fungi, we have found that Cinnamo-

mum osmophloeum Kaneh (Lauraceae), named as
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‘‘Indigenous cinnamon tree’’, is one of the hardwood

species that possesses significant antifungal activity. C.

osmophloeum is an endemic tree that grows at middle

elevations in Taiwan�s natural hardwood forest (Liu et
al., 1988). Chemical constituents of its leaf essential oils

are similar to those of the famous Cinnamomum cassia

bark oil (Chang et al., 2001), so the potential utilizations

of C. osmophloeum leaves are worthy of exploration.

Leaves may be a source of effective pesticidal com-

pounds and may come to be regarded as an inexhausti-

ble source of friendly pesticides having low human and

environment toxicity and being easily biodegradable.

Although there have been few studies that discuss the

antimicrobial and antitermitic activities of C. osmophlo-
eum (Chang et al., 2001; Chang and Cheng, 2002), to

our knowledge there is no literature concerning the anti-

fungal properties of C. osmophloeum leaves against

wood decay fungi. In this study, we distilled the leaf oils

from three C. osmophloeum trees. After gas chromatog-

raphy analysis and antifungal assays, the chemical con-

stituents and the antifungal performances of these

essential oils were investigated. The results are reported
here. In addition, the antifungal activity of cinnamalde-

hyde congeners was subsequently examined to help to

understand the effect of chemical structure on the anti-

fungal activity.
2. Methods

2.1. Collection of C. osmophloeum leaves and their

essential oils

The leaves of three twenty-year-old C. osmophloeum

clones, named as tree A, tree B, and tree C, were col-

lected in May 2000 from the Haw-Lin Experimental

Forest located in Taipei county. The species was identi-

fied, and the voucher specimens (COA01, COB01, and
COC03) were deposited at the laboratory of wood

chemistry, School of Forestry and Resource Conserva-

tion, National Taiwan University. The fresh leaf oils

of C. osmophloeum were obtained by using water distil-

lation for 6h and their constituents determined by gas

chromatography.

2.2. Gas chromatography (GC) analysis

GC was performed using a Shimadzu model-14B

equipped with an FID. The column (Carbowax column)

used was 50m long by 0.22mm i.d. glass capillary coated

with silica. GC was programmed from 60 to 220 �C at

2 �C/min. N2 was the carrier gas at the flow rate of

30mL/min. Identification of the major components of

indigenous cinnamon leaf oils was confirmed by com-
parison with standards, as well as by spiking. The quan-

tity of compounds was obtained by integrating the peak
area of the chromatograms. References standards were

obtained from Acros (Belgium).

2.3. Congeners of cinnamaldehyde

For the structure–activity relationship study of cinna-
maldehyde�s derivatives, the congeners of cinnamalde-
hyde, including 4-hydroxybenzaldehyde, cinnamic acid,

cinnamyl alcohol, and 3-phenylpropionaldehyde, were

purchased from Acros (Belgium).

2.4. Fungal strains

In this study, five white rot fungi (Coriolus versicolor,
Lenzites betulina, Pycnoporus coccineus, Trichaptum

abietinum, and Oligoporus lowei) and four brown rot

fungi (Laetiporus sulphureus, Antrodia taxa, Fomitopsis

pinicola, and Phaeolus schweinitzii) were used in the anti-

fungal assay. All of these fungal strains were gifts pro-

vided by Dr. Tun-Tschu Chang (Taiwan Forestry

Research Institute).

2.5. Antifungal assays

Antifungal assays were performed based on the meth-

ods used in our previous studies (Chang et al., 1999,

2000) with slight modifications. Briefly, 100ppm of

essential oils or compounds was added to sterilize potato

dextrose agar (PDA). After transferring the mycelium of

fungi, the test plates were incubated at 27 �C. When the
mycelium of fungi reached the edges of the control plate

(without added essential oils or compounds), the

antifungal index was calculated as follows: antifungal

index = (1 � Da/Db) · 100, where Da: the diameter of
growth zone in the test plate. Db: the diameter of

growth zone in the control plate. Each experiment was

performed three times, and the data were averaged.

2.6. Statistical analyses

The Scheffe method was used to evaluate differences

in antifungal index in antifungal tests. Results with

P < 0.05 were considered statistically significant.
3. Results and discussion

3.1. Yields and chemical compositions of essential oils

from different clones

The yields of leaf oils from the three C. osmophloeum

trees (A, B, and C) were 6.02, 6.92, and 7.93mL/kg of

leaves, respectively. Table 1 shows the main components

and their relative contents of leaf essential oils distilled
from C. osmophloeum. The relative amounts of each

component were determined by the GC analysis. Cinna-
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Fig. 1. Antifungal activity of three indigenous cinnamon leaf oils

(100ppm) against the white rot fungus Coriolus versicolor and the

brown rot fungus Laetiporus sulphureus. White bar: C. versicolor; black

bar: L. sulphureus. Each experiment was performed three times, and

the data averaged (n = 3). Numbers followed by different letters (a–c)

are significantly different at the level of P < 0.05 according to the

Scheffe test.

Table 1

Main components and their relative contents (%) of Cinnamonmum osmophloeum leaf essential oils

Compounds RTa (min) Relative percentages (%)

Tree A Tree B Tree C

1,8-Cineol 13.8 11.32 –b –

Benzaldehyde 33.0 0.93 2.88 3.20

Linalool 34.8 9.83 0.12 0.24

Borneol 43.6 7.46 – –

a-Terpineol 44.3 4.62 – –

Neral 47.0 12.82 – –

Geranyl acetate 47.8 6.03 3.01 3.88

Geraniol 53.4 4.73 2.58 2.96

Cinnamaldehyde 64.6 8.35 81.08 76.00

Eugenol 69.6 – 0.95 1.05

Cinnamyl acetate 71.6 9.04 1.11 0.51

Coumarin 84.1 – 0.50 0.26

a RT: retention time, the analysis conditions as described in Section 2.
b –: trace.
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maldehyde is the major compound in the essential oils of

both indigenous cinnamon tree B (81.08%) and indige-

nous cinnamon tree C (76%). In contrast, no dominant

compound in the essential oil of indigenous cinnamon

tree A was isolated, the amounts of each compound de-

tected are lower than 13% (Table 1). According to the

results obtained by Hu et al. (1985), there are nine differ-

ent types of C. osmophloeum as classified by their chem-
ical constituents, namely cassia type, cinnamaldehyde

type, coumarin type, linalool type, eugenol type, cam-

phor type, terpineol-4ol type, linalool–terpineol, and

mixed type, respectively. On the basis of this classifica-

tion, indigenous cinnamon tree A, which was analyzed

in this study, belongs to the mixed type. On the other

hand, indigenous cinnamon trees B and C belong to

the cinnamaldehyde type.

3.2. Antifungal activity of essential oils

It has been proven that cinnamon oil has inhibitory

effects against several microorganisms, such as meat

spoilage organisms (Ouattara et al., 1997) and fungi in-

volved in respiratory tract mycoses (Singh et al., 1995).

To the best of our knowledge, there has not been a rel-
evant study investigating the effectiveness of indigenous

cinnamon leaf oil and its constituents against wood de-

cay fungi. To evaluate the antifungal activity of C.

osmophloeum leaf essential oils, at first we selected two

typical fungi, Coriolus versicolor (C.v., a white rot fun-

gus) and Laetiporus sulphureus (L.s., a brown rot fun-

gus), as test strains. Fig. 1 shows the antifungal

activities of the leaf essential oils of C. osmophloeum
clones at concentration of 100ppm. Both brown rot fun-

gus (L.s.) and white rot fungus (C.v.) were completely

inhibited at doses of 100ppm. Indigenous cinnamon

trees B and C produced essential oils with much higher

antifungal activities than those possessed by indigenous
cinnamon tree A. The antifungal indices of indigenous

cinnamon tree A were 18.37% and 34.47% against C.v.

and L.s., respectively. The main constituent of essential

oils from indigenous cinnamon trees B and C is cinna-

maldehyde (approximately 80%), whereas there is only

8.35% cinnamaldehyde in the essential oils from indige-
nous cinnamon tree A. Singh et al. (2000) have proven

that cinnamaldehyde is a strong antifungal agent against

human pathogens. According to their results, cinnamal-

dehyde may be a potential lead compound for the

development of antifungal drugs through the control

b-(1,3)-glucan and chitin synthesis in yeasts and molds
(Bang et al., 2000). Thus, we suspected that cinnamalde-

hyde was the principal antifungal agent of C. osmophlo-
eum leaf oil.



Table 2

Antifungal indices of cinnamaldehyde (100ppm) against wood rot

fungi

Fungi Antifungal indexa (%)

White rot fungi

Coriolus versicolor 100

Lenzites betulina 100

Pycnoporus coccineus 100

Trichaptum abietinum 100

Oligoporus lowei 71.45

Brown rot fungi

Antrodia taxa 100

Fomitopsis pinicola 100

Laetiporus sulphureus 100

Phaeolus schweinitzii 100

a Antifungal index see Section 2. 100% = complete growth inhibi-

tion of mycelium.
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3.3. Antifungal effects of the main constituents of oils

Tests were carried out to discover which of the eight

main constituents of C. osmophloeum leaf essential oils

possessed antifungal activity. As shown in Fig. 2, cinna-

maldehyde and eugenol exhibited the strongest activity
against both C.v. and L.s. amongst the eight compounds

tested. Both cinnamaldehyde and eugenol totally inhib-

ited the growth of L.s. (antifungal index = 100%) at

100ppm. Concerning C.v., however, eugenol (antifungal

index = 71.19%) showed a lower activity than cinnamal-

dehyde (antifungal index = 100%). The effectiveness of

all these compounds in terms of antifungal activity

against C.v. at 100ppm is ranked as cinnamalde-
hyde (100%) > eugenol (71.19%) > cinnamyl alcohol

(25.68%) > coumarin (17.41%) > geraniol (15.73%) >

linalool (13.69%) > benzaldehyde (11.37%) > a-terpi-
neol (6%). On the other hand, the order of antifungal

indices against L.s. is cinnamaldehyde (100%) = eugenol

(100%) > cinnamyl alcohol (50.71%) > coumarin

(37.88%) > geraniol (33.53%) > benzaldehyde (28%) >

linanool (0%) = a-terpineol (0%). Although both cinna-
maldehyde and eugenol possess stronger antifungal

activity, eugenol exists in only minor quantities in the

leaf oils of trees B and C (less than 1%). The results ob-

tained in this study point to cinnamaldehyde being the

principal antifungal constituent of C. osmophloeum.

Since cinnamaldehyde possessed significant anti-

fungal activities against both white rot fungus (C.v.)

and brown rot fungus (L.s.), to further examine its anti-
fungal activity we selected another seven strains of wood
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Fig. 2. Antifungal activity of the components (100ppm) of indigenous

cinnamon leaf oil against the white rot fungus Coriolus versicolor

(white bar) and the brown rot fungus Laetiporus sulphureus (black

bar). Each experiment was performed three times, and the data

averaged (n = 3). Numbers followed by different letters (a–h) are

significantly different at the level of P < 0.05 according to the Scheffe

test.
decay fungi, which are commonly found in the forestry

of Taiwan. Table 2 shows the antifungal indices of cin-

namaldehyde against wood decay fungi at doses of

100ppm. All of the selected fungi used in this study were

totally inhibited by cinnamaldehyde except for Oligopo-

rus lowei (white rot fungi category). The antifungal in-

dex of cinnamaldehyde was 71.45% against O. lowei.

Over all the antifungal activity of cinnamaldehyde is
excellent against wood decay fungi.
3.4. Structure–activity relationship study of cinnamalde-

hyde’s derivatives

According to the results obtained in this study, cinna-

maldehyde is the strongest of antifungal compounds in

the leaf oils of C. osmophloeum. To examine the struc-
ture–activity relationships of cinnamaldehyde, four

compounds whose chemical structures are similar to cin-

namaldehyde were selected for study. These four com-

pounds were 4-hydroxybenzaldehyde, cinnamic acid,

cinnamyl alcohol, and 3-phenylpropionaldehyde, and

their chemical structures are shown in Fig. 3. Fig. 4 pre-

sents the results of antifungal activity of these com-

pounds against both white rot fungus (C.v.) and
brown rot fungus (L.s.) at doses of 100ppm. It is obvi-

ous that cinnamaldehyde still possesses the strongest

antifungal activity compared with the other leaf oil

derivatives. When the antifungal activity of the cinna-

maldehyde congeners having both a benzyl ring and a

conjugated double bond was ranked: cinnamaldehyde

(100% and 100%; antifungal activity against C.v. and

L.s.) > cinnamyl acid (75.68% and 81.34%) > cinnamyl
alcohol (25.68% and 50.71%) > cinnamyl acetate

(22.35% and 34.24%). It is clear that compounds with

an aldehyde group have the best antifungal activity.

On the other hand, comparing with the compounds

bearing with an aldehyde group, the antifungal indices
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of these categories were 100%, 69.56%, 12.47%, and

11.73% for cinnamaldehyde, 3-phenylpropionaldehyde,

4-hydroxybenzaldehyde, and benzaldehyde, respec-

tively. These results suggest that a compound having a

conjugated double bond and a long CH chain outside

the ring, i.e. cinnamaldehyde, possesses much stronger

antifungal activity. A similar observation was noted in

our previous study on the antitermitic activity of C.
osmophloeum (Chang and Cheng, 2002). Amongst con-

geners of cinnamaldehyde, cinnamaldehyde exhibited

the strongest termiticidal property. A similar finding

was observed in other bioactivity assay. Motohashi

et al. (2000) have evaluated the structure–activity rela-
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the level of P < 0.05 according to the Scheffe test.
tionship in potential antitumor promoting benzalace-

tone derivatives, as assayed by the Epstein–Barr virus

early antigen activation. Based upon their results ob-

tained from EBV-EA activation inhibition assay model,

the unsaturated bonded-carbonyl system is necessary for

inhibition of mutagenesis activity in cinnamaldehyde
derivatives.
4. Conclusions

To develop methods to prolong the service life of

wood is one of the challenges of wood utilization

researchers. With regard to environmental protection,
finding ‘‘friendly preservatives’’ from highly durable tree

species is an appropriate approach to achieve protection

of the wood without polluting the environment. In this

study, we investigated the antifungal activities of leaf

essential oils from indigenous cinnamon tree (C. osmo-

phloeum) against wood decay fungi, which has not been

previously reported. Leaf essential oils of C. osmophlo-

eum were proved to have strong effects on the growth
inhibition of fungi. Cinnamaldehyde, the major com-

pound in the leaf essential oils, possessed the strongest

antifungal activities compared with the other compo-

nents. Moreover, there are some special indigenous cin-

namon tree clones (trees B and C), which contain high

amount of cinnamaldehyde in the essential oils of leaves.

That is to say, to obtain high yield of natural bioactive

essential oils or cinnamaldehyde people could simply
harvest the renewable leaves without logging or debark-

ing the trees. We, therefore, suggest that the essential

oils from indigenous cinnamon leaves may be further

explored as a potential lead compound for the
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development of wood decay preservation agents or

fumigants in the near future.
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