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Abstract

Extracts from 11 plant species belonging to the Zingiberaceae were tested for antifungal activity using disc diffusion bioassays. Extracts from
several members, especiallyAlpinia galanga, Curcuma zedoaria andZingiber purpureum, were found to have pronounced inhibitory activities
against a wide variety of human pathogenic fungi, including strains resistant to the common antifungals amphotericin B and ketoconazole. As
members of the Zingiberaceae are generally regarded as safe for human consumption, these species are excellent candidates for development
as novel therapeutics.
© 2003 Elsevier Science Ireland Ltd. All rights reserved.
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1. Introduction

Due to the development of resistance in known fungal
pathogens and the emergence of fungal pathogens intrinsi-
cally resistant to the currently available antibiotics, it is im-
portant that novel antifungal agents be identified and devel-
oped (Alexander and Perfect, 1997). Previous studies have
confirmed that effective antimicrobials can be identified in
consultation with traditional healers (McCutcheon et al.,
1992; Leaman, 1996; Jones et al., 2000; Omar et al., 2000).
Members of the Zingiberaceae, in particularZingiber of-
ficinale Roscoe, have a long history of use in traditional
medicines. In a recent assessment of ethnobotanical uses of
plants,Z. officinale (ginger) was found to significantly in-
hibit a wide range of fungi pathogenic to humans (Ficker
et al., 2003). Since members of the Zingiberaceae are gen-
erally regarded as safe for human consumption, they are
good candidates for development as antifungal therapeu-
tics. Therefore, we investigated the antifungal properties of
species belonging to this family.
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Since the Zingiberaceae has greatest diversity in In-
domalaysia, this geographic region is the target of our
study, especially Borneo. The medical ethnobotany of the
indigenous peoples of Borneo has been reviewed previ-
ously (Hirschhorn, 1983; Elliott and Brimacombe, 1987;
Grosvenor et al., 1995; Leaman, 1996; Wu et al., 1996).
The most extensive study to date concerns the medical
ethnobotany of the Kenyah, a Dayak tribe inhabiting the
Apo Kayan Plateau region of Indonesian Borneo (Leaman,
1996). Based on Leaman’s study, we collected and prepared
extracts from 10 Zingiberaceae species from the Apo Kayan
Plateau, and tested them for antifungal activity. Here, we re-
port on the antifungal activity of extracts of selected Zingib-
eraceous plants against a series of human pathogenic fungi.

2. Materials and methods

2.1. Antifungal assays

The fungi used in this study are all opportunistic human
pathogens that were selected to represent a wide range
of taxonomic groups and growth forms (Table 1). Fungal
strains were cultured and maintained on Sabouraud’s dex-
trose agar medium at 30◦C. Inoculum of yeast-like and
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Table 1
Characterization of fungal strains used in this study

Fungal species/strain Phylum/order Sourcea MIC valuesb Infection types

amphB keto

Yeast-like
Candida albicans(Robin)

Berkhout
Ascomycota/
Saccharomycetales

Systemic and subcutaneous
infections

D10 N.D. Lees 90 >90
CN1A N.D. Lees 90 90
al-1 OGH-308-1329 1.1 0.37

Cryptococcus neoformans
(Sanfelice) Vuillemin

Basidiomycota/Tremellales OMH-FR2704 0.04 0.04 Systemic and subcutaneous
infections, central nervous system
and respiratory tract colonizer

Saccharomyces cerevisiae
Hansen

Ascomycota/Saccharomycetales ATCC 48252 0.37 1.1 Systemic infections in
immunocompromised patients

Wangiella dermatitidis (Kano)
McGinnis

Ascomycota/Chaetothyriales OMH-FR2236 >90 30 Cutaneous infections, central
nervous system colonizer

Filamentous
Alternaria alternata (Fries)

Keissler
Ascomycota/Pleosporales OMH-FR9884 0.37 0.37 Cutaneous and subcutaneous

infections
Aspergillus fumigatus

Fresenius
Ascomycota/Eurotiales OMH-FR2837 1.1 10 Subcutaneous and respiratory

infections
Fusarium oxysporum

Schlechtendahl
Ascomycota/Hypocreales OMH-FR6448 90 >90 Subcutaneous infections

Microsporum gypseum (Bodin)
Guiart et Grigorakis

Ascomycota/Onygenales OMH-FR2385 30 30 Dermatophyte

Pseudallescheria boydii (Shear)
McGinnis et al.

Ascomycota/Microascales OMH-FR2625 67.5 90 Sinusitis, central nervous
system colonizer

Rhizopus sp. Ehrenb. Zygomycota/Mucorales OMH-FR2874 0.01 30 Subcutaneous infections
Trichophyton mentagrophytes

(Robin) Blanchard
Ascomycota/Onygenales OMH-T2379 67.5 67.5 Dermatophyte

a N.D. Lees, IUPUI, Indianapolis, IN; OGH: Ontario General Hospital, Ottawa, ON; OMH: Ontario Ministry of Health, Toronto, ON; ATCC: American
Type Culture Collection.

b MICs for amphotericin B (amphB) and ketoconazole (keto) given as concentration (�g/ml) that results in >80% growth inhibition where resistance
is considered to be at concentrations of≥8 and≥2�g/ml, respectively.

filamentous fungi were prepared for disk diffusion assays
as previously described (Jones et al., 2000). Sterile 7.5 mm
diameter, 3M paper discs were impregnated with 2 mg
(10�l) ethanolic plant extract prepared as described below,
allowed to air dry, and placed face down on the inoculated
agar surface. As a positive control we used 2 mg berber-
ine, a known antifungal derived from a species ofBerberis
(Stermitz et al., 2000), administered in 10�l of ethanol.
Discs impregnated with 10�l of 99% ethanol and allowed
to air dry served as negative controls. Plates were then
incubated at 30◦C in the dark for 48 h, after which the di-
ameter of the fungal growth inhibition zone was measured.
An extract was classified as active when the diameter of the
inhibition zone was equal to or larger than 8 mm, 0.5 mm
larger than the diameter of the paper disc. All transfers of
fungal strains were done under a biohazard level 2 laminar
flow hood (Bioclone2, Microzone, Ottawa, Canada).

Several of the strains used were resistant to amphotericin
B and/or ketoconazole based on minimum inhibitory con-
centration (MIC) determinations in broth dilution assays
using standardized methods (Ficker et al., 2003; Rex et al.,
2001). For determining ketoconazole and amphotericin B
MIC values (Table 1), sterile microtitre plates were used

with each well containing 100 ml of Sabouraud’s dextrose
broth (EM Science, Gibbstown, NJ) and∼103 colony form-
ing units/ml. Concentration gradients ranging from 0.005
to 90�g/ml for each of amphotericin B and ketoconazole
(Sigma, Oakville, ON) were established in the microtitre
plate rows and growth was evaluated after 2 days incuba-
tion, without shaking, at 30◦C. MICs were determined at
least three times for each fungal strain and recorded as the
minimum concentration tested at which there was >80%
reduction in fungal growth.

2.2. Study site, ethnobotanical data and plant material

The Kenyah village of Long Sungai Barang, is located at
the headwaters of the Kayan river in the Apo Kayan region
of East Kalimantan (Indonesian Borneo). Coordinates of the
site are approximately 2◦N latitude, 115◦E longitude. The
altitude of the study area is 800 m and the mean annual rain-
fall in this area is between 3000 and 4000 mm with the driest
months being July and August. The mean daily temperature
is 20◦C, fluctuating between 15 and 25◦C (Leaman, 1996).

The primary ethnobotanical data set used in this study was
compiled byLeaman (1996). Among the documented use of
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Table 2
Mean diameter (mean± S.E.) of fungal growth inhibition zones

Zingiberaceae speciesa

and plant part
Fungal speciesb

Yeast-like Filamentous

C. neo S. cer al-1 CN1A D10 W. der A. alt A. fum F. oxy M. gyp P. boy Rh sp. T. men

A. galanga (stalk)c 11.9 ± 0.8 8.2± 0.7
A. galanga (rhizome)c 10.2 ± 0.7 27.3± 7.5 9.5± 0.0 14.4± 1.6 11.9± 0.4 20.6± 1.6 31.1± 3.2 12.2± 1.3 16.6± 0.6
A. mutica (stalk) 8.2 ± 0.7
A. mutica (rhizome)
C. globosus (rhizome) 9.5 ± 0.0 25.3± 0.4 9.5± 0.0 14.2± 2.4 9.5± 0.0
C. zedoaria (rhizome) 14.8± 2.1 13.3± 0.2 14.6± 1.5 13.5± 0.0 12.8± 0.7 11.5± 1.0 27.9± 0.0 8.2± 0.7 26.4± 0.9
E. elatior (fruit)c 9.5 ± 0.0
E. elatior (rhizome)
E. littoralis (rhizome) 8.8 ± 0.7
H. cylindricum (rhizome)c

Hornstedtia sp. (stalk)
Hornstedtia sp. (rhizome)
Z. pachysiphon (inflourescence)c

Z. pachysiphon (rhizome)
Z. purpureum (rhizome) 11.4± 0.5 9.3± 0.9 8.4± 0.9 11.3± 1.2 11.1± 0.4 14.2± 0.8 9.5± 0.0 27.3± 0.2 17.1± 0.2 11.5± 1.1 20.6± 2.3
Z. officinale (rhizome)d 11.5 ± 0.0 20.8± 3.0 12.2± 1.2 8.8± 1.1 18.2± 3.0
Berberine 15.7± 0.6 12.6± 1.2 19.9± 0.4 11.1± 0.4 25.1± 0.4 16.8± 1.1 10.0± 0.2 13.9± 1.7 10.2± 0.4 19.9± 0.4 13.1± 0.4 21.3± 1.1
Ethanol

a Full scientific and Kenyah names and voucher herbarium specimens are given in the text underSection 2.2.
b C. neo: Cryptococcus neoformans; S. cer: Saccharomyces cerevisiae; al-1, CN1A, D10:Candida albicans strains;W. der: Wangiellia dermatitidis; A. alt: Alternaria alternata; A. fum: Aspergillus

fumigatus; F. oxy: Fusarium oxysporum; M. gyp: Microsporum gypseum; P. boy: Pseudallescheria; Rh sp.: Rhizopus species;T. men: Trichophyton mentagrophytes.
c Used as remedy for ailments that could be attributed to fungal pathogens.
d From Togo, Africa.
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240 plant species by the Kenyah people, Leaman reported
on 20 species belonging to the Zingiberaceae, of which four
were used as remedies for ailments that could be attributed
to fungal pathogens. Such ailments included itchiness, skin
infections, vitiligo, dog mange, weeping wounds and ring-
worm.

Plant parts used in Kenyah traditional remedies, in ad-
dition to rhizomes, were collected in March 2001, for four
species used to treat fungal infections and for six species
used for ailments that were not likely caused by fungal
pathogens (Table 2). At least three representatives of each
of the 10 Zingiberaceae species were collected using their
local Kenyah names, under the Indonesian National Insti-
tute of Science (LIPI) permit number 4488/V.3/KS/2001.
The rhizome was the only plant part collected when it was
the part used in traditional remedies. For the majority of
remedies, one plant part is used and is either directly ap-
plied to the affected area as a heated poultice, ointment,
infusion or body rub, or a decoction or infusion is made and
ingested.

Plant specimens were collected according to the method
described byBurtt and Smith (1976), with ethanol used
as the preserving agent, and taxonomic determinations
were conducted at the Herbarium Bogoriense, Bogor, In-
donesia. Voucher specimens were placed in the Herbar-
ium Bogoriense and the University of Ottawa Herbarium,
Ottawa, Canada. The collected plant species (with local
Kenyah name and University of Ottawa Herbarium voucher
number) includedAlpinia galanga (L.) Sw. (Lia Buke’
Borak, UO-18901),Alpinia mutica Robx. (Kerapat Bai,
UO-18902),Costus globosus Bl. (Pe Luan, UO-18903),Cur-
cuma zedoaria (Berg.) Roscoe (Lia Mit Pute’, UO-18904),
Etlingera elatior (Jack) R.M. Smith (Nyanding, UO-18905),
Etlingera littoralis (König) (Ubut Ladyei, UO-18906),
Hedychium cylindricum Ridley (Tubo Sakai, UO-18907),
Hornstedtia sp. (Lamei, UO-18908),Zingiber pachysiphon
Burtt and Smith (Ubut Bele Sua’, UO-18909) andZin-
giber purpureum Roscoe (Lia Sukeng, UO-18910). For
comparative purposes, we also included an extract of the
rhizomes ofZ. officinale (UO-17722) collected in Togo,
Africa.

2.3. Extract preparation

In total, 16 ethanol extracts of Zingiberaceae were pre-
pared for antifungal activity testing. Extracts were prepared
by blending approximately 500 g (fresh weight, consisting
of ≥3 plants/species) of the preserved plant material in 99%
ethanol (1:3 (w/v) ratio). The mixture was filtered using
a Büchner funnel, the filtrate was retained and the residue
was again blended in ethanol and processed as above. The
filtrates were combined and the solvent was rotoevapo-
rated at 45◦C to near dryness, whereupon the extract was
freeze-dried for 48 h to achieve complete dryness. The pro-
cess yielded approximately 35–45 g of dried extract. Dried
extract (200 mg) was reconstituted in 1 ml of 99% ethanol

for a final concentration of 2 mg/10�l for antifungal disk
assays.

3. Results and discussion

The results of testing 16 ethanol extracts from species of
Zingiberaceae for antifungal activity against six yeast-like
and seven filamentous fungi are presented inTable 2.
Several of the tested members of Zingiberaceae contain
potent inhibitors of fungal growth, validating their use in
traditional antifungal remedies. Extracts from rhizomes of
A. galanga, C. zedoaria and Z. purpureum, in particular,
had pronounced inhibitory activities against a wide range of
fungi including strains resistant to the common antifungals
amphotericin B and ketoconazole. Rhizome extracts from
these species andZ. officinale were notable as inhibitors
of the Rhizopus sp. strain used, the only strain that was
not inhibited by berberine. The extracts that inhibited the
filamentous fungi are of particular interest, since all but
A. alternata were shown to be resistant to ketoconazole
and/or amphotericin B. Interestingly,C. zedoaria inhibits
a distinct group of fungi compared toA. galanga and Z.
purpureum, suggesting that different antifungal agents are
present in some species.

Of the four species used as traditional antifungal reme-
dies, rhizome extracts ofA. galanga stood out as having
significant antifungal activity in our laboratory bioassays.
Clearly, the use ofA. galanga rhizomes for treating ring-
worm is associated with these significant, broad-range
antifungal activities. The antimicrobial potential of other
Zingiberaceae should be further investigated since several
pathogenic agents aside from fungi, including bacteria, pro-
tozoa and viruses, can cause symptoms of itchiness, vitiligo
and infections of wounds. In addition, the wound healing
responses to extracts of Zingiberaceae should be evaluated
in the event that remedies that incorporate Zingiberaceae
species also act to enhance the host natural defenses.

4. Conclusion

As a group, members of the Zingiberaceae family are
important in Kenyah traditional medicine for the treatment
of many illnesses including infections attributable to fungi.
Significant antifungal activities were evident with extracts
from members of the Zingiberaceae, in particular those of
A. galanga, C. zedoaria, Z. purpureum and Z. officinale.
Of specific interest are those extracts that inhibited sev-
eral fungi that are resistant to commonly used antifungals.
Of the plant parts collected and tested, which included
the rhizome, fruit, inflorescence, and stalk, the rhizomes
had significantly higher activity. As species belonging to
the Zingiberaceae family are generally regarded as safe
for human consumption, they are excellent candidates for
development as antifungal phytomedicines.
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