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Abstract

The aim of this study was to evaluate the antifungal efficacy of crude extracts of antifungal compounds produced from
Bacillus subtilis SSE4 against plant fungal pathogen; Colletotrichum gloeosporioides. Antifungal compounds in culture
filtrate were extracted by ethyl acetate, hexane or dichloromethane and assessed for their efficacy to inhibit the growth of
C. gloeosporioides on agar plates and for prevention of anthracnose disease in Dendrobium. The results showed that crude
extracts of antifungal compounds extracted by all solvents were able to inhibit the growth of C. gloeosporioides. However,
antifungal compounds extracted by ethyl acetate and hexane showed higher percentages of fungal growth inhibition than
that of antifungal compounds extracted by dichloromethane. In addition, the application of crude extract of antifungal com-
pounds extracted by ethyl acetate showed higher efficacy on prevention of anthracnose development in orchid leaves than
that of crude hexane extract of antifungal compounds. The efficacy of crude ethyl acetate extracts of antifungal compounds
on anthracnose prevention was similar to that of chemical fungicide application. These results indicated that antifungal

compounds extracted by ethyl acetate as biofungicide could replace chemical fungicides for orchid cultivation.
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1. Introduction

Dendrobium is an important economic plant
and the most popular and highly valued orchid in the
market. However, orchid cultivation has faced several
problems, particularly fungal diseases. Colletotrichum
gloeosporioides causes anthracnose disease in a wide
variety of agricultural crops including orchids (Gama-
gae et al., 2003; Prapagdee et al., 2008). Chemical
fungicides have commonly been used for the control of
phytopathogenic fungi. However, chemical fungicides
lack specificity for phytopathogenic fungi resulting in
an increase of fungicide resistance in phytopathogenic
fungi. This problem leads to overuse of chemical fun-
gicides. Fungicides applied in the fields are washed and
leached into surface water and groundwater and soil.
Fungicides contaminating the environment can enter the
human body via the food chain and may cause adverse
effects on human health.

With increasing environmental contamination
with chemical fungicides, environmental friendly
methods for control of pathogenic fungi are urgently
needed to cope with these problems. Recent successes
in biological control of plant diseases indicate that
microbial antagonists are able to reduce populations of
pathogens. Microbial antagonists are the most widely

used microbes against plant pathogens (Uddin and Viji,
2002). Antagonistic organisms, particularly bacteria, are
widely used for the biocontrol of fungal plant diseases
due to lack of induction of pathogen resistance and
reduction of chemical fungicide residues in the environ-
ment. The mechanisms of bacteria able to reduce fungal
plant diseases have also been investigated, including
competition for nutrients, production of antibiotics, and
secretion of lytic enzymes, as well as inducing induc-
tion of resistance systems in the host plant (Chernin
and Chet, 2002; Hajek, 2004). B. subtilis has been
observed to inhibit Colletotrichum spp. in vitro and in
vivo (Douville and Boland, 1992; Kelemu and Badel,
1994). In addition, B. subtilis has been used success-
fully to control a diverse selection of plant pathogenic
fungi and bacteria including Botrytis cinerea, Fusarium
graminearum, Sclerotium sclerotiorum, Xanthomonas
oryzae and Pseudomonas solanacearum ( Lin et al.,
2001; Chan et al., 2003; Souto et al., 2004; Touré
et al.,2004).

Our previous study reported that extracellular
antifungal compounds secreted into the culture filtrate
of B. subtilis SSE4 during stationary phase of growth
strongly inhibited the growth of C. gloeosporioides and
protected the orchid from anthracnose disease (Thasana
et al., 2010). This research focused on the antifungal



B. Prapagdee et al. / EnvironmentAsia 5(1) (2012) 32-38

potential against the growth of C. gloeosporioides of
crude extracts of extracellular antifungal compounds
produced by B. subtilis SSE4. The efficacy of crude
extracts of extracellular antifungal compounds on the
prevention of anthracnose in Dendrobium was investi-
gated.

2. Materials and Methods
2.1. Microorganisms and plant

Bacillus subtilis SSE4, bacterial antagonist, was
isolated from shrimp shell waste (Thasana et al., 2010).
It was cultured in Nutrient agar (NA). The fungal
pathogen Colletotrichum gloeosporioides isolated from
Vanilla chamissonis was obtained from the Faculty of
Agricultural Technology, King Mongkut’s Institute
of Technology, Ladkrabang, Thailand. Tested fungus
was grown on potato dextrose agar (PDA). Healthy,
6 month-old Dendrobium orchid (Eia-sakul) was pur-
chased from an orchid garden, Thailand.

2.2. Preparation of crude extract of extracellular an-
tifungal compounds

Bacterial cells were cultivated in Nutrient broth
(NB) and incubated with continuous shaking at 28°C.
The supernatant was collected at 24 hr (stationary
phase) by centrifugation at 8,000 rpm for 20 min. Anti-
fungal compounds in supernatant or culture broth were
extracted by adding the equal volume of each solvent
namely ethyl acetate, hexane and dichloromethane and
shaken vigorously for 1 hr. Culture broth was extracted
twice with each solvent for complete extraction. The
solvent fractions that contained antifungal compounds
were combined and concentrated by evaporation. The
concentrated crude extract of the extracellular antifun-
gal compounds was then dissolved in dimethyl sulfoxide
for further use in the in vitro antifungal activity assay.

2.3. In vitro antifungal activity of crude extract of
antifungal compounds

Each crude extract of antifungal compounds
extracted by ethyl acetate, hexane or dichloromethane
was added to warm molten PDA (at 45°C) to yield a
final concentration of 20, 40 and 80 pg/ml, respec-
tively. An equal volume of sterile distilled water was
added to the control plate instead of the crude extract
of antifungal compounds. PDA plates were seeded
with 6-mm-diameter mycelial plugs of a 4-day-old of
C. gloeosporioides in the center of the PDA plate and
incubated at 28°C in the dark. Mycelial growth was
measured until the fungal mycelia on the control plate
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reached the edge of the plate. Fungal growth inhibi-
tion was expressed as the percentage of radial growth
inhibition relative to the control.

2.4. In vivo bioassay of the efficacy of crude extracts
of antifungal compounds on protecting orchid from
anthracnose disease

In vivo assay for prevention of the anthracnose
caused by C. gloeosporioides was performed with
6-month-old Dendrobium orchids cultivated by the
Good Agriculture Practice method. The experiment
used a completely randomized design which was
divided into 6 treatments with 10 replications. Crude
extracts of antifungal compounds and spores of C.
gloeosporioides were not applied in T1 as negative
control. Orchid leaves were inoculated with 100 pl of
spore suspension (10*spores/ml) of C. gloeosporioides
as positive control (T2). The surface of the orchid leaves
was sprayed with 200 pl of 1 mg/ml of mancozeb as
chemical antifungal agent and 200 pl of overnight cells
of B. subtilis SSE4 for T3 and T4, respectively. T5 and
T6 were sprayed with 200 pl of the 80 pg/ml of crude
extracts of antifungal compounds extracted with ethyl
acetate and hexane on the abaxial surface of orchid leaf,
respectively. The abaxial surface of orchid leaves was
scratched with a sterile cock borer to make a wound.
Then, 100 ul of spore suspension of C. gloeosporioides
was placed on the wound in all treatments, except T1.
All inoculated orchid plants were covered with water-
sprayed polyethylene bags for 24 hr. The size of visible
lesions on the orchid leaves were measured daily for 7
days. Disease severity was divided into 6 categories as
follows: 1) healthy, no disease symptoms of the leaves;
2) diameter of wound 0.1-0.8 cm, green leaves; 3) di-
ameter of wound 0.8- 3.6 cm, green leaves; 4) diameter
of wound 3.6-5.5 cm, rather yellow leaves; 5) diameter
of wound 5.5-7.3 cm, yellow leaves and 6) diameter of
wound more than 7.3 cm or leaves dropping. The disease
severity index (DSI) was calculated from all plants as
following equation (Basu, 1988).

DSI = X (Number of plants X Category value)
Total number of plants

3. Results

3.1. Antifungal inhibitory effect of crude extract of
antifungal compounds on the growth of C. gloeospo-
rioides

According to the in vitro antifungal assay, crude
extracts of the antifungal compounds extracted by
ethyl acetate, hexane and dichloromethane showed
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Figure 1. Antifungal activity of antifungal compounds produced from B. subtilis SSE4 against C. gloeosporioides on PDA
plates amended with different concentrations of antifungal compounds extracted by (a) ethyl acetate, (b) hexane and (c)

dichloromethane.

fungal growth inhibition on PDA plates supplemented
with crude extracts of antifungal compounds (Fig. 1).
These results indicated that fungal growth suppression
resulted from the presence of extracellular antifungal
compounds in the stationary culture filtrate of B. subtilis
SSE4. The percentages of radial growth inhibition by
crude extracts of antifungal compounds extracted by
ethyl acetate, hexane and dichloromethane are shown in
Figs. 2(a-c), respectively. Crude extracts of antifungal
compounds extracted by ethyl acetate and hexane were
more effective in inhibiting the fungal growth than that
of dichloromethane extraction. The highest percentages
of fungal growth inhibition were observed with ethyl
acetate and hexane extracts after 2 days of incubation
by 76.2 £5.2 % and 75.3 + 6.5%, respectively.
However, the growth inhibitory effects of culture
filtrates decreased with the extension of fungal incu-
bation period. Antifungal activity of crude extract of
antifungal compounds increased when concentration of
crude extract increased, and vice versa. Owing to the
lower antifungal activity of dichloromethane extracts
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ethyl acetate and hexane extracts were selected for in
vivo bioassay.

3.2. Prevention of anthracnose disease on Dendrobium
leaves by crude extract of antifungal compounds

To evaluate the potential of crude ethyl acetate and
hexane extracts of antifungal compounds on protecting
Dendrobium leaves from C. gloeosporioides infection,
bioassays were performed to measure the ability crude
extracts of antifungal compounds of B. subtilis SSE4
to suppress fungal infection. The results of in vivo bio-
control for suppression of anthracnose disease by crude
extracts of antifungal compounds extracted by ethyl
acetate and hexane (T5 and T6) and overnight cells of
B. subtilis SSE4 (T4) showed that the disease severity
index (DSI) was significant reduced (p<0.05) compared
to the positive control treatment (T2) (Table 1).

Fig. 3 demonstrates the anthracnose lesion on or-
chid leaves. The visible foliar symptom of anthracnose
disease appeared 2 days after fungal inoculation in the
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Figure 2. Antifungal activity of various concentrations of antifungal compounds extracted by (a) ethyl acetate, (b) hexane and
(c) dichloromethane of B. subtilis SSE4 as observed by the growth inhibition of C. gloeosporioides. (means + SEM; n=35)

positive controls (T2). The wound spots expanded and
merged to cover the whole affected area. The lesion
developed daily with an increase in dead tissue until
the leaves turned to yellow and finally dropped off.
Complete anthracnose disease suppression occurred
after application of mancozeb (T3) and crude extract of
antifungal compounds extracted by ethyl acetate (T5)
on orchid leaves before application of fungal spores.
Disease appearances of orchid leaves in T3 and TS were
similar to that of T1 (negative control treatment). The
DSI of treatments that were applied overnight cells of
B. subtilis SSE4 (T4) and crude extract of antifungal
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compounds extracted by hexane (T6) were higher than
that of T3 and TS5 (p<0.05). These results indicated
that overnight cells of B. subtilis SSE4 (T4) and crude
extract of antifungal compounds extracted by hexane
had lower efficacies on prevention of anthracnose than
crude extract of antifungal compounds extracted by
ethyl acetate.

4. Discussion

B. subtilis SSE4 isolated from shrimp shell waste
is a potential bacterial antagonist. Both exponential
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Figure 3. Visible symptoms of anthracnose disease on Dendrobium orchid with different applications on 7 days after infec-

tion of C. gloeosporioides.
T1: Negative control (No fungal infection)
T2: Positive control (Fungal infection)
T3: Mancozeb treatment + Tested fungus
T4: B. subtilis SSE4 cells + Tested fungus

T5: Antifungal compounds extracted by ethyl acetate + Tested fungus
T6: Antifungal compounds extracted by hexane + Tested fungus

and stationary culture filtrate inhibited the growth of
phytopathogenic fungi; C. gloeosporioides and Scle-
rotium rolfsii. Its stationary culture filtrate had higher
antifungal activity than the exponential culture filtrate
(Thasana et al., 2010). Our results demonstrate that
crude extracts of antifungal compounds in stationary
culture filtrate of B. subtilis SSE4 were able to strongly
inhibit the growth of C. gloeosporioides. The bioactive
compounds that exhibit antifungal and antibacterial
activities in the stationary culture filtrate of B. subtilis
SSE4 were a cyclic lipopeptide such as subtulene A
and iturin A (Thasana et al., 2010). Iturins have gener-
ally been shown to display strong antifungal toxicity
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against a variety of fungi but only limited antibacterial
activity (Hiradate et al., 2002). The study of Kajimura
et al. (1995) reported that B. subtilis FR-2 produced
lipopeptide antibiotics and bacilopeptins as antifungal
antibiotics.

However, the highest percentages of fungal growth
inhibition by crude extracts of antifungal compounds
extracted by ethyl acetate and hexane were found at
3 days after fungal inoculation; after that the percent-
ages of growth inhibition decreased with time. Several
investigators reported that decreases in the degree of
growth inhibition were associated with the increases
in the incubation period of the fungal culture (Chang
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Table 1. Disease severity index (DSI) of anthracnose disease caused by C. gloeosporioides on Dendrobium leaves

Treatment

DSI of anthracnose
on 7 days after fungal infection

T1 = No fungal infection (Negative control)

T2 = Fungal infection (Positive control)

T3 = Fungus + Mancozeb (Chemical) treatment
T4 = Fungus + Cells of B. subtilis SSE4

T5 = Fungus + Antifungal compounds extracted by ethyl acetate

T6 = Fungus + Antifungal compounds extracted by hexane

1

N = W= O\

et al., 2007). In addition, crude extracts of antifungal
compounds extracted by dichloromethane had a lower
percentage of radial fungal growth inhibition than that
of crude ethyl acetate and hexane extracts of antifun-
gal compounds. This could indicate that the bioactive
compounds, subtulene A and iturin A, in their culture
filtrates were better dissolved in ethyl acetate and
hexane than in dichloromethane. Antibiotics produced
by bacterial antagonists have a broad spectrum activity
against bacteria and fungi. Zwittermycin A produced
by Bacillus cereus and Bacillus thuringiensis adversely
affects the growth of a wide range of plant pathogenic
fungi, particularly Phytophthora spp. and Pythium spp.
(Raaijmakers et al., 2002).

Our previous study reported that the stationary
culture filtrate of B. subtilis SSE4 prevented the de-
velopment of anthracnose symptoms on orchid leaves
similar thus resembling the effects of chemical fungi-
cides (Thasana ef al., 2010). Under greenhouse condi-
tion, the use of crude extracts of antifungal compounds
extracted by ethyl acetate was as an effective agent to
protect anthracnose development on orchid leaves,
better than crude hexane extracts of antifungal com-
pounds. Mckeen et al. (1986) reported that antibiotic
substances produced by B. subtilis were able to control
the development of stone fruit brown rot. Impurities in
this antifungal compounds were removed by extrac-
tion with ethyl acetate and acetone. The crude extract
at 1 mg/ml showed almost complete suppression of
brown rot on peach fruit. Bacillus amyloliquefaciens
RC-2 produced extracellular antifungal compounds,
iturins, which were able to inhibit the development of
mulberry anthracnose caused by Colletotrichum dema-
tium (Hiradate et al., 2002). Our findings indicated that
crude ethyl acetate extracts of antifungal compounds
controlled anthracnose as effectively as the chemical
fungicide control.

5. Conclusion

B. subtilis SSE4 produced extracellular antifungal
compounds that were able to inhibit the growth of C.
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gloeosporioides. Crude ethyl acetate and hexane ex-
tracts of antifungal compounds were stronger growth
inhibitors of C. gloeosporioides on PDA plates than
that of extracted by dichloromethane. In addition,
crude extracts of antifungal compounds extracted by
ethyl acetate exhibited a preventive action on the an-
thracnose, similar to that of chemical fungicides. The
crude extracts of extracellular antifungal compounds
extracted by ethyl acetate could therefore be used as a
biofungicide for control of anthracnose in orchids.

Acknowledgements

This research was supported in part by the grant from
Faculty of Environment and Resource Studies, Mahidol
University. The authors thank C. Choochuen for his technical
assistance.

References

Basu PK. Relationship between phytophthora root rot severity
index and the percentage of resistant alfalfa plants.
Canadian Plant Disease Survey 1988; 68: 23-26.

Chan YK, McCormick WA, Seifert KA. Characterization
of an antifungal soil bacterium and its antagonistic
activities against Fusarium species. Canadian Journal
of Microbiology 2003; 49: 253-62.

Chang WT, Chen YC, Jao CL. Antifungal activity and
enhancement of plant growth by Bacillus cereus grown
on shellfish chitin wastes. Bioresource Technology 2007;
98: 1224-30.

Chernin L, Chet I. Microbial enzymes in the biocontrol of
plant pathogens and pests. /n: Enzymes in the Environ-
ment. (Eds: Burns RG, Dick RP). Marcel Dekker, New
York, USA. 2002; 171-210.

Douville Y, Boland GJ. A note on the antibiotic properties of
Bacillus subtilis against Colletotrichum trifolii. Phyto-
protection 1992; 73: 31-36.

Gamagae SU, Sivakumar D, Wijeratnam RSW, Wijesundera
RLC. Use of sodium bicarbonate and Candida oleophila
to control anthracnose in papaya during storage. Crop
Protection 2003; 22: 775-79.

Hajek A. Natural Enemies: An Introduction to Biological
Control. Cambridge University Press, Cambridge, UK.
2004; 378.



B. Prapagdee et al. / EnvironmentAsia 5(1) (2012) 32-38

Hiradate S, Yoshida S, Sugie H, Yada H, Fujii Y. Mulberry
anthracnose antagonists (iturins) produced by Bacillus
amyloliquefaciens RC-2. Phytochemistry 2002; 61:
693-98.

Kajimura Y, Sugiyama M, Kaneda M. Bacillopeptins, new
cyclic lipopeptide antibiotics from Bacillus subtilis
FR-2. Journal of Antibiotic 1995; 48: 1095-103.

Kelemu S, Badel JL. In vitro inhibition of Colletotrichum
gloeosporioides and other phytopathogenic fungi by an
Amazonian isolate of Bacillus subtilis and its cell free
culture filtrate. Australasian of Plant Pathology 1994;
23:41-45.

Lin D, Qu LJ, Gu H, Chen Z. A 3.1-kb genomic fragment
of Bacillus subtilis encodes the protein inhibiting growth
of Xanthomonas oryzae pv. oryzae. Journal of Applied
Microbiology 2001; 91: 1044-50.

Mckeen CD, Reilly CC, Pusey PL. Production and partial
characterization of antifungal substances antagonistic to
Monilinia fructicola from Bacillus subtilis. Phytopatho-
logy 1986; 76: 136-39.

Prapagdee B, Akrapikulchart U, Mongkolsuk S. Potential of
a soil-borne Streptomyces hygroscopicus for biocontrol
of anthracnose disease caused by Colletotrichum gloeo-
sporioides in orchid. Journal of Biological Sciences
2008; 8: 1187-92.

Raaijmakers JM, Vlami M, De Souza JT. Antibiotic produc-
tion by bacterial biocontrol agents. Antonie van Leeu-
wenhoek 2002; 81: 537-47.

Souto GI, Correa OS, Montecchia MS, Kerber NL, Pucheu
NL, Bachur M, Garcia AF. Genetic and functional
characterization of a Bacillus sp. strain excreting
surfactin and antifungal metabolites partially identified
as iturin-like compounds. Journal of Applied Microbio-
logy 2004; 97: 1247-56.

Thasana N, Prapagdee B, Rangkadilok N, Sallabhan R, Aye
SL, Ruchirawat S, Loprasert S. 2010. Bacillus subtilis
SSE4 produces subtulene A, a new lipopeptide antibiotic
possessing an unusual C15 unsaturated f-amino acid.
FEBS Letters 2010; 584: 3209-14.

Touré Y, Ongena M, Jacques P, Guiro A, Thonart P. Role of
lipopeptides produced by Bacillus subtilis GA1 in
the reduction of grey mould disease caused by Botrytis
cinerea on apple. Journal of Applied Microbiology 2004;
96: 1151-60.

Uddin W, Viji G. Biological control of turfgrass disease.
In: Biological Control of Crop Diseases. (Ed: Samuel
SG). Marcel Dekker, New York, USA. 2002; 313-38.

38

Received 4 August 2011
Accepted 12 September 2011

Correspondence to

Associate Professor Dr. Benjaphorn Prapagdee
Laboratory of Environmental Biotechnology,
Faculty of Environment and Resource Studies,
Mabhidol University,

Nakhonpathom 73170,

Thailand

Tel: 662 441 5000 ext. 1319

Fax: 662 441 9509

E-mail: enbrp@mahidol.ac.th



