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Muscodor albus MOW12 an Endophyte of Piper nigrum 
L. (Piperaceae) Collected from North East India Produces 
Volatile Antimicrobials

Muscodor albus MOW12, an endophytic fun-gus isolated from Piper nigrum in Mawlong, Meghalaya, 
India, resembles some cultural and hyphal characteristics of previous isolates of Muscodor sp. In 
addition, it pos-sesses about 99 % similarity in its ITS rDNA with other M. albus isolates and thus is 
nicely centered within the genetic tree to other Muscodor spp. This xylariaceae fungus effectively 
inhibits and kills certain plant pathogenic fungi by virtue of a mixture of volatile compounds that it 
produces. The majority of these compounds were identified by gas chromatography/mass 
spectrometry as small molecular weight esters, alcohols, and acids. The main ester compo-nents of 
this isolate of M. albus in its volatile mixture are acetic acid, ethyl ester; propanoic acid, 2-methyl-, 
methyl ester and acetic acid, 2-methylpropyl ester. This appears to be the first report of any M. albus 
strain from India.

Keywords Endophyte � Fungi � Muscodor albus �
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Introduction
Muscodor albus, Woropong, Strobel & Hess strain CZ620, a 
volatile organic compound (VOC)-producing fungus, was 
first isolated from Cinnamomum zeylanicum from a rain-
forest of Honduras in the late 1990s [1]. It produces several

ment of fruits in storage and in transit [9]. Soil treatments 
have also been effectively used in both field and green-
house situations [10]. Patents with this organism were 
granted to control harmful microbes in human and animal 
wastes [11] and to use in agriculture [12] and also in seed 
and grain sanitation [13]. Muscodor albus is completely 
sterile; spores or fungal fruiting bodies were never observed 
when the fungus was examined under different laboratory 
conditions [14, 15]. Until the present most of the Muscodor 
species are reported from tropical locations of Asia and 
South America, but there is no report of this organism in 
India. In this communication, we report a new strain of M. 
albus, designated as MOW12, having genetic, biological and 
morphological similarities with M. albus strain I41-3s, 
which inhibits and kills many plant pathogens [16]. 
Muscodor albus strain MOW12 also has a unique set of 
VOCs and biological activities and, for the first time, this 
organism has been isolated from a plant existing in India. 
Presently there are several patents that have issued
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volatile compounds which, as a mixture, are both inhibitory 
and, for the most part, lethal to a broad range of pathogenic 
fungi and bacteria [2–4]. Different isolates of Muscodor sp. 
produce unique sets of volatile compounds [2]. There are 
many reports on VOC production by microorganisms, 
many of these VOCs are common to many microorgan-
isms, whereas others seem to be unique for one species [5–
8]. There are a limited number of VOC-producing fungi 
possessing any biological activity with their volatile com-
pounds. As isolates of M. albus can inhibit and kill a broad 
range of both bacterial and fungal pathogens in practical 
test situations, they are being considered for use in agri-
culture, medical and industrial applications [2]. Mycofu-
migation with M. albus against a pathogen was already 
reported in smut-infected barley seeds and 100 % disease 
control was reported [1]. It was also applied for the treat-
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on M. albus as related to its commercial exploitation. The

demonstration that M. albus exists in the natural environ-

ment of the India has enormous implications for govern-

mental regulation of this organism and for its practical

biological uses in agriculture and industry.

Materials and Methods
Collection of Plant Samples

Piper nigrum L. was collected from Mawlong (East Khasi

Hill district) area of Meghalaya (25�120 North and 91�410

East). Plantlets were sealed in a zip lock plastic pack

immediately after collection to resist dehydration. Samples

were transported to laboratory with in 72 h after collection.

The packet containing plant samples were kept refrigerated

(at 4 �C) until endophyte isolation.

Isolation of Endophyte

Plant parts were washed with tap water. Explants are cut

into pieces, and then subjected to surface sterilization with

70 % ethanol for 45 s. Explants were flamed to evaporate

alcohol. Woody stems were cut into several layers of tissue

with a sterile scalpel. Explants were placed on 2 % water

agar plate and incubated at 25 �C until endophytes became

visible around the samples.

Pure Culture of Isolated Fungi

When endophytes were visible around the samples, hyphal

tips of the fungus were transferred with a sterile needle tip

to a Potato Dextrose Agar plate. Plates were properly

marked, are sealed with parafilm and incubated at 25 �C.

Plates were checked regularly for growth of endophytes.

Screening of Fungal Strains for VOC Production

Pure cultures of fungi were tested against M. albus GBA

strain since M. albus produces potent volatile antibiotic

compounds. If any endophyte strain remains alive when it

cultured with M. albus, then there is a possibility that it

may be a related species of Muscodor which may also

produce VOCs. So to screen for VOCs; PDA media was

poured in a plate and allowed to cool. A simple bioassay

test system was devised which allowed for VOCs only

being the agents for any microbial inhibition being asses-

sed. Initially, an agar strip of 1.0 cm wide is completely

removed from the mid portion of PDA plate. The act of

removing a strip of agar from the mid portion of the plate

effectively precluded the diffusion of any inhibitory solu-

ble compounds emanating from M. albus. Now M. albus

was cultured in one side of the plate and plate is properly

sealed. The plate was kept in an incubator at 25 �C for

4–5 days prior to testing. When the colony diameter of

M. albus became 1–2 cm then test fungi are placed on the

other side of the plate. The plate was again sealed and kept

in incubator at 25 �C. After 2 days, the plates were

checked for growth of test organisms. The fungal species

that survived were tested against fungal plant pathogens

such, Pythium sp., Geotrichum sp., Aspergillus sp., Trich-

oderma sp., Cercospora sp., Botrytis sp., Fusarium sp.,

Phytophthora palmivora, Sclerotinia sp., Colletotrichum

leginerium.

Confirmation Tests for Volatile Antimicrobial

Production

First PDA is poured in plates and allowed to cool. An agar

channel at the center of the plate is cut to resist diffusion of

non volatiles. Some plates were retained as control plates

for pathogens. Endophytes were cultured at one of half of

the plate and marked at the back side. Plates were sealed

and kept in an incubator at 25 �C until endophytes became

1.5–2.0 cm diameter size. Then pathogens were inoculated

on the other side of the plate. A control plate for each

pathogen was made to measure the percent of inhibition.

Plates were observed daily and any inhibition of growth

was noted. After few days, if any pathogen/s is/had not

grown, the block/s is/are transferred into fresh PDA plates

to confirm whether the pathogen was fully inhibited or

killed by the endophyte.

Scanning Electron Microscopy of Endophytes

The fungi were grown on PDA plates and then processed

for SEM. The samples were slowly dehydrated in ethanol,

then critically point dried, coated with gold and examined

under a scanning electron microscope (Zeiss) at 10.00–

20.00 kv ETH.

GC–MS Analysis of Volatiles

The analytical conditions are: instrument: Agilent 6890 GC

with 5973 Network MSD and G1888 static Headspace

sampler; column: ZB-624, 6 % cynopropyl phenyl poly-

dimethylsiloxane, 30 m 9 0.25 mm 9 1.4 u; oven tem-

perature program: initial 40 �C, hold time 2 min, 8 �C/min

ramp, final 240 �C, hold time 2 min; carrier gas: He @

1.0 mL/min, constant flow (36.7 cm/s velocity); injection

mode: split less for 1 min, 220 �C; head space conditions:

vial temperature—85 �C, loop temperature—95 �C, trans-

fer line temperature—100 �C; vial pressure 10 psi, pres-

surization time 0.5 min, loop fill time—0.05 min, loop



equilibration time—0.01 min; injection time—1 min, vial

equilibration time 30 min; transfer line temperature:

220 �C; MS conditions: ion source—EI—230 �C; quad-

rupole—150 �C; library search reports: NIST and WILEY

library databases; The data is presented in the following

way: 1. Each sample TIC (top) is accompanied by the

control sample TIC (bottom), 2. The peaks that were found

extra in the cultured samples were identified by comparison

with the control sample TIC and the data for only those

extra peaks associated with the fungus are presented.

Results and Discussion
Identification of M. albus MOW12

This isolate was obtained by using the M. albus selection

technique on small pieces of limb tissue of Piper longum

placed on split PDA plates. The organism appeared to have

a whitish mycelium with heavily intertwining hyphae

(Fig. 1). When trying to transfer it to other plates, the

mycelial mat did not lift of the surface of the agar (Fig. 2)

as previous M. albus isolates [17]. The SEMs showed

hyphae as intertwined and appearing in rope-like and

coiled strands which is similar to other M. albus isolates

(Fig. 3) [3]. Under no circumstances was it ever possible to

observe any fruiting bodies or spores being produced by

this fungal isolate.

The ITS-5.8S rDNA-ITS sequence data of isolate

MOW12 were obtained and deposited as JX469138 in

GenBank. A BLAST search of the database indicated at

least 99 % sequence identity to the previous isolate of

M. albus I41-3s [16] and a close genetic relationship to

other isolates of this fungus including the original M. albus

isolate CZ620 [1], as per the phylogenetic tree (Fig. 4).

Chemical Composition of the Volatiles

The VOCs produced by M. albus MOW12 were tentatively

identified by the initial GC/MS method. These compounds

ultimately fell into several classes of chemical substances.

Present in the mixture of a 2-week-old culture were esters,

alcohols, acids, lipids and ketones (Table 1). Comparable
Fig. 1 Piper sp. collected from rain forest of Mawlong, Meghalaya.

From this host the M. albus MOW12 strain was isolated

Fig. 2 MOW12 in plate culture

Fig. 3 SEM of MOW12 at 92,000 magnification



analyses were done on the gas phase above a regular PDA

petri plate and several compounds were identified and

subsequently eliminated from the analysis done on the petri

plate containing M. albus MOW12. Final identification of

10 compounds was done and compounds have only been

tentatively identified on the basis of the data base infor-

mation (Table 1). The most abundant compound, based on

the total area of the GC analysis, was ethanol followed by

hexanal and acetic acid ethyl ester (Table 1). Collectively,

the alcohols comprised the greatest percentage of com-

pounds present in the gas phase of the M. albus MOW12

culture followed by esters and acids (Table 1). The VOC

data also follow a distinct pattern for this fungal isolate

since no other Muscodor isolate ever studied revealed a

pattern identical to this one (Table 1) [1–4].

Biological Effects of M. albus MOW12 Volatiles

on Various Pathogenic Fungi

A wide range of freshly growing pathogenic fungi were tested

in the standard bioassay test (Fig. 5). The test organisms were

selected on the basis of a broad taxonomic representation of

major plant fungal pathogens. Most test organisms were

completely inhibited, and in fact killed, after a 2-day exposure

to the M. albus MOW12 gases (Table 2). A time frame of

4 days was used as the exposure period for all test fungi and

bacteria. However, a few microbes, including Fusarium

Muscodor sp. A3-5  
Muscodor cinnanomi strain CMU-Cib 461  

Muscodor albus I41-3s

Muscodor albus 

Muscodor albus isolate E-6 

Muscodor sp. AB-2011 

Muscodor crispans isolate B-23 

Muscodor sp. GBA 

Muscodor albus strain GP 206 

Muscodor albus strain KN 26 

Muscodor albus strain TP 21 

Muscodor albus strain KN 27 

Muscodor albus strain GP 115 

21

11

65

9

0.001

Fig. 4 a Phylogenetic tree to

show the relationship of

M. albus MOW12 with other

M. albus strains. The

evolutionary history was

inferred using the neighbor-

joining method [21]. The

optimal tree with the sum of

branch length = 0.02559860 is

shown. The tree is drawn to

scale, with branch lengths in the

same units as those of the

evolutionary distances used to

infer the phylogenetic tree. All

positions containing gaps and

missing data were eliminated.

There were a total of 471

positions in the final dataset.

Evolutionary analyses were

conducted in MEGA5 [22]

Table 1 GC/MS analysis of the VOCs of M. albus MOW12 after

10 days incubation at 23 �C on PDA

RT Compound Relative %

4.102 Ethanol 71.2

6.153 Acetic acid, ethyl ester 4.7

6.981 2-Methyl-1-propanol 2.4

7.598 2-Methyl-propanoic acid, methyl ester 2.4

8.179 Pentanal 1.0

9.427 2-Methyl-1-butanol, 8.0

9.724 Acetic acid, 2-methylpropyl ester 3.0

10.613 Hexanal 5.1

12.108 3-Methyl-1-butanol acetate 0.8

12.182 2-Methyl-1-butanol 0.8

12.467 Hexanol 0.5

12.640 Styrene 0.5

RT retention time, VOC volatile organic compound

Fig. 5 The M. albus split-plate test for assaying test organisms in the

presence of fungal VOCs. In this particular assay, none of the test

organisms grew in the presence of M. albus MOW12



solani, and Trichoderma sp. (10%) were only partially

inhibited after a 4-day exposure to M. albus MOW12, and in

fact, for more prolonged periods, these test organisms never

seemed to expire (Table 2). Earlier complete inhibition of

pathogenic fungi were also reported in other strains of

M. albus [3, 4, 16]. Trichoderma sp., an agriculturally

important fungi used as a biocontrol agent was 20–70 %

inhibited with M. albus in earlier reports [4, 16].

Conclusion
Endophytic fungi may exist in their host plants in a range

of biological associations from near pathogenic to symbi-

otic [18]. In the latter case, a number of endophytes have

been discovered that make products that are extremely

biologically active and selective against certain microbes

that may be a potential threat to the host plant [19]. In this

manner the endophyte seems to have the potential to con-

tribute to the benefit of the host by providing protection to

it from a major biological threat—a plant pathogen. Some

protective compounds recently isolated from endophytes

are exemplified by taxol, oocydin A, cryptocin, ambuic

acid and jesterone [20]. Each is active against a select

group of pathogens and each is soluble in organic solvents.

While this mechanism for the protection of the host plant

may exist with endophytes producing such compounds, it

seems that no comparable situation involving inhibitory

and lethal volatile inhibitors has been previously demon-

strated except for the various isolates of Muscodor spp.

This is the only Muscodor sp. producing ethanol as major

volatile component. Only 10 % inhibition of Trichoderma

sp. was found with the volatiles of this organism. So it can

be applied in the field with Trichoderma to prevent soil

borne pathogens. This is the first report of M. albus isolated

from India and also from Piper nigrum family-Piperaceae.

The organism produces more than 70 % ethanol which is

unique with this strain of Muscodor albus. Only 10 %

inhibition of Trichoderma sp. was observed with this

organism which was about 20–70 % with other strains. The

demonstration that M. albus exists in the natural environ-

ment of the India has enormous implications for govern-

mental regulation of this organism and for its practical

biological uses in agriculture and industry.
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