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Antimicrobial activity of volatile compounds 
produced by endophytic fungi associated 
with Ocimum sanctum  

 

Sir, 

Endophytic fungi are known as biosynthesizers inside 
their host plants (Owen and Hundley, 2004). Many 
endophytes capable of secreting bioactive compounds 
that may be used against pathogenic microorganisms 
(Daoud et al., 2013). The endophytic fungi Chaetomium 
cupreum (isolated from Mussaenda luteola; Shylaja et al., 
2018), Cryptosporiopsis ericae (isolated from Coptis 
chinensis; Zhang et al., 2018), Phoma sp. (isolated from 
Fucus serratus; Hussain et al., 2014), Nigrospora sphaerica 
URM-6060 (isolated from Indigofera suffruticosa; Santos 
et al., 2015), Trichoderma virens and Aspergillus terreus 
(isolated from Cyperaceae sp.; Ratnaweera et al., 2018). 

The essential oil of Ocimum sanctum showed significant 
antimicrobial agent (Sharma et al., (2014). The current 
study focused on the evaluation of antimicrobial 

activity of bioactive compounds produced by endo-
phytic fungi isolated from the medicinal plant, Ocimum 
sanctum. 

To test the antimicrobial production, plate to plate 
method was carried out (Stinson et al., 2003). The ino-
culum suspension of the test microorganism was 
spread on the agar media respectively. Then, the 14-
days-old endophytic isolate cultures were physically 
attached to the agar plates seeded with test micro-
organisms. The two plates were sealed using two layers 
of Parafilm® and kept at 4ºC for 7 days to allow the 
complete fumigation process of the volatile compounds. 
Then, the plates were transferred and incubated at 30ºC 
for 48 to 96 days for test fungi and at 37ºC for 24 hours 
for bacteria and yeasts. For fungi, the diameter of the 
test fungal culture was measured as an indication of the 
growth rate, whereas the colony-forming units were 
counted for yeast and bacterial cultures. Untreated test 
microorganisms were used as a control. Besides, the 
mycelia of the test fungi that showed the positive result 
were transferred to fresh potato dextrose agar media 
whereas the single colony of the test bacteria and yeast 
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Table I 

Antimicrobial activity of volatile compounds produced by endophytic fungi against pathogenic microorganisms     

Test microbes  %Inhibition   

IBRL 

OS-27 

IBRL 

OS-64 

IBRL 

OS-94 

IBRL 

OS-98 

Bacteria (Gram positive)         

MRSA ATCC 33591 94.3 ± 1.3 82.5 ± 2.0 87.3 ± 1.2 - 

S. aureus 94.2 ± 1.2 84.3 ± 3.1 89.4 ± 0.9 - 

S. mutans 88.3 ± 2.7 - 95.2 ± 1.1 - 

Bacteria (Gram negative)         

K. pneumoniae ATCC 13883 - - - 58.5 ± 2.0 

S. typhimurium - - - 80.4 ± 0.8 

Y. enterocolitica - 70.9 ± 3.1 66.3 ± 2.2 - 

Yeast         

C. albicans IBRL 26.2 ± 2.1 - - - 

C. utilis IBRL - - 64.4 ± 4.1 44.2 ± 3.5 

Fungi         

T. rubrum IBRL SA1 - - 37.6 ±2.6 - 

M. fulvum IBRL SD3 - - 45.7 ± 3.6 - 



 

were streaked onto fresh nutrient agar and Sabouraud 
dextrose agar, respectively to maintain their viability.   

Table I shows only four (IBRL OS-27, IBRL OS-64, IBRL 
OS-94, and IBRL OS-98) out of 148 endophytic fungal 
isolates (volatile in nature) from O. sanctum exhibited 
significant antimicrobial activity against several test 
microorganisms. The highest inhibition percentage was 
observed on Gram positive bacteria for all the 
endophytic fungal isolate with the inhibition value 
ranged from 82 to 95%, except for IBRL OS-98. As for 
Gram negative bacteria, only isolate IBRL OS-98 was 
able to inhibit both Klebsiella pneumoniae ATCC 13883 
and Salmonella typhimurium with the inhibition of 58.5 
and 80.4%, respectively. However, isolate IBRL OS-64 
and IBRL OS-94 were only able to inhibit Yersinia 
enterocolitica with the inhibition value of 70.9 and 66.3%, 
respectively.  

For yeast, isolates IBRL OS-94 and IBRL OS-98 were 
able to inhibit Candida utilis IBRL compared to other 
isolates with a moderate inhibition of 64.4 and 44.2%, 
respectively. Besides that, the isolate IBRL OS-94 was 
observed to have the capability to inhibit Trichophyton 
rubrum IBRL SA1 and Microsporum fulvum IBRL SD3 
with an inhibition value of 37.6 and 45.7%, respectively. 
The results indicated that most of the fungal isolates 
exhibited better inhibitory activity towards Gram 
positive bacteria. It is noteworthy to observe that the 
Gram negative bacteria, Salmonella typhimurium was not 
susceptible to both of the fungal isolates, IBRL OS-27 
and IBRL OS-98. The finding was in contrast to the 
previous data of disc diffusion assay (data not shown) 
whereby both isolates showed a good inhibitory effect 
on Gram negative bacteria. This may be explained by 
the different constituent of volatile compounds with a 
different mode of action and most probably the 
compounds were targeted regardless of the cell wall of 
bacteria. 

Preliminary identification showed IBRL OS-27 might be 
categorized in the genus of Trichoderma spp. This type 
of species is a plant pathogen such as T. harzianum that 
could be characterized as a green mold that grows 
aggressively with white mycelium, which rapidly 
infected the host and might cause a soft decay (Sokovic 

and Van-Griensven, 2006). Fungal isolate IBRL OS-94 
was morphologically characterized and identified as 
Muscodor sp. The isolate showed a vast volatile 
antimicrobial activity since it can inhibit bacteria, yeast, 
and fungi. It is noteworthy that the fungal isolate was 
observed to produce volatile bioactive compounds that 
able to kill Microsporum fulvum IBRL SD3 since it did 
not survive in the viability test. Figure 1 illustrates a 
significant growth reduction of M. fulvum IBRL SD3 (in 
diameter) fumigated with the fungal isolate IBRL OS-94 
relative to growth control. Based on observation, the 
mycelial production of the test fungus (Figure 1A) was 
less dense compared to control (Figure 1B). Muscodor 
spp. is one of a well-known fungus that able to produce 
volatile antimicrobial compounds. The antimicrobial 
activity of volatile organic compounds produced by 
Muscodor crispans against Pythium insidiosum was 
reported (Krajaejun et al., 2012) They revealed that 
volatile organic compounds from M. crispans (B23) able 
to inhibit and thus killed P. insidiosum in vitro. Likewise, 
B23 also was observed to reduce the growth of all P. 
insidiosum isolates tested even in low concentrations 
and the inhibition rate was dose-dependent. According 
to Strobel (2006), ketones, lipids, esters, acids, and 
alcohols are major components of antimicrobial activity 
of volatile organic compound found in Muscodor. 
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Figure 1: The growth of Microsporum fulvum IBRL SD3 for 20 
days without (A) or with (B) fumigation to the culture of endo-
phytic fungus, IBRL OS-94  
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