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Boric acid was examined for antifungal activity against several species of fungi. The growth and 
production of β-glucosidase in several strains of fungi were tested in the media containing various 
concentrations of boric acid. The results obtained indicate that the growth of Trichoderma strains was 
reduced with increasing amount of boric acid up to 0.3% (w/v). However, Paecilomyces variotii was able 
to tolerate boric acid above 0.3% (w/v) by increasing its growth. Trichoderma also showed low 
production of β-glucosidase as compared to P. variotii. Present study revealed that boric acid works as 
effective fungicide by inhibiting the production of β-glucosidase and the growth of fungi. This suggests 
that boric acid might be useful for the treatment of fungal infection caused by P. variotii or Trichoderma 
strains. 
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INTRODUCTION 
 
Paecilomyces is a filamentous fungus which inhabits soil, 
decays plants and grows as a surface mold on live and 
dead wood (Abbas et al., 2009; Parker et al., 1999). 
Paecilomyces can cause various infections in human and 
the diseases are known as paecilomycosis (Salle et al., 
2005). In addition, this type of fungi may also cause 
allergic disorder. However, due to the limited data of anti-
fungal agent against Paecilomyces, the guideline of 
treatment for Paecilomyces is not well  established  (Salle  
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et al., 2005). Paecilomyces variotii is one of the most 
common fungi belonging to the genus of Paecilomyces 
(Tarkkanen et al., 2004) which can be found in air and 
food (Houbraken et al., 2010). As other species in this 
genus, P. variotii is also associated with human infection 
incidences, for instances, kreatitis, corneal ulcer and 
endophthalmitis (Abbas et al., 2009; Anita et al., 2010). 

Boric acid (H3BO3) is a boron compound which exhibits 
antimicrobial properties (Lueck, 1980). This chemical has 
been used as a preservative in various fields such as 
lumber, baggase and food products as well as for 
medication purposes (De Seta et al., 2009). Due to its 
antimicrobial properties, the usage of boric acid as 
pesticide has been known to be useful to kill several 
types    of   pest   such   as   fleas,   cockroaches,   wood- 
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destroying insects (including termites) and fungi (See et 
al., 2010, Strong et al., 2001). Generally, boric acid is 
considered to be a potential therapy for infection disease 
(De seta et al., 2009). Therefore, this study was 
subjected to determine the effect of boric acid on mycelia 
growth of P. variotii and other fungal species. In addition, 
the production of β-glucosidase by P. variotii was also 
observed. 
 
 
MATERIALS AND METHODS 
 
Fungal species 

 
Fungi P. variotii (ATCC 62398), Trichoderma sp. (Department of 
Biochemistry, UPM), Trichoderma atroviride, Trichoderma 
harzanium I26, and Trichoderma harzanium I38 (Department of 
Biology, UPM) were used in this research. 
 
 
Growth assessment 

 
Growth assessment was carried out by cultivating the fungi in 
potato dextrose agar (PDA) containing 0 to 0.3% (w/v) boric acid. 
For inoculation, a sterile metal cork borer was used to cut a 1 cm 
diameter of mycelia disks from the periphery of a PDA cultures. It 
was then aseptically inoculated inversely onto a centre of the solid 
medium plate. The inoculated plates were incubated at 30°C until 
15 days. The mycelium of each plate was measured by the 
diameter of mycelia’s growth and the reading was taken every day. 
The percentage of standard petri dish covered was then calculated. 

 
 
β-glucosidase production 

 
Studies of each strain of fungi were also carried out for their ability 
to produce β-glucosidase in liquid medium containing 0.1% (w/v) 
boric acid. After that, the most resistance microorganism was 
chosen to study the production of β-glucosidase in medium 
containing 0.1, 0.5, 1.0 and 1.5% (w/v) boric acid. The 
concentration of β-glucosidase was determined by using 4-
nitrophenyl-β-d-glucoside (NPG) as a substrate. 

 
 
RESULTS AND DISCUSSION 
 
Figure 1 shows the effect of different concentrations of 
boric acid on the growth of tested fungal species. 
Trichoderma strains exhibit similar growth pattern during 
15 days of screening study. They covered the whole 
surface of the Petri dish containing 0 to 0.2% (w/v) boric 
acid. However, in the medium containing 0.3% (w/v) boric 
acid and above, no growth or only slightly growth was 
observed. Trichoderma strains were able to grow in the 
media with boric acid concentration of up to 0.3% (w/v). 
In contrast, P. variotii was able to survive in the boric acid 
concentration at above 0.3% (w/v). A study from Parker 
et al. (1999) stated that the survival of P. variotii in the 
presence of boric acid was related to the production of β-
glucosidase in order to increase the glucose supply from 
the carbon source in the medium. Boric acid readily forms 
complex with hydroxyl  groups  such  as  glucose  (Strong 

 
 
 
 
et al., 2001), and this restricts boric acid from being 
absorbed by the fungi. Therefore, the fungi continue to 
grow as boric acid has less effect on this fungus. How-
ever, the exact and specific process for increasing of the 
β-glucosidase activity in P. variotii was still unknown 
(Parker et al., 1999). Hence, further experiment was 
carried out in order to study the effect of boric acid on the 
production of β-glucosidase.  

Figure 2 indicates the production of β-glucosidase of 
several species of fungi in the presence of 0.1% (w/v) 
boric acid. The result displays that β-glucosidase level of 
P. variotii increased much higher than Trichoderma 
strains during ten days of incubation. This will lead to 
different growth ability between each fungal species. 
Furthermore, due to low production of β-glucosidase, the 
growth of Trichoderma was suppressed. In other word, 
Trichoderma strains were more susceptible to boric acid 
than P. variotii. As such, boric acid has strong fungicidal 
effect towards Trichoderma strains. 

Apart from that, P. variotii was selected to study the 
effect of 0.1 to 1.5% (w/v) boric acid on the production of 
β-glucosidase over ten days of incubation. As shown in 
Figure 3, the production of β-glucosidase by P. variotii 
decreased in accordance with the increment of boric acid 
concentration. This was due to the inhibitory effect of 
boron compound which acts as fungicide (Cox, 2004; 
Strong et al., 2001). This study showed that although P. 
variotii could survive better than other microorganisms in 
boron environment, boric acid is still powerful in inhibiting 
its growth in high amount. In addition, based on a study 
by Hamilton and Wolf (2007), boric acid is considered as 
an effective fungicide in the concentration of 8% and 
above. Boron compound halts the production of fungi 
spore and this leads to the suppression of fungus growth 
(Cox, 2004).  
 
 

Conclusion 
 
Present study is essential for understanding the growth of 
P. variotii and several strains of Trichoderma in the 
presence of boric acid. Boric acid exhibited fungicidal 
effect against several strains of fungi. This recommends 
that boric acid has the potential to be used as a treatment 
to control fungi. Nevertheless, the ability of fungi to pro-
duce β-glucosidase in boron environment enables them 
to tolerate certain concentrations of boric acid. Since that 
P. variotii possessing this unique trait, it could be used as 
a microbial agent in constructing bioassay system to 
determine boric acid in future research. 
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Figure 1. Effect of various concentrations of boric acid on the growth of several species of fungi at 30°C over 15 

days in potato dextrose agar: a) 0% (w/v) (control), b) 0.1% (w/v), c) 0.2% (w/v), d) 0.3% (w/v). ♦: Paecilomyces 

variotii, ■: Trichodema harzanium I38, ▲: Trichoderma harzanium I26, ××××: Trichoderma atroviride, •: Trichoderma 
sp. Each point represents mean value with the standard deviation of three measurements. 

 
 
 

 
 
Figure 2. Effect of 0.1% (w/v) boric acid on the production of β-

glucosidase in several species of fungi at 37°C over 10 days in 

liquid medium: ♦: Paecilomyces variotii, ■: Trichodema harzanium 

I38, ▲: Trichoderma  harzanium I26, ××××: Trichoderma atroviride, •: 
Trichoderma sp. Each point represents mean value with the 
standard deviation of three measurements. 

 
 
Figure 3. Effect of different concentrations of boric acid on the 

production of β-glucosidase in Paecilomyces variotii at 37°C over 

10 days in liquid medium. ♦: 0% (w/v), ■: 0.1% (w/v), ▲: 0.5% 

(w/v), ××××: 1.0% (w/v) ••••: 1.5% (w/v) boric acid. Each point represents 
mean value with the standard deviation of three measurements. 
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