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Introduction

Higher fungi are a major source of bioactive 
secondary metabolites, and researchers have estab-
lished the existence of biochemical pathways solely 
for the purpose of producing mycotoxins and other 
natural products in fungi through the study of eco-
logical chemical interactions.1 Recently, wood-de-
grading fungi received great attention for its possi-
ble use as antimicrobial agent. Schizophyllum 
commune, a species of basidiomycetes belonging to 
the Schizophyllaceae of Agaricales, played an im-
portant ecological role in degrading woody forest 
litter. This filamentously growing fungus secreted a 
neutral homoglucan that consists of a backbone 
chain of 1,3-β-D-glucopyranoses units linked with 
single 1,6-bonded β-D-glucopyranoses at about ev-
ery third glucose molecule in the basic chain, called 
“Schizophyllan”.2 This polysaccharide has attracted 
attention in recent years in the pharmaceutical in-
dustry as an immunomodulatory, antineoplastic, and 
anti-viral agent with activities higher than other glu-
cans. In addition, it is also applied in enhanced oil 
recovery, and cosmetics.3

Based on literature review, flavonoids are 
ubiquitous in photosynthesizing cells and could 
exert antifungal activity to inhibit the growth or 
spore germination.4 For example, Quercetin 
(3,3’,4’,5,7-pentahydroxy flavone) is one of the 
most common native flavonoids occurring mainly 
in glycoside forms such as rutin (5,7,3’,4’-OH, 
3-rutinose).5 Previous study done by Teoh et al.6 re-
vealed that 4H-pyran-4-one, 2,3-dihydro-3,5-dihy-
droxy-6-methyl- (DDMP) belonged to the flavonoid 
fraction, and it was found to provide antifungal ac-
tivities towards selected wood-degrading fungi of 
rubberwood. This unique sugar residue allowed sa-
ponins to scavenge superoxides by forming hydrop-
eroxide intermediates, thus preventing biomolecular 
damage by free radicals.7

Bubble column bioreactor is a promising de-
vice for gas-liquid mass transfer and was being con-
sidered in biochemical application, especially for 
fermentation process.8 It also provides a number of 
advantages in both design and operation, such as 
high heat and mass transfer rates, compactness and 
low operating and maintenance costs. Furthermore, 
there is no mechanical agitation, and the air bubbles 
forced through the air compressor were responsible 
for the induced turbulent liquid mixing and the ac-
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companying mass transfer.9 Bubble column bioreac-
tor with a bubble-free aeration through membrane 
provided a suitable alternative for transferring gas 
without inducing cell damage through shear stress. 
It has been reported that batch bioreactor study was 
convenient for determination of the suitable condi-
tions for maximum productivity.10

High oxygen concentration may be toxic to the 
cells metabolite activities and may strip nutrients 
from the culture broth. Therefore, the volumetric 
oxygen transfer coefficient (kLa) was considered as 
one of the most important scale-up factors in fer-
mentations. For example, high aeration would lead 
to severe foaming, which could considerably influ-
ence the growth and secondary metabolite produc-
tion.10 Kantarci et al.8 concluded that the volumetric 
mass transfer coefficient, kLa increased with in-
creasing gas velocity, gas density, and pressure, 
whereas it decreased with increasing solid concen-
tration and liquid viscosity.

The aim of this present work was to investigate 
the effect of aeration on the growth and antifungal 
agent production by Schizophyllum commune under 
a bubble column bioreactor. Furthermore, the role 
of oxygen transfer rate was also determined.

Materials and methods

Fungal strain used

A locally isolated wild species of Schizophyl-
lum commune was obtained from the Biocomposite 
and Protection of Timber Forest Products Laborato-
ry, Forest Research Institute Malaysia (FRIM), Ke-
pong, Malaysia. Each stock culture was grown on 
malt extract agar (MEA) at 30 ± 2 °C and main-
tained on agar slants prior to subsequent studies.

Mycelia suspension preparation

Mycelia suspension was prepared by suspend-
ing mycelia discs from 7-day-old culture plates in 
sampling bottles containing sterilized distilled wa-
ter, and 0.1 % (v/v) Tween 80. The disc of 5 mm 
diameter was cut on the mycelia mats of the agar 
plate using a sterilized cork borer. A total of 10 
discs for every 100 mL sterilized distilled water 
were vortexed for 5 minutes in order to homogenize 
the mycelia suspensions.

Medium preparation for bench scale fermentation

The optimum conditions for production and 
effect of oxygen transfer rate on fungus mycelia and 
bioactive compounds at a scale of 1.5 L were inves-
tigated for S. commune. The medium components 
and different physical parameters were optimized in 
shake flask level and the optimized parameters were 

used for bench scale fermentation (data not shown). 
The fermentation medium (pH 6.78) contained 
18.74 g L–1 yeast extract, 10 g L–1 malt extract, 
38.65 g L–1 glucose, 1 g L–1 KH2PO4, 1 g L–1 K2HPO4, 
and 0.59 g L–1MgSO4· 7H2O.

Bubble column bioreactor study

After several trial and error experiments, it was 
found that a larger amount of pelleted mycelium 
was obtained in a bubble column bioreactor than in 
a stirred tank bioreactor (data not shown). In fact, 
the tested macro-fungus, S. commune, grew very 
slowly and the pellets were not shear damaged 
which was often found in the mechanically stirred 
tank bioreactor. Instead, it formed clean, clear and 
non-viscous like water which facilitated the control 
and operation of the bubble column bioreactor 
during the fermentation process. In addition, the 
pelleted mycelia also produced a greater amount of 
anti-fungal agent as compared to that in filamentous 
form. Therefore, this bioreactor was chosen in sub-
sequent studies.

The bioreactor used in this study was fabricat-
ed by Fermentec (Malaysia). Its dimensions were 
500 mm length, and 50 mm internal diameter, with 
1.5 L working volume. The top of the column was 
closed with a rubber stopper. For dispersion of the 
air bubble, a porous membrane with 50 mm diame-
ter and 3 mm thickness incorporated with pore size 
16–40 µm was used in the bottom part of the sys-
tem. This column is connected to the Biostat-B con-
trol panel board supplied by Sartorius (Malaysia). 
The bioreactor is equipped with digitally-controlled 
pH electrode, temperature probe, and polarographic 
dissolved oxygen (pO2) electrode. The air flow rate 
was measured using a rotameter, and the tempera-
ture was maintained through the design of double 
jacket on the column. Silicone-based antifoam 
(Witeg GmbH, Germany) was used to control the 
formation of foam, while the pH of the culture broth 
during fermentation was controlled by automatic 
addition of 2 mol L–1 NaOH and 2 mol L–1 HCl.

Effect of aeration rate on growth and production 
of antifungal agent by Schizophyllum commune

In this study, mixing was done by bubbling air 
up in the column operated by controlling the air 
flow rate. The effect of aeration rate on the growth 
and production of antifungal agent by S. commune 
and change in dissolved oxygen (DO) and glucose 
concentration profile of the fermentation broth was 
investigated under varying aeration rate ranging 
from 1 to 8 L min–1 at an initial glucose concentra-
tion 38.64 g L–1 with controlled pH 6.96, incubated 
at temperature 31 °C.
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Extraction of biomass

The culture broth obtained after fermentation 
process was then harvested and centrifuged at 
4,000 g for 15 minutes. The biomass was then dried 
and homogenized before the extraction process. 
Dried biomass (100 g) was boiled in 80 % (v/v) 
methanol-water mixture in a ratio of 1 g : 20 mL for 
48 hours. Then, the extraction solvent was separat-
ed via filtration and the filtered extract was evapo-
rated using rotary evaporator. The extract obtained 
(called biomass extract) was then dried and kept at 
4 °C for further analysis.

Analytical method

Determination of biomass

The procedure was carried out using the meth-
od of Branco et al.,11 with slight modification. The 
biomass harvested at different time intervals was 
homogenized at 50 Hz for 6 minutes. According to 
Banerjee et al.,12 the mycelia biomass can be ana-
lyzed using a spectrophotometer after fragmentation 
of the mycelia by homogenization. And sensitivity 
of this method depends on the extent of fungal hy-
phal fragmentation achieved during the homogeni-
zation procedure; short homogenization periods (≤ 
6 min) are sufficient for the required sensitivity. The 
biomass concentration was determined by optical 
density (OD) measurements at 600 nm, in a spectro-
photometer (XMA 1200V).

Determination of glucose concentration

The glucose concentration was estimated based 
on DNS method as described by Ghose.13

Determination of total flavonoid content (TFC)

Total flavonoid content (TFC) was measured 
spectrophotometrically by the aluminium chloride 
colorimetric assay, as presented by Ordonez et al.14 
with slight modification. A sample of 100 mg (bio-
mass extract) was diluted with 85 % ethanol, and 
0.5 mL of the diluted sample was then pipetted into 
0.5 mL of 2 % (v/v) AlCl3 ethanol solution (2 g 
AlCl3 in 100 mL ethanol). Ethanol was used as 
blank in this study. The absorbance was then mea-
sured at 420 nm after 30 minutes at room tempera-
ture. The yellow color indicated the presence of fla-
vonoids. The flavonoid content was expressed as 
micrograms of quercetin/milligram of sample (µg 
QE mg–1 sample).

Analysis using UV-visible spectrophotometer 
for determination of DDMP

In this analysis, the DDMP was determined us-
ing the method of Cechovska et al.15 Since the com-

mercial DDMP was not available in the market, the 
concentration of this compound was determined us-
ing a spectrophotometer with a UV-Vis (Evolution 
201). Norfuraneol, a pentose-derived analogue of 
DDMP, which had similar electrochemical proper-
ties-half-wave potential at range 0.30 – 0.33 V, was 
used as a calibration standard for the quantitation of 
DDMP.

Determination of volumetric mass transfer coefficient

The determination of volumetric oxygen trans-
fer coefficient, kLa was conducted using the dynam-
ic gassing out method as described by Chauhan et 
al.16 In this study, the fermentation process was in 
active respiration, aeration was stopped temporarily, 
and the decrease in dissolved oxygen concentration 
(γL) was measured as a function of time in order to 
determine the oxygen uptake rate (OUR). Aeration 
was then re-established and the increase in γL was 
also measured as a function of time. Assuming 
re-oxygenation of the broth was fast relative to fun-
gal growth, the dissolved oxygen (DO) level would 
soon reach a steady state called γLSS, in which it re-
flected a balance between oxygen supply and oxy-
gen consumption in the system. Thus, the kLa deter-
mination using the dynamic gassing out method 
was based on the dynamic oxygen balance equation 
as in Eq. (1).
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Rearranging Eq. (1) into Eq. (2):
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Results and discussion

Effect of aeration rate on the growth 
and antifungal agent production 
by Schizophyllum commune

Mixing is one of the most important and neces-
sary operations used in bioprocessing to achieve 
uniform concentration, temperature and other prop-
erties of the environment for fermentation in a bio-
reactor.

Figure 1 summarizes the results obtained and it 
can be clearly seen that the highest biomass (32.38 
g L–1), total flavonoid content (TFC) (1.329 µg QE 
mg–1 sample), and DDMP (1.279 µg mg–1 sample) 
were attained in a culture grown at an aeration rate 
of 4 L min–1. It could be observed that the biomass 
produced, TFC and DDMP, was lower at lower aer-
ation rate (e.g. 1 and 2 L min–1) compared to aera-
tion rate of 4 L min–1. According to Pavko et al.17 
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and Shohael and Paek,18 the growth and metabolite 
production were reduced due to inadequate mixing 
and limited oxygen supply. However, beyond the 
aeration rate of 4 L min–1, a reverse trend was ob-
served (Figure 1). Many researchers had reviewed 
that oxygen was necessary for the growth of fungal 
in aerobic culture, yet a higher aeration rate could 
damage the cells.19 In a bubble column bioreactor, 
the extreme oxygen flow which is provided by larg-
er and faster air bubbles could disrupt the growth of 
fungal mycelia/pellet, and also the activity of mi-
croorganisms by blocking the nutrient transfer and 
consumption of glucose during growth,20,21 and 
hence reduce the biomass and product formation 
ability. From Figure 1(a), it was found that the bio-
mass produced was reduced to 15.75 % and 22.71 % 
at higher aeration rate (6 and 8 L min–1), respectively, 
as compared to the biomass produced at 4 L min–1. 
This condition was similar to the statement of Shul-
er and Kargi,22 who mentioned that in a bubble col-
umn reactor, growth of any microorganism was of-
ten limited by the presence of bubble coalescence. 
Similar trend was observed for the production of 
TFC and DDMP as shown in Figures 1(b) and 1(c). 
During higher aeration rate of 6 and 8 L min–1, 

foaming was formed vigorously which limited the 
ultimate productivity and metabolite activity during 
the fermentation. Thus indicating that excessive ox-
ygen supply (6 and 8 L min–1) decreased fungal 
growth as well as the TFC and DDMP production.

The result shown in Figure 1 suggests that the 
aeration rate had a direct and obvious impact on the 
growth of S. commune in a bubble column bioreac-
tor. At an aeration rate 1 L min–1, the growth of S. 
commune exhibited a longer lag phase (36 h), and 
then approached a hardly logarithmic phase. After 
108 h of culture, it reached a stationary phase with 
the maximum biomass reached 22.68 g L–1. On the 
other hand, at aeration rate of 8 L min–1, the growth 
of S. commune exhibited a shorter lag phase (16 h), 
and approached a faster growth phase to attain max-
imum biomass (25.55 g L–1) during 56 h. As in this 
study, the TFC and DDMP profiles exhibited a lon-
ger lag phase for each level of aeration rate com-
pared to that in growth profile. As reported by Guo 
et al.,23 flavonoid compound was a diverse class of 
secondary metabolites. Figures 1(b) and 1(c) show 
that TFC and DDMP provided a faster exponential 
phase to reach maximal production, and then it 
failed gradually. This might be due to aggressive 
aeration rate that caused reduction in pellet forma-
tion,24 and thus hindered the fungal secondary me-
tabolites. With this, the optimal aeration condition 
for S. commune growth and antifungal agent pro-
duction were closely linked to each other.

Typical patterns of glucose consumption and 
partial dissolved oxygen (pO2) profiles may be ob-
served in Figure 2. Figure 2(a) shows that the glu-
cose consumption by the tested fungus, S. com-

F i g .  1 	–	 Effect of aeration rate on (a) growth, (b) TFC, and 
(c) DDMP production by Schizophyllum commune 
in a bubble column bioreactor

F i g .  2 	–	 Effect of aeration rate on (a) glucose consumption 
and (b) partial dissolved oxygen by Schizophyllum 
commune in a bubble column bioreactor
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mune, increased with increase in aeration rates. In 
other words, more glucose was utilized for the syn-
thesis of mycelia when higher amount of oxygen 
was supplied to it. The dissolved oxygen (DO) lev-
els at all aeration rates tested were reduced from 
100 % saturation at the beginning of the fermen
tation to around 15 – 22 % saturation for period of 
56 – 84 h (Figure 2(b)). Then, the DO level at aera-
tion rate of 8 L min–1 increased gradually as the 
growth shifted to stationary phase, and therefore a 
high DO level (about 50 %) was maintained to-
wards the end of the fermentation period. As men-
tioned by Calik et al.,25 the transfer of oxygen into 
microbial cells in an aerobic fermentation process 
showed diverse effect on product formation by in-
fluencing the metabolic pathways and changing the 
metabolic fluxes. In fact, it played an important role 
since it was often the limiting factor in order to ob-
tain an appropriate volumetric mass transfer coeffi-
cient (kLa) that correlated with the productivity in 
any specific culture media.19

Volumetric mass transfer coefficient (kLa) 
of Schizophyllum commune 
in a bubble column bioreactor

In many aerobic fermentation systems, the rate 
of oxygen transfer to the cells is the limiting factor 
which determines the rate of biological conversion.

As shown in Table 1, the maximum kLa 
(0.0814 s–1) was obtained for the batch fermentation 
of S. commune with aeration rate of 8 l/min. In the 
present study, the OTR values were proportional to 
the kLa values as the aeration rates increased. Hikita 
et al.26 stated that the lower value of kLa decreased 
the dispersion of the carrier gas as the gas rose up to 
the column, and hence reduced the gas uptake and 
transfer capability. The CL values depended on the 
relative rate of oxygen transfer and utilization. It 
must be greater than the critical value of DO in or-
der to avoid oxygen limitation.19 Chauhan et al.16 
suggested that the critical γL value was set within 

5–10 % (0.382–0.764 mg L–1) of the oxygen solu-
bility in a fermenter. It was found that, although the 
γL value was shown to be higher than the critical γL 
value of the present study for all aeration level test-
ed, the OTR values were relatively lower. This 
might be due to the pellet formation and the oxygen 
transfer becoming limited by the increase in pellet 
size, thus making the bulk γL value higher than that 
inside of the pellet.

Besides, the kLa value is also one of the import-
ant scale-up factors in any fermentation process. As 
shown in Figure 3(a), the growth of S. commune in-
creased with increase in kLa from 0.0098 to 0.0382 
s–1 and thereafter decreased suddenly with further in-
crease in kLa. Maximum biomass (32.38 g L–1) was 
attained at 0.0382 s–1 kLa. Similar pattern was ob-
served in the case of TFC and DDMP production by 
S. commune (Figure 3(b)). Initially, the antifungal 
agent production increased with increase in kLa up to 
a certain limit and then decreased. The maximum 
TFC (1.336 µg QE mg–1 sample) and DDMP (1.279 
µg/mg sample) were also obtained at 0.0382 s–1 kLa. 
These results exactly coincide with the profile ob-
tained for the growth of S. commune. In fact, this re-
sult is in good agreement with the research of Chau-
han et al.16 who found that the growth of Acetobacter 
tropicalis and dextran sucrase production increased 
with increase in kLa value to an optimum limit, and 
then started decreasing with increase in kLa value. 
Hikita et al.26 explained that the larger kLa value 
might cause the decreased product in fermentation 
process due to the bubble coalescence hindering phe-
nomenon. This might be due to high kLa value during 

Ta b l e  1 	–	Effect of aeration rate on the oxygen uptake rate 
(OUR), volumetric oxygen transfer coefficient (kLa), and oxy-
gen transfer rate (OTR) during cultivation of Schizophyllum 
commune in a bubble column bioreactor

Aeration 
rate 

(L min–1)

Aeration 
rate 

(vvm)

OUR 
(mg L–1 s–1)

OTR 
(mg L–1 s–1)

kLa 
(s–1)

γL 
(mg L–1)

1 0.5 0.5039 0.0148 0.0098 2.62

2 1 0.5053 0.0256 0.0188 2.92

4 2 0.5333 0.0845 0.0382 3.58

6 3 0.4491 0.1069 0.0612 4.26

8 4 0.3613 0.1721 0.0814 6.02
*OTR at steady state with γ* = 7.64 mg L–1 at 31 °C

F i g .  3 	–	 Effect of kLa on (a) growth and (b) TFC and DDMP 
production by Schizophyllum commune in a bubble 
column bioreactor
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high aeration rate in which fragmentation or break up 
of the mycelia frequently occurred, thus reducing the 
fungal growth as well as product formation. Accord-
ing to Karen,27 when the growth rate of Streptomyces 
species decreased, the break-up of mycelia resulted 
in no antibiotic production.

Conclusion

A 1.5 L bubble column bioreactor was chosen 
in this work. During the study of the effect of aera-
tion, the highest biomass, TFC, and DDMP produc-
tion were at 32.38 g L–1, 1.329 µg QE mg–1 sample, 
and 1.279 µg mg–1 sample, respectively. It could be 
concluded that oxygen transfer rate plays an import-
ant role in the production of antifungal agent from 
Schizophyllum commune. It was found that the kLa 
values increased with increase in the aeration rate, 
and hence the maximal kLa value (0.08 s–1) was ob-
tained during aeration rate 8 L min–1. However, it 
was found that the maximal biomass and antifungal 
agent production was achieved at 4 L min–1 with kLa 
value of 0.04 s–1.
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L i s t  o f  s y m b o l s

γL	 –	Dissolved oxygen concentration, mg L–1

γLSS	 –	Dissolved oxygen concentration at steady state, 
mg L–1

kLa	 –	Volumetric oxygen transfer coefficient, s–1

t	 –	Time, h	
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