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ABSTRACT
Aims: Cyanbacterial bloom can cause unpleasant smell and taste. It can also produce toxins that can be harmful to
animals or human. The capability of plant materials to control cyanobacterial bloom has been reported by many
researchers. Among the plant materials were barley straw, banana skin, orange peel and many more. It was also
showed that the ability of the plant material, especially barley straw to control cyanobacteria might likely involved
complex microbial degradation and enhanced by fungal degradation. Therefore, experiments were set up to test the
effect of fungi-degraded palm oil trunk on cyanobacterial growth.
Methodology and results: In the study, 1 g of palm oil trunk was pre-treated with fungus Lichtheimia sp, for 30 days to
allow degradation to occur. After the incubation, the fresh and degraded palm oil trunk was introduced to cyanobacterial
culture for 30 days. Growth of culture were estimated based on its chlorophyll a concentration. This study showed an
increase ability of fungi-degraded palm oil trunks in inhibiting cyanobacterial growth.
Conclusion, significance and impact of study: The results strengthened the theory of involvement of microbial
degradation in controlling cyanobacterial growth.
Keywords: Biological control, cyanobacteria, fungal degradation, palm oil trunk.

INTRODUCTION

secondary water pollution (Shao et al., 2013). Physical
treatment such as sedimentation can also be used to
control cyanobacterial growth, but it is normally energy
consuming and can also cause physical damage to other
organisms (Shao et al., 2013). Taking these into account,
biologically-driven methods can be a good alternative of
control.
Barley straw has been the most extensively used for
cyanobacterial biological control. Different terrestrial plant
and herbs, such as sugarcane bagasse, palm oil trunk
(Sim, 2015) and oak trees (Park et al., 2006), aquatic
plant such as Myriophyllum spicatum (Nakai et al., 2005)
and Hydrilla verticillata (Zhang et al., 2012) has also been
able to control cyanobacterial growth. Although many of
the studies showed biological-derived compounds to be
effective, several studies indicate that effectiveness
depended on cyanobacterial species. For instance, palm
oil trunk able to inhibit Microcystis sp. effectively, but
unable to inhibit the growth of Synechocystis minuscula
(Sim, 2015). Similarly, various studies on barley straw
also indicate dependent of cyanobacterial species
(Lalung, 2012). Types of barley straw also showed
different effectiveness in inhibiting cyanobacteria (Murray,
2010). Researches have also hypothesized that the
composition and complexity of microbial in degrading
lignin in barley straw influenced its capability to control
algae growth, such as a study conducted by Murray
(2010) using barley straw pre-treated with fungus.

Although cyanobacteria are important as a potential
source for renewable energy, biofertilizers, and for
facilitation in degradation of complex organic compounds
such as oil and herbicides (Abed et al., 2011), excessive
growth of cyanobacteria may forms blooms in the water.
Not only that the blooms may cause unpleasant taste and
odours, they may also produce harmful toxin. Presence of
toxic bloom was recorded earliest by Francis, 1878 (Ni et
al., 2012). According to Merel et al. (2013), the
cyanobacterial toxins are generally categorized into 4
major groups based on its toxicology effects, namely
hepatotoxic toxin (microcystin and nodularin), neurotoxin
(anatoxin-a
and
saxitoxin),
cytotoxic
toxin
(cylindrospermopsin) and dermatotoxin (aplysiatoxins,
lyngbyatoxin-A). Consumption or direct contact with these
toxins has caused severe health consequences. For
examples, microcystin leads to the death of dialysis
patients in Brazil (Jochimsen et al., 1998). There were
148 children were hospitalised in Palm Island, Australia
due to a cylindrospermopsin toxication (Mihali et al.,
2008). Several cases of animal death were also reported
due to cyanotoxin (Gugger et al., 2005; Cadel-Six et al.,
2007).
Copper (II) sulphate (CuSO4) has been used widely to
control cyanobacterial bloom. However, the chemical is
also harmful to other non-target species, which can cause
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However, currently, information on if in fact, similar to
barley straw, fungus also able to assist palm oil trunk in
inhibition of cyanobacteria is not known. Therefore,
experimentations were set up to test the effect of fungidegraded palm oil trunk in compare to fresh palm oil trunk
on growth of four cyanobacterial species.

Test 5: To test the effect of the biological agents that
was pre-treated with the fungus plug for 25-30 days on
the cyanobacterial growth.
Growth of cyanobacteria in laboratory condition were
observed for 30 days by transferring 1-2 mL of the stock
culture, depending on the density into conical flask
(Fisher) containing 100 mL of autoclaved liquid BG 11
medium and the biological agents to be tested. Each flask
was sealed with cotton wool bungs whilst allowing
aeration. The cultures were placed under continuous light
condition at approximately 23 μmol/m2s on an incubation
shaker at 95 rpm at room temperature. Growth of each
cyanobacterial species was recorded by harvesting the
cells for extraction of chlorophyll a reading periodically
between 24-72 h throughout the 25-30 days period.

MATERIALS AND METHODS
Materials
Cyanobacterial strains used in this study were obtained
from Dr. Japareng’s laboratory, School of Industrial
Technology, Universiti Sains Malaysia (USM), Penang,
Malaysia. Three species were isolated from Teluk bahang
Dam, Penang Malaysia namely Synecocystis sp.,
Synechococcus sp. and Planktothrix sp. Another species
and Pseudanabaena sp. were isolated from Penang, but
at Ayer Itam (AI) reservoir. All species were maintained
and cultured in a conical 250 mL flask containing 100 mL
BG11 liquid media. The flasks were subject to continue
shaken at 95 rpm at room temperature.
Fresh palm oil trunk obtained from local supplier used
in the study was kindly obtained from Professor Rokiah
Hashim, from School of Industrial Technology, USM and
dried at 37 °C for one week. The palm oil trunk was
degraded by fungus by incubating 1cm of fungus plug
with the palm oil trunk for 30 days to allow degradation to
occur.
Lichtheimia sp. fungus was isolated from fruit brunch
by Sim Yi Jing from the School of Industrial Technology
was selected for the study, and was identified using
morphological and molecular approaches (Sim, 2015).
The fungus was periodically subcultured by transferring
small amount of stock fungus using inoculating loop into a
new potato dextrose agar (PDA) media. The culture was
then incubated at 37 °C.

Cyanobacterial growth measurement
The growth was measured based on chlorophyll a
concentration (Ritchie, 2016). In brief, 1 mL culture of cell
were centrifuged at 10,000 rpm for 2 min. Then, 0.5 mL of
supernatant was removed. The remaining sample was
further centrifuged for two minutes at the same speed.
Afterwards, the rest of the supernatant was completely
removed. Chlorophyll a reading was taken by resuspended harvested cells in 1mL of 90% methanol
containing 10 mg/L magnesium carbonate (MgCO3) and
incubated for one hour at room temperature in the dark.
After the incubation, extracted chlorophyll a was
centrifuged for five minutes at 10,000 rpm. The
absorbance of the supernatant was measured at 665 nm
by using UV-Visible Spectrophotometer (Shimadzu) using
90% methanol containing 10 mg/L of MgCO3 as reference
blank. The chlorophyll a content was calculated using the
following formula:
Chlorophyll a content (mg/L) = OD665 × 12.9447

Biological assays

Where OD665 = Absorbance at 665 nm, and 12.9447 =
Constant

To determine the effect of fungi-degraded palm oil trunk
to the cyanobacterial growth, 5 different tests were carried
out. For set up that used fungus, a fungus plug of about 1
cm was cut from 4 days of incubated fungus, while 1 g/L
concentration of palm oil trunk was added in each set up
that requires the palm oil trunk.
Test 1: Cyanobacterial growth without treatment
(Control group).
Test 2: To observe the direct effect of the fungus to
the growth of cyanobacteria. One cm fungi plug was
added into cyanobacterial culture
Test 3: To observe the effect of palm oil trunk to the
growth of cyanobacteria without the presence of the
fungus. 1g/L of palm oil trunk was added into
cyanobacterial culture.
Test 4: To investigate the effect of the palm oil trunk
and the fungus without 30 days degradation incubation on
cyanobacterial growth.

RESULTS
Previous researches hypothesized the ability of barley
straw to control cyanobacterial growth is due to lignin
composition. However, the effectiveness and efficacy vary
depending on cyanobacteria species and type of barley
straw (Lalung, 2012). It was also showed that the barley
straw after pre-treated with fungi has enhanced ability as
algae bio-control. Additionally, previous research also
indicates potential of palm oil trunk as bio-control, but with
different effectiveness and outcomes. Therefore, the
objective of the experiment is to observe the effect of
fungus in enhancing control of cyanobacteria by the palm
oil trunk.
To achieve the objective, several treatment groups
were set up, they were: no treatment (control) group, fungi
only group, palm oil trunk only group, and fungi and palm
oil trunk group.
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Control of cyanobacterial growth by palm oil trunk in
the presence of fungi

media unable to utilize the cyanobacteria or BG 11 culture
media as nutrient source, and thus do not directly inhibit
cyanobacteria growth.
While the addition of palm oil trunk reduces the growth
of both cyanobacterial strains, the treatment was not able
to completely inhibit the cyanobacterial growth. In
addition, as the incubation time increases, the growth of
cyanobacteria increases. Besides that, the cyanobacterial
growth in the palm oil trunk with fungi plug shows no
significant differences with the group of palm oil trunkonly, possibly indicates requirement for prior treatment of
fungus to the palm oil trunk.

Figures 1 and 2 show growth patterns of Synechococcus
sp. (TB) and Planktothrix sp. in all four treatments
mentioned above. The growth patterns in each treatment
were observed for 30 days. Growth was measured based
on chlorophyll a concentration.
Noted that the growth of Synechococcus sp. (TB) and
Planktothrix sp. in the presence of fungi shows similar
growth pattern with the cyanobacterial culture without
treatment. The results show that the fungus used in the
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Figure 1: Synechococcus sp. (TB) growth in presence of palm oil trunk and fungi in compare to the growth of the
cyanobacteria without treatment (Control group). The growth was observed for 30 days at a controlled laboratory
conditions. The y-error bars represent standard deviation from the mean.
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Figure 2: Planktothrix sp. growth for 30 days in different treatments and without any treatment. Each treatment was
conducted in three replicates, under continuous shaking at 95 rpm at room temperature. The y-error bars represent
standard deviation from the mean.
Control of cyanobacterial growth by palm oil trunk
pre-treated with fungi

also observed that the growth of Planktothrix sp. in palm
oil trunk-only treatment increases steadily after day 19,
which is in the opposite to the control group, where the
growth decreases, while the growth of the strain in pretreated group remained low. And after day 28, it was
observed that chlorophyll a count in the palm oil trunk-only
group is higher than both of the control group and the
fungus pre-treated group (Figure 4).
As for Synechocystis sp. (Figure 5), all of the three
treatment groups show different response, where the
presence of palm oil trunk enhances the growth of the
strain, whereas palm oil trunk pre-treat with fungus group
successfully control the growth of the cyanobacteria.
Meanwhile, in Pseudanabaena sp. (Figure 6), no
significant different was observed between control group
and palm oil trunk-only treatment group. However, similar
to Synechocystis sp., the pre-treated palm oil trunk group
shows enhancement in inhibiting the growth of the strain.

As palm oil trunk bioassay in the presence and absence of
fungi prior to pre-treatment show no significant
differences, the ability of the fungus to enhance anticyanobacterial properties of the palm oil trunk was
investigated by pre-treating the palm oil trunk with the
fungus for 30 days before the bioassay experiment was
conducted. In this study, four species of cyanobacteria
were selected: Planktothrix sp., Synechococcus sp. (TB),
Synechocystis sp. and Pseudanabaena sp. (Figures 3, 4,
5 and 6).
Synechococcus sp. (TB) and Planktothrix sp. (Figure 3
and 4 respectively) show no significant differences in the
growth pattern between palm oil trunk-treated group and
palm oil trunk pre-treat with fungus group. Even so, in
both treatments, cyanobacterial growth decreases
significantly compared to control group. However, it was
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Figure 3: Synechococcus sp. (TB) growth for 30 days in the presence of pre-treated palm oil trunk with fungi in
comparison to the control group (no treatment) and in the presence of palm oil trunk. The y-error bars represent
standard deviation from the mean.
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Figure 4: Planktothrix sp. growth for 30 days in the presence of pre-treated palm oil trunk with fungi in comparison to
control group (no treatment) and in the presence of palm oil trunk group. The y-error bars represent standard deviation
from the mean.
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Figure 5: Synechocystis sp. growth for 25 days in the presence of pre-treated palm oil trunk with fungi compared to the
control condition (no treatment) and in the presence of palm oil trunk. The y-error bars represent standard deviation from
the mean.
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Figure 6: Pseudanabaena sp. growth for 25 days in the presence of the pre-treated palm oil trunk with fungi in
comparison to the control group (no treatment) and in the presence of palm oil trunk group. The y-error bars represent
standard deviation from the mean.
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DISCUSSION

Scenedesmus sp. (Murray et al., 2010) and studies by
Lalung (2012), which showed communities of microbial in
rotten barley straw increases inhibition of cyanobacterial
growth. The findings of this study were in line with
previous studies that reported cyanobacterial control by
plant-derived compounds. In 2014, Xiao et al., were the
first group to elucidate the mode of action of barley straw,
which was by salcolin a and slacolin b, a group of
flavonolignan that as algistatic and algicidal respectively,
which was responsible toward cyanobacterial control. As
such, there is possibly that the compounds play similar
role in the palm oil trunk.

Ideally, a good anti-cyanobacterial possess a strong
inhibition of cyanobacteria, non-harmful to other
organisms, degraded rapidly in the environment and
inexpensive (Shao et al., 2013). Another important
characteristic is its hydrophilicity and hydrophobicity,
which may influence efficacy of control (Ni et al., 2011). In
addition, ideally, anti-cyanobacterial compounds should
be able to inhibit most cyanobacterial species. Selectivity
of control must be taken into careful consideration as
inhibition of a species may enhance the growth of other
undesired species (Lalung, 2012).
As observed in this study, the presence or absence of
fungi plug in control group and palm oil trunk group has no
effect on cyanobacterial growth. However, different growth
pattern in Planktothix sp., Synechocystis sp. and
Pseudanabaena sp. were observed between fresh palm
oil trunk group and palm oil trunk pre-treated with fungi
group. This indicates that the fungus able to increase the
release of anti-cyanobacterial properties of palm oil trunk
after the 30 days incubation prior to the bioassays.
Although it is best to screen all cyanobacterial strains
isolated from Malaysian water environment, it would take
much more resources and time. Therefore, from many
isolated cyanobacterial strains, four strains are selected.
Synechococcus sp. and Synechocystis sp. were chosen in
the experiment as they were recorded as bloom-forming
cyanobacteria,
meanwhile
cyanobacterial
species
Planktothrix sp., and Pseudanabaena sp., have been
recorded previously as toxin-producing species and
therefore, potentially encode toxin-encoding gene cluster.
Based on molecular and morphological results, the
fungus used in the study was identified as Lichtheimia sp.
A study showed that Lichtheimia ramose synthesized βGlucosidases,
carboxymethylcellulase
(CMCase),
xylanase, and β-xylosidase enzymes that are able to
catalyse different enzyme-substrate reactions (Garcia et
al., 2015). Therefore, it is highly likely that the products
from the enzymatic actions enhance the control of
cyanobacterial growth. However, it is also important to
note that the palm oil trunk in the study was not
autoclaved prior to 30 days incubation with Lichtheimia sp.
because volatile anti-cyanobactrial compounds may be
lost during autoclaving. For example, artemisinin, an
active compound from Armesia annua that was used for
malaria treatment were destructed by autoclaving (Miller
et al., 2011). The same compound also has anti-algae
property (Ni et al., 2012). Therefore, when incubation
occurred at moisturized conditions, the growth of other
microbial may be enhanced as well, and subsequently
may also involve in the degradation of the palm oil trunk
that leads to cyanobacterial control enhancement. Hence,
further research using autoclaved palm oil trunk and pure
culture of Lichtheimia sp. can be conducted.
Overall, based on the experimental results, incubation
of palm oil trunk with fungi for 30 days enhance its ability
as cyanobacterial bio-control. The outcomes are similar to
previous studies, which showed that incubation of fungi
with barley straw enhance inhibition of algae

CONCLUSION
Plant-based material, especially barley straw has been
widely used as cyanobacterial control. Several studies
have indicated microbial degradation enhances anti-algae
ability of barley straw whilst other study indicates variable
degree of palm oil trunk effectiveness in controlling
cyanobacterial growth. In this study, fungi pre-treated
palm oil trunk shows higher effectiveness as bio-control in
compare to fresh palm oil trunk, indicating involvement of
microbial in enhancing anti-cyanobacterial compounds
release from the trunk of palm oil. We recommend future
study or application at environmental scale as its success
at lab scale has been proven. Determination of the
compounds is recommended using high-performance
liquid chromatography (HPLC), nuclear magnetic
resonance (NMR) spectroscopy or gas chromatography
mass spectrometry (GC-MS) to understand its molecules
and mode of action.
ACKNOWLEDGEMENT
The authors are grateful to Universiti Sains Malaysia for
financial assistance through USM RU grant [Grant number
1001.PTEKIND.811253, 2013] and MOE ERGS grant
[Grant number 203.PTEKIND.6730135, 2013] for this
work.
REFERENCES
Abed, R. M., Dobretsov S., and Sudesh, K. (2009).
Applications of cyanobacteria in biotechnology.
Journal of Applied Microbiology 106(1), 1-12.
Cadel-Six, S., Peyraud-Thomas, C., Brient, B.,
Tandeau de Marsac, N., Rippka, R., and Méjean, A.
(2007). Different genotypes of anatoxin-producing
cyanobacteria coexist in the Tarn River, France.
Applied and Environmental Microbiology 73(23),760514.
Francis, G. (1878) Poisonous Australian lake. Nature 18,
11-12.
Garcia, N. F. L., Santos, F. R. D. S., Gonçalves, F. A.,
da Paz, M. F., Fonseca, G. G. and Leite, R. S. R.
(2015). Production of β-glucosidase on solid-state
fermentation by Lichtheimia ramosa in agroindustrial
residues: Characterization and catalytic properties of

178

ISSN (print): 1823-8262, ISSN (online): 2231-7538

Malays. J. Microbiol. Vol 14(2) Special Issue 2018, pp. 172-179

the enzymatic extract. Electronic Journal of
Biotechnology 18(4), 314-319.
Gugger, M., Lenoir, S., Berger, C., Ledreux, A., Druart,
J., Humbert, J., Guette, C. and Bernard, C. (2005).
First report in a river in France of the benthic
cyanobacterium Phormidium favosum producing
anatoxin-a associated with dog neurotoxicosis.
Toxicon 45(7), 919-28.
Jochimsen, E. M., Carmichael, W. W., An, J. S., Cardo,
D. M., Cookson, S. T., Holmes, C. E., Antunes, M.
B., de Melo Filho, D. A., Lyra, T. M., Barreto, V. S.,
Azevedo, S. M. and Jarvis, W. R. (1998). Liver failure
and death after exposure to microcystins at a
hemodialysis center in Brazil. The New England
Journal of Medicine 338(13), 873-8.
Lalung, J. (2012). Molecular analysis of microbial
involvement in the activation of barley straw for use in
the control of Cyanobacterial growth, in Faculty of
Biological Sciences. PhD. Thesis, The University of
Leeds.
Merel, S., Villarín, M. C., Chung, K. and Snyder S.
(2013). Spatial and thematic distribution of research on
cyanotoxins. Toxicon 76(0), 118-131.
Mihali, T. K., Kellmann, R., Muenchhoff, J., Barrow, K.
D. and Neilan, B. A. (2008). Characterization of the
gene cluster responsible for cylindrospermopsin
biosynthesis. Applied and Environmental Microbiology
74(3), 716-722.
Miller, L., and Su, X., (2011). Artemisinin: Discovery from
the Chinese herbal garden. Cell 146(6), 855-858.
Murray, D., Parsons, S. A., Jarvis, P. and Jefferson, B.,
(2010). The impact of barley straw conditioning on the
inhibition of Scenedesmus using chemostats. Water
Research 44(5), 1373-80.
Nakai, S., Yamada, S., and Hosomi, M. (2005). Anticyanobacterial fatty acids released from Myriophyllum
spicatum. Hydrobiologia 543(1), 71-78.
Ni, L., Acharya, K., Hao, X. and Li, S. (2012). Isolation
and identification of an anti-algal compound from
Artemisia annua and mechanisms of inhibitory effect
on algae. Chemosphere 88(9), 1051-1057.
Ni, L., Hao, X., Li, S., Chen, S., Ren, G. and Zhu, L.
(2011). Inhibitory effects of the extracts with different
solvents from three compositae plants on
cyanobacterium Microcystis aeruginosa. Science
China Chemistry 54(7), 1123-1129.
Park, M. H., Hwang, S. J., Ahn, C. Y., Kim, B. H. and
Oh, H. M. (2006). Screening of seventeen oak extracts
for the growth inhibition of the cyanobacterium
Microcystis aeruginosa Kütz em. Elenkin. Bulletin of
Environmental Contamination and Toxicology 77(1), 914.
Ritchie,
R.
J.
(2006).
Consistent
sets
of
spectrophotometric chlorophyll equations for acetone,
methanol and ethanol solvents. Photosynthesis
Research 29(1), 27-41.
Shao, J., Li, R., Lepo, J. E. and Gu, J. D. (2013).
Potential for control of harmful cyanobacterial blooms
using biologically derived substances: Problems and

prospects. Journal of Environmental Management
125(0), 149-155.
Sim, Y. J., (2015) Molecular detection of cyanobacterial
toxin and control of cyanobacterial population using
selected crop wastes, M.Sc. Thesis School of
Industrial Technology, Universiti Sains Malaysia:
Penang, Malaysia.
Xiao, X., Huang, H., Ge, Z., Rounge, T. B., Shi, J., Xu,
X., Li, R., and Chen, Y. (2014). A pair of chiral
flavonolignans
as
novel
anti-cyanobacterial
allelochemicals derived from barley straw (Hordeum
vulgare): characterization and comparison of their anticyanobacterial activities. Environmental Microbiology
16(5), 1238-1251.
Zhang, T. T., He, M., Wu, A. P. and Nie, L. W. (2012).
Inhibitory effects and mechanisms of Hydrilla
verticillata (Linn.f.) Royle extracts on freshwater algae.
Bulletin of Environmental Contamination and
Toxicology 88(3), 477-481.

179

ISSN (print): 1823-8262, ISSN (online): 2231-7538

