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ABSTRACT

In this study, mould resistance of the bamboo species Thy-
rostachys siamensis treated with chitosan was tested under
laboratory and praxis condition. In the laboratory experiment,
bamboo specimens were treated with various solutions of both
low molecular weight chitosan (LMW) and medium molecular
weight chitosan (MMW) at concentrations of 1, 2 and 3% and
Chitosan-copper complexes (CC) at concentrations of 2, 4 and
6%. Mould growth on the specimens was evaluated 1, 2, 4 and 8
weeks after they were exposed to the inoculation with a conidia
mixture of six moulds isolated from bamboos. In field test,
bamboo samples were treated with the effective formulations
from the laboratory experiment. Evaluation of mould growth on
the samples was done 1, 2, 4 and 8 weeks after exposure at the
storage site of Bamboo company, Binh Duong. The results showed
that treatments with chitosan (MMW) at the concentration of
more than or equal to 3% and Chitosan-copper complexes at the
concentration of more than or equal to 4% completely inhibited
mould growth on the bamboo T. siamensis.

Cited as: Tang, H. T. K., & Trinh, M. H. (2019). Mould resistance of the bamboo Thyrostachys
siamensis treated with chitosan. The Journal of Agriculture and Development 18(3), 16-20.

1. Introduction

Bamboo is one of the important vegetative re-
sources after plantation wood and is a major
raw material for the forest product industry. In
Vietnam, bamboo has become the main material
for industrial manufacturing of round and lami-
nated bamboo furniture and parquet. The bam-
boo Thyrsostachys siamensis with its Vietnamese
name “Tam Vong” is one of the most common
species growing mainly as a forest and also largely
cultivated in the provinces Binh Thuan, Gia Lai,
Kong Tum, Lam Dong and Tay Ninh. The culms
are the main raw material of many bamboo com-
panies in South Vietnam for furniture for expor-
tation.

Bamboo has low natural durability against
fungi and insects compared with wood. In gen-

eral, several fungi from the groups of moulds, as-
comycetes and basidiomycetes colonise the culms
of bamboos. Exposed bamboo is especially af-
fected by moulds during storage, processing,
transport in containers and its final use (Liese
& Tang, 2014). For protection of bamboo against
moulds and other fungi, sodium pentachlorophe-
nol had been widely used due to its effective-
ness and relative low cost. However, the chem-
ical is banned due to its high toxicity and the
public concerns on the environment. Thus, bam-
boo manufacturers have extreme problems in pro-
tecting bamboo for local use and export. Since
bamboo countries export large quantities of bam-
boo culms and utilities in containers, the dam-
age due to mould growth at port arrival has
become quite serious. Manufacturers need cost-
effective and also environment-friendly treatment
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methods for moist bamboo during its susceptible
phase.

Chitosan is the de-acytelated form of chitin
produced commercially from shellfish. Chitosan
can be used in a wide range of industries, due to
its high degree of biocompatibility and its ability
to offer an environmentally friendly alternative
to current applications (Kumar, 2000; Chirkov,
2002). Chitosan-copper complex is produced from
chitosan and copper salts. Recently, Chitosan and
Chitosan-copper complex have been considered
as interesting environmentally friendly material
for wood, bamboo preservation. It is used as a
potential wood preservative alone or in combina-
tion with other biocides for protection of wood
and bamboo against fungi and mould (Sun et al.,
2007, Gorgija et al., 2014; Gamal et al., 2016).
The effectiveness of the chitosan mentioned in
these researches led us to investigate mould re-
sistance of the bamboo species Thyrostachys sia-
mensis treated with various chitosan solutions of
different molecular weight and concentration.

2. Materials and Methods

2.1. Laboratory experiment

Mature 3-year-old bamboo culms of T. siamen-
sis were collected from a plantation of Bamboo
Nature company in Binh Thuan province. From
fresh culms, samples of 60 mm length were taken
halfway between the internodes and split length-
wise.

Solutions of both low molecular weight chi-
tosan (LMW) and medium molecular weight chi-
tosan (MMW) and chitosan-Cu (II) complexes
(CC) with ratio 1:1 at the concentrations of 1,
2 and 3% were applied.

Three specimens were dipped for 10 min in
the respective treatment solution and placed in
a small plastic box (12 x 12 x 6 cm). They were
exposed to artificial infection with a water-based
mixture of conidia of six moulds A. niger, A.
flavus, A. oryzae, Aspergillus sp., Paecilomyces
variotii, and Penicillium sp. by using a small
brush. These six moulds (Figure 1) were isolated
from natural growth on bamboos and were iden-
tified by DNA-IIS sequencing at the Center of
Wood Biology, Hamburg University. The expo-
sure was done in an incubation room at 30oC and
75% RH. The development of mould growth on
the surface of the specimens was assessed after 1,

2, 4 and 8 weeks according to the rating method
based on the BSI 2005 (Table 1).

2.2. Experiment for field tests

Samples were prepared from T. siamensis, as
of 1000 mm length. The effective chitosan formu-
las from the laboratory experiments were applied.
The bamboo samples were dipped for 15 min in
the treatment solutions, then bundled and placed
on supports over wet soil ground. After one day
of exposure to natural infection, the samples were
covered with a plastic sheet to avoid sunlight and
drying. The test was carried out in a raw mate-
rial storage area in the factory of the Bamboo
Nature company, Binh Duong province. The field
tests were carried out in three periods, each of 8
weeks during the rainy season. The temperature
during exposure was about 28oC and the relative
humidity was between 80 and 90%. The devel-
opment of mould growth on the surface of the
samples was assessed after 8 weeks.

3. Results and Discusion

3.1. Laboratory test

Based on the rating system (Table 1) and av-
erage mold covering for 3 replicates of each treat-
ment, the results of the laboratory test for T.
siamensis are presented in Table 2. The samples
treated with 3%, chitosan MMW, 4% and 6%
Chitosan-copper complexes (CC) did not show
any infection, whereas water-treated control sam-
ples, chitosan LMW 1% and 2% had the highest
infection rate. Medium molecular weight chitosan
(MMW) and Chitosan-copper complexes showed
better antifungal property than low molecular
weight chitosan (LMW). Effect of medium molec-
ular weight chitosan is improved by increasing
its concentration from 1% to 3%. This confirms
with previous studies of the antifungal effect of
chitosan by Larnoy et al. (2006) and Gorgij et
al. (2014), and our results are also in agreement
with Kobayashi & Furukawa (1995) and Mekahlia
& Bouzid (2009) who mentioned that Chitosan-
copper complexes prevented mould.

For the laboratory experiments, the specimens
were infected only once. Under field conditions
with larger samples, bamboo would be exposed to
permanent infection pressure from the surround-
ing air, so that the applied concentrations might
not meet those conditions. Therefore, the effec-
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Figure 1. Moulds for testing.

Table 1. Standard method for rating the infection on the surface

Rating Definition Samples

1 No growth

2 Slightly overgrown

3 Moderately overgrown

4 Severely overgrown
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Table 2. Infection value of treated bamboo T. siamensis in the laboratory test

Treatment solution1 Exposure time
After 1 week After 2 weeks After 3 weeks After 4 weeks

MMW 1% 0 1 2 3
MMW 2% 0 0 1 1
MMW 3% 0 0 0 0
LMW 1% 1 3 4 4
LMW 2% 0 3 3 4
LMW 3% 0 2 2 2
CC 2% 1 3 4 4
CC 4% 0 0 0 0
CC 6% 0 0 0 0
Control 1 4 4 4

1MMW: Medium molecular weight chitosan; LMW: Low molecular weight chitosan; CC: Chitosan-copper complexes.

Table 3. Infection value of treated bamboo T. siamensis in the laboratory test

Treatment solution1 Test period
Exposure time

After 1 week After 2 weeks After 3 weeks After 4 weeks

MMW 2%
I 0 0 2 3
II 1 3 4 3
III 0 1 2 3

MMW 3%
I 0 0 0 0
II 0 0 0 0
III 0 0 0 0

CC 4%
I 0 0 0 0
II 0 1 1 1
III 0 0 0 0

CC 6%
I 0 0 0 0
II 0 0 0 0
III 0 0 0 0

Control
I 1 1 3 4
II 4 4 4 4
III 2 3 3 4

1MMW: Medium molecular weight chitosan; CC: Chitosan-copper complexes.

tive treatment solution of 2% and 3% MMW, 4%
and 6% CC were further investigated in field tri-
als.

3.2. Field test

Results of the field experiment are summa-
rized in Table 3. Differences occurred in moulding
between exposure periods. In most treatments,
the samples from the second period were more
quickly overgrown by moulds due to the high rel-
ative humidity of about 90%.

Generally, results of this field test are simi-
lar to the laboratory experiments with smaller
samples. Treatments with 3% medium molecular
weight chitosan (MMW), 4% and 6% Chitosan-

copper complexes (CC) completely inhibited
mould growth on the bamboo T. siamensis.

This investigation has shown that treatment of
the bamboo T. siamensis with medium molec-
ular weight chitosan and Chitosan-copper com-
plexes can be protected from moluding. How-
ever, there are significant differences in efficacy
of antimould treatments for the bamboo species
(Schmidt et al., 2011). A previous study of Sun
el al., 2012 indicated that Moso bamboo treated
with Chitosan-copper complexes not being effec-
tive against moulds such as Trichoderma viride
and Aspergillus niger. Hence, further experiments
regarding mould susceptibility of different bam-
boo species may be of interest.
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4. Conclusions

Treatment of the bamboo T. siamensis by
medium molecular weight chitosan and Chitosan-
copper complexes could completely prevent
moulding during the exposure period of at least
eight weeks, whereas the bamboo T. siamensis
treated with low molecular weight chitosan was
not effective against moulds. Treatments with
medium molecular weight chitosan at the concen-
tration of more than or equal to 3% and Chitosan-
copper complexes at the concentration of more
than or equal to 4% completely inhibited mould
growth on the bamboo species.
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Bamboo the plant and its uses (257-298). Hamburg,
Germany: Springer.

Mekahlia, S., & Bouzid B. (2009). Chitosan-copper (II)
complex as antibacterial agent: synthesis, characteriza-
tion and coordinating bond-activity correlation study.
Physics Procedia 2, 1045-1053.

Schmidt, O., Wei, D. S., Liese, W., & Wollenberg, E.
(2011). Fungal degradation of bamboo samples. Holz-
forschung 65, 883-888.

Sun, F., Chen, A., & Duan X. (2012). Mould-resistance of
bamboo treated with the compound of chitosan-copper
complex and organic fungicides. Journal Wood Science
58, 51-56.

Sun, F. L., Duan, X. F., Mao, S. F., & Wen, G. F.
(2007). Decay resistance of bamboo wood treated with
chitosan-metal complexes against the white-rot fungus
Coriolous versicolor. Scientia Silvae Sinica 43, 82-87.

The Journal of Agriculture and Development 18(3) www.jad.hcmuaf.edu.vn

http://jad.hcmuaf.edu.vn

	Introduction
	Materials and Methods
	OEE measurement
	SMED methodology
	Results and Dicussion
	Conclusions
	Introduction
	Materials and Methods
	Response Surface Methodology (RSM) and Central Composite Design
	Manufacturing three-layer particle board
	Testing the particle boards investigated
	Results and Discussion
	Properties three-layer particle board investigated
	Effects of surface to core layers ratio and resin ratios for the layers on properties of particle board
	Regression and Adequacy of the Model and optimal condition
	Conclusions
	Introduction
	Materials and Methods
	Laboratory experiment
	Experiment for field tests
	Results and Discusion
	Laboratory test
	Field test
	Conclusions
	Introduction
	Materials and Methods
	Experimental design, animals and housing
	Experimental diets and animal feeding
	Feed sample analyses
	Assessment of growth performance and survival rate
	Statistical analysis

	Results and Discussion
	Growth performance
	Survival rate


	Conclusions
	Introduction
	Materials and Methods
	Sample collection
	Isolation of Vibrio spp. from the samples
	Antimicrobial susceptibility testing
	Investigation of virulence gene of Vibrio spp. by PCR
	Data analyses
	Results
	Prevalence of Vibrio spp. from the samples
	Antimicrobial susceptibility testing
	Virulence gene of Vibrio spp. in shrimp samples
	Discussion
	Prevalence of Vibrio spp. from the sample
	Antimicrobial susceptibility testing
	Virulence gene of Vibrio spp. in shrimp samples

	Conclusion
	Introduction
	Materials and Methods
	Sample collection
	Isolation method
	Preparation of samples for PCR
	Electrophoresis
	Results and Discussion
	Proportion of positive samples diagnosed with PCR
	Proportion of samples with co-infection of 2, 3, and 4 bacteria
	Conclusions
	Introduction
	Materials and Methods
	Experimental design, birds, and housing
	Diet, feeding, and lighting program
	Chemical analyses
	Assessment of productive performance and egg quality 
	Statistical analysis
	Results
	Productive performance
	Egg quality
	Survival rate and fecal moisture content
	Discussion
	Conclusions
	Introduction
	Materials and Methods
	Materials
	Methods
	Data collection and field surveys
	GIS and mapping
	Data analysis
	Assessment method for the natural, economic and ecological planning for pineapple
	Results and Discussion
	Identification of land quality adaptation
	Identify the adaptation of land based on the natural ecological conditions
	Identify the adaptation of land based on the economical conditions
	Identify the economical adaptation of land
	Identify the adaptation of land for pineapple based on economy and ecology
	Conclusions
	Introduction
	Materials and Methods
	Materials and chemicals
	Methods
	Extraction of galangal essential oil
	Determined of DPPH free radical scavenging activity
	Preparation of the coating material and oil loading
	Spray drying
	Determination of encapsulation efficiency
	Solubility and moisture content
	Scanning electron microscopy (SEM) of essential oil powders
	Statistical analysis
	Results and Discussion 
	Extraction essential oil yield
	Microencapsulation lesser galangal (A. officinarum) essential oil by spray drying
	The moisture content and solubility
	The antioxidative activity of essential oil powder
	SEM microstructure
	The solubility of powder in different solvents
	Conclusions
	Introduction
	Materials and Methods
	Banana flour processing
	Analysis
	Production yield
	Water activity
	Proximate
	Amylose content
	Phenolic compound
	Resistant starch
	Total dietary fibre
	Functional properties
	Thermal properties
	Pasting properties
	Statistical analysis
	Results and Discussion
	Production yield and water activity
	Proximate analysis
	Total dietary fibre, resistant starch, amylose content and phenolic compound
	Functional, thermal and pasting properties
	Conclusion


































