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Determining the variation of chemical properties of thermally treated Bambusa 
vulgaris is important to provide the information of the responses of the chemical 
constituents to the bamboo modification against biodegradation. This research was 
therefore conducted to determine the chemical properties of thermally modified 
Bambusa vulgaris. Two hundred and seventy (30 x 2 x 0.5 cm) bamboo strips 
dimension were thermally modified in a heat-chamber at 100, 110, 120, 130 and 140 
°C each, for 10, 20 and 30 minutes, under constant pressure (220 N/m2) in factorial 
arrangement in completely randomised design with 5 replicates. Unmodified strips 
served as control. Chemical characteristics (cellulose, hemicellulose, lignin and ash 
contents) were determined using standard procedures. The mean variation range of 
the control to 140°C/30 minutes of the thermally modified samples is as follows; the 
cellulose value ranged from 46.46±0.11% to 42.19±0.18%, hemicellulose from 
35.59±0.10% to 31.80±0.01%, lignin from 29.11±0.12% to 26.17±0.13%, ash from 
0.92±0.02% to 0.63±0.01%; the study also revealed that there were decrease in each 
chemical constituent value varies from a lower to a higher temperature and time 
regime proportionally except in the lignin content. Increase in temperature and time 
of thermal modification reduced the chemical characteristics of Bambusa vulgaris 
which resulted to reduction in the level of sugar contents (cellulose) of bamboo which 
enables it to be less attractive to both fungi and termite attack hence extending the 
service life of bamboo in use.  
 

Contribution/Originality: This study is one of very few studies which have investigated chemical compositions 

of Bambusa vulgaris in response to thermal treatment in Nigeria, also this study contributes to the existing literature 

as a base line information on the optimum temperature and heating period of thermal treatment of bamboo. 

 

1. INTRODUCTION 

Thermal treatment of wood creates a temporary or permanent change and improve some wood properties. The 

actions of thermal treatment on wood are compounded because they involve changes in the physical and chemical 

properties of the wood micro nature and in the cell wall components. Heat treatment causes swelling of the wood 

cells and through the action of hydrolysis of certain compounds and extraction of various extractives, thermal 
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treatment of bamboo is an economical driven technology, therefore it uses heat as a medium to modify the structure 

and chemistry of bamboo to achieve desired characteristics [1]. 

The chemical constituents of bamboo are function of its properties and also influences its utilization. There are 

about 90% of the total mass of cellulose, hemicellulose and lignin in the main chemical constituents of bamboo, 

while about 10% amount to compound of resins, tannins, waxes and inorganic salts Chaowana [2]. Tomalang, et al. 

[3], in their study found that the main constituents of bamboo culms are holocellulose (60-70%), pentosans (20-

25%), hemicelluloses and lignin (each amounted to about 20-30%) and minor constituents like resins, tannins, waxes 

and inorganic salts. There is a similarity in the proximate chemical composition of bamboo and hardwoods, except 

for the ash, silica content and higher alkaline extract. The major importance of the carbohydrate content of bamboo 

is its roles in durability in extending the service life of bamboo materials in use. There is a strong association 

between durability of bamboo against mold, fungi and borer and chemical constituents [4].  

The changes in chemical constituents of wooden materials and bamboo structures in thermal processes are 

usually caused by the modification in hemicellulose, cellulose and lignin which perhaps affects the physical and 

chemical properties of the wood [5, 6]. The utilization of bamboo particularly for structural application is 

associated with rapid bio-deterioration in service [7] reported that thermal treatment is an effective method of 

bamboo preservation, as it reduces the infestation of insects’ attack, notwithstanding the relative and undesirable 

decrease in the strength properties [8] reported that, the culms exhibit different chemical composition in the 

contents of extractives, holocellulose, Alpha-cellulose, lignin and ash between the bamboo species, location in the 

culms and position at the nodes and internodes. Heat treatment reduces sugar content of bamboo and can therefore 

enhance its adhesion in service use; the absolute knowledge of the chemical constituents in the bamboo species will 

encourage the use of the bamboo materials in the forestry industrial sector and help to boost their utilization in the 

chemical and biochemical firms.  

Recently, many scientists have conducted research on thermal treatments. It is an economical and eco-friendly 

method to modify bamboo. This method can reduce the hydrophilicity of bamboo and modify its weather resistance 

[9]. This study was aimed at determining the chemical properties of thermal modification of Bambusa vulgaris with 

the aim of providing a baseline information on chemical variation and modifying the sugar content of the samples. 

 

2. MATERIALS AND METHODS 

2.1. Experimental Design 

The experiment was of three factors; Culm sampling height (sampling height base (10%), middle (50%) and top 

section (75%).; Temperature variation and Time duration with their levels; (0°C), 100 °C, 110°C, 120 °C, 130 °C, 

140 °C; 10minutes, 20minutes and 30minutes, respectively. The treatment samples were experimented under the 

listed above factors with 5 replicates to give a total of 270 test samples for each of the Chemical properties 

(including Hemicellulose content, Alpha-cellulose content, Klason lignin content, hot Ash content, Holocellulose 

content Experimental design adopted was a 3x3x6 factorial in a completely randomized design. Duncan Multiple 

Range Test (DMRT) was used to separate the treatment means where significant differences occurred in the 

ANOVA. 

 

2.2. Determination of Chemical Properties of Bamboo 

The chemical properties test of thermally treated and untreated bamboo samples was carried out at Nigerian 

Institute of Science Laboratory Technology (NISLT), Ibadan, Nigeria. The internodes of each height location were 

cut for chemical analysis, the samples were milled in a milling mill. The milled bamboo samples were placed in a 

shaker with sieves to pass through a No. 40 mesh sieve (425-µm). The resulting material was placed in glass jars 

labelled with appropriate code for chemical analysis. 
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2.3. Alpha-Cellulose Content test 

A three-gramme oven-dried sample was used placed in a 250ml Erlenmeyer flask with a small watch glass 

cover. The flasks were placed into water bath that was maintained at 20 °C. The sample was treated with 50 ml of 

17.5 percent NaOH and thoroughly mixed for one minute. After the specimen is allowed to react with the solution 

for 29 minutes, 50ml of distilled water was added and mixed well for another minute [10]. 

The formula for alpha-cellulose content in bamboo is as follows;  

Alpha-Cellulose (percent) =       ……………..(Equation 1) 

Where;  

W1=Holocellulose content (%). 
W2=Weight of  oven-dried sample of  holocellulose (grammes). 
W3=Weight of  oven-dried crucible (grammes). 

W4=Weight of oven-dried residue and crucible (grammes). 

 

2.4. Holocellulose Content Test 

A two-gramme sample of oven-dried extractive-free bamboo was weighed and placed into a 250 ml flask with a 

small watch glass cover.  The crucibles were then oven-dried at 103 ± 2°C, then cool in a desiccator, and weigh 

until a constant weight was reached [11]. 

The formula for the holocellulose content in bamboo is as follows; 

Holocellulose content in bamboo (%) ………………….(Equation 2) 

W1=Alcohol-toluene extractive content (%). 
W2=Weight of  oven-dried extractive-free sample (grammes). 
W3=Weight of  oven-dried crucible (grammes). 

W4=Weight of oven-dried residue and crucible (grammes). 

 

2.5. Klason Lignin Content test 

A one-gramme, oven-dried sample of extractive-free bamboo was placed in a 150 ml beaker. Fifteen (15) ml of 

cold sulphuric acid (72%) was added slowly while stirring steadily. The reaction was allowed to proceed for two 

hours with frequent mixing in a water bath maintained at about 20 °C. after two hours of the reaction, the specimen 

was transferred by washing it with 560 ml of distilled water into a 1,000 ml flask, diluting the concentration of the 

sulphuric acid to three percent (3%). A medium condenser was attached to a flask. The apparatus was placed in a 

boiling water bath for four hours. The flasks were removed from the water bath and the insoluble material was 

allowed to settle. The contents of the flasks were filtered by vacuum suction into a fritted-glass crucible of a 

determined weight. The residue was washed free of acid with 500 ml of hot tap water and then oven-dried at 103±2 

°C. Crucibles were cooled in a desiccator and weighed until a constant weight is obtained [12]. 

The formula for Klason lignin content of bamboo is as follows: 

Lignin content in bamboo (%) = ……………                     (Equation 3) 

W1=alcohol-toluene extractive content (%). 
W2=weight of oven-dried extractive-free sample (grammes). 
W3=weight of oven-dried crucible (grammes). 

W4=weight of oven-dried residue and crucible (grammes). 

 

2.6. Ash Content Test 

An empty crucible was ignited and covered in the muffle at 600 °C then later cooled in a desiccator, and 
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weighed to the nearest 0.1 mg. two (2) grammes sample of air-dried bamboo was placed in the crucible, then the 
weight of crucible plus specimen was determined, then placed it in the drying oven at 103±2 oC.The sample was 
removed with the crucible cover removed, then cooled in a desiccator and weighed until the weight was constant. 
The crucible and contents were placed in the muffle furnace and ignited until all the carbon was eliminated. The 
content was heated slowly at the start to avoid flaming and protect the crucible from strong drafts at all times t o 
avoid mechanical loss of test specimen. The temperature of final ignition was 570 °C to 600 °C. Then the crucible 
with its contents was removed and place in a desiccator to cool, the cover was replaced loosely, then content was 
cooled and weighed accurately. The heating was repeated for 30 minutes duration until the weight after cooling 
was constant to within 0.2 mg [13]. 

The formula for ash content in bamboo is as follows; 

Ash content (%) =   ………….        (Equation 4) 

Where; 
W1=weight of  ash (grammes). 

W2=weight of oven-dried sample (grammes). 

 

3. RESULTS AND DISCUSSION 

3.1. Alpha Cellulose Content 

The variation in mean value of percentage cellulose content of the thermal-modified Bambusa vulgaris is 

presented in Figure 1. At the base, it ranged from 41.79 to 41.02%, the mean percentage value for middle samples 

ranged from 42.73 to 42.21% while for the top samples ranged from 43.49 to 43.41%. The heat treatment 

impacted the cellulose content of Bambusa vulgaris slightly because of the mild temperature variation (°C) 

adopted. There was a percentage decrease in the cellulose content of bamboo culm from the top to the base, 

notwithstanding there was a slight decrease in the mean value of cellulose content from 100 to 140 °C also the 

treatment time (minutes) affected the cellulose content. There is an increasing trend in the percentage of 

cellulose content value from base to top, the untreated bamboo top samples had the highest percentage cellulose 

content (46.56%) as shown in Figure 1. This view was reported by Bremer, et al. [14] on the chemical 

composition of thermal-modified two Vietnamese bamboo species; namely Dendrocalamus barbatus, Dendrocalamus 

asper, at temperature variation(°C) 130, 160 and 180°C with respective treatment time(minutes); 2  hours and 5 

hours, Their percentages cellulose content ranged from 50.7 to 46.13% for Dendrocalamus barbatus, ranged from 

49.41 to 47.01% for Dendrocalamus asper, the modified samples showed a continuous decrease during modification 

in respect to increase in temperature and time variation, but only a maximum loss of 5% of cellulose was 

observed for both species. Cellulose is fairly impacted by thermal treatment compared with the other chemical 

constituents in bamboo this is in agreement with the studies of Xiaomeng, et al. [1], Comparing thermal treated 

with untreated samples, it was observed that the contents of cellulose and hemicellulose in treated bamboo 

decrease. With the increase of heat treatment temperature, the contents of cellulose and hemicellulose decrease 

gradually. The reason for decrease of cellulose content is specifically due to the volatilization of small molecular 

degradation products during the process of oil-heat treatment [15]. Cellulose as the main component exhibited a 

higher thermal stability than hemicellulose because of its crystallinity, this could be attributed to a shortening of 

cellulose chains. The follow up test further revealed the interaction effect between temperature variation and time 

Table 1. 

 
Figure-1. Showing the Alpha Cellulose content for untreated and thermal-modified Bambusa vulgaris. 
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Table-1. DMRT Conducted on the Mean Values Obtained for chemical properties of  thermal modified Bambusa vulgaris. 

Temperature (°C) Time 
(minutes) 

Mean 

Cellulose Hemicellulose Holocellulose Lignin Ash 

Untreated Untreated 46.46f 35.59f 75.34c 29.11f 29.11f 

100 10 42.80b 32.55b 74.99b 25.74a 25.74a 

100 20 42.58a 32.41b 75.10a 25.76a 25.76a 

100 30 42.63a 32.46a 74.98c 25.78b 25.78b 

110 10 42.61b 32.37b 74.81b 25.82a 25.82a 

110 20 42.52a 32.29b 74.55a 25.83a 25.83a 

110 30 42.42a 32.13a 74.46c 25.85b 25.85b 

120 10 42.47b 31.99b 74.56b 25.87a 25.87a 

120 20 42.35a 32.21b 74.28a 25.90a 25.90a 

120 30 42.32a 31.96a 74.28c 25.94b 25.94b 

130 10 42.31b 31.97b 74.24b 26.00a 26.00a 

130 20 42.37a 31.87b 74.04a 26.01a 26.01a 

130 30 42.26a 31.77a 74.23c 26.05b 26.05b 

140 10 42.42b 31.80b 73.80b 26.11a 26.11a 

140 20 42.02a 31.78b 73.99a 26.13a 26.13a 

140 30 42.19a 31.80a 82.05f 26.17b 26.17b 
 Note: *Represents significance at 5% level of  probability, while superscript letter represents difference between each factor. 

 

3.2. Hemicellulose 

The variations in hemicellulose percentage content in sampling height, Temperature variation (° C) and 

treatment time (minutes) were significant at 5% level Figure 2. Hemicellulose content mean values variation are 

presented in Figure 2. The untreated samples at top samples recorded the highest percentage hemicellulose content 

36.69%. The values of percentage hemicellulose content of the thermal-modified Bambusa vulgaris at the base varied 

from 30.73 to 30.24%, at the middle samples the mean value ranged from 32.71 to 32.11%, while at top samples 

ranged from 33.98 to 33.09%. In this study, the percentage of hemicellulose content was highest in the untreated 

samples, there was a decreasing pattern from top to base, and the least percentage hemicellulose content values 

were recorded at the temperature 140 °C-30minutes. This is a general trend with bamboo thermal-modified, 

according to Bremer, et al. [14], this is because thermal treatment causes a lot of changes to physical characteristics 

of the bamboo such as Equilibrium Moisture Content (EMC), colour and mass, all of which are adversely affected by 

changes in chemical composition, most especially hemicellulose content [14]. Species with higher hemicellulose 

content might present a substantial increase in hydrophobicity after treatment. In addition to changes in the 

hydrophobic character, the densification of lignin chain is also a factor to explain the increased resistance to fungi in 

thermally treated woods [16]. The follow up test further revealed the interaction effect between temperature 

variation and time Table 1. 

 

 
Figure-2. Showing Hemicellulose for untreated and thermal-modified Bambusa vulgaris. 
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3.3. Holocellulose Content 

The result of analysis of variance showed that there was a significant variation in the sampling height, 

temperature variation (°C) and Treatment time (minutes) at 5% level of probability. The values obtained for 

holocellulose content are illustrated in Figure 3 and the mean values for each factor are presented in Table 1  There 

was a significant interaction effect among all the factors variable adopted. The mean value of Holocellulose content 

percentage ranged from 72.52 to 71.26% at the base, while at the middle samples ranged from 75.44 to 74.32%, the 

mean value for the top samples varied from 77.47 to 76.44%. The highest Holocellulose content percentage was 

recorded at the untreated top samples with percentage value 83.24%, there is a decreasing trend in the percentage 

holocellulose content ranging from top to base with respect to increase in temperature and time variation. The 

content of holocellulose showed a continuous decrease during the thermal modification. The influence of 

modification variation and time seemed to be similar. Degradation of holocellulose was stronger at temperature 140 

°C-20minutes, this result is in agreement with the studies by Nguyen, et al. [17]. Bamboo hemicelluloses contain 

about 7% acetyl groups [18]. These groups were separated from the chains by thermal exposure and formed acetic 

acid. This compound has a catalytic effect on the decomposition of the glycosidic bonds of holocellulose. 

Holocellulose includes cellulose and hemicelluloses, which have different thermal stabilities. The main components; 

holocellulose and lignin, have an important influence on the physical and mechanical properties of Bambusa vulgaris 

[17]. The follow up test further revealed the interaction effect between temperature variation and time Table 1. 

 

 
Figure-3. Showing Holocellulose for untreated and thermal-modified Bambusa vulgaris. 

 

3.4. Klason Lignin Content 

The values obtained for lignin content are illustrated in Figure 4. Lignin content varied consistently in 

decreasing order from base to top. However, the trend is in reverse in the temperature variation (°C), the 

percentage lignin contents increased with an increase in the temperature of variation and treatment time from 100-

10minutes to 140°C-30minutes. This gain in the Lignin percentage content is as a result of hydroxyl linkage of 

lignin. 

Based on the results, the percentage lignin variation is in contrary to the pattern of all other chemical 

constituents in Bambusa vulgaris and their response to heat modification, all the chemical constituents except Lignin 

in the wood decrease in their mean values, the highest lignin content is recorded at the untreated base samples 

(29.69%). The increasing pattern of the percentage lignin content of thermal-modified bamboo varied from top to 

base, this is in line with the [14] finding on the chemical composition variations of the thermal-modified 

Vietnamese bamboo species, namely Dendrocalamus barbatus, Dendrocalamus asper, at temperature variation (oC) 130, 

160 and 180°C with treatment time (minutes) 2 hours and 5 hours. Their percentage cellulose content ranged from 

25.19 to 37.22% for Dendrocalamus barbatus, ranged from 34.89 to 24.94% for Dendrocalamus asper, this is because by 
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means of Klason lignin analysis, all components are not soluble in concentrated Sulphuric acid, and bamboo lignin 

has a high content of unsaturated aromatic acids, as is typical for grass. These components can react with various 

decomposition products of hemicellulose. Furthermore, polymerisation of decomposition products of hemicelluloses 

is possible; the hydrophilic character will be weakened by a reduction of hydroxyl groups during decomposition of 

holocellulose. A decrease of Equilibrium Moisture Content with increasing temperature was detected for these 

samples (6, 14). The follow up test further revealed the interaction effect between temperature variation and time 

Table 1. 

 

 
Figure-4. Showing Lignin for untreated and thermal-modified Bambusa vulgaris. 

 

3.5. Ash Content  

There was a significant difference at 5% level of probability in sampling height, temperature variation (°C) and time 

duration, The average mean variation value Ash content percentage of the thermal-modified bamboo is presented in the 

Figure 5. The mean value ranged from 0.70 to 0.50% at base samples, also, the mean ranged from 0.75 to 0.66% at middle 

while from 0.86 to 0.75% at the top samples with treatment temperature and time; 100, 110,120,130 and 140°C and 10, 20 

and 30 minutes. The highest ash percentage content is recorded at the untreated top samples (0.95%) while the least value 

(0.55%) is found at the highest temperature and time level 140 °C-30minutes. The percentage ash content was highest at 

the untreated top samples; the thermal modification imparted the percentage ash content with a decreasing trend from 

top to base. Bambusa vulgaris ash content is quite high compared with some other species of bamboo, if silica is found in 

sufficient amounts (0.5% oven-dry1 weight), it can dull machining equipment [19]. The ash content of wood is made up 

of inorganic minerals, primarily calcium, potassium, and magnesium. Manganese and silica are two other common 

minerals. The follow up test further revealed the interaction effect between temperature variation and time Table 1. 

 

 
Figure-5. Showing Ash for untreated and thermal-modified Bambusa vulgaris. 
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4. CONCLUSION 

The result of this study shows the variation in chemical contents of thermally-modified Bambusa vulgaris, most 

affected compound of chemical structure was hemicellulose, cellulose and lignin. The percentage cellulose, 

hemicellulose, holocellulose except lignin contents decreased consistently from base to top samples, thermal 

modification reduced their contents significantly with an increased in the treatment temperature and time 

variations, content decreased significantly from base to the top samples, while ash content consistently decreased 

from top to base samples. According to this result, thermal modification reduced the chemical compositions of the 

treated samples thereby making treated bamboo in service to be less susceptible to fungi and termite because of low 

sugar in the treated bamboo strips. 
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