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Mohammad Jakir Hossain?, Rupak Kumar Ghosh?, Atanu Kumar Das®, Shambhu Chandra Nath?,
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ABSTRACT

Determination of the chemical composition of biomaterial is important for their valued utilization
in biorefinery. In this study, the chemical composition of five bamboo species, i.e., mitinga

KEYWORDS
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(Bambusa tulda), borak (Bambusa balcooa), rengoon (Thyrsostachys oliveri), orah (Dendrocalamus
longispathus), and bajja (Bambusa vulgaris) were determined. The chemical characterization of
these bamboo species can expedite a further study on the extraction of cellulose and lignin.
a-cellulose content was in the range of 42.7-45.7% and Klason lignin content was 22.4-28.2%.
The ash content was 1.8-4.3% for the studied five bamboo species. The a-cellulose and lignin
content were similar to other non-timber spices. The ash content was lower than other non-
timber species. Therefore, these species can be a potential source of raw material for biorefinery.

Introduction

Sustainability and environmental conservation are the
most emergent and dominated affairs that are related
to the use of renewable resources, which are devoted
worldwide."'®! The use of raw materials and products
that are renewable, sustainable, and biocompatible has
emerged a sturdy interest in the world. In this con-
text, the demand for a substitute to resources, which
mitigated the environmental problems, has been
populated.'! Over the past few decades, bamboo has
received ever more attention as a renewable, fast-
growing resource.!! Research has progressed rapidly
due to its wide availability and material characteristics
comparable to wood. Non-timber forest products
(NTFP) like bamboo play a major role in mitigating
the pressure on slow-growing forest resources and the
growing demand for qualitative timber.') Recently,
there are also growing interested in the utilization of
bamboo for pulp production,!®”! nanofiber extrac-
tion,'™  composite materials,”?"'*! biofuel produc-
tion,!"*"'®) and wastewater treatment.!’”’

Bamboo, a perennial woody grass, plays a signifi-
cant role as a material for consumer products. With
its high growth rate, awide range of applications, and

renewability, bamboo resources occupy a noteworthy
position in the twenty-first century as a versatile and
vital raw material.'® It attains maturity in 3 years as
compared to wood, which takes almost more than
20 years."®! It is one of the fastest-growing plants that
grow in the unproductive area. New shoots are gener-
ated from harvested clum as root structure remains
alive after harvest.”>*") Bamboo grows in plains, hilly,
and high altitude mountainous regions, and in most
kinds of soils, except alkaline soils, desert, and
marsh.?? 1t is widely distributed in Asian countries
and has become one of the most potential renewable
non-woody cellulosic materials because of its high
rapid growth, and easy propaga-

The annual production of bamboo is
[23]

productivity,
tion, [8:16:20]
approximately 20 million tons globally.
Chemical characterization of raw material is vital in
determining its suitability for various applications and
treatments. The accurate compositional analysis enables
the evaluation of potential conversion yields and pro-
cess economics.**! Knowledge of the physico-chemical
properties of bamboo is essential for effective utilization
of bamboo since Information regarding basic properties
is very confined. In Bangladesh, there are many
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bamboo species, which are widely used as a household
material. However, due to advanced processing technol-
ogy and increased market demand, it has been
extended to industrial applications, i.e., pulp and paper,
furniture, and construction. Since many bamboo spe-
cies remain unutilized, research is needed to determine
their properties so that appropriate technologies can be
developed to exploit them.

Therefore, the proposed study was undertaken for
the chemical characterization of five bamboo species.
Their proper end uses were discussed based on the
results obtained from chemical analysis.

Material and methods
Raw materials

The mature (3-4years) culms of five bamboo species,
namely mitinga (Bambusa tulda), borak (Bambusa
balcooa), rengoon (Thyrsostachys oliveri),
(Dendrocalamus longispathus), and bajja (Bambusa
vulgaris), were sourced from Keucia silvicultural
research station, Bangladesh Forest Research Institute
(BFRI), Satkania, Chattogram (92°24'E and 93°15'E
longitude and 24°22'’N and  25°8'N  lati-
tude), Bangladesh.

Reagent grade (>95% purity) sodium hydroxide
(NaOH), acetic acid (CH;COOH), sodium chlorite
(NaClO,), and sulfuric acid (H,SO,) were received
from Carolina Biological Supply Company, New York
City, USA. Analytical grade (>95% purity) benzene
sourced from Merck KGA,

orah

and ethanol
Darmstadt, Germany.

were

Preparation of raw material

The bamboo culms were cut at 15cm above ground
level and then subdivided equally into the top, middle
and basal portions according to their total length. The
internodes of each portion were cut into small strips
and chipped by a hammer mill. The chips were dried
in the sun and milled by a Wiley mill to get fine par-
ticles and the powder of three portions mixed thor-
oughly to obtain a representative sample of a whole
bamboo. The powders were then sieved to obtain in
the range of <40 mesh to >60 mesh. This procedure
was applied for all five species used in this study. The
powders were stored in an air-tight container for fur-
ther analysis. The sample preparation is presented in
Figure 1.
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Figure 1. Preparation procedure of bamboo powder for chem-
ical analysis.

Chemical analysis

Chemical analysis of five bamboo species was con-
ducted based on TAPPI standards. Solubility, extract-
ive content, cellulose content, lignin content, and ash
content were analyzed in this study.

Solubility

Water and alkaline solubility were measured. For
water solubility, both cold and hot water solubility
was studied. T-207 cm-99 standard was used to ana-
lyze cold and hot water solubility and alkaline solubil-
ity was determined by T-212 om-02 standard.

Cold water solubility

The sample (2 g) was placed in a 500 ml beaker, and
300ml of distilled water was added to the beaker.
After completely wetting the sample, extraction was
carried out with constant stirring at room temperature
(23°C) for 48h. The mixture was then transferred to
a tared filtering crucible and washed with 200 ml of
cold distilled water. After that, it was dried at 105°C
to a constant weight. The following equation was used
to calculate the cold water solubility.

Cold water solubility (%) = [(A — B)/A] x 100

where A and B are before and after extraction weight
(dry mass) of the test specimen, respectively.

Hot water solubility

The sample (2 g) was put in a 250ml conical flask,
and 100 ml of hot distilled water was poured into the
flask. The mixture was placed in a boiling water bath
and digested by the reflux condenser for 3h. Then,
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the mixture was transferred to a tared filtering cru-
cible and washed with 200 ml of hot distilled water. It
was dried at 105°C until reaching constant weight.
The calculation of hot water solubility was done using
the following equation.

Hot water solubility (%) = [(A — B)/A] x 100

where A and B are before and after extraction weight
(dry mass) of the test specimen, respectively.

Alkaline solubility

The sample was (2 g) kept in a 500ml conical flask,
and 100ml of 1% NaOH solution was added. The
mixture was stirred with a glass rod, and it was then
placed in a water bath at 97-100°C for a period of
60 min. After that, it was transferred to a tared filter-
ing crucible and washed with 100 ml of hot water. In
the next, it was soaked in 25ml of 10% CH;COOH
for 1min followed by soaking in 15ml of 10%
CH;COOH for 1min. Finally, it was washed with hot
water until the complete removal of the remaining
acid. Alkaline solubility was calculated using the fol-
lowing equation.

Alkaline solubility (%) = [(A — B)/A] x 100

where A and B are before and after extraction weight
(dry mass) of the test specimen, respectively.

Extractive

Extractive content was determined following the T-
204 cm-97 standard a 5 g sample was used for this
analysis. The solvent was a mixture of benzene and
ethanol in the ratio of 2:1 and kept in a flask. Soxhlet
apparatus was used to extract extractive for a period
of a period of 4-5h. The solvent was evaporated and
the flask was dried at 105+3°C for 1h followed by
cooling in a desiccator and weighing. The extractive
content was determined using the following equation

Extractive content (%) = [(W,-W,)/W,] x 100

where W,, W,, and W, are the weight (dry mass) of
the flask with the extractive, bamboo powder, and
flask, respectively.

Cellulose

Holocellulose and o-cellulose were determined to
identify the cellulose content of five bamboo species
for this study. Holocellulose and o-cellulose were ana-
lyzed by following the standard of T 249-75 and T
203 cm-99, respectively.

Holo-cellulose

A two-gram extractive-free sample, 160 ml of distilled
water, 0.2ml of cold CH;COOH, and 1g of NaClO,
were placed in a 250 ml flask. It was then placed into
a water bath at 70-80°C for 5h. One gram of
NaClO, and 0.2 ml of cold CH;COOH were added to
the mixture with continuous stirring in a 1h interval.
At the end of 5h, the flasks were placed in an ice
water bath and filtered into a known weight of coarse
porosity fritted-glass crucible. The residue was washed
with acetone followed by ethanol. The crucibles were
then oven-dried at 105°C and weighed until a con-
stant weight was reached. The following equation was
used to determine the holocellulose content.

Holo — cellulose content in bamboo (%)
= (W3—W4)/(100 X Wz) X (100—W1)

Where W, is alcohol-toluene extractive content
(percent), W,, W3, and W, were weight (dry mass) of
samples, residue and crucible, and crucible,
respectively.

a-Cellulose

A 3g of oven-dried holocellulose sample was placed
in a 250 ml Erlenmeyer flask and it was then put in a
water bath maintaining a temperature of 20 °C. Then,
50ml of 17.5% NaOH solution was poured into the
flask and mixed thoroughly for one minute. After
that, the specimen was allowed to react with the solu-
tion for 29 min followed by adding 50 ml of distilled
water and mixing for another minute. The mixture
was kept for another 5min to complete the reaction,
and it was filtered using a known weight of fritted-
glass crucible with the aid of vacuum suction. The
residue was washed with 50ml of 8.3% NaOH fol-
lowed by 40ml of 10% CH;COOH, and 1000 ml of
hot distilled water. The crucible was oven-dried in an
oven at 103+2°C until obtaining a constant weight.
o-Cellulose was determined using the following for-
mula.

o — cellulose (%) = (W3- Wy)/(100 x W,) x W,

where W) is holocellulose content (percent), W,, W3,
and W, were weight (dry mass) of holo-cellulose sam-
ple, residue and crucible, and crucible, respectively.

Lignin
Klason lignin content was analyzed based on the T-
222cm-02 standard. A 2g of extractive free bamboo
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Figure 2. Cellulose content of five bamboo species.

powder was placed in a beaker and 40.0ml of 72%
H,SO, was added and stirred with a glass rod con-
tinuously until complete dispersion of the sample. It
was then transferred to the flask and 1540 ml of hot
water was added to the mixture. The mixture was
boiled for 4h, maintaining constant volume by the
addition of hot water frequently. After that, it was
kept overnight. Then, it was filtered using a known
weight of fritted-glass crucible by the aid of vacuum
suction and washed with hot water to remove the
residual acid from the lignin. The residue containing
the crucible was oven-dried at 103 +2°C until obtain-
ing a constant weight. Klason lignin content was cal-
culated using the following equation.

Klason lignin content(%) = [(W,-W3)/W;] x 100

where W;, W,, and W; were the weight (dry mass) of
the sample, residue and crucible, and crucible,
respectively.

Ash content

The ash content was determined according to the
standard of T211om-93. A 5g of bamboo powder was
put in the known oven-dry weight of the crucible.
Then, it was ignited at a temperature of 575+25°C
for 5h. The crucible containing residue was placed in
a desiccator to cool down and weighed. The ash con-
tent was calculated based on the following equation.

Ash content (%) = [(W,-W3)/W;] x 100

where Wy, W,, and W; were the weight (dry mass) of
the sample, residue and crucible, and crucible,
respectively.

Results and discussions
Cellulose

Holo-cellulose and o-cellulose content of five bamboo
species are presented in Figure 2. B. balcooa showed the
highest amount (70.5%) of holo-cellulose and it was sig-
nificantly higher than that of B. tulda, T. oliveri, D. long-
ispathus, and B. vulgaris. o-Cellulose content was in the
range of 42.7-45.7% and B. tulda had the highest con-
tent (45.7) of o-cellulose. The w-cellulose content of five
bamboo species was similar to Neosinocalamus affinis
(44.9%) observed in the previous study.!"” It was higher
than non-wood species, i.e., M. sapientum (39.4%), E.
crassipes  (352%), and a frond of C. nucifera
(40.2%).12>%) In comparison to wood and other bamboo
species, five bamboo species showed more or less similar
content of cellulose in the present study.

Lignin

The measured Klason lignin content of five bamboo spe-
cies has been shown in Figure 3. The lowest Klason lignin
content (22.4%) was observed for B. balcooa. It was signifi-
cantly lower than the other four bamboo species. The
range of Klason lignin content was 27.5-28.2 for B. tulda,
T. oliveri, D. longispathus, and B. vulgaris. It was the lower
and similar value of N. affinis (28.2%) obtained from the
previous study. In other studies, M. sapientum (14.2%), E.
crassipes (15.3%), and a frond of C. nucifera (19.9%)
showed the lower value of Klason lignin content.*>?®! The
Klason lignin content of five bamboo species was com-
paratively similar to other bamboo and wood species.

Solubility

Figure 4 represents the solubility of five bamboo spe-
cies. B. tulda showed the highest solubility (26.30%)
in 1% NaOH solution. B. vulgaries was more suscep-
tible to both cold (10.56%) and hot water (16.28%)
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Figure 3. Klason lignin content of five bamboo species.
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Figure 5. Extractive content of five bamboo species.

than other species in this study. Cellulose is more
resistant but xylan is soluble to NaOH,*”! which may
cause the higher solubility in 1% NaOH solution.

Extractive

The benzene-ethanol extractive content of five bam-
boo species is shown in Figure 5. The highest

extractive content (4.85%) was found for B. balcooa
and it was the lowest (2.12%) for B. vulgaris. The hex-
ane extractive of M. sapientum, E. crassipes, and a
frond of C. nucifera was 1.1, 2.4, and 3.4%, respect-
ively and acetone extractive of them was 2.6, 3.8, and
4.4, respectively.!”” The extractive content of five
bamboo species of this study was in the range of other
non-wood species.
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Figure 6. Ash content of five bamboo species.

Ash

Ash content of five bamboo species has been pre-
sented in Figure 6. The ash content was 1.8-4.3% for
five bamboo species. The determined ash content was
the highest (4.3%) for B. vulgaris and it was the lowest
(1.8%) for B. balcooa. The ash content of M. sapien-
tum, E. crassipes, and a frond of C. nucifera was 18.3,
10.2, and 5.6%, respectively.”® The bamboo species
had a lower amount of ash content compared to other
non-wood species obtained from previous studies.

Future prospective of five bamboo species

Cellulose and lignin are the most valuable resources for
developing value-added products. The forest is the main
source of cellulose and lignin leading to deforestation.
Considering the environmental issues and sustainability
of biorefinery, alternative resources are crucial. Non-tim-
ber forest resources can contribute to mitigating the prob-
lem of raw material shortage. Bamboo is fast-growing,
and it can harvest in three years. The significant content
of cellulose and lignin and less amount of ash of five bam-
boo species compared to other non-wood species can
appeal to consider them as an alternative source of cellu-
lose and lignin.

Conclusions

Chemical analysis has been conducted for five bam-
boo species in this study. Cellulose and lignin content
was more or less close to the wood and other non-
timber species. The ash content was lower than other
non-timber species. Lower ash content and higher cel-
lulose and lignin content of these bamboo species
indicate the potential source of raw material for the
biorefinery. Further studies are needed to develop a
suitable cellulose and lignin extraction method for

these new raw materials. It can help contribute as an
alternative source of raw material in biorefinery.
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