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Abstract: This study was conducted to determine the suitability of bast and core fibre derived from S. Officinarum bagasse (an
agricultural waste) for pulp and paper making. The bagasse was chipped and macerated in a 1:1 mixture of acetic acid and
hydrogen peroxide for three weeks to release the fibres. The fibre dimensions were measured under the microscope and
morphological indices calculated. Physicochemical properties (ash and moisture content, cold water, hot water and 1 % NaOH
solubility) were also determined using American Society for Testing and Materials (ASTM) method. The bast fibre was digested
with 2 and 4 M NaOH in ratios 1:10, 1:20 and 1:30 (w/v) at pulp time of 30, 60 and 90 minutes, respectively. The mean values
obtained for fibre length, fibre diameter, lumen width and cell wall thickness for both core and bast fibre were in the range 0.736
mm to 1.542 mm, 0.0237 mm to 0.0242 mm, 0.0178 mm, and 0.0025 mm to 0.0029 mm respectively. The morphological indices
for core and bast fibres were; 10.54 to 12.58, 0.35 to 5.81, 32.21 to 67.43 and 78.83 to 78.90 for coefficient rigidity, runkel ratio,
felting power, and coefficient flexibility respectively. It was observed that the best pulp yield was obtained with 1:10 (w/v) solid
to liquid ratio of 2 M NaOH solution at digestion time of 90 minutes. The papers produced were examined using Scanning
Electronic Microscope (SEM). The finding of this study revealed that bast fibre of S. Officinarum plant holds greater promise as a
sustainable alternative source for papermaking than the core fibre.

Keywords: Sugarcane Bagasse, Bast Fibre, Core Fibre, Pulp yield, Paper

|. Introduction

The pulp and paper industry is one of the biggest industries in the world, due to the high usefulness of paper in communication
and study, the production of papers has increased internationally and is still expected to expand in the nearest future [13].
Likewise, as a result of increase in birth rates and societal interest in education, paper technology is progressing because
electronic study methods cannot eradicate the usage of paper in education [18]. Paper is used for paperwork in offices and for
packaging in businesses, demonstrating its extensive applications, necessity, and enormous relevance in both developed and
developing nations like Nigeria [20]. According to [11], the importance of pulp and paper products in modern civilization's rise in
literacy cannot be overstated. These needs for paper have made ongoing study into the pulping and paper-making processes
necessary. As wood is regarded as the primary raw material for producing paper and wood-based panel products, the high
demand for wood consumption has a negative influence on the ecosystem, harms the environment, and increases greenhouse gas
emissions. This issue motivated researchers to look for additional raw materials other than wood for the production of paper.
Through extensive investigation, various non-wooden plants for creating paper have been identified, including hibiscus plants,
sisal, and kanef. Furthermore, it has been demonstrated that a variety of agricultural wastes, including rice straw, wheat straw,
cotton linters, corn stalks, and sugarcane bagasse, have the potential to be used in the production of paper. Since sugarcane
bagasse possesses long fibres, it is regarded as the most highly recommended agricultural raw material for pulp production [2, 3,
12]. Using bagasse as a source of fiber for paper manufacture is more environmentally friendly and sustainable than cutting down
trees, which can result in deforestation and biodiversity loss. Sugarcane is comparatively renewable because it can be grown in 6—
12 months as opposed to years like trees do.

Bagasse is the fibrous by product produced from sugar cane after the juice has been removed. Sugarcane (S. officinarum) is a
perennial grass [15], in comparison to other crop leftovers like wheat and rice straw, bagasse has a number of advantages.
Bagasse can be used to make paper in addition to serving as a raw material for the production of sugar. However, due to a lack of
knowledge, most sugar factories burn their waste instead of converting it into new applications. Another way to manage trash
and reduce environmental contamination is to continue using bagasse to make paper.

In addition to being a fibrous plant, bagasse needs to have its internal structure and various elements well examined in order to
provide enough knowledge about their impact on the types and quality of paper that may be created with them. Therefore, the
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purpose of this study was to examine the fiber properties, morphological indices and pulp yield of sugarcane bagasse for paper
making.

11. Materials and Methods
Sample Collection and Preparation

Twenty-five (25) pieces of sugarcane (S. officinarum) samples were collected from a local market in the Akinyele Local
Government Area of Ibadan, Oyo State, Nigeria (Plate 1). Following the extraction of sugarcane juice from the raw sugarcane,
bagasse was collected from each sample.

The extracts were later washed with distilled water to eliminate any residual sugar, oven dried at 100°C until constant weight was
observed. The dried bagasse samples were subsequently separated into bast and core by hand picking (Plate 2 and plate 3
respectively).

Plate 1: Raw Sugarcane Plate 2: Bast Bagasse fibre Plate 3: Core Bagasse fibre

Microscopic features of the fibres

The bast and core fibres were separated, sliced into fine threads, and allowed to soak for three weeks in beakers filled with a 1:1
solution of glacial acetic acid and 59% hydrogen peroxide [1]. To liberate the fibres, a magnetic stirrer was used to agitate the
beakers periodically. Following maceration, the fibres were stained with aqueous safranine and placed on glass slides using 20%
glycerol for light microscope viewing [7]. A stage micrometer with the following magnifications was used to measure the fibre
dimensions of each sample portion of the bast and core fibre: 10X for the fibre length, 4X for the fibre wall thickness, and 4X for
the fibre lumen width. The morphological indices were calculated in accordance with [14] as follows;

1. Felting power (slenderness) = Fibre length / Fibre diameter

2. Elasticity coefficient (%) = (lumen width / fibre diameter) x 100

3. Rigidity coefficient (%) = (Cell wall thickness / fibre diameter) x 100
4. Runkel ratio = (2 x Cell wall thickness) / Lumen diameter

5. Felting flexibility = (Fibre length / Cell wall thickness) x 100
Determination of Physiochemical properties

Moisture Content

This was done in accordance with [27]. Empty covered crucibles were heated in a muffle furnace at 600 °C, then allowed to cool
in a desiccator and weighed to the nearest 0.1 mg. 2g sample was added to each crucible, which were subsequently placed in the
drying oven at a temperature of 100-105 °C with the covers removed. After 1 hour, the crucibles were taken out, cooled in a
desiccator, and weighed until a constant weight was achieved, measured to the nearest 0.1 mg. The percentage of moisture was
determined based on the weight of the air-dried sample, using the following calculation:

W1-W2
X100
Wi

Moisture percent=

Where: W1 = Weight of the air dry sample and the crucible (g),
W, = Weight of the oven-dry sample and the crucible (g)

Ash content: This was done in accordance with [27]. The ash content was analyzed by taking 2 g of each moisture-free sample
and placing it in a crucible after removing its cover. This crucible was then positioned in a muffle furnace and heated until all
carbon was burned off. The test samples were gradually heated to prevent flare-ups and to safeguard the crucible from significant
cracking. The final ignition temperature was set between 580 and 600 °C; the crucible with its contents were stored in a
desiccator, and the cover was loosely replaced, then allowed to cool and weighed accurately. Heating was continued in 30-minute
intervals until the weight was stable within 0.1 mg after cooling. The percentage of ash content for each sample was calculated
using the weight of the moisture-free sample, as shown in the equation below:
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W1-W2
Ash percent= 1 ¥ 100

Where; W, = Weight of Ash (g), W. = Weight of oven-dry sample (g)
Determination of water solubility

Water solubility was determined in accordance with [27]. The methods adopted for water solubility determination are cold water
solubility and hot water solubility.

Cold water solubility: A 2 g portion of each sample, whose moisture content had already been established, was placed into a 400
ml beaker and covered with 300 ml of distilled water. The mixture was digested at a temperature ranging from 23 to 25 °C, with
regular stirring for a duration of 48 hours. The material was then filtered through a fritted-glass crucible using suction and was
washed with distilled water. The material was dried to a consistent weight at a temperature between 100 and 105 °C for about 4
hours, then cooled in a desiccator and weighed. The measurement obtained was utilized to calculate the cold water solubility for
each sample according to the formula stated below.:

Wi1-w2
Cold water solubility percent = " %100

Where: W, = Weight of moisture - free sample (g) and W- = Weight of dried sample after extraction with cold water (g)

Hot water solubility: A 2g portion of each test sample, after determining its moisture content, was placed in an Erlenmeyer flask,
followed by the addition of 100 ml of distilled water, and connected to the reflux condenser. The flask was then positioned in a
boiling water bath, ensuring that the solution within the flask was slightly below the water level in the bath, and heated gently for
a duration of 3 hours. The contents of the flask were filtered through a fritted-glass crucible using suction with hot water, and then
dried to a constant weight at a temperature range of 100 to 105°C for about 4 hours. Once dried, the sample was transferred to a
desiccator to cool before being weighed. The collected weight was utilized to calculate the hot water solubility for each sample
using the formula provided below;

Wi-W2
Hot water solubility percent = =y %100

Where: W1 = Weight of moisture - free sample (g) and W, = Weight of dried sample after extraction with hot water (g)
One percent Caustic Soda (1% NaOH) solubility determination

This was done in accordance with [27]. A total of 2 g of each test sample was placed into a 200 ml beaker, and then 100 ml of a
1% NaOH solution was added to each beaker. The mixture in the beakers was stirred and then placed in a boiling water bath for
one hour. After one hour, the mixture was filtered; the sawdust residue was thoroughly rinsed with 100 ml of hot water followed
by 500 ml of a 10% acetic acid solution. The residue was then dried until it reached a constant weight. The data obtained was
used to calculate caustic soda solubility using the formula stated below;

2 % 100

W1
Caustic Soda Solubility =

Where: W1 = Weight of moisture - free sample and W, = Weight of dried sample after caustic soda extraction.
Pulping Process

The Pulp Yield (PY) were determined using Technical Association of Pulp and Paper Industry (TAPPI) estimation method [28].
A total of 5g of each type of bast fibre was placed in three stainless steel cups, each containing 50 ml of 2M NaOH. These cups
were then placed inside a digester (Anchor 10 L pressure cooker) filled with 3 L of distilled water and heated to a temperature
exceeding 120°C for 30 minutes. The bagasse underwent cooking in the digester to separate the fibers by dissolving the lignin
present in the material. This procedure was repeated using 100 ml and 150 ml of 2M NaOH for 60 and 90-minute durations,
respectively. The experiment was conducted with 50 ml, 100 ml, and 150 ml of 4M NaOH for 30, 60, and 90 minutes,
respectively. After completing the digestion process, the residual NaOH and dissolved lignin were washed out from the fibers as

illustrated in Plate 4.
;“ :s — . = ’g
B e o s

Plate 4: Pulped bagasse bast fibre
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Paper production

Some of the pulped bast fibre shown in Plate 4 were mixed with water to create a smooth paste. Following this, approximately
500 ml of the blended pulped fiber was placed into a container and bleached from brown to white overnight using 20 mL of CIO;
along with a H>O and NaOH solution. The bleach was thoroughly rinsed off with water multiple times and then filtered using a
hand-made square sieve to create a filter mat on the sieve. The fiber suspension was poured onto a single-layer sieve, allowing
water to drain through the created mat, which was then dried to produce the final sheet of paper.

I11. Results and Discussion
Fibre dimensions

The values obtained for fibre dimensions are presented in Table 1 and illustrated in Figure 1la & 1b. The mean values (n=25)
obtained for fibre length, fibre diameter, lumen width and cell wall thickness for both core and bast fibre of S. officinarum were
found to be 0.76 mm and 1.54 mm, 23.7 um and 24.2 pm, 17.8 um and 18.7 pm and 2.5 pm and 2.9 pm respectively. As
observed in Figure 1a, the fibre length of the bast was higher than the fibre length of the core. The values obtained for bast fibre
agreed with [25] who reported that longer fibre length is preferred in the production of pulp and paper. Hence, due to the higher
fibre length obtained for the bast fibre, it is more preferable than the core fibre for the production of pulp for paper making. The
values obtained in this study were also similar to the values obtained by [9, 17]. Also, it was observed that the fibre diameter
obtained in this study ranges from 23.7 pm to 24.2 pm. As observed, the values obtained is slightly higher than higher than 20.0
pm and 21.0 um reported by [17] and [9] for sugarcane bagasse respectively. The mean value of lumen width obtained in this
study ranged from 17.8 pum to 18.7 um. Fibres with large lumen and thin walls tend to flatten to ribbons during pulping and
papermaking, thereby causing a good contact between the fibres and consequently having good strength characteristics [16]. A
larger lumen width results in better pulp beating because of the penetration of liquid into the empty spaces of the fibres. As
illustrated in figure 1b, the mean value of fibre wall thickness obtained in this study ranged from 2.5um to 2.9 pm. Increase in
fibre wall thickness leads to increase in the strength of the fibre [16]. The core fibre had a higher wall thickness than that of the
bast fibre. The values obtained in this study were lower than 8.6 um reported by [24] on Thaumatococcusdanielli and similar to
2.9 um observed in Steculiasetigera as reported by [19] and 2.5um reported for Bamboo by [22]

Plate 5 and 6 below represent the microscopic images of bast and core fibre of the bagasse. From the illustration, the fibre
dimensions were measured and it was observed that bast possesses more fibre than the core.

Plate 5: Microscopic images of bast fibre Plate 6: Microscopic images of core fibre

Table 1: Results of Fibre dimensions for Bast and Core Fibres

Fibre Av Fibre Length Av Fibre Diameter Av Fibre Lumen Av Fibre wall
(n=25) (um) (mm) (mm) thickness (mm)
Bast 1.54 23.6 17.8 2.9

Core 0.76 23.7 18.7 25

20
m Bast fibre Core fibre

i

Fibre diameter (mm) Fibre Lumen (mm)

25

Fibre dunension (nm)
e N
wn Q

=
Q

n

Figure la: Fibre diameter and fibre lumen of bast and core fibres

www.ijltemas.in Page 871



S, INTERNATIONAL JOURNAL OF LATEST TECHNOLOGY IN ENGINEERING,

&
-

RSIS * ISSN 2278-2540 | DOI: 10.51583/IJLTEMAS | Volume X1V, Issue V, May 2025
4 4
M Bast fibre Core fibre
35 4
3
s 25 4
£
'0'3 1.5 - T
g 1 .
0.5 +
[ T T
Fibre length (um) Fibre thickness (mm)
_0_5 ,

Figure 1b: Fibre wall thickness and Fibre length of bast and core fibres
Morphological Indices

Table 2 and Figure 2a & 2b display the derived indices obtained for the bast and core fibres of S. Officinarum. The mean of the
felting power was between 67.432 and 32.219, Elastic Coefficient (slenderness ratio) 74.834 and 78.903, while the mean of
Rigidity Coefficient was between 12.583 and 10.548. The mean of Runkel Index was between 0.371 and 0.267 while the mean of
F. Ratio was between 5.81 and 0.35. From this result of the study, it was observed that the bast fibre gave a higher runkel ratio
than the core fibres. The felting had a measurable influence on the pulp yield and the better the paper produced. Report by [4, 26]
suggested that if the slenderness ratio is lower than 70, it is not effective for making pulp and paper. The elasticity coefficient of
fibre indicates how flexible the material will be in paper production. [24] reported 22% flexibility ratio on
Thaumatococcusdaniellii (Sweet Prayers Plant), [21] reported 22% flexibility ratio on Abelmoschus esculentus (okra bark), 21%
on Hibiscus cannabinus (Kenaf), 20% on Bombax buonopozense (Gold coast bombax), [9] reported 63.81% on Saccharum
officinarum. These indicate that S. officinarum had higher flexibility strength compared to those fibres mentioned.

Table 2: Results of Morphological Indices for Bast and Core fibres

Fibre Felting Elasticity Rigidity Runkel Felting
0 o .-
(n=25) Power Coeff.(%) Coeff.(%) Index Flexibility
Bast 67.43 74.83 12.58 0.37 5.81
Core 32.22 78.90 10.55 0.27 0.31
120
M Bast fibre Core fibre
100 -
92 80 -
[%]
£
= 60 -
kS
[+74)
=]
o 40
=
2
=]
= 20 -
0 | | |
Felting power Elasticity Coeff (%) Rigidity Coeff (%)
_20 _

Figure 2a: Felting power, Elasticity coefficient and Rigidity coefficient of bast and core fibres
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Figure 2b: Runkel ratio and Felting flexibility of bast and core fibres
Physicochemical Properties

Table 3 and Figures 3 & 4 display the average percentage content of the determined physicochemical parameters. The values
obtained for physicochemical properties were 14.83 to 15.68 %, 1.50 to 3.00 %, 30.00 to 32.50 %, 36.5 to 38.00 % and 28.5 to
30.5 % for moisture content, ash content, cold water and hot water solubility, 1 % NaOH respectively. The results obtained in this
study were higher when compared to the results from previous studies by [6] which had moisture content of 4.5%, ash content of
6.8 % and hot water solubility of 3.12 %.

Table 3: Results of Physiochemical properties of Bast and Core fibres

Fiber Average Average ash Average cold Average hot Average one percent caustic
moisture water solubility water solubility soda solubility
Content
0, 0, 0 0
Content (%) %) (%) (%) (%)
BAST 14.83 1.50 32.50 36.50 30.50
CORE 15.68 3.00 30.00 38.00 28.50
25
20
— 15169
=g
o
- 15
7]
o W Bast fibre
o
¥ 10 Core fibre
& 6.79 &9
5
0
Muoisture content Ash content

Figure 3: Moisture and ash contents of bast and core fibre
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Figure 4: Cold water, hot water and 1% NaOH solubility of bast and core fibres
Pulp Yield

The pulp yield of the bagasse is displayed in tables 4 and 5 utilizing different volumes of 50 cm?, 100 cm?®, and 150 cm? of the 2M
and 4M NaOH solution at 30, 60, and 90 minute intervals, respectively. The total pulp yield was found to vary between 31.80%
and 50.60 % when using 2M and between 32.40 % and 44.20% when using 4M. According to the pulp yield trend, the lowest
pulp yield was achieved with 50 cm3 of 2 M NaOH and a 90-minute digesting period. The grade of the paper produced increases
with decreasing pulp production, indicating complete delignification.

Table 4: Results of Pulp yield for 2M NaOH

SIN Volume of NaOH (ml) Time (mins) Average Pulp Yield (g) Average Pulp Yield (%)
1 50 30 2.06 41.20
2 50 60 1.97 39.40
3 50 90 1.59 31.80
4 100 30 2.53 50.60
5 100 60 2.10 42.00
6 100 90 1.72 34.40
7 150 30 2.45 49.00
8 150 60 2.10 42.00
9 150 90 1.80 36.00

Table 5: Results of Pulp yield for 4M NaOH

SIN Volume of NaOH (ml) Time (mins) Average Pulp Yield (g) Average Pulp Yield (%)
1 50 30 2.21 44.20
2 50 60 2.03 40.60
3 50 90 1.81 36.20
4 100 30 2.09 41.80
5 100 60 1.81 36.20
6 100 90 1.7 34.00
7 150 30 2.12 42.40
8 150 60 1.86 37.20
9 150 90 1.62 32.40
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Figure 5: Pulp yield for 2M and 4M NaOH using different time and volume
SEM Analysis

The micrograph (Figure 6) of bleached paper showed lines of cracks (void region), whereas the unbleached paper showed no
pores or cracks. As seen in Figure 7, this suggests that bleaching the pulp improved the paper's quality even more for durability.

o o 5 S 10 Mag TS

13’12?322 \'.TJ 'Aaé Hv HFW Pressure

Figure 6: SEM micrographs for Bleached and Unbleached paper

Figure 7: Unbleached and Bleached Paper produced
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1V. Conclusion

This research has demonstrated that sugarcane (S. Officinarum), a non-woody plant, presents a viable alternative source for paper
pulp owing to its long bast fibre properties and significant pulp yield. Both the bast and core fibre from sugarcane bagasse have
the capability to be used in pulp and paper production. Nevertheless, the bast fibre in sugarcane bagasse has superior qualities
compared to the core fibre. As the demand for paper continues to rise, existing wood supplies may not be adequate to meet this
growing need. It is important for industries to embrace non-wood pulp to address the possible shortfall of wood fibre required for
paper manufacturing. Natural resources such as wood face considerable pressure due to population growth, making it imperative
on a global scale to shift towards sustainable practices to mitigate climate change, reduce environmental threats such as
deforestation, promote circular economy principles, and achieve carbon neutrality. This research also plays a role in the
advancement of eco-friendly alternative pulping techniques. Producing paper from sugarcane offers a valuable solution for the
environment and can help rejuvenate the paper manufacturing sector in Nigeria.
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