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ABSTRACT: The chemical (extractives and lignin) content and histological property (microscopic structure)
of tissues of Ricinodendron heudelotii (Baill, Pierre ex Pax), an angiosperm, were investigated for its potential
as a fibrous raw material for pulp and paper production. Bolts of about 70 cm were cut from the felled trees at
three different merchantable height levels of 10%, 50%, and 90% to obtain: corewood, middlewood and
outerwood samples. The fiber characteristics of the selected trees viz: the fiber length, fibre diameter and lumen
diameter were measured while the cell wall thickness was derived from the measured fibre dimensions. The
average fiber length, cell wall thickness, and lumen width, were 1.40 mm, 4.6 pm, and 32.3 pum, respectively.
The extractive and lignin contents were determined. Klason lignin content was about 30%. Extractive content of
R. heudelotii ranged from 0.41 to 0.5%. Based on these findings R. heudelotii is suitable for pulp and paper
production.

l. INTRODUCTION

The continued production of pulp and paper and in large quantity are essential to meeting the
increasing demand for paper consumption. It was estimated that global paper consumption will increase to 500
million tons by 2020 instead of its present consumption estimate of 400 million tons per year [1]. Deforestation
at an alarming rate with unmarching afforestation rate and cost of importation of conventional raw material for
pulp and paper production are a wake up call that has aroused the interest of wood scientists in expanding the
fibrous raw materials sources. Increasing the range of fibrous raw material source is a central component of
current efforts to increase fibre supply for pulp and paper production [2]. Therefore, the investigation for
potential utilisation of some naturally grown wood species in the Nigeria as fibrous raw material for pulp and
paper production is a right step towards mitigating the challenges associated with importation of pulp. The two
most important parameters which determine suitability of wood as raw material for pulp and paper production
are its fibre characteristics and chemical composition [3]. The morphological properties of fibre are related to
paper strength while the amount of chemical composition is mainly related to pulping behaviour.

In the pursuit of recommending any wood species for pulp production, obtaining adequate anatomical
and chemical (extractive and lignin content) properties is very important. The relationship between the
anatomical or chemical properties and paper performance has been investigated by several researchers. Horn
and Setterholm [4] found that the majority of The fibre length and cell wall thickness were attributed to the
variation observed in the burst and tensile strength of the hardwood pulp sheets.

The unique structural and chemical characteristics of wood make it desirable multipurpose applications
[5]. Wood is used pulp and paper production, but its chemical composition affects some pulping parameters:
cooking liquor consumption, bleaching potential, and its consequent pulp yield. It could be assumed that, in
order to optimise the selection of a particular tree species for various end-uses, a basic knowledge of its structure
and chemical composition is of great importance [6]

Furthermore, the physical attributes of fibres, such as fibre length, cell wall thickness and diameter are
major determinants of pulp and paper qualities, including brightness, opacity, absorption, light scattering, tear,
tensile and burst strength. Therefore, wood quality is of critical importance to the wood products (paper)
industry [7]. The importance of wood fibre dimensions on pulp and paper's mechanical strength is well
documented [8,9]. Madakadze et al. [9] found that lignin and cellulose content dictates the paper strength;
cellulose content is directly proportional to pulp tensile strength. Removal of lignin will enhance the paper
strength, however, energy and chemicals cost will be high when high quantity of lignin is to be removed. Apart
from the challenge associated with lignin, wood extractives has been found to adverse effect on the production
and production site of the pulp and paper industry [10]. These challenges include: higher operating costs,
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blockages (responsible for production reduction levels), and an increased incidence of quality defects [11]. The
viscous lumps that accumulate on equipment during pulp and paper production are referred to as pitch, which
contains considerable amounts of wood lipophilic compounds [12]. Lipophilic compounds, which have different
chemical behavior during and after pulping, consist of fatty acids, waxes, resin acids, terpenes, alcohols, sterols,
sterol esters and glycerides [13]. For example, resinous woods are associated with the pitch control problem
while some lipophilic extractives are difficult to remove in neutral to acidic process condition [14]. Conversely,
the composition of the extractives play a significant role during the alkaline process, especially in kraft process
than the total extractives content [15]. Waxes, sterols and sterol esters have a tendency to cause deposit
accumulation resulting in pitch problem because they do not form soluble soaps under the alkaline conditions in
kraft pulping [16].

Unfortunately, there is little or no detail information available on the use of R. heudelotii as potential
source of pulp production. Therefore, this study seeks to investigate the potentials of this wood species for pulp
and paper production by characterising its chemical and histological properties. However, the short fibre
characteristic of hardwood species is a challenge.

1. MATERIAL AND METHODS
The Ricinodedron heudelotii wood was used for this study. It was obtained from a free, natural forest at
Ilaramokin, Ondo State. The forest is located between 7.321°N 5.145°E and 7.389°N 5.097°E of Ondo state,

Nigeria. Three trees were selected and felled for this study based on ASTM 143-14 [17]. Wood samples
were obtained at different sampling height of 10, 50 and 90% of the merchantable height from the corewood,
middlewood and outerwood regions for both chemical and histological studies. The bolts were sawn through the
pith into four parts while three radial positions from each part: core-wood, middle-wood and outer-wood were
obtained (Fig. 1).

2.1. Histological properties

Studies on microscopic structure of R. heudelotii tissues were carried out in accordance with the ASTM
D 1030-95 [18] and ASTM D 1413-61 [19] at the Forestry Research Institute of Nigeria (FRIN), Jericho,
Ibadan. Wood samples were obtained at different sampling height of 10%, 50% and 90% of the merchantable
height (MH) from the corewood (CW), middlewood (MW) and outerwood (OW) regions. The samples were
prepared into slivers of 3 mm (thickness) x 10 mm (width). The slivers were softened in a solution of acetic acid
and hydrogen peroxide (1:1), boiled in a water bath at a temperature of 100°C for 10 minutes in accordance with
a procedure adopted by Ogbonnaya et al. [20]. Random selected of some softened fibres were was employed
while the selected fibers were mounted on slides for examination under a Reichet microscope. A stage
micrometer and an eye piece micrometer were used to measure the fibres length, fibre diameter and lumen
diameter. The cell wall thickness was derived from the measured fibre dimensions in accordance with Jorge et
al. [21], with the total fiber samples, n = 20 per slide.

2.2. Lignin composition

The extractive and lignin contents were determined based on the original wood. Pulverized wood
samples (5 g of known moisture content, in duplicate) were Soxhlet extracted with dichloromethane (CH,Cl,)
(150 mL) for 16 h according to ASTM D 1108 [22] and lipids were determined gravimetrically. Klason + acid
soluble lignin were performed on extractives free samples according to ASTM D 1106 [23] and Schoening and
Johansson [24], respectively. Extractives free biomass (200 mg) was incubated in 72% H,SO, (2 mL) for 1 h at
30°C, then diluted to 4% H,SO,, and subjected to a secondary hydrolysis in an autoclave (117 KPa and 121°C)
for 30 min. Klason lignin was determined gravimetrically. The hydrolysis filtrate was made up to 250 mL and
an aquu?t polrtion taken to determine acid soluble lignin content at 205 nm using an absorption coefficient of
110L g~ cm™.

1. RESULTS AND DISCUSSION
3.1 Lignin content

Table 1 shows the average lignin content of R. heudelotii wood. Klason lignin content ranged between
29.3% at 50% MH for CW and 31.6% at 90% MH for OW (Table 1). Acid soluble (AS) lignin content ranged
between 6.4 at 10% MH for CW and 7.4 at 10% MH for OW. The total average of the lignin content was 37.3%,
which is higher than the total lignin content of 23.9%, 26.8%, 25.9% and 27.7% for Eucalyptus globulus,
Acacia, Maple and Red oak, respectively [25]. Although, there was no particular trend of variation along and
across the radial position observed in this study; lignin content values were similar among the selected trees and
within the wood of R. heudelotii. The findings in this study were similar to those reported by Carrillo-Para, [26]
for Prosopis laevigata (29.8 - 31.4%), Marques et al. [27] and Sixta et al. [28] for some hardwood species (18.2
- 30.9%). Prinsen et al. [29] estimated approximately 24 - 25% Klason lignin for some selected eucalypt
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hybrids. Lignin content of R. heudelotii is higher than what was reported by Ogunjobi et al. [30] for Gmelina
(28%).

Since Gmelia is popularly known for pulp and paper production, the higher Klason lignin content of R.
heudelotii (29.8-31.1%) than that of Gmelina would require a higher temperature and chemical charges than for
pine and Gmelina wood in order to reach a satisfactory kappa number. Note that hardness, bleachability and
other pulp properties are associated with the lignin content [31]. The consumption of cooking liquor and the
length of the cooking cycle are dictated by the quantity of lignin in fibrous raw material, therefore, higher lignin
content requires additional pulping time and chemical charge. For the production of high quality pulp, R.
heudelotti pulp will need to undergo more severe bleaching with utilization of more chemicals which will be
detrimental to pulp. However, one of the advantages that would associate with the high Klason lignin content of
R. heudelotti pulp is that its stifness would be better than for Gmelina fiber: the higher the lignin content, the
greater the stiffness of the fibres [31].

3.2 Extractive content

Wood extractive (lipophilic) of R. heudelotii ranged from 0.41 at 90% merchantable height for corewood to 0.50
at 50% for outerwood and corewood of the merchantable height with average of 0.48% (Table 2). The value
obtained in this study is relatively low compared to the range of 1.0-3.9% recorded in some hardwood species
[28,32,33]. TAPPI [34] states that CH,ClI, extraction gives lower amounts of extractives than either acetone or
ethanol/benzene. However, lipophilic (the targeted extractives in this study) was still relatively low compared to
0.9% recorded for grey alder (Alnus incana) wood by Bikovens et al. [35]. There was no specific pattern of
variation in the lipophilic extractive content of R. heudelotii wood from base to top while the variation from
outerwood to corewood was not significant. This is contradictory to the finding of Koch [36] for Pinus palustris
in which the extractives content decreased from pith to bark. The large concentration of resin near the pith was
attributable to an abundance of resin ducts that occur in the first few rings in southern pine [37]. The within ring
variation was attributed to the high variation in extractives content. In fact, distinct visual differences in color is
observed at every 10 mm interval within a wood ring. This is quite different with R. heudelotii wood because the
visual observation revealed that the colour of the wood from the base to top and CW to OW did not differ; so it
could be deduced that there is no region with high deposition of resin than the other. From chemical pulping
point of view, the higher the lipophilic content, the more expensive (demand for large quantity of chemicals) the
pulping, therefore, the low quantity of lipophilic content in R. heudelotii wood makes it suitable for pulp
production. Also, the insignificant variation from corewood to outerwood reveals that any part of this wood
species could be used for pulp production without special consideration for any part during pulping.

3.3 Fiber dimension

The fibre length, fibre diameter, lumen width and cell wall thickness of 1.40 mm, 41.5 ym, 32.3 um,
and 4.6 um, respectively as illustrated in Fig. 2 and 4. The fibre length obtained for R. heudelotii wood is in
agreement with previously published studies on other wood species [38-42]. The average fibre length (1.36 mm)
observed in this study is greater than 1.29 mm for Gmelina arborea reported by Roger et al. [40]; 1.35 mm for
Triplochiton scleroxylon by Ogunsanwo [39]; 1.28 mm and 0.99 - 1.24 mm for G. arborea and Ficus spp,
respectively by Ogunkunle [41]. However, it is less than 1.66 mm for Rhizophora racemosa and 1.72 mm for R.
harrisonii [42], 1.57 mm for 42 years old Hevea brasliensis [43], 1.73 mm for 20 years old Teak [44] and 1.76
mm and 1.54 for Rhizophora racemosa and R. harrisonii in a Nigerian mangrove forest ecosystem [42]. Hindi
et al. [45] reported that fibre length of 1.13 mm, 1.04 mm and 0.50 mm recorded for Leucaena leucocephala,
Azadirachta indica and Simmondsia chinens, respectively. Since, the strength of the pulp and paper produced
from the same fibrous material are affected by the length of fibre [46], paper made from R. heudelotii is
expected to show higher quality than the others woods like L. leucocephala, A. indica and S. chinens with
shorter fibres. Higher fibre length results in greater resistance of the paper to tearing [47].

The longitudinal variation of wood fibre length was characterised by a slight decrease from the base to
the top (Fig. 2). This is in agreement with some previous studies [21, 39]. The theory of auxin gradient also
holds for this pattern of variation in the fibre length similar to that of wood density. In relation to the radial
variation of fibre length, a significant increase from Corewood to outerwood was observed. This trend was also
observed [21, 39, 48]. Additionally, Tomazello and Filho [49] and Bhat et al. [50] also found the same trend of
radial variation in Eucalyptus spp. The increase of fibre length from corewood to outerwood could be explained
on the basis of the increase in length of cambial initials with increasing cambial age and crown formation [21].

Fibre diameter decreased from base to top while a general increase from corewood to outerwood (Fig.
3). The fibre diameter (41.5 um) of R. heudelotii wood compares favorably with Pinus patula (36.0 — 40.0 pm)
reported by PPRI [51]. However, it is lower than that of teak and Gmelina arborea grown in Nigeria, which
were 32.83 um [44] and 23.57 [41], respectively. Since Pine is used for commercial paper production, R.
heudelotii wood could also be recommended for paper production based on its fiber diameter.
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The lumen width (diameter of the internal cavity) at the middle and top as well as at middlewood and
corewood are similar (Fig. 3). The R. heudelotii lumen width (32.3 pum) observed in this study is greater than the
value reported by Ogunkunle [41] for G. arborea and different Ficus species which were 20.06 um and 18.69 -
28.93 um, respectively. However, it compared favorably with 30.67 um reported by Roger et al. [41] for G.
arborea. The lumen width affects the beating of pulp. Large lumen width enhances liquid penetration into the
fiber, thereby causing better beating [43]. The fiber of R. heudelotii wood would have better beating than G.
arborea.

Cell wall thickness decreased from base to top longitudinally while a general increase from corewood
to outerwood was observed radially (Fig. 4). The cell wall thickness of R. heudelotii (4.6 pm) is comparable
with the value reported by Roger et al. [40] for G. arborea (4.02 um). It is less than 8.58 um and 9.45 um for
Rhizophora racemosa and for R. harrisonii [42]. Paper properties are dictated by the cell wall thickness. Fibers
with thin cell walls will easily collapse more thank thick cell walls, thereby enhances large surface area for
bonding, yields a higher density and reduces bulkiness [52]. Consequently, the produced paper from such
collapse fibers will be well formed and dense, then will be characterized with a higher tensile strength, tensile
stiffness, burst strength, and compression strength. However, high porosity and bulkiness will characterize the
thick cell wall (uncollapsed fibres). The benefits associated with paper produced from the uncollapsed fibers is
that of easy dewatering and high tear strength. So, based on the high cell wall thickness, this species will be
suitable for pulp and paper production.

V. Figures and Tables

Table 1: The value of lignin content in R. heudelotii wood.

Radial Position Base (10%) Middle (50%) Top (90%) Pooled Mean
Klason lignin

Outer-wood 30.81+1.16 30.71+1.46 31.64+0.52 31.06+0.51
Core-wood 29.95+1.36 29.32+2.75 30.07+0.86 29.78+0.41
Pooled Mean 30.38+0.61 30.01+0.98 30.86+1.11 30.42+0.42
Acid Soluble lignin

Outer-wood 7.380.27 6.36+0.87 7.0120.53 6.92+0.52
Core-wood 7.11+0.91 6.49+1.20 7.18+1.37 6.930.38
Pooled Mean 7.23+0.19 6.42+0.90 7.10+0.12 6.92+0.44

Table 2: Variation in the extractiveh content of Ricinodendron heudelotii wood.

Radial Position Base (10%) Middle (50%) Top (90%) Pooled Mean
Extractive (lipophilic content)

Outer-wood 0.4710.14 0.50£0.07 0.47+0.18 0.48+0.02
Core-wood 0.49+0.22 0.50+0.13 0.41+0.19 0.47+0.04
Pooled Mean 0.48+0.01 0.50+0.00 0.44+0.04 0.48+0.00
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Fig. 2: Variations in the fiber length in the longitudinal and radial
positions of Ricinodedron heudelotii wood
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Fig. 4: Variations in the cell wall thickness in the longitudinal and
radial positions of Ricinodedron heudelotii wood

V. Conclusion
In this study, Ricinodendron heudelotii was chemically and histologically evaluated for its potential as
a fibrous raw material for pulp and paper production. Lipophilic (extractive) content was of low quantity in R.
heudelotii wood compared to Gmelina and pine. The lignin content of R. heudelotii was higher than mostly
reported value for G. arborea; therefore it will require a higher temperature and more chemical charges to reach
a satisfactory kappa number. Based on its lignin content, it will also produce fibres with greater stiffness, but its
pulp will have to undergo more severe bleaching with utilisation of more chemicals. However, the low
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lipophilic content makes it suitable for pulp production. In addition, R. heudelotii wood can be considered as
suitable for pulp and paper production when its chemical characteristics were compared to that Gmelina arborea
and Eucalytpus species, which have been in use in pulp industry worldwide. However, The basic information on
the fiber characteristics of Ricinodedron heudelotii for possible utilisation as a source of fibrous raw material for
pulp and paper production investigated revealed that wood fibre length, cell wall thickness and lumen width
decreased from the base (10% merchantable height) to top (90% merchantable height). The fibre length
observed in this study was longer than 1.29 mm for Gmelina arborea. Hence, it would produce a paper that has
greater resistance to tearing than that of G. arborea. However, since it has longer fibres than that of Gmelina,
more open and less uniform sheet structure would be produced from it. Its fibre diameter, lumen width and cell
wall thickness are larger than that of G. arborea. So, since the larger lumen width gives better pulp beating
because of the penetration of liquid into empty spaces of the fibres, R. heudelotii would be preferred to that of
G. arborea. Thicker cell wall R. heudelotii would give a higher pulp yield and an increase in tear resistance, but,
bulky sheets than G. arborea.
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