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ABSTRACT
The decline in wood raw materials for pulp and paper industries coupled with the increasing
demand for paper has renewed the interest in non-wood fiber sources. This research was aimed at
evaluating the fibre and pulp yield potential of some selected non-wood alternatives as potential
sources of raw materials for paper industries. The classical Braun-Blanquet releve method for
ecological sampling, Kraft process, the Technical Association of Pulp and Paper Industry
(TAPPI) standard methods and SAS statistical software were used for analyses and
characterization of some selected Pandanus spp. under varying ecological habitation. Results
revealed improved morphological characterization of fibers in relation to international standard.
The fibre length (mm); fibre diameter (μm); lumen diameter (μm) and wall thickness (μm) of salt
water P. leram were 4.20, 26.50, 29.00 and 2.50, while fresh water P. leram were 4.20,26.00,
5.26 and 2.31, respectively. The pulping characteristics of terrestrial Pandanus species were
1.90, 26.30, 19.20 and 3.10 for P. furcatus and 2.10, 21.00, 31.90, 2.54 for P. candelabrum with
relatively lower slenderness ratio and higher flexibility coefficient. All selected species had
Runkel’s ratio less than 1 which is suitable for papermaking. Though all the species had
promising potential for use in the paper making industries, the aquatic species has comparative
advantage due to its higher quality pulp, and higher mechanical strength which makes it more
suitable for paper production.
Keywords: Eco-diversity, Pandarus species, Fibre quality, Paper pulp.
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INTRODUCTION

especially

that

is

Africa that produce pulp and paper and yet
produces only 6 % of the sub-region’s total

is the most commonly used raw material in

paper consumption while the rest depends

the pulp and paper industry leading to
for wood

on imports to meet their need for paper. So

fiber and

far, only few studies have been reported on

eventually deforestation. This calls for other

the

suitable alternatives like non wood fibers in

analyze the promising benefits and issues
connected with its use in the pulp. This

non-woody cellulosic plant materials. They

prompted this investigation into the potential

are also referred to as “alternate fibers” [2].

of Pandanus non- wood plant species

A lot of plants have been investigated for

growing in parts of Rivers State, Nigeria as

their papermaking properties [3].

raw

properties

for

and

paper

of long fiber pulp; most especially from

cotton linters, and reeds as most widely used

satisfactory

pulp

becomes necessary to look for other sources

bamboo, kenaf, hemp, jute, sisal, abaca,

materials

the

very crucial in making strong papers, it

and wheat straws, sugar cane, bagasse,

non-wood

material for

industries in Nigeria. Since long fibers are

Several research studies have indicated rice

excellent

many

non wood fibre, it is imperative for us to

characteristics.

Papermaking fibers can be obtained from

and

of

economy. In view of this increased use of

large range of plants with different
chemical

characteristics

of paper pulp is increasing in the Nigerian

wood fibres [1]. Non-wood fiber comprises

and

pulping

Nigerians plant species yet the importance

order to meet the industries demand for

physical

insufficient

Nigeria is among the countries in West

particularly, in developing countries. Wood

of

with

generally used

globally. It’s demand is rapidly increasing,

increasing demand

countries

forest resources [10,11].

Paper is one of the basic products of plant
natural resource

in

sources such as of Pandanus spp. The

with

Pandanus species as non wood plant in

papermaking

Nigeria has no known industrial use other

[4,5,6,7,8]. About 10 % pulp and paper

than ornamental purposes, yet, it produces

produced globally are from non-wood raw

fiber that may have good potential for use in

materials and this percentage is increasing

the paper industry.

rapidly in different parts of the world [9];
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There are some important characteristics to

[31]. These properties differ according to the

be considered when choosing a non-wood

type of plant, and environmental condition

plant

(soil and climate) [32,33].

material,

these

include

availability

and

supply,

storage

sustainability,

constant

durability

and

low

cost

This,

therefore

justifies

the

need

to

effectiveness, pulp quality and yield [12.

investigate the pulp quality of the Pandanus

Several extensive studies have earlier been

plant in diverse ecological habitat in parts of

carried

Rivers State

out

on

the

various effects of

of Nigeria.

morphological properties on pulp properties

revealing

[13,14,15,16,17,18,19,20,21].

ecodiversity on the pulp quality of the

The

any

spp.

probable

This aims at
influence

of

characteristics of paper largely depend on

Pandanus

with the objectives of

the properties of the fiber, anatomy and the

evaluating the suitability of the plant species

method used to separate the fibers [22].

as raw material for the pulp and paper

Fiber length, fiber diameter, fiber lumen

production.

width, fiber cell wall thickness, and their
derived indices (Runkel 2 ratio, flexibility

MATERIALS AND METHODS

coefficient and the slenderness ratio) are
Description of study areas, locations/sites

some of the fiber characteristics that affect
paper quality [23].

The study area involves two major study
locations (Obio / Akpor and Abua- Odual

Though

there

may

appreciable

Local Government Areas in Rivers State,

difference between wood and non wood

Nigeria. Different species of Pandanus were

properties [24,25] such as short fiber length,

collected from four sampling sites in the two

low density and high content of fines which

locations. The different sampling sites were:

affect the drainage properties of the non-

New

wood fibers [26,27] however, it is practical

River, Abua;Obiri Ikwerre, East-West road

for them to be used as adequate replacement

and; Delta Park, University of Port Harcourt.

for wood, since

be

an

Calabar River,

Choba; Sombreiro

wood resources are

decreasing rapidly [28,29,30]. The physical

The study area, Obio-Akpor is located

properties

are

between latitudes 4º 451 E and 4º601 E and

determined by their cell wall characteristics

longitudes 6º 501 E and 8º001 E (Fig. 1). A

of

non-wood

fibers
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luxuriant fresh water raffia palm vegetation

and Long 6O541 011 E & 6O541 1511 E

and tropical rain forest vegetation mostly

(Fig.1).

characterize

the

area.

The

study

area

experiences heavy rainfall and as a result the

The Delta Park study site is in one of the

soil is usually sandy or sandy loam and

campuses in the University of Port Harcourt.

leached. Though characterized mostly by

It is located along Aluu road and situated

fresh water, sometimes it becomes brackish

between Latitude 4O541 0011 N and 4O541

due to entrance of seawater inland, thereby

1511 N, and Longitude 6O541 1511 E and

making the water slightly salty [34]. The

6O541 3011 E of the tropical rainforest and

Choba location is associated with streams

about 26 km North-West of the city of Port

and rivers such as the New Calabar River

Harcourt, southern Nigeria (Fig. 1).

and its out sketch that can be found flowing
through

the

Southern and

South West

The Obiri Ikwerre sample site is an area

boundaries of the town.

located

The New Calabar River study site represents

Harcourt, East-West road Port Harcourt,

a typical tropical urban stream which flows

Rivers State. It is located approximately

through the industrial segments of Port

between Latitude 4O521 0011 N & 4O521 1211

Harcourt. However, the study site at the

N and Longitude 6O571 2011 E & 6O571 3011

riparian

E. (Fig. 1).

zone

of the River is situated

between Lat. 4O531 4511 N & 4O541 011 N,

4

along

the

University

of

Port

Fig.1:Obio-Akpor LGA showing Study Locations
Abua Odua LGA study area

lies between

main channel of the Sombreiro rises at

latitude 4O321 0011 N & 5O001 0011 N of the

approximately 5O241 N, and 6O501 E and

equator and longitude 6O201 001 E & 6O501

flows south wards for approximately 180 km

001 E of the Greenwich Meridian. The River

before discharging into the Atlantic ocean at

Sombreiro in Rivers State is located in the

approximately 4O301 N, 6O301 N, 6O401 E,

south-eastern part of Nigeria (Fig.2). The

about 65 km South of Degema town [35].

5

Fig.2: Abua Odua LGA showing Sombreiro River Study Location
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Plant collection and Assessments
A

systematic

random

to disintegrate the pulp completely. After

sampling

pounding, the pulp was washed and soaked

method

in hydrogen peroxide solution to obtain a

based on [36] procedure was carried out

white pulp. It was then dried in an oven. The

with various sampling points of different

Technical Association of Pulp and Paper

geographical precision coordinates noted in

Industry [40] standard method was used to

parts of the location under consideration. A
hand-held

geographic

positioning

extrapolate the pulp yield using designated

system

formula:

(GPS- etrex12 channel model) was used to

Pulp

record the location coordinates of each

yield

(%)

=

sample point for the distribution status of the
Pandanus
observation.

species

in

the

Samples

areas

collected

under
Sample analysis and characterization

were

identified and authenticated using [37] and

The

[38]

species

thoroughly washed with distilled water, then

leram(salt

transferred into test tubes containing 10 ml

reference

materials.

sampled

include

water),

pandanus

The

Pandanus

samples

were

of 67 % nitric acid and placed in a water

Pandanus

bath (100 ˚C + 2 ˚C) for exactly 10 min in

candelabrum. Leaves (fresh and dry) of the

accordance with [41]. After this, samples

species were used for this study.

were thoroughly washed in 50 ml of distilled

furcatus,

(fresh

pulp

water),

Pandanus

leram

macerated

and

water to remove the acid. Small quantity of
Pulping of sampled species

the

Using [37] Kraft process, 150 g of air dried

deposited on an already cleaned glass slide

leaf samples of each of the Pandanus

and

species were weighed into 2L laboratory

glycerol solution, and then covered with a

o

digester. These were digested at 100 C for 2

macerated

stained

sample

materials

were

with 1:1 aqueous safranin-

cover slip.

h using pulping liquor consisting of 45 g of
NaOH and 60 g of Na2 S per litre of water.

Using [42] method of derived indices; the

The sulphidity adopted was 16 % and 1: 5

length (mm), diameter (µm), lumen diameter

sample

After

(µm) and wall thickness (µm) of about thirty

pulping tap water was used to wash the pulp

fibers per sample were measured using a

materials

to

liquor

ratio.

and then gently pounded in a mortar in other
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calibrated microscope and their mean values

compared using Least Significant Difference

calculated

[43].

The

derived

indices

(slenderness

ratio,

RESULTS AND DISCUSSIONS

flexibility coefficient and runkel ratio) were

The result revealed variation in fiber length

done

and

(mm) among the species in their various

mechanical properties of the paper pulp. The

habitats. The Pandanus leram in both fresh

indices were derived

and

to

determine

the

strength

using the formula

below:

salt

significant

water

habitat

difference.

recorded

non-

However the fibre

length were significantly different (p≤0.05)
i.

Slenderness ratio or relative fiber

and longer than those of the terrestrial P.
furcatus Fig. 3

length

The fiber diameter (µm) recorded a higher
Slenderness ratio =

dimension in fresh water P. leram though

ii.

non-significantly different among salt water

Runkel ratio

P. leram and P. furcatus value. But were
significantly different (p=0.05) and higher

Runkel ratio =

than P. candelabrum as presented in Fig. 4.

Were c = fiber wall thickness
L = fiber lumen diameter

The lumen diameter (µm) showed a nonsignificant difference among the Pandanus

2= a constant
coefficient of suppleness or flexibility

species, though the P. candelabrum had a

coefficient

higher dimension value
leram,

=

fresh water

than salt water P.
P. leram

and P.

furcatus (Fig. 5)

Data Analysis
Analysis of variance (ANOVA P = 0.05)

The cell wall thickness as shown in Fig.6

was adopted using SAS program statistical

recorded non-significant difference between

software in a complete randomized design

P.

(CRD) and the means of the data were

species of salt water and fresh water,

8

candelabrum and aquatic Pandanus

respectively. Pandanus furcatus had the

significantly

different

thickest cell wall dimension with significant

candelabrum

difference (p=0.05) among the species in

highest flexibility coefficient and Pandanus

which fresh water P. leramhad the least

furcatus recording the least value (Fig. 8).

which

from
had

Pandanus

recorded

the

dimension cell wall thickness.
The result shown in Fig. 9 records the
The

index

Runkel ratio among the Pandanus species.

(Slenderness ratio) of the four species of

Pandanus furcatus had the highest Runkel

Pandanus is shown in Fig. 7. The aquatic

ratio value (p=0.05) among the species and

species recorded the highest slenderness

P. candelabrum recorded the least ratio.

ratio,

derived

though

morphological

non-significantly

different

between the two species but significantly

The pulp yield of the Pandanus species

higher than P. furcatus and P. candelabrum.

recorded

in

Fig.

10

showed

that P.

candelabrum had the highest (p=0.05) pulp
The

salt

was

yield, while a lower yield was recorded in

in flexibility

salt water Pandanusleram, and least yield

coefficient than fresh water P. andanus

was recorded in fresh water Pandanus

leram and Pandanus furcatus, but non-

leram.

significantly

water

Pandanus

(p=0.05)

higher

leram

9

Fig. 3: Fiber length of Pandanus species

Fig. 4: Fiber diameter of Pandanus species
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Fig. 5: Lumen diameter of Pandanus species

Fig. 6: Cell wall thickness of Pandanus species
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Fig. 7: Slenderness ratio of Pandanus species

Fig. 8: Flexibility coefficient of Pandanus species
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Fig. 9: Runkel ratio of Pandanus species

Fig. 10: Pulp yield of Pandanus species
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The result of this study has revealed some

with long fiber lengths because they produce

degrees of significant and non-significant

a sheet arrangement that is agape with

variations

characteristics

reduced consistency. Paper produced with

between and among the selected species of

long fibre raw materials are resistant to tear

Pandanus in their diverse ecological habitats

[48]. All the Pandanus species can be

compelling parameter which is used to

grouped

determine suitability of plant as raw material

exception of Pandanus furcatus which had

for paper industry and pulp is its fiber

an average fiber length Since a good

characteristics

Fiber

connection was found between the strength

characteristics that influence the quality of

characteristics of pulp and the fiber length of

paper are: fiber dimension (Fiber length,

the pulp [49], it can thus be suggested that

fiber diameter, fiber lumen diameter, fiber

papers and pulp of high quality and strength

cell wall thickness) and their derived indices

could be produced from these plants.

in

the

or

(Runkel ratio,

fiber

properties

[44].

as

long-fibre

plants

with

the

flexibility Co-efficient and

slenderness ratio) [45].

the

Fiber diameter is always measured across

study it is evidenced that the selected

the fiber length [18]. Comparing between

species

some

the fresh and salt water Pandanus species,

substantiated accumulation of fibers with the

there was a tremendous improvement in the

highest recorded with the aquatic Pandanus

fiber diameter of Pandanus leram (fresh

species (fresh and salt water Pandanus

water) and Pandanus leram (salt water). It

leram)

terrestrial

can then be concluded that this improvement

Pandanus

was as a result of water being present since

candelabrum respectively. This could be

water improves the physiological processes

because of variations in the habitats.

of plants and also possibly due to the

of

as

Pandanus

From

Pandanus

compared
furcatus

to
and

have

the

alkaline

nature

of

the

aquatic

habitat

Fiber properties like length and diameter are

especially with the salt water Pandanus

very important parameters used to measure

leram. This corroborates [50] who reported

quality of pulp. The fiber length is the sum

that alkaline media improve tensile strength.

of binding spots that is accessible on a single
fiber to make up an intermixed web of fibers

The strength and stiffness of a paper can be

[46,47]. The production of paper is better

negatively affected by the thickness of the
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fiber walls. The paper produced from fibers

typical measurement of fibers used in paper

with thick cell wall will be huge and have

making [56]. The Pandanus plant could be

crude surface while paper made from fibers

expected to portray average connection and

with thin cell walls will be thick and well-

fiber strength and the paper made from it

shaped [51] More cell wall thickness of

will be heavy and well formed.

fibers

as

Pandanus

observed
spp

in

the

P.

Slenderness ratio can be referred to as the

candelabrum) causes more resilience of

ratio of the fiber length to its diameter [57].

fibers in pulp producing process. Increase in

It determines the ability of a paper to resist

the thickness of cell wall has a direct

tear

influence

of

Pandanus species had excellent slenderness

fibers. Heavy and even sheet structures tend

ratio which can be compared to those of

to be gotten from short fibers. The thickness

wood. Slenderness ratio is responsible for

of cell wall were in the average range in all

the tear strength of a pulp, the higher the

the Pandanus species used when compared

slenderness

with international standard value (Table 1)

resistance to tear. This could also imply that

used for non-wood fibers [52,53] and also

papers made from the Pandanus leram are

commensurable to typical measurement of

envisioned to possess a higher tear strength

fibers used in paper making. This agrees

which is appropriate for writing, printing,

with [54] who worked with fibers of tobacco

packaging and wrapping than the other

straw and stalks of cotton and also similar to

Pandanus species. The terrestrial Pandanus

the result of [55] who stated that paper that

species has a low slenderness ratio owing to

are heavy and well-formed are manufactured

the fact that their fibers are shorter and

from thin-walled fibers. Fiber diameter and

thicker

thickness of cell wall guides fiber resilience.

drastically which corroborate the fact that

The mean fiber values for length and

short and thick plant fibers do not have fiber

diameter, lumen diameter and thickness of

to fiber bonding and good surface contact

cell wall were in the average range in all the

[59].

Pandanus species used when compared with

slenderness

international standard value used for non-

making is higher than 33 [60,61]. Thus, with

wood fibers and also commensurable to

all the

on

(P.furcatus

terrestrial

strength

and

characteristics
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[58].

The salt and

ratio

thereby

The

the

higher

reducing

acceptable
ratio

Pandanus

fresh aquatic

the

tear

resistance

standard

acceptable

pulp

for

plant studied

for the
paper

having

slenderness

ratios

of

more

than

33,

studied has ratio of flexibility of > 70. Since

suggested that they can be as excellent

the flexibility coefficients value of the plants

materials for the production of paper.

was generally high, they are characteristic of
an exceptional burst and tensile strength.

Flexibility coefficient is the ratio of lumen
width to its fiber diameter, usually expressed

Runkel ratio determines the rightness of a

in percentage. It is simply fiber lumen

fiber for pulp and paper production. High

diameter over fiber diameter multiplied by

Runkel ratio causes a fiber to be rigid and

100.The bonding strength, tensile strength

unyielding

and bursting properties of individual fiber

capability. The suitability of a plant for pulp

can also be determined by the flexibility

and paper production is linked to a Runkel

coefficient [62].

ratio of less than 1 or 1. Runkel ratio is one

collapse

It is responsible for fiber

following

diminished

binding

of most significant parameter used to access

drying. When fibers collapse they provide

the suitability of any raw material for paper

bonding area for the fibers to bond with each

production. The standard value of Runkel

other. This is responsible for the strength

ratio

properties of a paper such as tensile strength,

characteristic of a pulp is identified when its

bursting

endurance

Runkel ratio is below the standard value

thereby making it stronger. The rate at

[64]. When the Runkel ratio of a pulp is

which fibers bond with each other depends

below one it simply means that the plant cell

solely on the flexibility of each individual

wall is thin and that it has good cellulose

fiber. The ratio of flexibility is divided into

suitable for the production of the paper. All

different groups: i) fibers with high elasticity

the Pandanus species used in this study had

(flexibility ratio greater than 75), ii) fibers

less than one Runkel ratio. The low Runkel

that are elastic (flexibility ratio of 50 to 75),

ratios (Runkel ratio < 1) observed in this

iii) fibers that are rigid (flexibility ratio of 30

study indicated that the flexibility of the

to 50) and (iv) fibers with high rigidity

pulp is low and stiffness high, making them

(flexibility ratio below 30 and are not

suitable for paper production. The Runkel

suitable for paper production) [63]. This

ratio

grouping reflects the suitability of Pandanus

softwoods. Runkel ratio of <1 is directly

spp since fibers of all the Pandanus spp.

affiliated with a high flexibility coefficient

and

distortion

have

and

strength

pulp

and

folding
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is equal to 1. A good strength

values

were

similar

to

those of

ratio [65] and also responsible for the
mechanical strength properties of the paper
[66].

CONCLUSION
From the foregoing findings of pulp quality
in Pandanus species selected from two
different habitats in parts of Rivers State,
morphological variation have been observed
among the species. All species from the two
different

habitats

have

improved

morphological attributes which make them
suitable for pulp

and

paper with high

mechanical strength and high. Though both
ecodiversity species have excellent potential
for paper industries, the aquatic Pandanus
species are possibly the most suitable due to
excellent fibre length and derived indices
which makes them similar to wood pulp.
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Table I: International standard values for various wood and non- wood plants
Paramete Switc
Wheat Bagas Reed Bamboo Jute
Musa spp
rs
h
straw se
grass
grass
Fiber
length
(µm)
Fiber
diameter
(mm)
Lumen
diameter
(µm)
Cell wall
thickness
(µm)

Kenaf
(bast)

2.74

Eucalyptu Paulowni
s
a
Regnans Enlongata
(wood)
0.7-1.3
0.82

Observed
Data
(Pandanussp
p)
1.9 – 4.2

1.4

1.0-1.5 1.0-1.7 1.0

1.36 4.03

2.0-2.5 1.92 – 4.17

13.1

13.2

20.9

20

8- 30

20

19.9 – 37.5

20

20-30

36.3

21 – 26.5

5.8

-

-

-

-

-

10.0 – 22.3

11.03

-

6.23

19.2 – 31.9

3.4

4.6

5.6

4.4

-

8.6

4.32 – 9.24

4.53

7

8.6

2.31 – 3.1

Source: (Waranyou 2010; Jahanet al, 2012).
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