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Abstract: Malaysia relies on agriculture as one of its economy sector. Unavoidably, abundance quantity of
agro wastes is produced at every harvesting season. With proper planning and management, the agro waste
material can benefit to many production industries. The studied crop is pineapple (Aranas comosus) leaves.
This agro waste material has a high potential to become an alternative fiber in paper making industry. The
objective of this study is to analyse the chemical compositions of pineapple leaves and to investigate the fiber
morphology properties of pineapple leaves fiber. The chemical compositions of fiber were analyzed by TAPPI
Test method, Chlorination method and Kurschner-Hoffner method. Chemical compositions analysed are
Cellulose (Kurschner-Hoffner), Holocellulose (Chlorination method), Hemicellulose (Chlorination method), Ash
content (T211-0m-93), Lignin content (T222-0m-98) and Sodium Hydroxide solubility (T203-om-88). Results
indicate pineapple leaves have a high Holocellulose content (85.7%), followed by Cellulose (66.2%) and
Hemicellulose (19.5%) content. Lignin content 1s the lowest (4.2%) compared to other chemical compositions
mn this study. Pineapple leaves morphology was observed by Scanmng Electron Microscopic (SEM) which
showed a condensed composition of fiber structure. The chemical compositions and morphology study of
pineapple leaves indicate that it is suitable to be used as an alternative pulp in paper making industry,
promoting the green technology.
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INTRODUCTION

Wood contributes to about 90% of conventional raw
material for pulp and paper production in this world
(Madakadze et al., 1999). However, depleting forest tree
had made an impact for the environment and human.
Malaysia has abundance of agro waste material that have
not been fully utilised to a maximum production. Thus, the
finding of a new altemative fiber in non wood material will
be favourable 1n paper production. Pineapple
(Ananas comosus) is the common tropical plant which
consists of coalesced berries. This pineapple is a leading
member from family of Bromeliaceae and it came from
genus Ananas. Fiber bundle from pineapple leaf can be
separated from the cortex where it reveals the pineapple
leaf fiber in multi-cellular and lignocelluloses pattern
(Md Rejab, 2004).

All parts in pineapple from fruits to leaves could be
consumed to give a health benefit for human life.
Pineapple had been used as textile fiber, anti-inflammatory

and also anti-helminthic agent (Tran, 2005). According to
FAO online database, Malaysian had consumed 255,000
tonnes per year and in third position in the world of
consuming pineapple production. Pmeapple 13 mainly
produced for canned fruits and also coarse textiles in
some Southeast Asian countries. Leaves from pineapple
had been used as coarse textiles because of the fiber
composition and  structure  inside the leaves
(Banik ef al., 2010).

All fibrous mm non wood materials especially
pineapple leaf consists of cellulose, holocellulose,
hemicelluloses and lignin along with some extraneous
materials called extractives such as gum and resm.
Previous research indicates pineapple leaf fiber from
different cultivar contained higher cellulose content than
wood fiber. Pineapple leaf fiber also consist of lignin an
adhesive component that binds the cellulose and
hemicelluloses together.

Therefore, the purpose of this study was to analysis

the chemical compositions and to investigate the fiber
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morphology properties of pineapple leaf fiber and to
determine the suitability of the leaves as alternative fiber
1n paper making industry.

MATERIALS AND METHODS

Raw  material: The sample of pineapple
(Ananas comosus) leaf 13 collected from Ayer Hitam,
Johor. This raw material was used as an alternative to
wood content fibers in paper production of this study.
Sample was thoroughly washed with water to remove all
debris and suspended particles, followed by air-dried for
72 h (3 days). The sample was further dried in an oven at
110°C for 24 h to make sure no trapped water particles.
Next, the sample was cut mto smaller pieces prior to
grinding and size selection using a sieve at approximately

0.4 mm. The sample was bagged for further analyses.

Preparation of samples: The prepared sample undergoes
T 264 om-97 TAPPI Test Method before analyses for
chemical composition in pineapple leaf.

Chemical composition analysis: Chemical compositions
in these samples such as cellulose, lignin, hemicelluloses,
holocelluloses, 1% sodium hydroxide soluble, hot water
soluble and ash content were determined accordance with
respective TAPPI standards method; T 211 om-07
(ash content), T 207 om-88 (hot water soluble), T 212
om-88 (1% sodium hydroxide solubility) and T 222 om-88
(lignin content). For cellulose and holocellulose, the
methods were different where cellulose content will be
analysed by following Kurcnher-Hoffner method and
chlorination method for determination of holocellulose in
sample.

Surface observation: The samples were observed under
Scanning Electron Microscope, SEM to study its fiber
morphological properties.

RESULTS AND DISCUSSION

Chemical analysis: The chemical compositions of
pineapple leaf fiber are listed in Table 1. The ash content
of the fiber 1s 4.5%. This amount of ash content 15 a
function of the absence or presence of others materials
(various chemicals, metallic and mineral matters) or singly
or 1in combination ( Tapp: Method 211 om-98). Pineapple
leaf fiber give lower ash content than other non wood
fiber especially in plant. ITn comparison with other non
wood materials from previous studies, the amount of ash
content n this pineapple leaf fiber 15 lower than jute leaf
with 8.8% (Basak et al., 1996) and palm leaves with 9%

(Khiari et al., 2010). Lower ash content indicates good
quality of paper that will be produced from the pulp of
pineapple leaf (T 211 om-07; Lopez et al., 2004).

The moisture content 13 wvery high (81.6%) 1n
pineapple leaf which is higher than other non woods. This
high moisture content will affect the mechanical and
surface of the paper where it has a less dimensional
stability agamst the grain. However, the lugh content of
holocellulose of pineapple leaf will make the paper more
dimensional stable with grain (T 207 om-99;
Khampan et al., 2010).

From Table 1, it was found that pmeapple leaf fiber
contain high cellulose (66.2%) content. Hemicelluloses
and holocellulose contents are also high in pineapple leaf;
19.5 and 85.7%, respectively. Hemicellulose content from
pineapple leaf 1s within the range found in wood about
14 to 34%. These are important parameters in determining
the suitability of raw material for pulp and papermaking.
The quality of fiber from non wood material that will be
produced depends on the content of cellulose,
hemicelluloses and holocellulose in this non wood
material. High content of cellulose can yield a strong fiber
and the quality of papermaking or pulp will be mcreased
(Khalil et al., 2006). This result suggests that pineapple
leaf has an acceptable content of fiber when compares to
wood (Aziz and Zhu, 2006) and has a great potential to be
an alternative fiber in paper making mdustry.

Lower lignin content 1s normally found in non wood
fiber and function as adhesive to bind the cellulose in
fiber. Lower lignin content makes the fiber strength
increase and difficult to break. Pineapple leaf fiber give
low lignin content with 4.2% compares to lignin m wood
(21%). Lower lignin content is easier to discard from the
pulp and the paper that will be produced 13 of more quality
than other non wood material (Trar, 2005).

The chemical composition aspects have been
considered in the previous literature, such as banana
stem, coconut and oil palm and had been reported
extensively. Pineapple leaf reported has a lowest lignin
(10.5%) rather than banana stem (18.6%), o1l palm (20.5%)
and coconut (32.8%) which suggest can undergo
bleaching more easily and have a high fiber strength
(Khalil ef al., 2006). Besides that, pmeapple leaf contain

Table 1: Chemical compositions of pineapple leaf fiber

Constituents Percentage
Ash content 4.5
Cellulose content 66.2
Holocellulose content 85.7
Hemicellulose content 19.5
19 NaOH solubility content 39.7
Lignin content 4.2
Hot water soluble content 32.5
Moisture content 81.6
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high holocellulose content (87.6%) than banana stem
(65.2%), oil palm (83.5%) and coconut (56.3%) (Md Rejab,
2004: Khalil e af., 2006). Those properties depend on the
content of chemical composition in the pineapple leaf fiber
which is cellulose, hemicelluloses and lignin content
(Madakadze et al., 1999).

Pineapple leaf gives a content of 1% sodium
hydroxide of 39.7%. The solubility in 1% sodium
hydroxide indicates the extent of fiber degradation during
pulping process. Pineapple leaf gives a high 1% sodium
hydroxide content which indicates a significantly high
production of pulp from the screen yield (Onggo and
Astuti, 2005). Pineapple leaf fiber also have a high content
of hot water solubility with 32.5%. The high content of
hot water solubility in pineapple leaf indicates high
content of sugars, colouring matters, such as starch and
proteins and could consume pulping reagents and
lengthen the pulping process (Khiari et al., 2010).

Morphological analysis: Scanning Electron Microscopy
(SEM) analysis is shown in Fig. 1 and 2. From this
analysis, pineapple leaf fibers have many matrix of fiber on
the surface.

Pmeapple leaf gives high fiber content because of the
arrangement of fiber. From Fig. 1, SEM analysis shows

H200 100 pm

0001 10 55 10Pa

H200 100um 0001 10 55 9Pa

Fig. 2: Packing of pineapple leaf fiber

many bundle of packed fiber on the surface area of
pineapple leaf fiber. The surface of pineapple leaf fiber
had been filled with many fiber matrix that were
condensely packed together. Figure 2 shows the fiber
seems to be closely packed and could probably indicate
the strength of the paper produced from it. The
arrangement and packing of fiber matrix on the surface
and fiber of pineapple leaf will affect the strength of the
fiber itself (Reddy and Yang, 2005). The fiber surface
contains waxes and other of entrusting substances like
lignin, pectin and hemicelluloses. These substances form
a thick layer to protect the substances of cellulose inside
the matrix layer of fiber (Rowell et al., 2000). The
condensed fiber 1s important in the structure of the paper
produced from the pineapple leaf (Sridach, 2010). Both
figures show the surface area of the pineapple leaf and the
condensed arrangement of the fiber that is, the
agglomeration of fiber structure inside the leaf. This could
increase the fibre strength and the quality of the paper
produced (Han and Rowell, 1999).

CONCLUSION

Cellulose, lignin, hemicelluloses, holocelluloses,
1% sodium hydroxide solubility, hot water soluble and
ash content are the main components that indicate the
quality of paper produced. Favourable high amount of
cellulose content and low lignin content could give a high
quality of pulp and paper making production from
pineapple leaf fiber. Furthermore, Scanning Electron
Microscopy (SEM) analysis shows the condensed
arrangement of fiber which form a strong fiber structure in
pineapple leaf. Thus, this abundance Malaysia’s agro
waste material can become an effective source and has a
high potential for altermative fiber in paper making
industry. This study 1s hoped to give confirmation of the
suitability of pineapple waste as an alternative pulp for
paper making industry.
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