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ABSTRACT

In agricultural sector, there is an environment and technical issue during disposal
process of agro waste after harvesting. Regarding to environmental and sustainability
awareness, concerns on the long term effect of burning crop waste have been
expressed including pineapple leaves burning. Responding to this emerging issue,
there are emphases on transformation of crop waste to wealth in order to create a
sustainable agriculture industry. This work presented the new technology invented
named Pineapple Leaf Fibre Machine 1 (PALF M1) for pineapple leaf fibres (PALF)
productions. Effects of extractions method and surface treatments towards PALF’s
properties are evaluated. The findings of this study confirmed that PALF MI
increased PALF’s productions rate by 8 times and minimize pineapple leaves waste
up to 80% compared to traditional method (hand scrapping). From the experimental
results, PALF M1 yield fibre with diameter of 75.7um and tensile strength of
322.70MPa while hand scrapping produced fibre with diameter of 90.7um and
tensile strength of 337.30MPa. Besides that, surface treatments enhanced mechanical
properties of PALF extracted by both methods up to 18% from untreated PALF.
Despite of reducing the environment pollution and minimizing the waste, the
proposed technology involved in sustainable pineapple leaf fibres (PALF)

productions also yield better fibre in terms of quality and mechanical properties.
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ABSTRAK

Dalam sektor pertanian, terdapat isu alam sekitar dan isu teknikal semasa proses
pembuangan sisa pertanian setelah musim menuai. Kebimbangan terhadap kesan
jangka panjang pembakaran sisa tanaman termasuk pembakaran daun nanas telah
diberi perhatian berikutan kesedaran terhadap kelestarian alam sekitar. Bagi
menangani isu ini, penekanan diberikan dalam usaha transformasi sisa tanaman
kepada sesuatu yang bernilai bagi mewujudkan industri pertanian yang mampan.
Hasil kerja ini membentangkan tentang tcknologi baru yang dihasilkan iaitu
Pineapple Leaf Fibre Machine | (PALF MI1) untuk penghasilan serat daun nanas.
Keberkesanan kaedah pengekstrakan dan rawatan permukaan terhadap sifat serat
daun nanas telah dinilai. Hasil kajian ini membuktikan bahawa PALF MI
meningkatkan kadar pengeluaran scrat daun nanas sehingga 8 kali ganda dan
mengurangkan hasil buangan daun nanas sebanyak 80% berbanding kaedah
tradisional (rautan tangan). PALF M1 berjaya menghasilkan serat berdiameter
75.7um dengan kekuatan tarik 322.70MPa sementara rautan tangan menghasilkan
serat berdiameter 90.7pum dengan kekuatan tarik setakat 337.30MPa. Selain daripada
itu, rawatan permukaan serat daun nanas menunjukkan peningkatan yang ketara
terhadap sifat mekanikal serat, iaitu sehingga 18% daripada serat yang tidak dirawat.
Di samping mengurangkan pencemaran alam sekitar dan meminimumkan sisa
buangan, PALF M1 juga menghasilkan scrat yang lebih baik dari segi kualiti dan

sifat mekanikal.
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CHAPTER 1

INTRODUCTION

1 Background of study

There is stimulation of looking alternatives materials to replace synthetic fibres in
most industries including construction, packaging, automotive, and textile with
regard to the increasing environmental consciousness as well as the greenhouse
effect [1]. One of the alternatives that seem good in replacing synthetic fibres is
natural fibres. Apart from being readily available. natural fibres have few advantages
that no synthetic fibres can surpass those advantages [2]. Besides it can be extracted
from the plants at a very low cost, they are biodegradability. reduced greenhouse
effect, offer low energy consumption. low density, and provide acceptable specific
strength propertics.

The current development of new potential fibres is widening the areas of
application. Recently, there are exceptional accomplishments of those fibres in
material science field via the natural fibres development due to environmental and
sustainability issues. In last decade, natural fibres have been traditionally used in
textile industry domain for applications such as clothing. upholstery. and fabrics.
Nowadays, due to the advent of high modulus fibres, the application of natural fibres
have been extended to highly engincered materials such as automobile and structural
applications |2].

In agricultural sector, there is an environment and technical issue during
disposal process ol agro waste afler harvesting. Nowadays. there are some efforts
being made worldwide in order to promote agricultural waste in a series of value-

added products. Concerned on depletion of resources and global warming have urged



[\S]

most industries for looking naturally abundant resources [3]. There are several types
of natural fibres available abundantly from both naturally and agricultural wastes
included jute, pincapple leaf, bamboo, coir, rice husk, banana, and bagasse. The
establishment of high-performance materials made from natural resources is a good
approach towards developing sustainable agriculture sector.

Agro-based industry produced a significant amount of post-processing waste
and residue in Malaysia, such as palm oil. Agro-based industry generates several
types of waste. However these wastes are mostly composed ol organic matter that
has high potential to be converted into value added products [4]. The Third National
Agricultural Policy (NAP3, 1998-2010) is introduced around 1998, giving
agriculture sector a renewed role to meet one of NAP3 objectives which aimed to
maximise country’s income through optimal utilisation of resources [5].

The introductions of agricultural wastes as new potential fibres not only
conserved energy and environment, but it also served as a basis of developing
sustainable agriculture industry in Malaysia. Furthermore, it will increase the income
of local farmer as well as boost economy growth. These will lead agriculture sector
as the country’s engine of growth which meet one of the objectives set by Ministry of
Agriculture and Agro-based Industry Malaysia [6]. In Malaysia, one of the potential
fibres from agricultural waste developed in Malaysia is pineapple leaf fibre (PALF).

. An extensive research showed PALF have been successfully performed in
textiles industry and reveal PALF immense potential in yarns productions [7, 8].
Regarding to these concerned, there are few research carried out to figure out the
possibility adding values to pineapple leaves [9-11]. The discovery of PALF’s
potential in *new markets™ area not only proposed the solutions to environmental
issues, but provided a potential for the mass consumption of these resources with
applying some technologies. This work presented the new technology invented for

PALF productions.

1.2 Problem statement
Recently, the concerns of sustainable development have encouraged efforts toward
increasing the efficiency utilization of raw resources and reduce the waste

productions. In this context, utilization of agricultural by-products as an alternatives



fibre resource has been highlighted. Reuse of these wastes will lead to significant
reduction of generated waste hence decreased environmental impact. Apart from that,
reuse of these by-products for valuc-added products manufacturing will become one
of an additional revenue source for farmers and developed the diversification of
agricultural industry.

Due to the rapid development in agricultural sectors, there are approximately
1.2 million tonnes of agricultural waste being disposed annually in Malaysia [12].
This kind of waste is usually eliminated by burned or decomposed and lead to the
arising of some environmental issues. Apart from wasting some sources of potential
fibres, burning led to environmental pollution and decreased soil biological activity
[L31,

Pineapple is one of the most familiar tropical fruits widely cultivated around
the world for its fruits. Pineapple leaves, the major part of the plant which is
currently unused needs global attention for its commercial exploitation. After fruit
harvesting, the leaves are disposed by burning or decomposed. Regarding to
environmental and sustainability awareness, concerns on the long term effect of
burning crop waste have been expressed including pineapple leaves burning.
Responding to this emerging issue, there are emphases on transformation of crop
waste to wealth in order to create a sustainable agriculture industry.

This study chose pineapple leaves because they are abundantly available yet
rarely used and is of limited value at present compared to others agricultural wastes
such as jute. bagasse, and rice husk. In pincapple cultivation, the pineapple leaves
can be further processed to produce value-added products. Pineapple waste is no
longer something that is unwanted. Recently. it is regarded as resources for economy
development. Turning pincapple leaves into wealth not only makes good
environmental sense, but also turns “trash™ into “cash™.

In Malaysia, several initiatives have been done in order to extract libre from
pincapple leaves and convert into commercial products. However. the process
involved in pineapple leaves fibre productions is still lag behind technologies
development in this era. The major issue with PALF’s extraction is either labour
intensive and high cost or lead to environmental pollutions [3].

" PALF can be extracted physically. mechanically, and chemically and cach of

these methods have influences on [ibre costs, yield, and final fibre quality [14]. Hand



scrapping (physical method) is labour intensive and tedious process. Besides that, it
only can extract PALT in small quantity which will lead to abundance of pineapple
leaves waste which needs to be decomposed. As a result cause to environmental
pollutions.

On the other hand, decortication machines (mechanical method) will induce
high damage to PALF through breaking, scotching, and hackling actions [14]. These
will produce low quality of PALF. Besides that, the existing decorticating machine
mostly produced short PALF [8, 15-17]. In case of our study, we aim to produce long
PALF that is more suitable for yarn and textile applications. Comprehensive studied
has been done in order to develop better mechanism of PALF’s extraction that will
overcome all of the major issues included final fibre quality and environmental
pollutions.

+ Regarding to these concerned. in our endeavour to develop pineapple leaf
fibre diversifications, we have introduced PALF M1 for sustainable pineapple leaf
fibres productions. This work presented the initial phase of larger-scale study on the
innovations involved in PALF productions. Besides reducing pineapple leave wastes

accumulated, this technology also yield acceptable quality of PALF produced.

1.3 Aim of the study

To study the characterization of long fibre of PALF produced from PALF M1 and

hand scrapping and effects of surface treatments towards PALF's tensile properties.

1.4 Objectives

There are few objectives need to be achieved at the end of this study. All the
objectives are briefly explained as followed:
a) To analyse PALF’s mechanical properties extracted by traditional method

and new machine; PALF M1 [18].

b) To compare properties ol PALI extracted using new machine and traditional
methods.
c) To investigate the effects ol surface treatments towards PALF's tensile

properties.



1.5 Scope of the study

In order to achieve above objectives. the following scopes for this work have been

highlighted and draws as follow:

a) ' Pineapple leaves [rom Josapine variety is used.

b) PALF is extracted by PALF M1 and hand scrapping.

c) Sodium carbonate (Na,CO;) with 3% concentration is cmployed for alkaline
treatment in this study.

d) Morphology characterizations only involved observations of PALI’s surface
at nano-scale by using JEOL model field emission-scanning electron

microscope (FE-SEM).

e) Fibre length and fibre diameter are covered in physical properties testing.
0 Mechanical properties test only covered the fibre’s tensile properties included

tensile strength, Young’s moduli, and strain to failure.
1.6  Significance of the study

This study is a significant endeavour in promoting PALF MI for sustainable
pineapple leaf fibre productions among pineapple’s farmers especially. Besides that,
this kind of work is beneficial to farmers and community in developing sustainable
agriculture when they employ strategic agricultural waste management.

Moreover, this research provided solutions on how it can reduce pineapple
waste, lower the cost. and conserve energy as well as environment during PALF
productions. Furthermore, this study exposed the new potential fibre in replacing
glass fibre and other man-mad fibre for industry applications. It also served as a

future reference for rescarchers in related area.
1.7 Outline of the thesis

This thesis consists of five main chapters. Chapter One establishes the research’s
background. problem statement. objectives, scope of study. aim of study. and study’s
significant.  Mcanwhile for Chapter Two provides comprehensive and relevant

review ol literature regarding to study’s concern. All the procedures, methodology,



tools. equipment. and standard used well explained in Chapter 3. Chapter Four,
discussed all the analysis of experimental data and results obtained. Finally,
conclusions from rescarch findings, present recommendations. and opportunities for

future study are covered in last chapter, Chapter Five.
1.8 Summary of chapter

The development of pineapple leaf [ibre is still at infancy stage. Nevertheless. due to
its superior properties like high specific strength and high specific modulus,
pineapple leaf fibre is now starting to gain attentions in the industry demand.
Compare to glass fibre, pineapple leaf fibre offered a low cost and abundant since it
is categorised as agricultural waste. Despite of developing sustainable agriculture
industry, the utilization of pinecapple lcaf fibre reduced the impact of environmental
issues and conserved cnergy.

This study is a preliminary stage to sustainable pineapple leaf fibre
productions where focus on the improvement on scrapping method and how it
affected the PALF’s properties. In fact, the effect of surface treatment towards PALF
is equally important. The application of PALF in replacing glass fibre is possible but

requires more study and development in future.



CHAPTER 2

LITERATURLE REVIEW

2.1 Introductions

The development of pineapple leaf fibre (PALF) especially in Malaysia is still at
infancy stage. This might be due to the lack of disclosure of PALF potential and out-
dated technology involved in PALF’s productions. A comprehensive background of
PALF is discussed in the following topics. All the fundamental background is
included the pincapple’s background. PALE's productions. PALF's properties.

PALF’s surface treatment. and potential used of PALF.

2.2 Pineapples background

Pineapples are one of the significant harvests, contributing about 20% of the world
production of tropical fruits [19]. It takes about 70% of the pineapples are consumed
as fresh fruits all over the world. It has been traced that pineapples are originates
from Brazil and Paraguay. In 1493, Europeans have discovered pincapple originated
in South America. Brazil and China. are among the main pineapple productions
countries based on the statistics show in Table 2.1 [20].

. In 2005, 32.2% of world pineapple production is contributed by an ASEAN
and monopoly by Thailand and Philippines [21]. Not only in ASEAN. Thailand and

Philippines is also the world’s leading producer of pincapple as showed in Table 2.1.



Table 2.1 World pineapple productions [20]

Goanisies Pineapple productions (Metric Tonne)
2001 2002 2003 2004 2003 2006 2007 2008 2000 2010
Brazil 2145 130)2 149 850 221595012 292 470]2 560 630 2568 55012 206 490
Thailand {2078 290|1 738 830| 1 899 420{2 100 9802 183 280|2 705 180]2 815 280}2 278 160{ 1 894 8601 924 660
Philippines |1 607 9101 639 160{1 697 96011 759 810{ 1 788 2201 833 910{2 016 460]2 209 340{2 198 500{2 169 230
China 1257 7401 243 587(1 269 675]1 266 753{1 288 774]1 382 2891 381 9011 385 693|1 477 329{1 519 072
Costa Rica {950 400 | 992000 | 984 223 |1 160 000| 1 605 2401 805 000|1 547 5301 667 530|1 682 0401 976 760
India 950 400 |1 180000{1310000]1 234 200]1 278 900]1 2626001 362 000{1 245 000]1 341 000]1 420 000
Indonesia [494 968 | 555 588 | 677089 | 709918 | 925082 |1 427 7801395 5701 433 130§ 1 558 200{1 390 380
Nigeria 925930 | 889000 | 945843 |1011880f 890000 | 895000 | 900 000 | 810 832 | 898 376 lﬂ?\iz
Mexico 625957 | 659817 | 678 603 | 669225 | 551672 | 633 747 | 671 131 | 685 805 | 749396 | 701 746
Kenya 612248 | 619860 | 399103 | 600 000 | 600 000 | 417 860 | 429 065 | 339 850 | 257623 | 272 231
Vietnam {284 500 | 373800 | 383200 | 414900 | 470000 | 572732 519300 | 482600 | 460 000 | 477 200
Colombia [313 573 | 353 490 | 390 545 | 391 488 | 378 007 | 396 995 | 434 574 | 436 044 | 427 766 | 398 010
Venezuela |300 090 | 347297 | 340221 | 322768 | 349 182 | 356 879 | 363 075 | 358 796 | 360 000 | 371 400
Malaysia 288 938 | 310000 | 320 000 | 330000 | 340000 | 299318 [316210 | 384673 | 400070 | 416070
US.A 293022 | 290301 | 272156 | 199581 | 192323 | 170 551 | 172000 | 180 000 | 200 000 | 170 000
Peru 150 570 | 156318 | 164371 | 177055 | 203 930 | 234 281 | 212059 | 243 492 | 274393 | 310 556
Bangladesh |152 000 153000 | 154230 | 212775 | 234865 | 253825 | 238360 | 210283 | 229068 | 234 493

Congo* 192 080 193120 | 194 160 | 195210 | 195210 | 196 260 | 197320 | 193390 | 199 466 | 200 548
Cote
\d'Ivoire
South
Africa
Guatemala [101 287 102299 | S1923 | 71785 | 197096 | 194 423 | 200 404 | 200 444 | 201 447 | 207 800

Australia  [119618 | 119328 | 104743 | 110417 | 104022 | 153015 | 164 732 | 162000 | 157679 | 153 000
Benin 57 147 86700 | 105910 | 110819 | 121182 | 80055 | 129287 | 134966 | 222223 | 220 800
Honduras | 83000 | 102960 | 116945 | 122335 | 144953 | 147000 | 132131 | 134100 | 115059 | 124 719
Ecuador  [47318 76 616 | 67206 | 75206 | 103478 ] 105000 | 110000 | 100 000 | 110000 | 113 900
Ghana 63 798 70105 | 71637 | 67000 | 60000 | 66000 | 68000 | 70000 | 74715 | 73700
Panama 22179 24152 | 34424 | 49771 | 45628 | 49805 | 71002 | 75907 | R7849 | 90600

2160 020 2676 420 2120030

248 890 | 227501 | 243 242 | 215989 | 195204 | 176 698 | 159668 | 86147 | 66730 | 65000

167 720 176 490 | 160 820 | 164 434 | 180618 | 166335 | 160 088 | 144 791 | 122993 | 92892

Malaysia is one of the world’s major producers besides Indonesia, Thailand,
Philippines, and South Africa. Pineapple have been introduced to Malaysia by
Portuguese [22]. Total area of planted pineapples at Malaysia is about 11 684 ha.
with 265 680 tonnes production in 2000 [23]. Until 2012, the total area of planted
pineapple is about 15,649 ha. as mentioned by Minister of Agriculture and Agro-
based Industry [24].



Johor is the largest state that produced pineapple [25]. Table 2.2 showed the
pineapple productions according to each state in Malaysia from year 2008 until year
2011. Besides Johor, Kelantan, Selangor, and Sarawak also are the major producing

states of pineapples in Malaysia.

Table 2.2 Pineapple productions at Malaysia [25]

State Metric Tonne
Year 2008 2009 2010 2011

Johor 143 963.00 75 019.00 91 939.00 80 389.22
Melaka - 531.00 1472.00 223.88
Negeri Sembilan 330.25 7416.00 1453.00 925.51
Selangor 504.05 1284.00 887.50 2367.44
Perak 532.57 2052.00 1933.00 823.14
Pulau Pinang 681.64 3780.00 2315.00 531.16
Kedah 1121.17 9342.00 5232.00 1900.76
Perlis - 112.00 18.50 22.76
Kelantan 8209.60 7974.00 4233.50 1153.30
Terengganu - 5108.00 3367.00 1475.86
Pahang 768.64 2340.00 3723.00 1305.12
Sarawak - - 10 841.00 5839.05

TOTAL: 156 110.92 114 958.00 127 414.50 96 957.20

2.2.1 Taxonomy of pineapple

Pineapple (Ananas comosus Merr.) is a member of the Bromeliaceae, a large, diverse
family of about 2794 species from approximately 30 cultivars of A. comosus [26].
Based on the current classification, there are six botanical varieties of A. comosus

that have been identified. The six varieties are listed as follow [27]:

a) A. comosus var. ananassoides (formerly two species: A. ananassoides and A.
nanus)

b) A. comosus var. bracteatus (formerly two species: A. bracteatus and A.
fritzmuelleri)

c) A. comosus var. comosus (formerly A. comosus)

d) A. comosus var. erectifolius (formerly A. lucidus)

e) A. comosus var. parguazensis (formerly A. parguazensis)

f) A. macrodontes (formerly Psuedananas sagenarius)



In Malaysia, there are three main cultivars of pineapple mostly planted [28]. They are

Cayenne, Spanish, and Queen. Each of these cultivars comprised of varieties as

summarized in Figure 2.1

PINEAPPLES

{ |

VARIETIES - Sarawak - Gandul - Moris
- N36 - Josapine - Bintangor
MD2 - Nanas - Yankee
merah - Moris
- Masmerah gajah

Figure 2.1 Cultivars and varieties of pineapples at Malaysia

2.2.2 Commercial uses of pineapple

Usually, pineapples are cultivated predominantly for its fruit that consumed either
fresh or canned. Pineapple fruit is one of the good sources of vitamins A, B1, B6 and
C, copper, manganese and dietary fibre [29]. Apart from that, pineapple plant is one
of the fibre sources. The fibre sources obtained from the pineapple plant stems and
leaves can be processed into variable value added products such as cloth, textile
products, and paper products. The commercial uses of pineapple can be summarized

as shown in Figure 2.2
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