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Abstract Hot water and alkali treatments were performed on pineapple leaves at three different 
temperatures (50ºC, 70ºC and 90ºC) and three different levels of concentrations of NaOH solution (2, 
4, and 6%). The effect of pre-treatment was analyzed by comparing the physical qualities of 
pineapple leaf fiber (PALF). A physical property analysis of the PALF extracted after two pre-
treatments was carried out by measuring tensile strength, percentage of elongation, color, and surface 
properties of PALF. The PALF pre-treated at 70°C for 15 min showed maximum average tensile 
strength of 1206.3±753.02 MPa and the lowest value of 353.1± 41.51 MPa were recorded for PALF 
pre-treated at 90 ºC for 45 min. In alkali pre-treated PALF, the maximum tensile strength of 1137.2 
± 28.01 MPa was recorded for pineapple leaves treated with 2% NaOH for 6h. In both hot water and 
alkali treated PALF, the percentage elongation was lower compared to the non-treated PALF. Hot 
water treated PALF recorded higher percentage of elongation than Alkali treated PALF. The tensile 
strength and percentage elongation in both treatments showed similar increase with respect to an 
increase in temperature and alkalinity. PALF treated with hot water showed more color change than 
Alkali treated PALF. The hot water treated PALF registered a maximum color change (ΔE) of 
23.692 (70 ºC – 45 min) while the alkali treated PALF showed a maximum color change (ΔE) of 
19.721 (6%-2h). However, the latter showed better surface properties than hot water treated PALF. 
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1    Introduction 

Pineapple (Ananas comosus) is one of the major tropical fruit plants widely grown around the world [1]. 
According to FAOSTAT, in 2013 production of pineapple fruit was 24.8 million tons globally, where 
Costa Rica as the largest producer followed by Philippines, Brazil, Thailand, and India (FAOSTAT, 
2013). Pineapple leaf fiber is one by-product from pineapple plant that has tremendous potential to be 
used in the biocomposite industry because of its biodegradability and strength [2, 3]. Biofibers are 
widely used in automobile industry, building construction, partition wall cabinets, paper industry, 
apparel industry and in making of fiber reinforced composites [4]. For instance, in India pineapple is 
produced in approximately 872000 hectares of land and from this around 600000 tons of PALF can be 
extracted after the harvesting of pineapple [5].  

Pineapple leaf contains around 2.5-3.5% natural fiber, covered by a hydrophobic waxy layer beneath 
the outer layer. The PALF contains holocellulose and alpha-cellulose in major quantities, hemicellulose 
and lignin in small quantities [6, 7]. It is a smooth white colored glossy long fiber with high tensile 
strength [8]. With millions of tons of pineapple leaves discarded yearly, thousands of tons of natural 
fiber could be extracted and be able to industrialize and commercialize the processing of PALF. The 
growth of biocomposite industry would improve the possibilities to minimize the wastage of pineapple 
leaves as a potential source of natural fiber [9, 10]. PALF also shows high specific strength and stiffness, 
which is hydrophilic because of its high cellulose content [11, 12, 13].  

Conventional extraction of PALF is performed by scrapping method using roller type scrapers. 
Usually PALF scrapping machine consists of 3 rollers such as i) feed rollers, ii) leaf scratching rollers, 
and iii) serrated rollers. Pineapple leaves are fed into the machine using the feed roller, and then the 
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waxy layer is removed by the scratching roller. The serrated roller then breaks the leaves for fiber 
extraction [5, 14]. The mechanical extraction process is followed by pre-treatment of crushed pineapple 
leaves (retting), which is usually conducted either by chemical method (chemical retting) or by 
immersing it in water for longer duration (water retting). 

Experiments were conducted at EARTH University, in order to develop a new pre- treatment method 
for the processing of pineapple leaves in to natural fiber by adopting hot water treatment, and to 
compare this method with alkali treatment. The objective of this research was to investigate the effect 
of short duration hot water pre-treatment on crushed pineapple leaves and to compare this process with 
alkali treated pineapple leaves by analyzing the physical properties of PALF.  

2    Materials and Methods 

2.1   Pineapple Leaves 

The pineapple leaves were collected from plants of MD2 variety grown in the farm of EARTH 
University. The initial moisture content of the leaves was found to be 47.03% (wet basis) by oven drying 
method [7]. The leaves were cut into pieces of 0.15 m length and crushed before subjected to pre-
treatment. All the experiments were conducted using the middle portion of pineapple leaves in order to 
ensure uniformity.  

2.2   Pre- Treatments of Pineapple Leaves 

The crushed pineapple leaves (0.15 m) were subjected to hot water and alkali pre- treatment before the 
separation of the fiber.  
2.2.1 Hot Water Treatment 

Pre- treatments were conducted by boiling the pineapple leaves at different temperatures (50, 70, and 
90°C) at different time intervals (15, 30, and 45 min). Then the pineapple leaves were oven- dried at 60° 
C for 24 h and fibers were decorticated. The separated fibers were then subjected to evaluation of its 
physical properties. 
2.2.2 Alkali Treatment 

Pineapple leaves were immersed in alkali (NaOH) solutions at 3 levels of concentrations (2, 4, and 6% 
w/w) and 3 levels of treatment time (2, 4, and 6 h). The leaves were oven dried at 60° C for 24 h and 
then the fibers were separated. Later, the physical properties of these fibers were evaluated. 

2.3   Measurement of Physical Properties 
2.3.1 Tensile Strength and Elongation 

The pineapple leaf fibers samples were randomly selected from the decorticated fibers and samples 
were tested three times (ASTM D3822-07). The tensile strength test was performed with a gauge length 
of 100 mm. The fiber was mounted on the tensile test machine (Tinius Olsen H10T, Tinius Olsen TMC, 
United States) the top end being attached to the machine with a high-grip clip and the other end was 
connected to the bottom grip. After the fiber was mounted on the machine, top head moved at a speed 
of 10mm per minute until the fiber broke into two pieces and the force, elongation and displacement 
were recorded [7, 15].  
2.3.2 Color Analysis 

The normal color of PALF is cream to light brown which varies with the variety and the treatments 
involve in the fiber processing. Since the processing of PALF consists of heat involved treatments, it is 
appropriate to have minimum changes in the color after these treatments. Changes in the color of PALF 
after hot water /alkali treatments with respect to non- treated PALF (control) were analyzed to find 
out if there were any significant color changes in its color with respect to the hot water/alkali 
treatments. The color of PALF was measured with the CIE 1976 L*, a*, b* color space (CIE, 2007) by 
a tristimulus colorimeter (Minolta Co. Ltd., Japan). According to CIE color space, L* represents 
whiteness (brightness)/darkness, a* represents redness/greenness and b* represents yellowness/blueness. 
The color difference was measured by the following method: PALF samples were placed on a white 
surface and the L*, a*, b* values were measured and the process was repeated 3 times. Color difference 
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4    Conclusion 

The effect of pre-treatment on the extraction of PALF was studied by comparing the physical and 
surface qualities of fiber obtained from hot water and alkali treatments. Hot water pre- treatment was 
conducted at 50, 70, and 90°C, then PALF was extracted and the results were analyzed and compared 
with the properties of PALF pre-treated with NaOH concentrations of 2, 4, and 6%. The two treatments 
show similar results and no significance difference in terms of tensile strength and percentage elongation. 
Hot water treated PALF showed higher values of color change (ΔE), with higher L* values which 
represent brightness/whiteness. The surface properties of PALF analyzed from the treatments showed 
that the alkali treated PALF had a better surface properties and the best surface properties were 
obtained with 6% alkali treated PALF.  
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