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Abstract
The study of natural fiber composite in the field of materials has indeed sparked interest among many due to its essential 
biodegradability feature. As such, pineapple leaf fiber (PALF) is not only biodegradable, but also environmental friendly, 
as opposed to synthetic fiber. Hence, this paper investigates the effect of fiber loading, as well as the inclusion of maleic 
anhydride polyethylene (MAPE) to the mechanical properties of PALF reinforced polylactic acid composites. Therefore, 
untreated PALF with 0, 5, 10, and 15% of weight content ratio, as well as PALF at 10% weight ratio treated with 2, 4, and 
6% of MAPE, had been prepared via roll mill mixing at 190 °C and followed by hot compression molding to prepare the 
specimen sheets. The results obtained from this study revealed that the tensile strength (TS) and the Young’s modulus were 
at their highest levels for untreated 10% PALF, while the impact and the flexure properties displayed a decrease as the con-
tent of fiber increased. Other than that, the inclusion of MAPE indicated that the tensile properties exhibited lower value 
compared to that of untreated. However, the flexural and the impact properties of composites increased with the presence 
of MAPE. As a conclusion, the study demonstrates that the mechanical properties depended on two major factors; (1) fiber 
loading, and (2) the compatibility between matrix polymer and fiber.
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Abbreviations
ASTM	� American Society for testing and materials
MAPE	� Maleic anhydride polyethylene
PALF	� Pineapple leaf fibre
TS	� Tensile strength
PP	� Polypropylene
PE	� Polyethylene

1  Introduction

In recent years, awareness upon the deteriorating state of 
the environment has sparked tremendous interest among 
researchers concerning natural resources materials, such 
as natural fiber, approximately 30 million tons of natural 
fiber are utilized to manufacture a variety of products, due 
to their excellent characteristics of recyclability, environ-
mental safety, and low in cost [1–5]. As such, a great driving 
force has generated fellow researchers in conducting endless 
studies pertaining to natural fiber reinforcement in polymer 
composite for application in numerous fields like clothing, 
packing, paper production, automobile components, building 
construction materials, and sports equipment [6–8]. Appli-
cation of natural fiber based composites in automobile field 
had been studied by several researchers [9–11]. For instance, 
jute based composites door panels had started by Mercedes-
Benz which into its A-Class vehicles [12]. Cicala and team 
worker had studied to investigate hybridization of glass fiber 
with natural fiber for application in the piping industry [13]. 
In addition, kenaf reinforced glass hybrid composite given a 
great attentiveness investigated to researchers for advanced 
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in passenger car bumper [9]. Natural fiber, as it is, is a hair-
like material extracted from either animals or plants. Natural 
fiber from animal includes wool, hair, and secretions, such 
as silk; whereas pineapple leaf fiber (PALF), kenaf, bamboo, 
coir, sisal, rice husk, hemp, flax, jute, and banana fiber, to 
name a few, are obtained from plants [14, 15]. Furthermore, 
the production of these natural fibers has been growing rap-
idly because they are renewable, cheaper in price, emit lower 
pollutant, pose less health risks, can be easily obtained, and 
they are comprised of eco-friendly materials when compared 
to synthetic fiber [14, 16–18].

Besides, environmental topics related to massive crop 
wastes derived from agriculture sector and plastic wastes 
are a huge concern at this present time. In addition, nearly 
150 million tons of plastics are produced worldwide every 
year and this figure is expected to escalate with the increas-
ing trend of the world population [19, 20]. On top of that, 
as almost all these plastic products are made of petroleum-
based material, the utilization of crude oil is deemed to 
increase; contributing to serious environmental pollution as 
they are made of non-degradable polymer [21]. In a tropical 
country like Malaysia where agriculture is active, a lot of 
agriculture wastes are produced each year. In 2009, Thailand 
produces 1.894 million tons, the Philippines produced 2.198 
million tons, and Brazil produced only 1.43 million tons 
of massive agricultural waste producer, as shown in Fig. 1 
[14]. Thailand is one of the largest countries in the world for 
pineapple production and thus, tons of pineapple leaves turn 
into agricultural waste after harvesting [22], whereas Malay-
sia generates approximately 1.2 million tons of agricultural 
residuals on an annual basis [23]. Another instance is Brazil; 
the third largest nation in the world that produces pineapple 
with over 7% of world production produced about 1.4 mil-
lion tons of fiber in 2004. Unfortunately, these useful fibers 
are discarded and burned due to limited knowledge of their 
economic potential [24]. Besides, the disposal method of 
these wastes via burning causes air pollution that harms the 
environment. Hence, a research from the engineering aspect 
to further probe into natural fiber-reinforced biopolymeric 

composite, such as pineapple leaf fiber (PALF)-reinforced 
polylactic acid (PLA) composites, is indeed crucial in pro-
viding an alternative solution to replace non-biodegradable 
polymer, to convert these waste fibers into useful industrial 
and commercial products, as well as to substitute the use 
of conventional synthetic fiber that is not only expensive 
in processing, but also non-environmental friendly. PLA is 
often used for biodegradable packing plastics due to their 
potentially hydrolysable ester bond [25]. However, poor 
interfacial adhesion between the polymeric matrix and the 
natural fiber had been found to cause inefficient stress trans-
fer under load. Consequently, these composites exhibit low 
mechanical strength [26, 27].

As such, this study looked into the effect of fiber loading 
on mechanical properties for pineapple leaf fiber reinforced 
polylactic acid (PLA) composites. Furthermore, Li and Taj 
et al., claimed that the chemical composition of PALF con-
tent is as follows: 70–82 wt% of cellulose, 5–12.7 wt% of 
lignin, 11.8 wt% of moisture content, and 14o of microfi-
brillar [28, 29]. Cellulose has hydrophilic properties that 
belong to the hydroxyl group, which causes poor interface 
and low resistance to moisture absorption when natural fiber 
is reinforced with hydrophobic matrix [30]. Other than that, 
previous studies [31–33] have revealed that natural fiber 
reinforced PLA composite displayed higher mechanical 
properties compared to natural fiber reinforced propylene 
or polyethylene. Although poor interfacial bonding exists 
between natural fiber and PLA matrix, its mechanical prop-
erties can be improved by adding surface treatment or com-
patibilizing agent [34]. Besides, the inclusion of compat-
ibility agent like MAPE had been proven to significantly 
improve the in mechanical properties [28]. Therefore, this 
study investigated the effects of maleic anhydride polyeth-
ylene (MAPE) on the mechanical properties in PALF/PLA 
composite.

2 � Experimental

2.1 � Materials

The PALF that was used as reinforcing fiber was supplied 
from West Java, Indonesia. The thermoplastic biopoly-
mer PLA (IngeoTM Biopolymer 2003D) was purchased 
from NatureWorks, USA, in the form of pellets with spe-
cific gravity at 1.24 and melt flow index at 6 g/10 min. 
(210  °C/2160  g). The compatibility agent used in this 
experiment, maleic anhydride polyethylene (MAPE) or 
OREVAC®18302N, was obtained from Tazdiq Engineer-
ing, Kuala Lumpur in the form of pellets with a melt flow 
index of 1.2 g/10 min. (190 °C/2160 g), while the density 
was 0.9 [12] kg/m3 at 23 °C, and the melting temperature 
was [12] 3 °C.Fig. 1   A pie-chart massive agricultural waste producer
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2.2 � Sample Preparation

The PALF was washed and dried under direct sunlight. After 
the PALF was completely dried, the PALF was cut into a 
short dimension of 2–4 cm, followed by grinding and siev-
ing processes in order to obtain the required dimension of 
PALF at around 2–4 mm. Afterwards, the PALF was dried 
again by using a vacuum oven at 80 °C for 24 h to remove 
the moisture content before it was stored in sealed contain-
ers [35, 36]. The PALF was blended with PLA and MAPE 
in the roll mixer machine. The mixing process was contin-
ued at 190 °C with the speed of the roller set at 50 rpm. 
The composite, later, was cooled at room temperature after 
completing the mixing process. The process was repeated at 
different percentages of composition fractions by adhering 
to the weight ratio displayed in Table 1. After the composite 
was cooled at room temperature, it was placed into a crusher 
machine in order to achieve pellet size of the composite. 
Besides, a laboratory-sized hot compress molding machine 
was employed to compress the pelletizer composites into 
plate form composite with a dimension of 20 × 20 × 0.3 cm. 
The pressure and the temperature that had been set for the 
hot compress machine were 15 MPa and 190 °C respectively. 
Then, the specimen was cut with a table saw by adhering to 
the ASTM standards of D638, D790, and D256.

2.3 � Mechanical Testing

Tensile and flexural tests were conducted according to 
ASTM D638 by using a Universal Testing Machine Instron 
model 3369. The tests were performed at a crosshead speed 
of 1 mm/min with 5 kN load cell. Each value obtained rep-
resented the average of six samples. On the other hand, the 
flexural specimens were tested in accordance with ASTM 
D790. The span distance between the two supporting points 
was 48 mm, while the crosshead speed was at 1 mm/min 
with a 10 kN. Each value achieved represented the average 
of five samples. Meanwhile, the Charpy impact tests were 
conducted on a Universal Impact Machine (Zwick 5113 pen-
dulum impact tester). The methods of the tests were carried 

out based on ASTM D256. In addition, all the test specimens 
were un-notched. The impact load applied was a 4 J pendu-
lum at a maximum pendulum height of 160˚. Hence, five 
specimens were tested for each sample parameter to obtain 
the average value. Another note to highlight is that all the 
mechanical properties were tested at room temperature.

2.4 � Scanning Electron Microscope (SEM)

The morphology of tensile fracture specimen in PALF/PLA 
composites was analyzed by using the Zeiss Evo50 scanning 
electron microscope. The samples were mounted onto SEM 
holder using double-sided electrically conducting carbon 
adhesive tapes to prevent surface charge on the specimens 
when exposed to the electron beam. The PALF-PLA com-
posites were then sputtered with titanium prior to their mor-
phological observation.

3 � Result and Discussions

3.1 � Tensile Properties

Figure 2 illustrates the graph pertaining to tensile strength 
(TS) against fiber composition. An increment of [12]. 22% in 
TS was discovered as the fiber content was increased from 5 
to 10%. However, a decrease by 4.22% was detected in TS as 
the fiber content was further increased to 15%. Nonetheless, 
all the results obtained did not exceed the TS of pure PLA, 
which portrays a value of 53 MPa. Meanwhile, the results 
of TS after the addition of MAPE are presented in Fig. 3. 
The TS was found to decrease after MAPE was added into 
the composite. The TS reduced from 34.60 MPa (0 wt% of 
MAPE) to 27.20 MPa (6 wt%), which displayed a decrease 
by 21.52%.

Other than that, the graph of Young’s modulus against 
fiber composition is given in Fig. 4. An increment of 17.14% 
was observed in Young’s modulus as the fiber content was 
increased from 5 to 10 wt%, but a decrease of 2.46% in 

Table 1   Mixing ratio of PLA, PALF and MAPE

Sample Mixing ratio (wt%)

PLA PALF MAPE

Pure PALF 100 – –
Fibre5 95 5 –
Fibre10 90 10 –
Fibre15 85 15 –
MAPE2 88 10 2
MAPE4 86 10 4
MAPE6 84 10 6

Fig. 2   Effect of fibre content on TS of PALF/PLA composites
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Young’s modulus was noticed as the fiber content was fur-
ther increased to 15 wt%. This indicted that the Young’s 
modulus of the composite is about half less superior than 
the pure PLA that served as control. Moreover, the com-
posite’s tensile properties (TS and Young’s modulus) of the 
composite exhibited a decrease and thus, are far less superior 
compared to pure PLA that served as control. This is due 
to the incompatibility of the hydrophilic nature (presence 
of hydroxyl and other polar group in the fiber) of PALF 
and the hydrophobic nature of PLA that lead tol result in 
poor interfacial adhesion and obstructed stress propagation 
between them [37]. Therefore, due to poor interfacial adhe-
sion and incompatibility of PALF, the fiber is regarded as 
void and does not contribute to the composite as stress is not 
distributed among it. As such, the porosity of the composite 
is increased, thus the resulting in a decrease in TS.

On top of that, the effect of MAPE upon Young’s modulus 
is shown in Fig. 5. After MAPE was added into the compos-
ite, the Young’s modulus did not show much improvement 
compared to the untreated composite. Besides, the trend 
of Young’s modulus revealed in this experiment is almost 
similar to that conducted previously by other researcher on 
thermoplastic rice starch (TPRS)/Cotton composite [38]. 
However, the value of Young’s modulus increased when 

4 wt% of MAPE was added into the composite because the 
fibers actually turned brittle. Moreover, a decrement was 
noted with further addition of MAPE at 6 wt%. This could 
due to the plasticizing effect from the MAPE that has a lower 
molecular weight compared to PLA. The plasticizing effect 
eventually lowers the rigidity of the composite thus, decreas-
ing the Young’s modulus [39].

On the other hand, the scanning electron micrograph 
that was taken at 400 × magnification of PALF composite 
displayed poor adhesion between the PALF and the PLA 
matrix, as presented in Fig. 6a. It is also evident from SEM 
micrograph that fiber (PALF) pullout and cracks in PLA 
matrix led to a weak interfacial bonding between the PLA 
and the PALF.

In addition, Fig. 6b, c illustrate the fractured surface of 
the composites with the addition of 10 and 15 wt% of PALF 
respectively. The TS and Young’s modulus demonstrated a 
slight increase at 10 wt% PALF content. This could be due 
to the domination of fiber over matrix as the PALF content 
was increased. As PALF increases, more fibers are available 
to constrain the matrix thus; the slight increase is further 
reflected in TS and Young’s modulus [40–42]. Nevertheless, 
it showed a decrease at 15 wt% PALF content. This is mainly 
due to high fiber content, in which the fibers behave as flaw 
and they are not properly aligned with the matrix. Moreover, 
the interfacial shear strength is low and the void content is 
higher. Furthermore, Fig. 6d, e show the SEM micrograph 
for the addition of 2 and 4 wt% of MAPE in composites. 
The MAPE, nonetheless, did not show any enhancement in 
tensile properties. The tensile properties of the composite 
are far less superior after the addition of MAPE. This is 
due to the existence of compatibalizer molecules that further 
enlarge the gap between PALF and PLA matrix. In fact, fur-
ther addition of MAPE leads to further reduction of strength 
and this is due to the existence of many byproducts that 
have formed and interfered with the coupling reaction, which 
results in weak bonding strength at the interface [43]. Even 
though MAPE has failed to contribute to better bonding or 

Fig. 3   Effect of MAPE on TS of PALF/PLA composites

Fig. 4   Effect of fibre content on tensile modulus of PALF/PLA com-
posite

Fig. 5   Effect of compatibilizing agent (MAPE) on tensile modulus of 
PALF/PLA composite
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tensile properties of the composite, its presence functions 
as void, thus increasing the porosity of the composite and 
reducing the TS due to the weakening composite.

The present tensile properties result contradicted by 
the expected outcome. There are two factors that might 

this cause these phenomenons which are effective MAPE 
concentration and compatibility of MAPE. Previous find-
ing from Mohanty et al. [44] illustrated that the MAPE 
concentration of more than 1% will produce the negative 
impact on the tensile strength of jute reinforced high-density 

Fig. 6   SEM micrographs of tensile fracture of a 5 wt% of PALF, b 10 wt% of PALF, c 15 wt% of PALF, d treated PALF with 2 wt% of MAPE, 
and e treated PALF with 6 wt% of MAPE
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polyethylene (HDPE) as shown in Fig. 7. The composites 
prepared at 1% MAPE concentration showed that the ability 
in enhance the tensile strengths result with an evidence of 
38%. This phenomenon is due to the increase in interfacial 
adhesion between the fibres and the matrix with the increase 
of MAPE. Furthermore, increase in the MAPE concentra-
tion from 1 to 2%, has resulted in a marginal decrease in the 
mechanical properties. Gassan and Bledzki [45] have also 
reported similar behavior for jute, and flax fibre reinforced 
polypropylene (PP) composites.

This behaviour may be attributed to the migration of 
excess MAPE around the fibres, causing self-entanglement 
among themselves rather than the polymer matrix result-
ing in slippage [46]. Meanwhile, the MAPE concentration 
higher than 2% was used in present study. Therefore, the 
utilisation of MAPE of less than 2% concentration expected 
to produce the positive result in the future. The second factor 
which influences the tensile properties result is the coupling 
agent compatibility. The previous finding from Yang et al. 
shows that MAPE appeared to be less efficient when the 
polypropylene (PP) matrix were used in the composites and 
vice versa [47]. Therefore, the negative impact produced by 
MAPE in PALF/PLA composites is suspected due to the 
incompatibility of MAPE with PALF/PLA. The utilisation 
of other coupling agents such as maleic anhydride polypro-
pylene (MAPP) in the future expected to produce the posi-
tive impact.

Figure 8 shows the tensile strength comparison between 
virgin PLA, PALF/PLA composites, PALF/PLA composites 
with MAPE coupling agent and selected petroleum-based 
polymer. According to Fig. 8, pure PLA present higher ten-
sile strength result compared to the most of the petroleum-
based polymer such are high impact polystryrene (HIPS), 
polypropylene (PP) and high density polyethylene (HDPE). 
However, the utilisation of PALF as reinforcement for PLA 
presents contradicts result of reduction of tensile strength 
result. Moreover, the addition of MAPE as a coupling 

agent in PALF-PLA composites produces the worse effect 
although the tensile strength is higher than HIPS, PP and 
HDPE. Therefore, the improvement in natural fibre and 
coupling agent selection as reinforcement for PLA expected 
capable of enhancing the tensile properties results and com-
pete for the petroleum-based polymer properties like nylon 
and polycarbonate. Thus, it can be an alternative to con-
ventional polymer in engineering applications especially the 
automotive sector [12].

3.2 � Flexural Properties

Figure 9 depicts that 5 wt% of PALF/PLA composite with-
stands greater value of flexural strength with the mean value 
of 71.02 MPa. The increase in fiber loading, nonetheless, 
decreased the flexural properties of 10 wt% and 15 wt% fiber 
content by 37.7% and 77.4% respectively. The average flex-
ural strength for treated PALF/PLA composite is show in 
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Fig. 10, in which the average flexural stress increased gradu-
ally as the MAPE increased. At 6 wt% of MAPE, the highest 
average flexural strength was about 51.27 MPa.

Meanwhile, Figs. 11 and 12 exemplify the flexural modu-
lus for both untreated and treated PALF/PLA composites. In 
Fig. 11, the value of Young’s modulus decreased as the fiber 
content was increased. However, a higher value of Young’s 
modulus was obtained with 5 wt% fiber content, which is 
3449.70 MPa. On the other hand, Fig. 12 portrays that after 
the compatibilizing agent was added into the composite, a 
couple of decrease by 6.7% and 5.57% had been noted for 
2 wt% and 4 wt% of MAPE. The highest Young’s modulus 
was achieved at 6 wt% of MAPE with 3374.53 MPa. There-
fore, the flexural results shows that the flexural performance 
of pineapple leaf fiber reinforced polylactic acid composites 
had been were higher for 5 wt% of fiber loading, but gener-
ated a decrease in the properties for the next fiber loading.

The 5 wt% of pineapple leaf fiber also displays higher 
flexure properties among other fiber contents due to good 
interfacial bonding between the hydrophilic natural fiber 
and the hydrophobic polymer. The higher fiber content in 
composites has successfully affected the flexural properties 
of composites. This is mainly due to the weak interfacial 
adhesion between hydrophilic natural fibers and hydropho-
bic polymer. Hydrophilic natural fibers tend to increase the 
content of moisture in it. The moisture is dependent from 
voids and also has non-crystalline parts in the fiber. Nev-
ertheless, poor interfacial bonding due to partial spaces 
between matrix and fiber material generates the weak struc-
ture of composite materials.

Meanwhile, the effect of compatibilizing agent has 
increased the flexural properties for 10 wt% of pineapple 
leaf fiber. This shows that the addition of compatibilizing 
agent has indeed improved the interfacial bonding between 
the hydrophilic natural fibers and the hydrophobic polymer. 
In other words, a compatibilizing agent chemically links 

hydrophilic and hydrophobic fibers. Besides, the compati-
bilizing agent also increases the performance in the aspect 
of flexurality, whereby the greatest flexural performance was 
attained at 6 wt% of compatibilizing agent. Moreover, pine-
apple leaf fiber contains a high amount of cellulose. Due to 
the higher cellulose content, cracks can occur through weak 
bonding between the cells and cause intercellular fracture, 
but they do not influence the removal of microfibrils [52].

Figure 13 illustrated the comparison of MAPE effect on 
flexural strength result between present study and previous 
research of jute reinforced HDPE composites. According 
to the Fig. 13, the MAPE present better effectiveness in 
enhance the flexural strength of jute-HDPE compared to 
PALF-PLA composites. Utilisation of MAPE with 1% con-
centration able to enhanced the flexural strength up to 30% 
[44]. However, the utilization of MAPE up to 6% has only 
enhanced 3% of flexural strength result of PALF-PLA com-
posites. Again, the phenomenon presents the incompatibility 
between MAPE and PLA as per mention by Yang et al. [47].

Fig. 10   Effect of MAPE on flexural strength of PALF/PLA compos-
ites

Fig. 11   Effect of fibre loading on flexural modulus of PALF/PLA 
composites

Fig. 12   Effect of MAPE on flexural modulus of PALF/PLA compos-
ites
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In addition, Fig. 14 presents the flexural strength com-
parison between virgin PLA, PALF-PLA composites, and 
selected petroleum-based polymer. According to Fig. 14, 
pure PLA present higher flexural strength result compared to 
the PP and HDPE. However, the utilization of PALF as rein-
forcement for PLA presents contradicts result of reduction 
of flexural strength result. Therefore, the improvement in 
natural fibre and coupling agent selection as reinforcement 
for PLA expected capable of enhancing the flexural proper-
ties results and compete for the petroleum-based polymer 
properties like PVC and nylon.

3.3 � Charpy Impact Properties

The effect of fiber loading on the impact strength of the 
PALF/PLA composites can be observed in Fig. 15. With 
the increase in fiber content, the un-notched impact strength 

displayed a decrease linearly. This is similar to the results 
reported by several researchers [53, 54]. In fact, a total of 
9.10 kJ/m2 (17.22%) decreased from 0 to 5% of fiber content, 
whereas a reduction of 22.30 kJ/m2 (41.96%) was noted from 
0 to 10%. On the other hand, from 0 to 15% of fiber content, 
the impact strength demonstrated a drop that is almost half 
of the initial value of 26.40 kJ/m2 (49.84%).

The decreasing impact strength is duly caused by poor 
interfacial adhesion between fiber and matrix. The poor 
interfacial bonding is comprised of micro-spaces between 
the fiber and the matrix polymer; prompting numerous 
micro-spaces or micro-cracks when an impact occurs. 
Hence, crack propagation and crack initiation could take 
place easily [47]. Besides, the increase in weight of fiber 
decreases the related strength due to the incompatibil-
ity between PALF and PLA. This occurs because PALF 
is hydrophilic in nature, which has lower compatibility 
with hydrophobic polymer. The hydrophilic behavior has 
the tendency to become wet because of water. Therefore, 
PALF can easily attract hydroxyl group better than hydro-
phobic polymer. This causes poor interface and low resist-
ance to moisture absorption when natural fiber is reinforced 
with hydrophobic matrix [30]. Hence, a coupling agent is 
required to enhance the compatibility of hydrophilic fiber 
with hydrophobic polymer.

Figure 16 presents the effect of MAPE on the impact 
strength of PALF/PLA composites. The highest increment 
was discovered at 4 wt% with the impact value of 37.40 kJ/
m2, which is an increase by 21.23%. However, it decreased 
to 31.20  kJ/m2 at 6 wt%. Moreover, the percentage of 
performance for 4 and 6 wt% decreased to about 16.55% 
(6.2 kJ/m2). The impact strength of PALF/PLA composite 
further increased when the wt% of compatibilizing agent 
was increased up to 4 wt%. This observation is also simi-
lar to those reports retrieved from literature review [46, 
47, 55]. The compatibilizing agent of MAPE enhances 
the impact strength because MAPE reacts with hydroxyl 
group on the surface of lignocellulose to form a linkage 

Fig. 13   Comparison of MAPE effect on flexural strength of Jute-
HDPE and PALF-PLA Composites

Fig. 14   Comparison of flexural strength result [46–51]

Fig. 15   Effect of fibre loading on impact strength of PALF/PLA com-
posites
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or bond. Nevertheless, the polyethylene (PE) tail from the 
MAPE forms a bond with the melted matrix. As a result, 
the formation of mechanical linkage between hydrophilic 
lignocellulose and hydrophobic polymer is generated [56]. 
However, the impact strength dropped with 6 wt% of MAPE. 
This is because; the increase in compatibilizing agent highly 
enhances the adhesion bonding between fiber and matrix 
polymer. Therefore, the crack begins at the fiber itself, but 
not at the interface as the impact happens. This is due to the 
fact that the matrix becomes less brittle than the fiber [47]. 
As a result, the impact strength of the composite displayed 
a decrease.

Moreover, there are also several other factors that affect 
the mechanical properties of composite and the interfacial 
adhesion bond between fiber and matrix, such as the pro-
cessing method, the length of fiber, and the fiber orienta-
tion. These are some the factors that should be considered 
in improving the mechanical properties of a composite 
in order to produce a composite with excellent mechani-
cal properties. On top of that, agglomeration of fiber takes 
place is formed as the fiber loading is increased during the 
roll mill mixer process, which resulting in poor mechanical 
properties.

These results are in reported to agreement with the find-
ings obtained by several researchers. Moreover, low energy 
demand initiates crack at the area of agglomeration in the 
fiber [46]. Hence, a better mixing method should be con-
sidered, such as internal mixer and extrusion, which can 
hinder avoid agglomeration from occurring. This is indeed 
a crucial step to further improve the mechanical properties 
of composites.

Figure  17 presents the comparison result of impact 
strength between PALF/PLA and jute/HDPE. Both findings 
present the impact strength result increase with the increase 
of MAPE concentration up to particular concentration. The 
use of MAPE shows an increase in impact strength of PALF/
PLA up to 4% of concentration. On the other hand, jute/
HDPE presents the enhancement in impact strength result 

up to 1% of concentration [44]. A decrease was detected in 
impact strength as the MAPE content further increased from 
critical concentration Nonetheless, all the results obtained 
exceeded the tensile strength of pure matrix [44].

4 � Conclusions

In conclusion, as fiber loading was increased in the experi-
ments, composites formed without compatibilizing agent 
displayed the highest values of TS and Young’s modulus 
with 10 wt% of PALF, in which the impact and flexure prop-
erties decreased. Meanwhile, the addition of MAPE indi-
cated that the tensile properties possess lower value com-
pared to those untreated. On the other hand, the flexural and 
impact properties of the composites were increased with the 
presence of MAPE. Hence, as a conclusion, the mechanical 
properties largely depend on fiber loading and the compat-
ibility between matrix polymer and fiber.
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