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Abstract 
 

The fiber morphology and elemental composition of pineapple leaf 
fibers were analyzed to understand their effect on the cellulose content 
and permittivity value. Cellulose fiber was extracted from pineapple 
leaf via the alkaline treatment method, and the content was determined 
using the Kurschner-Hanack method. The permittivity value of the 
developed cellulose fiber was measured based on the waveguide 
technique in the G-band. The surface morphology of the developed 
fiber was examined with scanning electron microscopy. Meanwhile, 
energy dispersive X-ray (EDX) spectroscopy was used to identify the 
elemental composition of the pineapple leaf fibers. The findings were 
that the cellulose fibers with the least diameter and distance between 
fibers exhibited the highest permittivity value, which was 1.85. The 
EDX analysis demonstrated that carbon was the commonest elemental 
in all fibers, and was 55 wt.% of the total element composition. 
Furthermore, the results showed that the permittivity value increased 
as the carbon composition increased, and decreased as the oxygen 
composition increased. Hence, the morphological and elemental 
studies of the cellulose fiber are useful in determining the permittivity 
value of the cellulose fiber for material development. The high 
permittivity value of the pineapple leaf fibers is believed to have great 
potential for use in electronic components. 
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1. Introduction 
 
Natural fibers from a variety of resources are extensively transformed and used in numerous 
applications in the materials engineering industries. This is due to the public awareness of the 
importance of preserving natural resources, which has led to the invention of more ecologically 
friendly materials. In this regard, since conventional materials are highly resistant to biodegradation, 
natural fibers are considered appealing alternatives, particularly those obtained from agricultural 
wastes [1]. Natural fibers have piqued the interest of researchers as a viable alternative to synthetic 
fibers due to their biodegradability and noncarcinogenic properties. The utilization of natural fibers 
in producing value-added materials can reduce pressure on the environment since natural fibers are 
mostly obtained from agricultural wastes [2]. The renewable properties of natural fibers provide a 
better solution for the sustainable supply of materials that are less health hazardous to health [3]. 
Compared to natural fibers, synthetic fibers are expensive and nonbiodegradable, and their use has 
led to abundant electronic waste [4]. Moreover, the cultivation of natural fibers requires only solar 
energy for production rather than fossil fuel energy, which is the case with synthetic fibers. The 
excessive use of fossil fuels in the production of synthetic fibers can deplete valuable natural energy 
sources and cause polluting gas emissions into the environment [5]. Petroleum, for example, is 
believed to be limited in the future, and it may become an unreliable energy source. Therefore, the 
exploration of alternative raw materials with sustainable features is necessary.  

Many available plant-based fibers such as pineapple leaf, coir, kenaf, cornhusk, cotton, 
bamboo, banana leaf, and rice husk, have the potential to be raw materials for natural fiber 
production [6-9]. Pineapple leaves, for example, are one of the agricultural wastes that are mostly 
discarded after post-harvesting and are wasted in most pineapple plantations. Pineapple, or Ananas 
comosus, is most commonly consumed as it is, or it can be used to manufacture canned fruit, cordial, 
and food spread. However, the remaining parts of the pineapple fruit and plants, such as the leaves, 
core, and peel, are discarded. Tonnes of pineapple leaves are being produced yearly, as shown by 
the increased size of a pineapple plantation, though only a minor portion is being used for feedstock 
and energy production [2]. Therefore, the application of natural fibers from pineapple leaves in 
composite production for industrial use appears to be a positive way of reducing the waste of these 
renewable materials [1, 10]. Pineapple leaves can also be used as dielectric materials. The dielectric 
properties of a material are a crucial characteristic in microwave communications and applications 
that regulate the ability of the material to absorb signals [11]. Electromagnetic (EM) signals are 
absorbed by good EM absorbers and transformed into heat. Pineapple leaves can be used as 
dielectric insulators in coaxial cables, capacitors, switchboards [12], and microwave absorbers [13]. 

Natural fibers commonly consist of cellulose, hemicellulose, and lignin, with cellulose 
being the primary constituent [14]. Cellulose consists of fibrils bonded together by hydrogen bonds, 
providing strength and flexibility. The pineapple leaf comprises 70 to 82 wt.% cellulose [14, 15], 
with each fresh pineapple leaf yielding about 2 to 3 wt.% fiber [2]. The cellulose content differs 
according to the variety of pineapple plants as well as ecological factors such as location of 
cultivation. Pineapple leaf has high specific strength and stiffness and is naturally hydrophilic [4] 
due to its great cellulose composition [2]. Pineapple leaves have superior mechanical properties due 
to its high cellulose content and relatively low microfibrillar angle [16] and can be used as composite 
reinforcement to produce biodegradable plastic composites as well as low-density polyethylene 
(LDPE) composites [2].  
 A morphological study provides important information for the development of fibers with 
desired properties. The morphological characteristics of fibers, such as crystallinity, polarity, fiber 
diameters, composition, and arrangement, are important since they define the electrical, physical, 
chemical, and mechanical properties of the fibers [17]. The morphological features of a fiber can 
significantly affect the properties and performance of a material since every feature explains its 
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effect on that material. Therefore, the morphology of natural fiber is indeed crucial in shaping its 
properties. For example, fibers with a higher cellulose composition are relatively high in tensile 
strength due to the cellulose's high crystallinity [15]. This high crystallinity is due to intermolecular 
bonding being more significant in the crystalline phase [18]. In addition to physical and mechanical 
properties, morphological structures can also be affected by the chemical or elemental composition 
of the fibers. For instance, the carbon composition of fibers is believed to be responsible for the high 
permittivity value of a material. This is because carbon can act as a storage and absorbent material 
for electromagnetic signals [19, 20]. 
 The application of pineapple leaf fibers in materials engineering as reinforcing agents has 
been well documented by many authors. However, as far as we know, studies on the morphology 
and elemental composition of pineapple leaf fiber are scarce. In addition, although pineapple leaf 
fiber composites possess enhanced mechanical features, their use remains restricted in industrial 
applications, particularly in electronics components [21]. This restriction is due to insufficient 
information on their morphological features, which can affect their dielectric properties in terms of 
permittivity value. Understanding the dielectric behavior of pineapple leaf fibers promotes their use 
in the materials engineering industry. Therefore, this study was initiated to identify the effects of 
the fiber morphology and elemental composition on the cellulose content and permittivity values of 
the pineapple leaf fiber. 
 
 
2. Materials and Methods 
 
2.1 Sample collection 
 
The leaves of the pineapple (Ananas comosus) were utilized as the study material and were collected 
from a pineapple plantation at Pekan Pina, Pahang, Malaysia. The collected leaves were cleansed to 
eliminate impurities and were dried in an oven at 100°C. The dried leaves were cut into 2-cm-long 
pieces. 
 
2.2 Cellulose fiber extraction by alkaline treatment 
 
An alkaline treatment method was applied to extract cellulose from the pineapple leaves. Sodium 
hydroxide (NaOH) was used in the treatment. The experiment was performed according to the 16 
experimental conditions constructed by the Design-Expert software using two-level factorial 
analysis, with randomized factors of pineapple leaf to NaOH ratio (1:5 and 1:10), NaOH 
concentration (5 and 10 wt.%), cooking temperatures (60 and 100°C), and pulping times (45 and 75 
min). Two-level factorial analysis is a statistical method that was used to identify and evaluate the 
most significant process factors during fiber extraction [22-24]. The experimental data were 
analyzed through the analysis of variance (ANOVA) with a 95% confidence level. ANOVA was 
used to determine the coefficients of the model and validate the significance of the chosen factors 
[25-27]. 
 One hundred grams of pineapple leaves were initially boiled in a mixture of NaOH and 
distilled water, in which different NaOH amounts were prepared for the extraction process. The 
boiled leaf mixture was filtered using a mesh cloth filter and thoroughly washed before being 
squeezed until a clear effluent was obtained. The squeezed pineapple leaf pulp was dried at 60°C. 
The dried pulp was then ground to obtain pineapple pulp powder. The cellulose content was then 
determined by the Kurschner-Hanack method [28], in which nitric acid and acetic acid were used as 
reagents. Concentrated nitric acid (1.5 mL) and 80% acetic acid (15 mL) were poured into a test 
tube containing 1 g of pineapple pulp powder. The test tubes were placed in a beaker containing 
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distilled water and were heated for 20 min at 100°C. The mixture was filtered and dried in an oven 
at 105°C for 24 h. The weight of the powder was then determined in order to obtain the cellulose 
content (wt.%).   
 
2.3 Permittivity test of cellulose fibers 
 
The permittivity measurement can be performed using the free-space, waveguide [29-31], or 
resonant [32-35] techniques. In this study, the permittivity was measured using the waveguide 
technique in the microwave region [29, 30], with the measurement taking place in the G-band, which 
covers the frequency ranges of 3.95 to 5.85 GHz. The waveguide technique is an established and 
proven technique and was preferable method in this study because it enables permittivity value 
measurement over a wide range of frequencies. The resonant technique may be more accurate; 
however, it is limited to a narrow range of frequencies compared to the waveguide technique.  
 The material under test (MUT) height was adjusted to 22.15 mm in order to fit the height 
of the waveguide. Meanwhile, the width was adjusted to not exceed the waveguide’s width of 47.55 
mm. The MUT was positioned at the center of the waveguide to obtain high-sensitivity detection of 
transmission signal changes since the electric field is strong at the center. A vector network analyzer 
(E5071C) was connected to the waveguide to measure the magnitude and phase of transmission 
parameters. 
 An inverse technique was used to predict the permittivity, or dielectric constant, of the 
MUT, based on the measured transmission parameter. The transmission parameter was determined 
by the electromagnetic theory formula by estimating the initial value of the dielectric constant [36]. 
The estimation was repeated until the calculated and measured transmission parameter values were 
in reasonable agreement. The final estimation value was then adopted as the dielectric constant value 
of the MUT. 
 
2.4 Analysis of the morphological structure and elemental composition of cellulose 
fibers 
 
The surface morphology of cellulose fibers from pineapple leaves was examined from the top view 
with scanning electron microscopy (SEM; Hitachi/TM3030 PLUS, Japan). The observation was 
conducted on the six selected MUT samples according to their highest, average, and lowest 
permittivity values. The MUTs were layered with 3 nm gold by a vacuum sputter coater (Quorum 
Technologies Q300TD) to provide a conductive surface on the MUT. The conductive surface can 
prevent charring and charging,  and can enhance the secondary electron signal, producing an 
excellent SEM image of the fibers. The accelerating voltage was adjusted to 15 kV. The elemental 
composition present in the fibers was identified through energy-dispersive X-ray (EDX) 
spectroscopy with a TM3030 PLUS (Hitachi). The elemental composition of the fiber samples was 
revealed theoretically using backscattered secondary electrons (BSE).  
 
 
3. Results and Discussion 
 
3.1 Effect of morphological changes in cellulose fiber and permittivity value 
 

The effect of morphological changes in the cellulose fibers was observed and analyzed in terms of 
their fiber diameter and distance between fibers on the permittivity value obtained. Figure 1 displays 
the SEM images for the six selected MUT pineapple leaf fiber samples.  
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Figure 1. SEM image for each pineapple leaf fiber sample 
 
 The images show that the permittivity value increases as the cellulose fiber diameter 
decreases and vice versa. The highest permittivity value of 1.85 was obtained with the smallest 
cellulose fiber diameter of 3.78±0.89 μm. In the meantime, the lowest permittivity value of 1.43 
was achieved in a sample with a cellulose fiber diameter of 5.40±1.37 μm. From the results, we 
found that the resultant small diameter of the cellulose fibers benefited not only their permittivity 
but also mechanical properties. Both mechanical and dielectric properties (permittivity) depend on 
the porosity, density, and fiber morphology properties such as fiber diameter [37]. Fibers with 
smaller diameters possess better mechanical properties [38]. The smaller the fiber diameter, the 
higher the strength and modulus since finer fibers exhibit superior features due to the higher level 
of ordering of molecular chains and increased crystallinity [39]. 
 A similar trend was also observed for the distance between cellulose fibers (Figure 2), 
where the permittivity value decreases as the distance increases. This is due to the increase in 
porosity with distance. This means that the dielectric properties are highly dependent on the porosity 
of the fiber [40]. The presence of large air voids between the cellulose fibers resulted in the low 
permittivity values due to the fiber’s high porosity. The loose arrangement between fibers due to the 
large air voids caused a reduction in the fiber content in the pineapple leaf, thereby reducing the 
permittivity value. As investigated by Li et al. [40], the fiber content played a significant role in 
determining the permittivity value of kenaf fiber-filled polyurethane foam. The permittivity of the 
composites increased significantly with increased fiber content. Similar findings were also observed 
by Jayamani et al. [12], in which the dielectric properties of the jute and bamboo fibers significantly 
increased with increasing fiber content. The increase in permittivity as fiber content increases is due 
to the increased number of polar hydroxyl groups in the pineapple leaf fiber [41, 42]. 
 Table 1 summarizes the cellulose content (wt.%) and the permittivity values for each 
sample. In a similar way to the permittivity values, cellulose fiber diameter and the distance between 
cellulose fibers showed parallel behavior with cellulose content. As shown in Table 1, the diameter 
was proportionally related to the distance between fibers. The distance between fibers increases as 
the diameter increases. The increase in fiber diameter and distance between fibers results in a 
reduced value for cellulose content (Figure 2). This may be the result of the reduced fiber content  
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       (a)             (b) 

  
     (c)              (d) 

 
Figure 2. The value of cellulose content across the (a) diameter, (b) distance between fibers, and 
the permittivity values of pineapple leaf fiber across (c) diameter, and (d) distance between fibers. 
Note that in both Figure 2 (a) and (b), some data points were not included in the Figure since the 

values were exceptionally large. 
 

Table 1. Fiber diameter and distance between fibers on cellulose content and permittivity 

Sample Diameter 
(μm) 

Distance between cellulose 
fiber (μm) 

Cellulose 
(wt.%) 

Permittivity 
(ɛ) 

a 5.40±1.37 8.69±1.81 14.83 1.44 
b 5.00±1.62 6.07±2.01 25.62 1.49 
c 4.71±1.15 7.35±2.81 39.38 1.58 
d 4.37±1.02 5.34±1.87 22.36 1.74 
e 4.45±1.21 5.54±2.58 22.20 1.78 
f 3.78±0.89 4.90±0.45 27.81 1.85 

 
in the leaf as distances between fibers increase in the sample. The fibers were tightly packed together 
due to their small diameter. As seen from the SEM images (Figure 1) for sample (a), the loose 
arrangement of fibers with large air voids caused the cellulose content to be the lowest among other 
samples, at 14.83 wt.%. 
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3.2 Effect of elemental composition on cellulose content and permittivity value 
 
The EDX analysis of the pineapple leaf fiber shows that the pineapple leaf consists of carbon (C), 
oxygen (O), sodium (Na), magnesium (Mg), and calcium (Ca) elements. An EDX analysis of 
pineapple leaf fibers treated with 1% NaOH by Gadzama et al. [15] revealed that the fibers consist 
of the same elements as in this current study except for Mg and three more elements of aluminum 
(Al), chlorine (Cl), and nitrogen (N). Table 2 presents the percentage amount of each chemical 
element. It was observed that C and O were the two main elemental constituents in the pineapple 
leaf fiber, which is in agreement with the result obtained by Gadzama et al. [15], with 71.04 wt.% 
C and 24.85 wt.% O. It is also interesting to note that the permittivity value increased as the C 
percentage increased from 47.81 wt.% to 55.08 wt.%, as portrayed in Figure 3a. Therefore, the high 
permittivity value exhibited by the pineapple leaf fiber can be associated with its high carbon 
composition. The decrease in permittivity of the cellulose fiber is due to the loss of the polar 
functional group. According to Lett and Ruppel [43], the increase in permittivity has been attributed 
to the presence of polarizable electrons in the fibers. 
 
Table 2. Elemental composition of the pineapple leaf fiber 

Label 
C 

(wt.%) 
O 

(wt.%) 
Na 

(wt.%) 
Mg 

(wt.%) 
Ca 

(wt.%) 
Cellulose 
(wt.%) 

Permittivity 
(ɛ) 

a 47.81 50.85 0.17 0.68 0.48 14.83 1.44 
b 48.68 49.28 0.9 0.15 0.64 25.62 1.49  
c 48.07 49.95 1.01 0.45 0.53 39.38 1.58 
d 51.15 45.81 1.23 1.29 0.53 22.36 1.74 
e 53.22  45.41 0.61 0.52 0.23 22.20 1.78 
f 55.08  43.04 0.46 0.79 0.21 27.81 1.85  

 

  
              (a)               (b) 

 
Figure 3. Effect of (a) carbon and (b) oxygen composition on the permittivity value of the cellulose 

fibers 
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 The percentage of O behaves differently from C, where the increase in the amount leads to 
a decreased permittivity value, as seen in Figure 3b. According to Bamzai et al. [44], the permittivity 
value of single titanium dioxide (TiO2) crystals is different for those having sufficient oxygen 
content and those with oxygen deficiencies. The crystal with a reduced oxygen content displays a 
higher permittivity value. The effect of C and O on cellulose content is generally similar to its effect 
on the permittivity value. The cellulose content increases as the C composition increases and 
decreases with an O increment. Figure 4 presents the EDX graph for sample (f), which refers to the 
highest permittivity result.  
 

 
 

Figure 4. EDX analysis of the sample with the highest permittivity value (sample f) 
 
  The carbon composition was the highest in the sample, at 55.08 wt.%, followed by oxygen 
at 43.04 wt.%. The composition of Na, Mg, and Ca in all samples ranged from 0.15 to 1.23; hence, 
the values can be assumed to not contribute much to the cellulose content and permittivity of the 
fibers. Furthermore, the values of each element in the cellulose fibers vary widely, making it difficult 
to explain their behavior in relation to cellulose content and permittivity values. Nevertheless, the 
doping or substitution of Mg2+ and Ca2+ ions can reduce the dielectric properties of barium strontium 
titanate ceramics [45]. The incorporation of Mg2+ ions in the Ni-Zn ferrite shows improved dielectric 
properties of the ceramic filler [46]. Depending on the type of material being doped, these ions have 
different effects on the dielectric properties of one material when substituted with other chemical 
elements. It is, therefore, important to acknowledge and understand how every single element 
behaves since their composition can affect the performance of the composites. 
 
 
4. Conclusions 
 
The morphological and elemental composition of the pineapple leaf fibers were analyzed. The effect 
of the morphological features of the cellulose fibers on their dielectric properties was analyzed, 
where the finest fiber diameter contributes to a high permittivity value. The loose cellulose fiber 
arrangement between fibers caused the permittivity value to be reduced. Also, the elemental 
composition of the fibers significantly affects their permittivity value, with the one having more 
carbon composition having a higher permittivity value. Therefore, the findings of this study reveal 
that the morphological features of the cellulose fibers and their corresponding elemental 
composition are essential to developing materials with the desired properties. The doping of carbon 
into a material could further improve its permittivity value. The high permittivity value of the 
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pineapple leaf fibers suggests that the cellulose fiber could be exploited further to be used as 
electrical and electronic components. 
 
 
5. Acknowledgements 
 
The authors were grateful to Universiti Malaysia Pahang and the Ministry of Education for funding 
this research work under the Fundamental Research Grant Scheme (FRGS; FRGS/1/2019/ 
TK10/UMP/02/17), and to the Research and Innovation Department, Universiti Malaysia Pahang 
for partly supporting this work under a research grant (RDU210305). 
 
 
References 
 
[1] Ortega, F., Versino, F. and López, O.V., 2022. Biobased composites from agro-industrial 

wastes and by-products. Emergent Materials, 5, 873-921, DOI: 10.1007/s42247-021-00319-x. 
[2] Asim, M., Abdan, K., Jawaid, M., Nasir, M., Dashtizadeh, Z., Ishak, M.R. and Hoque, M.E., 

2015. A review on pineapple leaves fibre and its composites. International Journal of 
Polymer Science, 2015, 1-16, DOI: 10.1155/2015/950567. 

[3] Fidelis, M.E.A., Pereira, T.V.C., Gomes, O. da F.M., Silva, F. da A. and Filho, R.D.T., 2013. 
The effect of fiber morphology on the tensile strength of natural fibers. Journal of Materials 
Research and Technology, 2(2), 149-157, DOI: 10.1016/j.jmrt.2013.02.003. 

[4] Girijappa, Y.G.T., Rangappa, S.M., Parameswaranpillai, J. and Siengchin, S., 2019. Natural 
fibers as sustainable and renewable resource for development of eco-friendly composites: A 
comprehensive review. Frontiers in Materials, 6, DOI: 10.3389/fmats.2019.00226. 

[5] Chokshi, S., Parmar, V., Gohil, P. and Chaudhary, V., 2020. Chemical composition and 
mechanical properties of natural fibers. Journal of Natural Fibers, 19(10), 3942-3953,      
DOI: 10.1080/15440478.2020.1848738. 

[6] Navin, C., 2008. Natural fibers and their composites. In: C. Navin and F. Mohammed, eds. 
Woodhead Publishing Series in Composites Science and Engineering: Tribology of Natural Fiber 
Polymer Composites. Cambridge: Woodhead Publishing, pp. 1-58. 

[7] Dungani, R. Karina, M., Subyakto, A. Sulaeman, Hermawan, D. and Hadiyane, A., 2016. 
Agricultural waste fibers towards sustainability and advanced utilization: A review. Asian 
Journal of Plant Sciences, 15(1-2), 42-55, DOI: 10.3923/ajps.2016.42.55. 

[8] Abral, H., Lawrensius, V., Handayani, D. and Sugiarti, E., 2018. Preparation of nano-sized 
particles from bacterial cellulose using ultrasonication and their characterization. 
Carbohydrate Polymers, 191, 161-167. 

[9] Muhammad, R.R.A.K., Munawar, S.S., Adi, D.S., Ismadi, R.D., Bambang, S. and Ahmad, 
F.W.F., 2021. A review on natural fibers for development of eco-friendly bio-composite: 
characteristics, and utilizations. Journal of Materials Research and Technology, 1, 2442-
2458, DOI: 10.1016/j.jmrt.2021.06.014. 

[10] Das, O., Babu, K., Shanmugam, V., Sykam, K., Tebyetekerwa, M., Rasoul, E.N., Michael, F. 
G.S., Jaime, G.-L., Antonio, J.C., Mikael, S.H., Filippo, B. and Seeram, R., 2022. Natural and 
industrial wastes for sustainable and renewable polymer composites. Renewable and 
Sustainable Energy Reviews, 158, DOI: 10.1016/j.rser.2021.112054. 

[11] Pattanayak, S.S, Laskar, S.M. and Sahoo, S., 2020. Microwave absorption performance 
enhancement of corn husk-based microwave absorber. Journal of Materials Science: Materials 
in Electronics, 32, 1150-1160. 

https://doi.org/10.1007/s42247-021-00319-x


 
Curr. Appl. Sci. Technol. Vol. 23 No. 6             N. A. T. Yusof et al. 
   

 

10 

[12] Jayamani, E., Hamdan, S., Rahman, M.R. and Bakri, M.K., 2014. Comparative study of 
dielectric properties of hybrid natural fiber composites. Procedia Engineering, 97(2014), 
536–544, DOI: 10.1016/j.proeng.2014.12.280. 

[13] Baharudin, E., Ismail, A., Alhawari, A.R.H., Zainudin, E.S., Majid, D.L.A.A. and Seman, 
F.C., 2014. Investigation on the dielectric properties of pulverized oil palm frond and 
pineapple leaf fiber for x-band microwave absorber application. Advanced Materials 
Research, 893, 488-491. 

[14] Cherian, B.M., Leão, A.L., de Souza, S.F., Thomas, S., Pothan, L.A., and Kottaisamy, M. 
2010. Isolation of nanocellulose from pineapple leaf fibres by steam explosion. 
Carbohydrate Polymers, 81(3), 720-725, DOI: 10.1016/j.carbpol.2010.03.046. 

[15] Gadzama, S.W., Sunmonu, O.K., Isiaku, U.S., and Abdullahi, D. 2020. Isolation and 
characterization of nanocellulose from pineapple leaf fibres via chemo-mechanical method. 
Science World Journal, 15(2), 100-105. 

[16] Devi, L.U., Bhagawan, S.S. and Thomas, S., 1997. Mechanical properties of pineapple leaf 
fiber-reinforced polyester composites. Journal of Applied Polymer Science, 64(9), 1739-
1748. 

[17] Rytöluoto, I., Ritamäki, M., Gitsas, A., Pasanen, S. and Lahti, K., 2017. Morphology 
development, structure and dielectric properties of biaxially oriented polypropylene. 
Proceedings of the Nordic Insulation Symposium, 25, DOI: 10.5324/nordis.v0i25.2359.  

[18] Balani, K., Verma, V., Agarwal, A. and Narayan, R., 2014. Physical, thermal, and 
mechanical properties of polymers. In: K. Balani, V. Verma, A. Agarwal and R. Narayan, 
eds. Biosurfaces: A Materials Science and Engineering Perspective. New York: John Wiley 
and Sons, Inc. 

[19] Zahid, L., Malek, A.M.F., Nornikman, H., Affendi, N.A.M., Ali, A., Hussin, N., Ahmad, B. and 
Abd Aziz, M.Z., 2013. Development of pyramidal microwave absorber using sugar cane bagasse 
(SCB). Progress in Electromagnetics Research, 137, 687-702, DOI: 10.2528/PIER13012602. 

[20] Hossain, S.S. and Roy, P.K., 2018. Study of physical and dielectric properties of bio-waste-
derived synthetic wollastonite. Journal of Asian Ceramic Societies, 6(3), 289-298,             
DOI: 10.1080/21870764.2018.1508549. 

[21] Khouaja, A., Koubaa, A., and Daly, B.H., 2021. Dielectric properties and thermal stability 
of cellulose high-density polyethylene bio-based composites. Industrial Crops and Products, 
171, DOI: 10.1016/j.indcrop.2021.113928. 

[22]  Mah, K.H., Yussof, H.W., Jalanni, N.A., Abu Seman, M.N., and Zainol, N., 2014. Separation 
of xylose from glucose using thin film composite (TFC) nanofiltration membrane: Effect of 
pressure, total sugar concentration and xylose/glucose ratio. Jurnal Teknologi (Sciences and 
Engineering), 70(1), 93-98, DOI: 10.11113/jt.v70.2746. 

[23] Aziz, N.H. and Zainol, N., 2018. Isolation and identification of soil fungi isolates from forest 
soil for flooded soil recovery. IOP Conference Series: Materials Science and Engineering, 
342(1), DOI: 10.1088/1757-899X/342/1/012028. 

[24] Jamaluddin, M.F., Zainol, N., Abdul-Rahman, R., Abdul-Ghaffar, N.F. and Salihon, J., 2014. 
Comparison of anaerobic lignin degradation of banana stem waste using mixed culture from 
Malaysian soil and pure strains from soil culture. Asian Journal of Microbiology, 
Biotechnology and Environmental Sciences, 16(3), 551-560. 

[25] Chun, C.W., Jamaludin, N.F.M. and Zainol, N., 2015. Optimization of biogas production 
from poultry manure wastewater in 250 ml flasks. Jurnal Teknologi (Sciences and 
Engineering), 75(1), 275-285, DOI: 10.11113/jt.v75.3981. 

[26] Samad, K.A. and Zainol, N., 2017. Effects of agitation and volume of inoculum on ferulic 
acid production by co-culture. Biocatalysis and Agricultural Biotechnology, 10, 9-12,       
DOI: 10.1016/j.bcab.2017.01.010. 



 
Curr. Appl. Sci. Technol. Vol. 23 No. 6             N. A. T. Yusof et al. 
   

 

11 

[27] Ismail, S.N. and Zainol, N., 2014. Optimization of ferulic acid extraction from banana stem 
waste. Asian Journal of Microbiology, Biotechnology and Environmental Sciences, 16(3), 
479-484. 

[28] Moshi, A.A.M., Ravindran, D., Bharati, S.R.S., Suganthan, V. and Singh, G.K.S. 2019. 
Characterization of new natural cellulosic fibers – A comprehensive review. IOP Conference 
Series in Material Science and Engineering, 574, DOI: 10.1088/1757-899X/574/1/012013. 

[29] Karim, M.S.B.A., Konishi, Y. and Kitazawa, T. 2014. Robustness analysis of simultaneous 
determination method of complex permittivity and permeability. 2014 International 
Conference on Numerical Electromagnetic Modeling and Optimization for RF, Microwave, 
and Terahertz Applications (NEMO), Pavia, Italy, May 14-16, 2014, pp. 1-4. 

[30] Karim, M.S.B.A., Konishi, Y., Harafuji, K. and Kitazawa, T., 2014. Determination of 
complex permittivities of layered materials using waveguide measurements. IEEE 
Transactions on Microwave Theory and Techniques, 62(9), 2140-2148. 

[31] Hasan, N., Hussain, N.S.M., Razak, N.H.S.A., Shah, A.S.M. and Karim, M.S.A., 2021. 
Fabrication and characterization of epoxy resin–barium titanate at G-band using waveguide 
technique. IOP Conference Series: Materials Science and Engineering 1045(1), 1-9,        
DOI: 10.1088/1757-899X/1045/1/012012. 

[32] Hussain, N.S.M., Azman, A.N., Yusof, N.A.T., Mohtadzar, N.A.A. and Karim, M.S.A., 
2022. Design of resonator cavity for liquid material characterization. Telkomnika, 20(2), 447-
454, DOI: 10.12928/TELKOMNIKA.v20i2.23158. 

[33] Kinoshita, M., Hiroki, K., Karim, M.S.B.A., Wakino, K. and Kitazawa, T., 2012. A method of 
evaluating high-permittivity and lossy materials using a cylindrical cavity based on hybrid 
electromagnetic theory. Japanese Journal of Applied Physics, 51, DOI: 10.1143/JJAP.51.09LF03. 

[34] Akbar, S.A., Shah, A.S.M., Abdullah, A.S., Yusof, N.A.T., Khatun, S., Shaharum, S.M. and 
Karim, M.S.A., 2019. An accurate characterization of different water properties using 
resonant method for underwater communication activity. In: Z.M. Zain, H. Ahmad, D. 
Pebrianti, M. Mustafa, N.R.H. Abdullah, R. Samad and M.M. Noh, eds. Proceedings of the 
10th National Technical Seminar on Underwater System Technology 2018. Singapore: 
Springer, pp. 113-120.  

[35] Karim, M.S.B.A., Yusof, N.A.T. and Kitazawa, T., 2017. Scattering analysis of rectangular cavity 
with input and output waveguides and its application to material characterization. 2017 IEEE Asia 
Pacific Microwave Conference (APMC), Kuala Lumpur, Malaysia, November 13-16, 2017, pp. 
588-591. 

[36] Kobata, T., Karim, M.S.A., Momoeda, K. and Kitazawa, T. 2013. Determination of complex 
permittivity of materials in rectangular waveguides using a hybrid electromagnetic method. 
CEM’13 Computational Electromagnetics International Workshop, Izmir, Turkey, August 
2-5, 2013, pp. 56-57. 

[37] Isaac, B., Taylor, R.M. and Reifsnider, K., 2021. Mechanical and dielectric properties of 
aligned electrospun fibers. Fibers, 9(1), DOI: 10.3390/fib9010004. 

[38] Beese, A.M., Papkov, D., Li, S., Dzenis, Y. and Espinosa, H.D., 2013. In situ transmission 
electron microscope tensile testing reveals structure–property relationships in carbon 
nanofibers. Carbon, 60, 246-253. 

[39] Baji, A., Mai, Y.W., Wong, S.C., Abtahi, M. and Chen, P., 2010. Electrospinning of polymer 
nanofibers: Effects on oriented morphology, structures and tensile properties. Composites 
Science and Technology, 70, 703-718. 

[40] Li, P., Tao, Y. and Shi, S.Q., 2014. Effect of fiber content and temperature on the dielectric 
properties of kenaf fiber-filled rigid polyurethane foam. BioResources, 9(2), 2681-2688. 

[41] Abdel-karim, A.M., Salama, A.H. and Hassan M.L., 2018. Electrical conductivity and 
dielectric properties of nanofibrillated cellulose thin films from bagasse. Journal of Physical 
Organic Chemistry, 31(9), DOI: 10.1002/poc.3851. 



 
Curr. Appl. Sci. Technol. Vol. 23 No. 6             N. A. T. Yusof et al. 
   

 

12 

[42] Guo, X., Deng, H. and Fu, Q., 2020. An unusual decrease in dielectric constant due to the 
addition of nickel hydroxide into silicone rubber. Composites Part B: Engineering, 193,  
DOI: 10.1016/j.compositesb.2020.108006. 

[43] Lett, R.G. and Ruppel, T.C., 2004. Coal, chemical and physical properties. In: C.J. Cleveland 
and R.U. Avres, eds. Encyclopedia of Energy. Amsterdam: Elsevier Academic Press, pp. 
411-423. 

[44] Bamzai, K.K., Koohpayeh, S.M., Kaur, B., Fort, D. and Abell, J.S., 2008. Effect of oxygen 
content on dielectric properties of float zone grown titanium dioxide (TiO2) crystal. 
Ferroelectrics, 377(1), 1-21, DOI: 10.1080/00150190802523495. 

[45] Karol, V., Prakash, C. and Sharma, A., 2021. Impact of magnesium content on various properties of 
Ba0.95-xSr0.05MgxTiO3 ceramic system synthesized by solid state reaction route. Materials 
Chemistry and Physics, 271, DOI: 10.1016/j.matchemphys.2021.124905. 

[46] Singh, N., Agarwal, A., Sanghi, S. and Singh, P., 2011. Effect of magnesium substitution 
on dielectric and magnetic properties of Ni–Zn ferrite. Physica B, 406(3), 687-692, 
DOI: 10.1016/j.physb.2010.11.087. 


	Nurhafizah Abu Talip Yusof1,2, Norazwina Zainol3*, Nor Hazwani Aziz3 and Mohamad Shaiful Abdul Karim1
	pineapple leaf fiber;
	cellulose;
	permittivity;
	morphology;
	elemental composition

