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ABSTRACT

The strict environmental regulations to overcome the drawbacks of consumption and disposal of non-renewable
synthetic materials have motivated this investigation. The physical, chemical, morphological, and thermal proper-
ties of Hylocereus Polyrhizus peel (HPP) powder obtained from the raw materials were examined in this study.
The physical properties analyzes of Hylocereus Polyrhizus peel (HPP) powder discovered that the moisture
content, density, and water holding capacity were 9.70%, 0.45 g/cm’, and 98.60%, respectively. Meanwhile, the
chemical composition analysis of Hylocereus Polyrhizus peel (HPP) powder revealed that the powder was signif-
icantly high in cellulose contents (34.35%) from other bio-peel wastes. The crystallinity index of Hylocereus
Polyrhizus peel (HPP) powder was 32.76%, according to further X-ray diffraction (XRD) analysis. The thermal
stability of Hylocereus Polyrhizus peel (HPP) powder was examined using thermogravimetric analysis (TGA)
and found thermally stable at 204°C. The morphological study via scanning electron microscopy (SEM) showed
a shriveled and irregular geometry surface. Hylocereus Polyrhizus peel (HPP) powder demonstrated the peak in
the range representing the major functional groups responsible for pectin’s properties. Thus, the findings revealed
that the Hylocereus Polyrhizus peel (HPP) powder has the potential for the development of biodegradable and
renewable materials.
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Nomenclature
0 Theta

1 Introduction

There are billions of synthetic materials that end up in landfills and on beaches every year. The usage of
petroleum-derived synthetic materials endangers the environment since these products release greenhouse
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gases throughout their life cycle. Zero waste consciousness and people’s awareness worldwide resulted in an
increasing trend toward efficient utilization of natural resources. Over the last few decades, there has been a
surge in interest in bio-based materials, such as biofibers, biopolymers, and biocomposite materials, which
play an important part in replacing synthetic materials [1,2]. Biocomposites are redefining material engineering
research because of their numerous advantages, including renewability, lightweight, minimized energy
consumption, usability, and environmental friendliness [3]. The use of lignocellulosic fibers as reinforcement
has many benefits and drawbacks. Many published studies have shown that lignocellulosic fibers’
compatibility with other biopolymers has improved throughout time [4]. The hydrophilicity and wide
crosslinking of lignocellulosic fibers have limited this compatibility, resulting in poor interfacial adhesion and
mechanical properties on both sides of the interface. Moisture has a significant impact on the dimensional
stability of these bioplastics. As a result, surface treatments are widely used for polymeric matrixes so that the
effectiveness of lignocellulosic fibers and natural reinforcement adhesion can be achieved [5].

Natural fibers have been used as a traditional source of cellulosic fibers in many places. Cotton, flax, jute,
sisal, curaua, hemp, and agricultural by-products such corn, wheat, rice, sugarcane, pineapple, banana, and
coconut are among the most important contributions [6]. A fiber’s structure is determined by the size and
placement of unit cells in it, which also influences its characteristics and the properties of the polymeric
composite fiber. According to Jamal Tarique et al. [7], the amount of each element, as well as the form and
quality of the fibers are dependent upon the plant species, crop production, extraction site, plant age, plant
section harvested, and soil conditions under which they were farmed. Amongst the most significant obstacles
to the large-scale production of lignocellulosic-based composites is the inability to manage certain parameters.

Hylocereus Polyrhizus (dragon fruit), also known as “buah naga” in Malay, has carved out a large niche
in the exotic and domestic fruit markets. Dragon fruits were initially introduced in Malaysia in 1999 in the
states of Setiawan, Johor, Kuala Pilah, and Negeri Sembilan [8], whereas annual production is estimated to be
about 10,961 tons [9]. The Hylocereus Polyrhizus is consumed as fresh fruit, with the skin peeled away. They
are also refined into juice, jams, syrups, and other commercial products, as shown in Table 1. The peel, which
is considered waste from the processing of Hylocereus Polyrhizus, represents around 22% of fruit [10].

Table 1: Hylocereus Polyrhizus peel in various commercial applications

No. Potential applications References
1. Bioplastic from peel pectin [11]
2. Natural dye in food [12]
3. Raw material for lipsticks [13]
4. Renewable adsorbents for water purification [14]
5. Poultry diet for laying hens [15]

The present tendency in fresh fruit consumption has resulted in a massive volume of peel as waste. Up to
now, several studies have explored the utilization of dragon fruit peel waste. One study by Lee et al. [16]
examined the reuse of discarded dragon fruit peels as natural reductants as an alternative to conventional
hazardous reductants for graphene-based material synthesis. In another study, dragon fruit peel extract
was synthesized into silver nanoparticles and used as an antiseptic mouthwash [17]. Prastiya et al. [18]
found that the addition of various concentrations of peels of dragon fruit in rabbit feed bio supplement
has good implications for several aspects of rabbit performance.

Work has been done by a previous study on the physicochemical composition of Hylocereus Polyrhizus
peel [11,19]. However, there has been little experimental evidence in the literature related to the preparation
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and characterization of biocomposite using Hylocereus Polyrhizus peel as reinforcement as well as the
investigation related to the thermal properties of the peel.

This study, therefore, was set out to investigate the physical, chemical, morphological, and thermal
properties of the Hylocereus Polyrhizus peel by particle size distribution, density, moisture content (MC),
water holding capacity (WHC), chemical composition investigation, scanning electron microscopy
(SEM), Fourier transform infrared (FTIR), X-ray diffraction (XRD), and thermogravimetric analysis
(TGA). This acquires more knowledge about the possibility of extracting value-added compounds from
the Hylocereus Polyrhizus peel for a variety of applications.

2 Materials and Methods

Hylocereus Polyrhizus was purchased in a local market in Bangi, Selangor. The Hylocereus Polyrhizus
peels (HPP) were separated from the flesh first and then cleaned with running water to remove dirt and
unwanted particles. Afterward, the peels were chopped into small dice (2-3 ¢cm?) using a stainless-steel
cutter. The peels were dried for two days until they reached a consistent weight. The dried peels were
then grounded using a disk mill machine FFC-15 model (Tianhong, Hebei, China) to powder form and
kept in a desiccator to prevent further moisture uptake. Upon analysis, HPP powder was heated in an air
circulating oven at 105°C for 24 h or until a constant weight was achieved to remove unpredictable
moisture absorption. Fig. 1 shows the overall process in the preparation of HPP powder.

Hpylocereus Polyrhizus
Peel Powder

Drying Grinding

Figure 1: Preparation of Hylocereus Polyrhizus peel powder
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2.1 Physical Properties

2.1.1 Particle Size

A Mastersizer 3000 (Malvern Instruments Ltd., United Kingdom) equipped with dry dispersion units
(Aero S) was used to measure the particle size. In a constant stream of air, the dry sample of Hylocereus
Polyrhizus peel powder was distributed and uniformly delivered to the measuring cell. The device
consists of a laser light source, light processing optics, a cell, a lens, and a multi-element detector. The
multi-element detector provides the diffraction pattern. Data processing was needed for the deconvolution
of the diffraction data, as well as for volumetric particle size distribution, related data processing, and
reporting. The optical unit is the center of the system, designed to transmit red laser light and blue light
through the sample. The light was transmitted to a detector, which generated data from light scattering
caused by particles in the sample—the measuring cell functions as an interface between the dispersion
unit and the optical unit [20,21].

Dry dispersion units were used to distribute the dry sample through the measuring cell with a measuring
range of 0.1-3500 um. The peel powder weighed approximately 2.5 g was placed into the hopper on the
vibrating tray before being transported in the direction of the venturi nozzle to the measuring cell. The
blue light (A = 470 nm) was used to capture the background, while the red light (A = 632.8 nm) was used
to detect particles. The rotation speed was 2750 rpm, and the Mie scattering model was applied, with a
particle refraction index of 1.468 and particle absorption index of 0.01.

2.1.2 Density

An AccuPyc II 1340 pycnometer gas (Micromeritics Instrument Corp., Norcross, GA, USA) analyzer
with the flow of helium gas was used to determine the density of the samples. The samples were oven-
dried for 24 h at 105°C to eliminate the moisture content inside the peels. Before placing in the
pycnometer, the samples were dried and kept in a desiccator to remove any lingering water traces. Based
on measurements made at a temperature of 27°C, Eq. (1) was used to calculate the densities of the
samples. The average value was calculated after accumulating five measurements.

p=" (1)

where, m = mass (g), ¥ = volume (cm®).

2.1.3 Moisture Content (MC)

Five samples were examined for moisture content. The samples were heated for 24 h in a 105°C air
circulated oven. The moisture content of the samples was determined by weighing them before, W;, and
after, Wy, heating as stated in Eq. (2).

W, — W,
Moisture content (%) = <1Tf> x 100 )

2.1.4 Water-Holding Capacity (WHC)

The amount of water that 1 g of dried material can hold expresses a substance’s water-holding capability.
The experiment was conducted using a HERMLE Z306 universal centrifuge (Hermle Labortechnik GmbH,
Germany) using a technique devised by Ibrahim et al. [22]. A powder sample (3 g) was submerged in 25 ml
of distilled water in a pre-weighed centrifugal tube (Mjy;ia1). After centrifuging at 3000 rpm for 25 min, the
supernatant was removed, and the remaining residue was dried in an air circulation oven at 50°C for 30 min
before being weighed again (Mg,,). The test was performed three times until the mass of the tested powder
sample was consistent. As a consequence, as stated in Eq. (3), the WHC % was estimated by averaging three
readings.
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Mo — Mo
Water Holding Capacity (%) = (W) x 100 3)
initial

2.2 Chemical Composition

The ash, crude fiber, and carbohydrate content of HPP powder were determined during the experiment.
Adapted from Hazrati et al. [2], the methodologies used to explore acid detergent fiber (ADF), neutral
detergent fiber (NDF), ash, crude fiber, lignin, hemicellulose, and cellulose in HPP powder were used.
The chemical composition of HPP powder was determined using the ADF and NDF. Egs. (4) and (5)
were used to calculate the amounts of hemicellulose and cellulose.

Cellulose = ADF — lignin 4)
Hemicellulose = NDF — ADF &)

2.3 Scanning Electron Microscope (SEM)

The samples’ surface morphology was determined using the Hitachi S-3400N scanning electron
microscope (Hitachi Science Systems Ltd., Japan). To establish an electron beam, the samples were
coated with a layer of gold, and a 20 kV voltage was delivered through them in a high vacuum
environment. The electrons were coupled to the sample atoms and generated signals that provided a
report on the surface topography by generating high-resolution images.

2.4 Fourier Transform Infrared (FTIR) Analysis

The chemical composition and structure of the sample were determined using Fourier transform infrared
(FTIR) Spectroscopy. Spectra of the sample were obtained using JASCO FTIR-6100 Spectrometer (JASCO
Corporation, Japan). Spectrum was plotted between 4000400 cm ™' wavenumbers.

2.5 X-ray Diffraction (XRD) Analysis

A 2500 X-ray diffractometer (Instrument-Rigaku, Tokyo, Japan) with an angular range of 5 to 60° (260)
and a scattering speed of 0.020 s ' was used for the XRD analysis. 35 mA and 40 kV were chosen as the
operating current and voltage, respectively. Using the approach of Segal et al. [23], the crystallinity index
(CI) of the sample was quantitatively determined from the diffraction intensity data. Eq. (6) was used to
get the crystallinity index (%).

loox — 1,

Crystallinity Index (CI) = ~ % 100% (6)

002
where log, is the diffraction intensity close to 20 = 22° and represents a crystalline material; I,,, is the
diffraction intensity close to 20 = 18° and refers to amorphous material in cellulosic fibers.

2.6 Thermogravimetric Analysis (TGA)

Thermogravimetric analysis was employed to characterize the material’s thermal degradation behavior
in terms of weight loss owing to temperature increase. TGA/DSC 3+ (Mettler-Toledo AG, Analytical,
Switzerland) was used in the testing. The weight samples range was 10 = 2 mg. In an aluminum pan, the
test was conducted at a temperature range of 25°C to 600°C at a heating rate of 10 °C min ' in a
dynamic nitrogen environment.
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3 Results and Discussion

3.1 Physical Properties of Hylocereus Polyrhizus Peel
3.1.1 Particle Size Distribution

The effective stress transmitted between the reinforcement and the matrix has a significant impact on
composite material strength. The key parameters that impact the mechanical characteristics of the material
are particle/matrix interfacial strength, particle size distribution, and particle loading [24]. The particle
size distribution of HPP powder is as shown in Fig. 2. According to the graph, the minimal distribution
represents 10% of the particles, and the greatest distribution accounted for 90% of the particles fell within
the dimensions of fewer than 189 pm and less than 1310 um, respectively. The HPP had a diameter of

less than 590 um on average. The smaller the diameter of the fiber, the stronger it is, yet the cost grows
as the diameter lowers [25].

Volume density (%)

0 T T TTTTT T T T T T T IT1r1] T T TTTTTT T T T T 11T T T T TTTTT]
0,01 0.1 10 100 100.0 1,000.0 10,000.0

Size classes (um)

Figure 2: Particle size distribution of Hylocereus Polyrhizus peel powder

3.1.2 Density and Moisture Content

By taking an average of five duplicates of each specimen, the density of each specimen was calculated.
Table 2 shows the density and moisture content of HPP powder. The density value reported in this work was
in agreement with the range of various natural fiber densities reported in other published studies
of 0.45 g/em® [26,27]. Biomaterials’ low density made them more appealing for biocomposite
manufacturing than artificial composite materials such as fiberglass [28]. Furthermore, the moisture
content of the HPP powder in this study was approximately 9.70% (dry basis). This value was in good
agreement with the reported work by previous studies on HPP powder, in which the values were in the
range of 3.30%—-10.66% [29-31]. This could be because the fiber’s biological qualities were reflected.
Apart from that, it might be a useful sign to take into account the material selection process when using
fiber as a composite reinforcement [32]. However, the moisture content investigation revealed that the
HPP powder had a low moisture content of 9.70%, respectively, compared to cassava [26], corn stalk

[22], and arrowroot fiber [7]. This could be owing to the presence of the hydroxyl group in HPP
powder’s cellulose and lignin.

Table 2: Physical properties of Hylocereus Polyrhizus peel powder

Content Hylocereus polyrhizus peel
Moisture content (%) 9.70
Density (g/cm’) 0.45

Water holding capacity (%)  98.60
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3.1.3 Water Holding Capacity

The ability of a material to retain water is a necessary need for the manufacture of composite materials.
Some of the reasons were due to their significant influence in terms of dimensional stability, porosity, tensile
strength, and swelling behavior of natural composite materials [22]. Based on the value of HPP powder that
has a hygroscopic nature, it held the highest amount of water (98.6%) compared to the other fiber samples
such as cassava [33], cornhusk [22], and arrowroot [7], all of which possessed a high hydrophilic feature.
This remark pertained to the low cellulose component of the HPP powder’s composition. Cellulose
prevented water from penetrating the intermolecular fiber chain by reducing free volume [34].

3.2 Chemical Composition

The presence of cellulose, lignin, and hemicellulose in HPP powder is one of the most relevant findings
in the study of fiber composition. According to Table 3, the chemical composition analysis results were
compared to those of prior studies. It was discovered that the cellulose content of HPP powder (34.45%)
was significantly higher than the cellulose content of passion fruit peel fiber (28.58%) and prickly pear
fruit peel (27.00%). Furthermore, the cellulose percentage of HPP powder was higher than that of
cellulose derived from other bio-peel waste, such as cucumber peels, banana peels, orange peels, and
mango peels, which were 18.22%, 16.9%, 11.93%, and 9.19%, respectively [35,36]. Additionally, the
hemicellulose content of HPP fiber was not detected. These findings were consistent with the results of
Bakar et al. [19] and Chia et al. [29], who conducted the same study of fiber. Furthermore, the lignin
content of HPP powder (6.73%) was significantly lower than the other peel of fiber, such as passion fruit
peel (36.18%). This could be since the percentage of amorphic (lignin, hemicellulose) and crystalline
(cellulose) components in natural fibers vary depending on the location and condition of the plant [9].
Chen et al. [37] explained that cellulose is a critical component of natural fiber structure and plant
structural strength. The amount of lignin present in the fibrous residue, on the other hand, was evaluated
to assess the relative number of resistant components present in the fibrous residue, which plays an
important role in the strength and stiffness of the fiber-based walls [2].

On the other hand, natural fibers mainly comprise holocellulose (hemicellulose, cellulose), lignin, crude
fiber, and ash. Increased composite tensile strengths were achieved by introducing high cellulose amounts,
which allowed for better matrix interactions [38]. When natural fibers were mixed with thermoplastic starch
and its derivatives, the mechanical properties of the composite were significantly improved [39]. The
chemical similarity between matrix and fibers was discovered to contribute to this property, resulting in
optimal composite compatibility [40]. Numerous researches have established the optimal performance of
polymer-based biodegradable composites [41]. According to Uitterhaegen et al. [42], inconsistency in
fibers could attribute to differences in lignin content or origin, as well as differences in bioplastic
manufacturing techniques.

Table 3: Comparative chemical composition of Hylocereus Polyrhizus peel powder with other cellulose fibers

Material Cellulose Hemicellulose Lignin  Ash  Crude fiber Ref.
(%) (%0) (%0) ()  (n)
Hylocereus Polyrhizus peel 34.45 ND 6.73 17.40 27.63 Current
study
Hylocereus Polyrhizus peel 9.25 - 37.18 - - [19]
Hylocereus Polyrhizus peel - - - 14.29 31.40 [29]
Prickly pear fruit peel 27.00 - 2.40 11.50 - [43]
Sugarcane peel 7.15 27.52 47.73 - - [44]

(Continued)
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Table 3 (continued)

Material Cellulose Hemicellulose Lignin Ash  Crude fiber Ref.
(%) (%) (%0) () (%)

Passion fruit peel 28.58 23.01 36.18 571 - [45]
Dioscorea Hispida tubers 5.63 4.36 2.79 1.28 - [2]

Arenga Pinnata (Sugar Palm) 43.88 7.24 33.24 1.01 - [46]
Cymbopogan citratus leaves  37.56 29.29 11.14 428 - [47]
Pandanus amaryllifolius leaves 48.79 19.95 18.64 1.08 - [40]
Limonia Acidissima (wood 41.28 27.01 28.31 - - [48]

apple) shell
Note: ND = Not detected.

3.3 Scanning Electron Microscope (SEM)

The microstructures of the HPP powder are shown in Figs. 3a and 3b, respectively. The peeled surface
appeared shriveled and had irregular geometry. The finding was in agreement with studies conducted by Chia
et al. [29] and Bakar et al. [19] for the drum drying and spray-drying of dragon fruit peel powder. The
shriveled look might be related to the sluggish drying rate during the manufacture of the peel powder, as
Tonon et al. [49] found that when the inlet air temperature was low, most powder particles stay shrunk
with a shriveled surface. Meanwhile, Alamilla-Beltran et al. [50] stated that the physical features of the
crust, which might be flexible and collapsed (when low and intermediate temperatures were used) or stiff
and porous (when high temperatures were employed), could explain morphological variations between
powders formed at various temperatures. Similarly, Gan et al. [51] found that due to the physical grinding
process performed on a millstone, the powders particle were subjected to friction and shearing force
randomly, resulting in the powder surfaces being rough and irregular.

R

SElI 10kV WD10mm SS46

Figure 3: SEM of Hylocereus Polyrhizus peel powder surface structure (a) 35X magnification (b) 300X
magnifications

3.4 Fourier Transform Infrared (FTIR) Analysis

The FTIR technique was used to investigate the functional groups available in Hylocereus Polyrhizus
peel powder. In the region between 4000-400 cm ' of FTIR spectra, major functional groups in HPP
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powder were identified, as presented in Fig. 4. The hydrophilicity of the HPP powder was indicated by the
broad absorption band in the 3650-3000 cm ' regions, attributable to the O—H groups presented in the
components. The peak at 3288 cm™' was attributed to intramolecular hydrogen bonding in cellulose II
[52]. Furthermore, the peak at 2937 cm ' was caused by cellulose aliphatic saturated C—H stretching
vibration [53].
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Figure 4: FTIR spectra of Hylocereus Polyrhizus peel powder

The presence of a peak located at ~1743 cm ™" indicated the presence of C=0 stretching of the acetyl and
uronic ester groups of polysaccharides, such as pectin, lignin, and hemicellulose [54,55]. The finding was
almost similar to that reported by Ribeiro et al. [56] in untreated mandarin peels, where the peak was
located around ~1750 cm'. The p-coumeric acids of lignin and/or hemicellulosic acids were also linked
to this peak [57]. Peak 1602 cm™ ' appeared to represent the stretching vibration of carboxyl ions (COO-)
which indicated the presence of pectin in HPP powder [10]. This is according to the spectral region
between 1500 and 1800 related to carboxylic acids and carboxylic esters, which are the key functional
group responsible for the characteristics of pectin [58]. Furthermore, the carbohydrate fingerprint area
found at wavenumber 800-1300 cm ' can be utilized to identify the major chemical groups of
polysaccharides [59].

3.5 X-ray Diffraction (XRD) Analysis

Hemicellulose and lignin are amorphous, whereas cellulose has both crystalline and amorphous domains
in its structure [60]. The crystalline structure of cellulose influences its mechanical and thermal properties.
The reinforcing ability and mechanical strength of cellulose, in particular, are critical characteristics for its
use in environmental remediation technologies. Fig. 5 displays the X-ray diffractogram of the Hylocereus
Polyrhizus peel powder. From the observation, there were three obvious peaks shown in the XRD pattern
of the sample at diffraction angles of 14.55°, 22.17°, and 32.36°. The crystallinity pattern of cellulose for
HPP powder was seen by the peak at 20 = 22.17° [61], which corresponded to the 200 lattice plane of
cellulose I structure. Meanwhile, the characteristic peak of HPP powder identified at 20 = 14.55° and
32.36° were 110 and 004 lattice planes of cellulose I, indicating the presence of an amorphous region.
Similar results were reported by Abiaziem et al. [44] for cellulose nanocrystal obtained from sugarcane
peel and Huang et al. [62] for corncob pretreatment on the delignification and enzymatic hydrolysis.
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Figure 5: XRD pattern of Hylocereus Polyrhizus peel powder

Moreover, the crystallinity index for HPP powder was calculated using Eq. (1). which is described in the
experimental section and found to be 32.76%. This result showed a high degree of crystallinity than cellulose
from banana peels (15%) [53] and cellulose from Pomelo albedo (25.1%) [63], but lower than Cucumis
sativus peels (56.7%) [35] and cassava root peel (56.3%) [64]. As a result, the crystallinity value varied
based on the plant type and the method of fiber processing. The value of the crystallinity degree region
and the material properties were related, with an increase in the crystallinity degree region enhancing the
material’s strength [46].

3.6 Thermogravimetric Analysis (TGA)

Thermal stability and weight loss of HPP powder were determined using thermogravimetric analysis
(TGA) and differential thermogravimetric analysis (DTG). The TGA and DTG curves in Fig. 6 depict three
distinct stages of weight loss (Table 4), as shown by significant peaks on the DTG curve. Overall, the
weight loss of HPP powder occurred in the temperature range of 30°C—600°C. The initial weight loss was
noticed in the TGA curve between 42°C and 108°C. The elimination of moisture and volatile organic
compounds such as oils, terpenes, and pigments was responsible for this weight reduction [35,65,66]. The
second weight loss was recorded between 204°C and 306°C, corresponding to the decomposition of
cellulose [67]. The decomposition in the region of 318°C and 480°C referred to cellulose degradation;
meanwhile, the lignin degradation took a wide temperature range between 100°C and 900°C [53,68].

In the DTG curves for HPP powder, three main peaks were observed located at 78°C (peak 1), 294°C
(peak 2), and 479°C (peak 3), with mass losses of 7.16%, 34.92%, and 14.05%, respectively. The HPP
powder demonstrated thermal decompositions of cellulose contents, as indicated by the strong U-shaped
peak detected at 294°C. The presence of a final large thermal degradation peak near 479°C verified the
degradation of the fiber’s cellulose content as well as the removal of other non-cellulosic chemical
elements. Overall, the thermal stability of the HPP powder was approximated to be 204°C, comparable to
the thermal stability of Dioscorea hispida tubers [2].
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Figure 6: TGA and DTG curves of Hylocereus Polyrhizus peel powder

Table 4: Onset temperature (T,,se¢), thermal degradation on the maximum weight loss rate (T ,.x), Weight
loss (W), and char yield of Hylocereus Polyrhizus peel powder

Sample Water evaporation 1*" thermal degradation 2" thermal degradation Char yield
Tﬂnset (OC) Tmax (OC) WL (%) Tonset (OC) Tmax (OC) WL (%) Tonset (OC) Tmax (OC) WL (%) W (%)
HPP 42 108 7.16 204 306 34.92 318 480 14.05 31.46

The residual char in the TGA analysis indicates the leftover or remaining materials after all volatile
components were eliminated during the pyrolysis process [34]. Residual char of HPP powder was found
to be 31.46%. This finding was parallel with the reported study conducted by Sahari et al. [69] that
revealed the residues might be associated with the presence of inorganic material and silicon dioxide in
the natural fiber, which can only be decomposed at a very high temperature. On the other hand, the
composition of lignin and ash in Hylocereus Polyrhizus peel powder also contributed to char residue content.

4 Conclusions

The peel powder of Hylocereus Polyrhizus was successfully produced from Hylocereus Polyrhizus peel
waste. The physical, chemical, morphological, and thermal characteristics of the Hylocereus Polyrhizus peel
powder were all evaluated. The physical investigation of the HPP powder demonstrated that it had a large
particle size suitable for a high-density application, low moisture content (9.70%), and higher water
holding capacity (98.60%) if compared to cassava, corn stalk, and arrowroot fiber. Meanwhile, the
chemical composition analyses showed that HPP powder has higher cellulose content (34.45%) than
passion fruit peel fiber and prickly pear fruit peel. However, HPP powder showed lower lignin content
(6.73%) compared to passion fruit peel. No trace of hemicellulose was detected in the HPP powder. The
morphological study by SEM revealed that the peel surface appeared shriveled and had irregular
geometry which was attributed to the high temperature during the drying process as well as the physical
grinding process. FT-IR analysis showed the HPP powder contained pectin, a form of polysaccharides
that offers an added value when combined with different types of biopolymers. The crystallinity index of
HPP powder was 32.76%, which was higher than banana peels (15%) and cellulose from Pomelo albedo
(25.1%). Thermal analysis revealed that HPP powder has a decomposition temperature of 204°C. This
study revealed that the new approach to the development of sustainable bioproducts based on HPP
powder has the potential to replace certain non-biodegradable and non-renewable polymer-based products
in the market.
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