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ABSTRACT 
Golden melon (Cucumis melo L.) peel 
represents a promising source of cellulose 
derived from agricultural by-products. This 
study aimed to identify a favorable NaOH 
concentration for cellulose isolation using 
microwave-assisted extraction (MAE), as 
well as to evaluate the resulting cellulose 
in terms of yield, composition, and 
crystallinity. The extraction was conducted 
at 450 W using NaOH concentrations of 
4%, 8%, and 10%. A relatively high 
cellulose yield (41.87 ± 0.16%) was 
obtained with 8% NaOH, accompanied by improved purity, as indicated by the relatively high cellulose 
content (76.51%) and low lignin content (8.47%). Fourier Transform Infrared (FTIR) analysis confirmed 
the presence of characteristic cellulose functional groups along with a reduction in lignin-related peaks. 
X-ray diffraction (XRD) analysis indicated increased crystallinity after treatment, with crystallinity indices 
of 52.5%, 51.8%, and 40.3% for 4%, 8%, and 10% NaOH, respectively. SEM analysis of the 8% NaOH 
sample showed a rough and porous morphology, likely associated with the removal of non-cellulosic 
components. These findings suggest that MAE is a potentially effective approach for cellulose isolation 
from golden melon peel, with 8% NaOH representing a favorable condition within the studied parameters 
based on a balance of yield, purity, and crystallinity.  
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INTRODUCTION 

Cellulose (C6H10O5)n is one of the most 

abundant natural polymers and a primary 

structural component of plant cell walls. It is a 

linear polysaccharide composed of D-glucose 

units linked by β-(1→4)-glycosidic bonds, 

forming a highly ordered structure that 

contributes to its mechanical strength and 

chemical stability. Due to its biocompatibility, 

biodegradability, and non-toxic nature, 

cellulose has been widely utilized in various 

industries, including biomedicine, 

pharmaceuticals, cosmetics, energy, paper, 

textiles, and food sectors [1][2]. Its 

abundance, renewability, and versatility make 

it a promising raw material for the 

development of sustainable and 

environmentally friendly materials. Cellulose 

can be derived from various sources, including 

wood, herbaceous plants, cotton, agricultural 
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residues, algae, bacteria, and recycled paper 

[3]. 

Agricultural by-products such as melon 

peels represent a promising alternative 

source of cellulose. Melons (Cucumis melo 

L.) are widely consumed in tropical countries, 

including Indonesia, with production reaching 

approximately 118,696 tons in 2022 [4], 

generating substantial quantities of peel 

waste. Dried melon peel is an abundant agro-

industrial residue rich in carbohydrates, 

where cellulose constitutes a major structural 

component within a lignin–hemicellulose 

matrix [5][6]. Melon peel has been reported to 

contain approximately 24–28% cellulose in its 

raw form, which can increase to around 40–

59% after pectin removal, along with 

substantial amounts of hemicellulose and 

lignin [5][7]. Such cellulose levels highlight 

the potential of golden melon peel as a 

cellulose‑rich feedstock for isolation and 

conversion into value‑added products. 

Nevertheless, despite this promising profile, 

targeted studies on cellulose extraction and 

characterization specifically from golden 

melon peel remain limited. 

Adewuyi and Pereira [8] reported the 

only available study on cellulose isolation 

from golden melon skin. Their work employed 

a conventional alkali-based method involving 

prolonged heating at 80 °C for 5 hours 

followed by bleaching, resulting in 

approximately 23% cellulose yield. Although 

effective, this method requires extended 

processing time and continuous heating, and 

it does not systematically examine the 

relationship between processing conditions 

and cellulose quality. Microwave-assisted 

extraction (MAE) offers a potential alternative 

because it provides rapid and volumetric 

heating, allowing delignification and 

bleaching processes to be completed within 

minutes per stage [9]. The use of MAE for 

golden melon peel remains insufficiently 

explored, particularly regarding the effect of 

NaOH concentration under microwave 

conditions and the balance between 

compositional purity, lignin removal, and 

crystallinity of the resulting cellulose. This 

issue represents an important research gap 

compared with previous conventional 

treatments. 

Cellulose isolation typically involves 

the removal of lignin and hemicellulose 

through delignification and bleaching 

processes. Among various methods, alkaline 

treatment plays an important role by 

disrupting lignin structures and solubilizing 

hemicellulose, thereby contributing to 

cellulose enrichment [9]. Under microwave 

irradiation, these reactions may be further 

enhanced due to improved heat transfer and 

reaction kinetics [10]. However, the 

effectiveness of alkali treatment strongly 

depends on NaOH concentration, which can 

influence not only lignin removal but also 

cellulose degradation and structural ordering 

[10]-[12]. 

Microwave-assisted heating has been 

applied in the isolation of cellulose from 

vegetable wastes [13], lignin from cocoa 

shells [14], and pectin from onion and garlic 

waste [15]. This technique transfers energy 

directly into the material through dipole 

rotation and ionic conduction, thereby 

enhancing reaction rates and heat 

distribution. As a result, microwave heating 

can reduce processing time, although the 
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extent of lignin and hemicellulose removal 

still depends on the intrinsic composition and 

structure of each biomass [10][16]. 

Recent studies have reported the 

effectiveness of MAE for cellulose isolation 

from various lignocellulosic biomasses. MAE 

applied to corn husk produced cellulose with 

a yield of 75.23% within 14 minutes likely due 

to rapid volumetric heating [9]. Similarly, 

alkali treatment under MAE applied to 

lemongrass straw was reported to yield of 

37.46% with a high crystallinity index (~70%) 

[11]. In addition, MAE has been used to 

produce cellulose nanocrystals from almond 

shells with a crystallinity of ~56% using fewer 

processing steps than conventional methods 

[12]. These biomasses differ in initial lignin 

and hemicellulose contents and cell wall 

architecture, which may influence 

delignification efficiency, cellulose retention, 

and final crystallinity [9][10]. Therefore, these 

studies provide useful context for 

understanding how the distinct composition 

of golden melon peel may affect cellulose 

yield, lignin removal, and crystallinity when 

subjected to MAE. 

This study aims to examine the effect 

of NaOH concentration under MAE on 

cellulose isolation from golden melon peel. 

Under microwave irradiation, higher NaOH 

concentrations may enhance lignin and 

hemicellulose solubilization and fiber 

swelling, thereby potentially increasing 

cellulose purity and crystallinity. However, 

excessive alkalinity may also promote 

cellulose peeling or degradation, reducing 

overall yield and altering the crystalline 

structure. Therefore, a favorable NaOH 

concentration was identified by evaluating the 

balance between cellulose yield and purity, 

while also examining its impact on 

crystallinity, along with morphological 

characteristics of the selected sample. 

METHODS 

The research methodology comprised 

three main stages: preparation of golden 

melon peel through drying and pulverizing, 

cellulose isolation using microwave-assisted 

alkali treatment at varying NaOH 

concentrations, and characterization of the 

isolated cellulose using FTIR spectroscopy 

and XRD. SEM analysis was performed on 

the selected sample (8% NaOH). Cellulose 

and lignin contents were also determined. 

 
1. Materials and Tools 

The materials used in this study 

included golden melon peel, NaOH (Sigma-

Aldrich), methanol (Sigma-Aldrich, 99.8%), 

H2SO4 (Merck, 95–97%), H2O2 (Sigma-

Aldrich, 30%), glycerol, and distilled water. 

The equipment used comprised Pyrex 

glassware (beakers, measuring cylinders, 

stirring rods, volumetric flasks, and porcelain 

crucibles), microwave (Sharp R-220MA-WH 

Solo, 20 l, 450 W), oven, FTIR spectrometer 

(Bruker Alpha II), X-ray diffraction (X'Pert 

Malvern PANalytical), and scanning electron 

microscope (COXEM EM-40). 

 
2. Isolation of Cellulose from Golden 

Melon Peel 

The isolation procedure was adapted 

from Yupa et al. [9]. Golden melon peels were 

washed and dried in an oven at 40 °C. The 

dried peels were pulverized and sieved to 

obtain a fine powder.  A total of 15 g of 

powder was mixed with 150 ml of a glycerol–
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methanol solution (2:1, v/v) and 35 ml of 

1.75% H2SO4. The mixture was stirred 

manually, followed by MAE at a constant 

power of 450 W for 3 minutes. This process 

was conducted in an open vessel. After 

irradiation, the mixture was directly filtered 

without any intentional cooling interval, and 

the residue was dried in an oven at 105 °C.  

The dried residue was then treated 

with NaOH solutions at concentrations of 4%, 

8%, and 10%, followed by MAE at 450 W for 

3 minutes under the same conditions (pre-

stirring, open vessel, and immediate filtration 

after irradiation). The mixture was filtered and 

washed with distilled water until neutral pH 

was achieved. Subsequently, the residue 

was bleached using 10% H2O2 and subjected 

to MAE at 450 W for 4 minutes per cycle 

under the same conditions. The bleaching 

process was repeated twice sequentially. 

After completing all bleaching cycles, the 

residue was washed with distilled water until 

neutral pH was achieved. The final product 

was dried in an oven at 60 °C until a constant 

weight was obtained. The resulting cellulose 

was then used for further characterization. 

 
3. Determination of Cellulose and Lignin 

Content 

Cellulose content was determined 

based on ASTM D1103-60 [17] and lignin 

content was determined using the Klason 

method according to SNI 8429:2017 [18]. 

Both analyses were carried out once (without 

analytical replicates) by an accredited 

external laboratory following the respective 

standard procedures. Therefore, the reported 

cellulose and lignin contents represent single 

measured values and should be interpreted 

as approximate indicators rather than 

statistically robust estimates.  

 
4. Functional Groups Analysis 

Functional group analysis was carried 

out using an FTIR spectrometer (Bruker 

Alpha II). The samples were ground, mixed 

with KBr, and pressed into pellets under high 

pressure. The spectra were recorded in the 

wavenumber range of 4000–600 cm-1 with a 

spectral resolution of 8 cm-1 and 24 scans. 

 
5. Crystallinity Analysis 

The crystalline structure of the isolated 

cellulose was analyzed using an XRD (X'Pert 

Malvern PANalytical) with Cu Kα radiation (λ 

= 1.5406 Å) operated at 40 kV and 15 mA. 

The diffraction patterns were recorded over a 

2θ range of 10–50°. 

The crystallinity index (CrI) was 

calculated using the Segal method as shown 

in Equation (1), 

CrI = (I002 – Iam) / I002 x 100%    (1) 

where I002 is the maximum intensity of (002) 

crystalline plane at 2θ ≈ 22° and Iam is the 

intensity of amorphous region at 2θ ≈ 18°. 

 
6. Morphology Analysis 

The morphology of the selected 

sample was examined using a scanning 

electron microscope (COXEM EM-40). The 

sample was mounted on aluminum stubs 

using double-sided carbon tape and 

observed under an accelerating voltage of 12 

kV, a working distance of 32.5 mm, and a 

spot size of 6. Observations were conducted 

at a magnification of 100× to provide a 

general overview of surface morphology and 

to visualize larger-scale surface features in 

https://standards.globalspec.com/std/3801001/astm-d1103-60-1977
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the treated cellulose. Only the sample treated 

with 8% NaOH was selected for SEM 

observation, as this condition was considered 

a favorable based on an integrative 

assessment of cellulose yield, compositional 

indicators (cellulose and lignin content), and 

crystallinity. Due to the limited magnification, 

the results are interpreted as qualitative 

observations of macro-scale surface features 

and do not represent detailed microstructural 

characterization or all treatment conditions. 

 
7. Data Analysis 

Cellulose yield experiments were 

conducted in triplicate and the results are 

presented as mean ± standard deviation. 

Statistical analysis was performed using the 

Kruskal-Wallis test, followed by Dunn’s post 

hoc test to evaluate differences among NaOH 

concentrations. Cellulose and lignin contents 

were determined using standardized 

methods by an external laboratory and are 

reported as single measured values, without 

replication. These single-value compositional 

data were therefore used descriptively and 

not subjected to statistical testing. FTIR, 

XRD, and SEM analyses were used to 

characterize the isolated cellulose. FTIR and 

SEM results were interpreted qualitatively, 

whereas XRD data were used to estimate the 

crystallinity index, without statistical analysis. 

A favorable NaOH concentration was 

selected based on an integrative assessment 

using the following criteria: among conditions 

with no statistically lower cellulose yield, the 

one exhibiting higher cellulose content and 

lower lignin content (based on single 

measurements) was considered the most 

favorable. Crystallinity index values were 

used as a complementary, semi-quantitative 

indicator of structural order. 

 

RESULTS AND DISCUSSION 

1. Cellulose of Golden Melon Peel 

The isolation of cellulose from golden 

melon peel using MAE was completed within 

14 minutes through three sequential steps: 

liquefaction, delignification, and bleaching. 

This duration is markedly shorter than that 

reported for conventional methods used by 

Adewuyi and Pereira, which typically require 

over 5 hours for delignification and an 

additional 10 hours for bleaching, totaling 

approximately 15 hours [8]. This reduction in 

processing time may be attributed to the rapid 

and uniform thermal energy distribution 

generated by microwave heating, which can 

enhance reaction kinetics and mass transfer 

efficiency [10][19]. These findings indicate 

that MAE can reduce the processing time for 

cellulose isolation from golden melon peel. 

However, the overall advantages of this 

process cannot yet be conclusively 

established, as its energy efficiency and 

scalability have not been directly measured 

and require further evaluation. 

The isolation process began with a 

liquefaction step, which was performed for 3 

minutes using a mixture of glycerol and 

methanol as organic solvents, with sulfuric 

acid as the catalyst. This combination may 

provide a synergistic effect, where glycerol 

acts as a plasticizing and swelling agent that 

penetrates the cellulose matrix, while 

methanol enhances the solubilization of 

extractives and non-cellulosic components 

such as waxes, pigments, lipids, and tannins 

[9]. The presence of sulfuric acid facilitates 

https://doi.org/10.7454/mss.v22i3.7548
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the cleavage of β-(1→4)-glycosidic bonds in 

carbohydrate components, leading primarily 

to the depolymerization of hemicellulose in 

amorphous regions [20]. 

The brown coloration of the liquefied 

product (Figure 1b) suggests the dissolution 

of these impurities and the formation of 

degradation products such as furfural and 

hydroxymethylfurfural (HMF), which are 

commonly associated with carbohydrate 

hydrolysis [21]. This process may increase 

the accessibility of cellulose for subsequent 

delignification and bleaching. Furthermore, 

the removal of amorphous components may 

contribute to an increase in relative 

crystallinity, although this effect depends on 

the extent of their removal [22][23]. 

 

 

Figure 1. The physical appearance of (a) raw 
material, (b) liquefaction result, (c) 
delignification result, and (d) bleaching 
result. 

 
The process was followed by a 

delignification stage aimed at removing lignin 

as well as residual pectin and hemicellulose, 

thereby improving the accessibility of 

cellulose within the biomass matrix [9]. 

Sodium hydroxide (NaOH) was used as the 

delignification agent at concentrations of 4%, 

8%, and 10%, and the treatment was carried 

out for 3 minutes under microwave 

irradiation. 

Lignin removal is generally attributed 

to the nucleophilic attack of hydroxide ions 

(OH⁻) on ester and ether linkages, 

particularly the β-O-4 aryl ether bonds, which 

are the predominant linkages in lignin [24]. 

The cleavage of these bonds may lead to 

lignin depolymerization into smaller phenolic 

fragments, which can subsequently form 

water-soluble sodium phenolate salts, 

allowing their separation from the cellulose 

fraction (Figure 2) [16][25]. 

The resulting material exhibited a light 

brown color (Figure 1c), suggesting that lignin 

removal was substantial but not complete, as 

residual chromophoric compounds remained 

in the fiber matrix [16]. Therefore, a bleaching 

step was required to further remove these 

components and improve cellulose quality. 

 

Figure 2. Lignin removal reaction using NaOH. 
 

The color change after bleaching 

(Figure 1d) indicates the removal of residual 

pigments and non-cellulosic impurities. 

Hydrogen peroxide, an eco-friendly and 

(a) (b) (c) (d) 
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effective oxidizing agent [26], was used in this 

stage. Under alkaline conditions, hydrogen 

peroxide generates reactive perhydroxyl 

anions (HOO⁻), which are known to be 

responsible for the oxidation of lignin 

chromophores (Equation 2) [9]. These 

species disrupt conjugated structures that are 

responsible for the residual color of the 

sample. 

 
H2O2   +   OH-   →  HOO-   +   H2O   (2) 

 
The effect of NaOH concentration on 

cellulose yield is shown in Table 1. The yield 

increased from 32.56 ± 0.24% at 4% NaOH 

to 41.87 ± 0.16% at 8%, followed by a slight 

decrease at 10% (41.52 ± 0.24%), although 

the difference between 8% and 10% was not 

statistically significant. This trend indicates a 

favorable alkaline range for cellulose 

recovery, under the applied conditions, rather 

than a sharply defined optimum based on 

yield alone. 

 
Table 1. Cellulose yield obtained from golden 

melon peel at different NaOH 
concentrations (4%, 8%, and 10%) 
using MAE. 

 

[NaOH] Cellulose yield (%) 

4% 32.56 ± 0.24b 

8% 41.87 ± 0.16a 

10% 41.52 ± 0.24ab 

Notes: Data with different letters in the column 
indicate significant differences (p <0.05). 

 

The cellulose yield obtained under the 

selected MAE condition reached 41.87 ± 

0.16%, which is approximately 18.87 

percentage points higher than the yield 

reported by Adewuyi and Pereira [8]. This 

result suggests that MAE may enhance 

cellulose recovery under the applied 

conditions, potentially due to rapid and 

uniform internal heating [16],[19]. 

This cellulose yield trend is consistent 

with alkaline pretreatment of lignocellulosic 

biomass reported in previous studies, where 

increasing alkali concentration enhances 

delignification by cleaving lignin–

carbohydrate linkages and solubilizing non-

cellulosic components [27]–[29]. For 

example, CaO pretreatment of corn stover at 

higher concentrations improves the 

disruption of lignin–hemicellulose–cellulose 

interactions, resulting in increased cellulose 

availability [29]. However, at higher alkaline 

severity, cellulose degradation may occur 

through peeling reactions and alkaline 

hydrolysis, leading to reduced yield [30][31]. 

A similar trend has been observed in other 

pretreatment systems, where extensive lignin 

removal is accompanied by increased 

biomass loss [32]. These findings suggest 

that 8% and 10% NaOH fall within a favorable 

range for cellulose recovery, as no significant 

difference in yield was observed. However, 

8% NaOH provides a more favorable balance 

when compositional factors (cellulose and 

lignin content) are considered, as further 

discussed in the following section. 

 
2. Impact of NaOH Concentration on 

Cellulose Purity 

NaOH treatment under microwave-

assisted conditions influenced the cellulose 

and lignin contents of golden melon peel. 

Cellulose content increased from 29.87% in 

the raw material to 73.88%, 76.51%, and 

72.44% after treatment with 4%, 8%, and 

10% NaOH, respectively. These values 

indicate approximately 2.4–2.6-fold 

https://doi.org/10.1002/pc.25929
https://doi.org/10.14710/jksa.26.7.268-275
https://doi.org/10.7454/mss.v22i3.7548
https://doi.org/10.15408/jkv.v6i2.15962
https://doi.org/10.3390/foods13193141
https://doi.org/10.1021/acs.jafc.0c07502
https://doi.org/10.3389/fnut.2022.801712
https://doi.org/10.3390/ani15050674
https://doi.org/10.3390/ani15050674
https://doi.org/10.36055/jip.v6i4.2546
https://doi.org/10.14716/ijtech.v11i4.3499
https://doi.org/10.1111/jpn.14099
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enrichment in α-cellulose compared with the 

raw material. Lignin content decreased from 

19.14% in the raw material to 10.12%, 8.47%, 

and 10.76% after treatment with 4%, 8%, and 

10% NaOH, respectively, corresponding to 

lignin removal efficiencies of 47.1%, 55.8%, 

and 43.8% (Figure 3). 

A combination of high cellulose content 

and low lignin content was observed at 8% 

NaOH, indicating a potentially favorable alkali 

concentration that may effectively disrupt 

lignin–carbohydrate complexes without 

causing excessive cellulose degradation. At 

10% NaOH, the slightly lower cellulose 

content may be attributed to partial cellulose 

degradation [30][31]. However, as these 

measurements were obtained as single 

values, the observed differences should be 

interpreted as indicative trends rather than 

definitive quantitative differences. 

 

Figure 3. Effect of NaOH concentration on 
cellulose and lignin content. 

 
The NaOH concentrations used (4%, 

8%, and 10%) are consistent with previous 

study reporting favorable lignin solubility 

under similar alkaline conditions [33]. The 

lignin removal observed in this study (43.8–

55.8%) may suggest relatively more effective 

delignification under microwave irradiation. In 

comparison, the conventional method 

reported in [33] showed lignin removal 

ranging from 5.8–10.4%. However, such 

comparisons should be interpreted with 

caution due to differences in experimental 

conditions. 

Compared with a previous MAE study 

on corn husk, which reported lignin removal 

of up to ~90% using 10% NaOH [9], the lignin 

removal observed in this study was lower. 

Nevertheless, a higher cellulose content was 

obtained (up to 76.51%) compared to 72.1% 

reported in that study. These observations 

suggest that the extent of lignin removal 

alone may not fully determine cellulose 

enrichment, and that differences in biomass 

characteristics, such as structural 

composition and lignin distribution, may also 

play a role. 

 
3. FTIR Characterization of Cellulose 

The success of cellulose isolation was 

evaluated using FTIR spectroscopy to 

identify functional groups in the samples. The 

spectra of the raw material and cellulose 

isolated at different NaOH concentrations 

(4%, 8%, and 10%) are shown in Figure 4. In 

the raw material, characteristic peaks 

associated with lignin and hemicellulose 

appeared at 1240, 1512, and 1732 cm-1, 

corresponding to C–O and C–O–C stretching 

of aryl ethers, aromatic skeletal vibrations 

(C=C stretching), and C=O stretching of 

acetyl or ester groups, respectively [34]. After 

alkali treatment under MAE, these peaks 

reduced or disappeared, indicating the 

removal of non-cellulosic components. Minor 

residual peaks were still observed at 1251 

and 1731 cm-1 in Cellulose 1 (NaOH 4%) and 
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at 1259 and 1731 cm-1 in Cellulose 2 (NaOH 

8%), while Cellulose 3 (NaOH 10%) showed 

only a weak band around 1263 cm-1. 

The absorption band at 1263–1240 

cm-1 is attributed to C–O and C–O–C 

vibration of aryl ether in lignin and acetyl 

groups in hemicellulose. The reduction in its 

intensity after treatment suggests partial 

removal of these non-cellulosic components. 

In addition, the peak at approximately 1512 

cm-1 was no longer observed in all cellulose 

samples, indicating significant lignin 

reduction following alkali treatment under 

MAE [35]. 

The disappearance of the 

approximately 1731 cm⁻¹ band in Cellulose 3 

indicates the removal of acetyl groups in 

hemicellulose and the cleavage of ester 

bonds within lignin–carbohydrate complexes 

at higher NaOH concentration. This band 

primarily represents ester functional groups 

rather than the entire lignin structure. Its 

disappearance therefore reflects 

hemicellulose removal and disruption of 

lignin–carbohydrate linkages, rather than 

complete lignin elimination [36]. 

 

 

Figure 4. FTIR spectra of (a) raw material, (b) 
Cellulose 1 (NaOH 4%), (c) Cellulose 

2 (NaOH 8%), and (d) Cellulose 3 
(NaOH 10%). 
This interpretation is supported by 

compositional analysis, where Cellulose 2 

shows lower lignin content and higher 

cellulose fraction than Cellulose 3. This 

discrepancy suggests that the removal of 

specific functional groups does not 

necessarily correspond directly to overall 

lignin content. Therefore, although Cellulose 

3 exhibits more extensive cleavage of ester 

bond, it does not represent the lowest lignin 

fraction. Instead, Cellulose 2 may be 

considered the most favorable condition 

under the applied criteria, given its 

compositional purity and relatively high 

cellulose yield. These findings highlight that 

FTIR analysis is inherently qualitative or 

semi-quantitative and should be integrated 

with quantitative compositional data to 

prevent overinterpretation of spectral 

features [37]. 

Regarding the characteristic cellulose 

peaks, all samples exhibited a strong 

absorption band at approximately 893–895 

cm-1, corresponding to the inter-unit C–O–C 

stretching vibration of anhydroglucose, which 

is indicative of β-(1→4)-glycosidic linkages in 

cellulose [38]. Similar peaks have been 

reported at 903 cm-1 in cellulose from corn 

husks [9] and at 895 cm-1 in cellulose derived 

from banana stems [16].  

Other typical cellulose absorptions 

were also observed, including C–O stretching 

vibrations in range of 1030–1025 cm-1 [9], C–

O–C asymmetric stretching of the pyranose 

ring at around 1161 cm-1 [35], O–H bending 

vibrations at 1633–1623 cm-1, C–H stretching 

of alkanes at 2918–2848 cm-1, and a broad 

O–H stretching band of hydrogen-bonded 
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hydroxyl groups at 3339–3318 cm-1 [16]. 

These consistent spectral features, as 

summarized in Table 2, confirm that the 

isolated samples retain the fundamental 

cellulose structure while showing substantial 

removal of non-cellulosic components.

 
E 2. Wavenumbers of FTIR spectra of raw material and cellulose at NaOH 4%, 8%, and 10% 

concentration. 
 

Wavenumber (cm-1) 

Functional group Raw 

material 

Cellulose 1  

(NaOH 4%) 

Cellulose 2  

(NaOH 8%) 

Cellulose 3  

(NaOH 10%) 

893 893 895 895 C-O-C at β-1,4-glycosidic 

1011 1020 1031 1031 C-O of pyranose 

1156 1158 1159 1159 C-O-C of pyranose 

1240 1251 1259 1263 
C=O of hemicellulose and lignin,  

C-O-C aromatic ether of lignin 

1512 - - - C=C aromatic of lignin 

1602 1602 1631 1633 O-H bending of cellulose 

1732 1731 1731 - C=O at hemicellulose and lignin 

2848 2850 2850 2850 C-H of cellulose 

2918 2917 2917 2917 C-H of cellulose 

3318 3337 3338 3339 O-H of cellulose 

 

4. X-Ray Diffraction Characterization of 

Cellulose 

XRD diffractograms of cellulose 

samples (Figure 5) show characteristic peaks 

at approximately 2θ = 15°, 22°, and 35°. The 

broad peak near 15° corresponds to 

amorphous region, while the sharper peaks 

at around 22° and 35° represent crystalline 

regions, particularly cellulose I [39]. These 

results are consistent with previous study 

reporting typical cellulose I peaks near 2θ = 

16°, 22°, and 35° [9]. The preservation of 

these peaks across all NaOH concentrations, 

without noticeable shifts, indicates that the 

fundamental crystalline structure of cellulose 

was largely maintained during alkali 

treatment under MAE [40]. This suggests that 

non-cellulosic components were removed 

without significantly altering the crystalline 

arrangement of cellulose microfibrils, which is 

important for maintaining mechanical and 

physicochemical properties [41]. 

 

 

Figure 5. XRD diffractogram of (a) raw 
material, (b) Cellulose 1 (NaOH 4%), 
(c) Cellulose 2 (NaOH 8%), and (d) 
Cellulose 3 (NaOH 10%). 
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Cellulose 1 exhibited a more intense 

peak intensity at 2θ ≈ 22°, indicating a 

relatively higher degree of structural order. 

Crystallinity indices of Cellulose 1, Cellulose 

2, and Cellulose 3 were 52.5%, 51.8%, and 

40.3%, respectively, all higher than that of the 

raw material (10.1%), reflecting the removal 

of amorphous components [41]. This trend is 

consistent with the compositional analysis 

showing reduced lignin content in all 

samples. 

Cellulose 2 showed a relatively high 

cellulose content (76.51%) and low lignin 

content (8.47%), its crystallinity index 

(51.8%) was slightly lower than that of 

Cellulose 1 (52.5%). This indicates that 

maximum cellulose purity does not 

necessarily correspond to maximum 

crystallinity. Crystallinity is influenced not only 

by the removal of amorphous components 

but also by structural rearrangement during 

alkaline treatment [42]. At higher alkali 

concentrations, partial cellulose degradation 

may occur [30][31], whereas moderate 

concentrations (4–8%) can remove non-

cellulosic components while maintaining 

chain order through intra- and intermolecular 

hydrogen bonds and van der Waals 

interactions [9]. In contrast, at 10% NaOH, 

the lower crystallinity (40.3%) is 

accompanied by decreased cellulose content 

(72.44%) and increased lignin content 

(10.76%), suggesting a disruption of the 

ordered structure. 

The evaluation indicates that the most 

suitable condition depends on the selected 

criterion. Cellulose 1 exhibited a slightly 

higher crystallinity index, suggesting a more 

ordered structure that may be advantageous 

for applications requiring high mechanical 

strength and thermal stability [43],[44]. In 

contrast, Cellulose 2 showed relatively high 

cellulose content and low lignin content, 

reflecting a higher degree of purity [45]. This 

distinction suggests that structural order and 

compositional purity do not necessarily reach 

their maxima under identical treatment 

conditions. Therefore, while 4% NaOH 

appears more favorable for achieving higher 

crystallinity, 8% NaOH may be considered a 

particularly favorable condition under the 

criteria applied in this study. 

 
5. Morphological Characterization of 

Cellulose 

The surface morphology of the isolated 

cellulose was examined using scanning 

electron microscopy (SEM), as shown in 

Figure 6. The analysis focused on the sample 

treated with 8% NaOH, which was selected 

based on the criteria applied. 

 

 

Figure 6. SEM image of cellulose treated 
with 8% NaOH (x100, 12 kV, WD 32.5 
mm), showing fragmented and porous 
morphology associated with the 
removal of lignin and hemicellulose. 

 
The SEM image shows irregular and 

fragmented structures with rough and 

heterogeneous surfaces. The particles 

appear as aggregated flakes of varying sizes, 

indicating disruption of the original compact 

plant matrix [46]. The presence of porous and 
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partially honeycomb-like features suggests 

that alkaline treatment may have removed 

amorphous components, particularly lignin 

and hemicellulose, thereby potentially 

exposing the internal structure of cellulose 

[47][48]. These observations are consistent 

with the compositional analysis and FTIR 

results, which indicate the removal of non-

cellulosic components. 

SEM analysis was limited to the 8% 

NaOH sample, these morphological 

observations should be interpreted with 

caution and cannot be generalized to all 

treatment conditions. Nevertheless, they 

provide qualitative evidence, suggesting that 

alkaline treatment under MAE may 

contributed to the removal of non-cellulosic 

components and to changes in biomass 

structure. These findings are also appear to 

be consistent with the XRD results, where 

increased crystallinity reflects improved 

structural order. 

 

CONCLUSION 

This study demonstrates that 

microwave-assisted extraction (MAE) can be 

an effective method for isolating cellulose 

from golden melon peel. Among the tested 

conditions, 8% NaOH provided favorable 

results based on the criteria examined, 

yielding relatively high cellulose recovery and 

improved purity, as indicated by higher 

cellulose content and lower lignin content. 

FTIR and XRD analyses suggested the 

removal of non-cellulosic components and 

the preservation of the cellulose I structure. 

The crystallinity indices at 4% and 8% NaOH 

were comparable, indicating that structural 

order can be maintained within this 

concentration range. SEM analysis of the 8% 

NaOH sample further suggested disruption of 

the lignocellulosic matrix after treatment. 
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