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AbstractIndustrial residues that are not optimally utilized are removed by burning, landfilling, or dumping, which can threaten the environmentand health. In fact, part of this agro-industrial waste still has content that has the potential to become raw material for value-addedother industries. Dates by-product as residue of the fiber-rich fruit industry have the potential to be a source of nanocellulose. Thisstudy aims to obtain nanofibril cellulose (CNF) isolates from dates by-product via citric acid hydrolysis, and investigate the effect ofacid concentration on the unknown dates by-product CNF isolate characteristics. Pretreatment such as delignification and bleachingis needed to obtain cellulose isolate with high purity. Furthermore, acid hydrolysis, centrifugation, and sonication are performed toobtain CNF. CNF isolates are characterized by the analysis of particle size distribution, morphology, and crystallinity. Analysis offunctional groups and lignocellulose content test confirm that lignin and hemicellulose are degraded during isolation. The particle sizedistribution measurement shows that the greater the acid concentration, the smaller the CNF size and the better the size uniformity.Themorphology of the CNF obtained is net-like fibers. The degree of crystallinity shown decreases with increasing acid concentration.This study revealed that different citric acid concentrations can result in different characteristics of CNF isolates.
KeywordsCellulose Nanofibrils, Citric Acid, Concentration, Dates by-Product, Hydrolysis

Received: 4 April 2024, Accepted: 18 June 2024
https://doi.org/10.26554/sti.2024.9.4.818-827

1. INTRODUCTION

Industrial residues as part of agro-industrial waste are defined
as residues produced by the food processing industry. The
amount of world food crop production reached 9.3 billion tons
in 2020, an increase of 52% from 2000 (Food and Agriculture
Organization of the United Nations, 2022) . Capanoglu et al.
(2022) mentioned that almost one-third of food produced be-
comes waste before and after reaching the consumers. This
fantastic value can be a threat to the environment, to human
and animal health. Generally, industrial residues are eliminated
through burning, landfilling, or dumping, which contributes to
several greenhouse gas emissions and potentially exacerbates
climate change. About 21-37% of greenhouse gases are pro-
duced from the agricultural sector (Lynch et al., 2021) . In
addition, industrial residues can also be economically detri-
mental due to the loss of bioactive components and fibers that
are beneficial for various industrial sectors. The conversion of
industrial residues into value-added materials has been inves-
tigated as a means of sustainable resource management, high-
lighting the new idea of ’bioeconomy’ and ’biorefinery’, which

residue materials from certain industries could be considered
as raw materials for other industrial processes.

Based on their content, industrial residues include lignocel-
lulose tertiary sources. Pomace and peels as industrial residues
contain 9–18% cellulose, 4–6% hemicellulose, and 3–6% lignin
(Khorairi et al., 2021) . Dates by-product is a residue in the
form of pomace produced from the date palm juice processing
industry. Dates as a fiber-rich fruit have a cellulose fraction of
42.5%, hemicellulose 17.5%, and lignin 11.0% (Mrabet et al.,
2019; Attia et al., 2021). One of the date palm juice indus-
tries in Bogor produces dates by-products of 200 kg/day or 73
tons/year. Based on Attia et al. (2021) , dates by-products have
been used as poultry feed, but its use is still limited. Cellulose
as the main component of lignocellulose has been widely used
in various fields, such as the paper industry (Malachowska et al.,
2020) , packaging (Rahmatullah et al., 2022) , adsorbents (Gint-
ing and Mohadi, 2017) , biomedicine (Yuwono et al., 2022) ,
sensors (Fan et al., 2020) , and cosmetics (Amorim et al., 2021) .
The potential applications of cellulose are wide because cellu-
lose includes renewable, biodegradable, inexpensive, non-toxic,
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and biocompatible materials.
Cellulose that has a size of <100 nm at least in one of its

dimensions is known as nanocellulose (NC) (Yurdacan and
Sari, 2021) . Industrial residues that have been used as NC raw
materials include grape pomace (Coelho et al., 2018) , apple
pomace (Wang et al., 2022) , rhubarb pomace (Wang et al.,
2022) , cassava peel (Widiarto et al., 2019) , and orange peel
(Chen et al., 2024) . Generally, NC is used as a reinforcing ma-
terial in bionanomaterials. This is related to the advantages of
its mechanical properties, biocompatibility, surface chemistry,
and beneficial optical properties. NC preparations are differ-
entiated into nanocrystalline cellulose (CNC) and nanofibrils
(CNF) based on their structural components and dimensions.
CNC lengths range from 100–250 nm, while CNF lengths are
several micrometers (Blanco et al., 2018) . This difference in
size can affect the characteristics of nanomaterials and their
potential applications. Jadaun et al. (2023) revealed that CNF
can form denser networks with polymers than CNC in the
application of bio-nanocomposite reinforcing materials.

Cellulose nanofibrils can be isolated through chemical, me-
chanical, enzymatic, and physicochemical approaches. The
physicochemical approach which is a combination of chemical
approach (acid hydrolysis) and mechanical approach (sonica-
tion) is commonly used because it can minimize dilute acid
waste from pure chemical approach and does not require ex-
cess energy, which is a drawback of the rigorous mechanical
approach. The acid hydrolysis method is influenced by the con-
centration, temperature, degradation time, and ratio between
acid solvent and cellulose. Hydrolysis usually uses inorganic
acids such as HCl, H2SO4, and H3PO4. These acids, especially
H2SO4, are highly corrosive, environmentally unfriendly, and
have the potential to damage nanocellulose isolates due to ex-
cessive hydrolysis (Arnata et al., 2020) . In addition, the pres-
ence of sulfate groups can also decrease the thermal stability of
CNF isolates. Liu et al. (2017) isolated NC through citric acid
hydrolysis. Citric acid as an organic acid is environmentally
friendly, can be recycled through crystallization, and has a low
risk of isolate damage. The concentration of citric acid was
varied to investigate its effect on the unknown characteristics
of CNF isolates from dates by-product.

2. EXPERIMENTAL SECTION

2.1 Materials
Dates by-product was obtained from CV. Sehat Prima Lestari
(Bogor-Central Java). All the chemicals used in this study,
hydrogen peroxide 30% (H2O2) (by Sigma Aldrich), citric
acid monohydrate (C6H8O7·H2O) (by Supelco Merck), neu-
tral detergent solution (NDS) (by Supelco Merck), acid deter-
gent solution (ADS) (by Supelco Merck), sodium hydroxide
(NaOH) (by Supelco Merck), sulphuric acid 96% (H2SO4) (by
Supelco Merck), acetone ((CH3) 2CO) (by Supelco Merck), and
aquadest. The instruments used in this study include Fourier
transform infra-Red (FTIR) Perkin Elmer Spectrum One,
X-ray diffractometer (XRD) Shimadzu MAXima 7000, par-
ticle size analyzer (PSA) Microtrac Nanotrac Wave II, Field

Emission Scanning Electron Microscope (FE-SEM) Thermo
Scientific Quattro S, High-Resolution Transmissions Electron
Microscopy (HR-TEM) Talos F200C, freeze dry Buchi Ly-
ovapor L200, centrifuge Suprema21, and sonicator Qsonica
Q2000.

2.2 Isolation of Dates by-Product Cellulose
Dates by-product fiber (DF) cellulose was isolated using the
method of Arnata et al. (2020) by modifying the reaction
temperature. First, the DF is dried in an oven at 100°C for
24 hours, then mashed using a blender and sifted using a 40
and 100 mesh sieve. DF dry powder was pretreated with a
base using 10% NaOH (w/v) 1:10 for 2 hours at 100°C until
a solid black mixture was obtained, then filtered using a fil-
ter cloth and neutralized with aquadest. The residue of this
stage is called dates fiber-delignified (DFD). After that, DFD is
bleached using H2O2 30% (v/v) 1:20 for 2 hours at 90°C until
the mixture is yellowish white, which is called dates fiber-1st

bleached (DFB1), then filtered and rinsed again with aquadest
until neutral pH. Furthermore, the date pulp was bleached
again using a mixture of 30% H2O2 (v/v) and 10% NaOH
(w/v) 1:2 with a sample ratio and solvent 1:5 for 1 hour at a
temperature of 80°C until white. This residue is called dates
fiber-2nd bleached (DFB2). The cellulose obtained is dried at
60°C for 3 hours, then weighed, and the yield is calculated.
Changes in functional groups of raw materials into cellulose
isolates were investigated using FTIR.

2.3 Lignocellulosic Content Test
This method refers to Van Soest et al. (1991) . Lignocellulose
is a complex biopolymer consisting of cellulose, hemicellulose,
and lignin. Lignocellulose levels are tested on the results of each
step of the cellulose isolation process. Analysis of hemicellulose
levels begins by determining the levels of neutral detergent fiber
(NDF) and acid detergent fiber (ADF). NDF analysis starts by
inserting a sample of 1 g (MN) into a 600 mL cup glass, adding
100 mL of neutral detergent solution, and then bringing it to a
boil. The sample is extracted for 60 minutes from the start of
boiling. The extracted sample is filtered using a pre-weighed fil-
ter funnel crucible (M0). The residue is rinsed with hot reverse
osmosis (RO) water and acetone. The filter funnel crucible and
residue are dried in a 105◦C oven for approximately 4 hours
until the weight is constant. After cooling in a desiccator, the
cup is weighed (M1). NDF levels are calculated using Equation
1.

NDF(%) = M1 − M0

MN
× 100% (1)

ADF analysis begins by inserting 1 g (MA) sample into a 600
mL cup glass, adding 100 mL of acid detergent solution (ADS),
and then bringing it to a boil. The sample is extracted for 60
minutes from the start of boiling. The sample is filtered using
a pre-weighed filter funnel crucible (M0). The residue is rinsed
using RO water and acetone. The filter funnel crucible and
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residue are dried in a 105◦C oven for approximately 4 hours
until the weight is constant. After cooling in a desiccator, the
cup is weighed (M1). ADF levels are calculated using Equation
2. Hemicellulose levels are calculated by subtracting NDF
levels from ADF levels (Equation 3).

ADF(%) = M1 − M0

MN
× 100% (2)

Hemicellulose(%) = NDF − ADF (3)

Cellulose analysis is a continuation of ADF analysis. The
sample from ADF analysis that has been weighed (M1) plus
72% sulfuric acid solution until submerged for 3 hours, then the
residue is rinsed with hot RO water and acetone. The residue
is dried in a 105◦C oven for approximately 4 hours until the
weight stabilizes, cooled in a desiccator, and weighed (M2). The
cellulose content is calculated using Equation 4.

Cellulose(%) = M1 − M2

MA
× 100% (4)

Analysis of lignin levels is a continuation of cellulose anal-
ysis. Samples from the analysis of dried cellulose are heated
in a furnace with a temperature of about 600◦C. The cup is
then cooled in a desiccator and weighed (M3). Lignin levels are
calculated using Equation 5.

Lignin(%) = M2 − M3

MA
× 100% (5)

2.4 Fabrication of Dates by-Product Cellulose Nanofibrils
Nanofibrils cellulose can be further isolated from pre-purified
cellulose pulp. The following method refers to Bondancia et al.
(2020) without dialysis. First, 4 g of DFB2 was hydrolyzed in
100 mL of citric acid with a concentration variation of 5.5, 6.5,
and 7.5 M at 100°C for 6 hours with stirring. The suspension
is then centrifuged at a rate of 7500 rpm for 20 minutes and
washed repeatedly with demineralized water to neutral pH. The
suspension was then sonicated at 50% power in an ice bath for
30 minutes until colloidal. The physical characteristics of CNF
isolates from three concentration variations were examined
using PSA, FE-SEM, HR-TEM, and XRD.

2.5 Degrees of Crystallinity Analysis
The X-ray diffraction (XRD) profiles of nanofibrils cellulose
from various hydrolysis concentrations were analyzed using an
OriginPro 8.5. The sample was irradiated with Cu Ka at 40 kV
and 30 mA, with the symmetry reflection geometry of the "2𝜃 "
range between 10 and 40. The crystallinity index (CrI) was
evaluated by Segal method (Segal et al., 1959) as in Equation
6:

CrI (%) = 100 × I200 − Iam
I200

(6)

Description:
I200 = intensity of the reflection (200) (2𝜃 = 21–23)
Iam = intensity of the amorphous portion of cellulose (2𝜃 = 18)

3. RESULTS AND DISCUSSIONS

3.1 Cellulose Isolate and the Yield
Lignocellulose biomass is arranged as microfibrils containing
long-chain cellulose bound to hemicellulose and lignin. Pre-
treatment is necessary to obtain high-purity cellulose isolates.
Based on Figure 1, dates by-product reacted with a base pro-
duces a blackish-brown residue as part of the soluble lignin.
The bond with the lignin compound is broken by adding a
base. In addition to lignin, Prasetia et al. (2018) said NaOH
can also dissolve hemicellulose, organic acids, and other ingre-
dients to increase the desired cellulose component. The base
pretreatment stage uses 10% NaOH to disrupt the lignocellu-
lose matrix and make the cellulose structure easily accessible.
Klemm et al. (1998) mentioned that aqueous alkaline solutions
can cause dissolution or at least swelling in lignocellulose struc-
tures. Without swelling, further reactions are only possible in
the surface layer of cellulose because there is a strong hydrogen
interaction between cellulose chains. Swelling and dissolution
can occur simultaneously in the reaction medium to increase
the accessibility of the hydroxy cellulose group. The molecular
level explains that there has been a strong chemical interaction
between the hydroxy group of cellulose and the NaOH ion that
can break inter- and intramolecular hydrogen bonds. Mean-
while, at the supramolecular level, there is a change in lattice
dimensions and chain conformation at the maximum swelling
alkaline concentration. The maximum solubility generally co-
incides with limited swelling at an alkaline concentration of
about 10%.

The next stage is bleaching, which can perfect the removal
of lignin and hemicellulose until bright white cellulose is ob-
tained (Figure 1). This study went through two bleachings
using 30% H2O2 and a mixture of 30% H2O2 and 10% NaOH.
Delignifying agents such as H2O2 can remove lignin and hemi-
cellulose without significantly reducing cellulose fibers (Wu
et al., 2019) and produce an environmentally friendly and
highly efficient bleaching process (Tang and Sun, 2017) . In
addition, hydrogen peroxide can work optimally in alkaline
conditions, or called alkaline hydrogen peroxide (AHP), which
has been introduced since 1984. Dutra et al. (2017) said AHP
improved the delignification process of lignocellulose biomass.

Figure 1. The Physical Appearance of DF (a), DFD (b), DFB1
(c), and DFB2 (d)
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The average yield of cellulose isolation from dates by-
product with three repetitions reached 8.88 ± 1.42%. This
value is relatively low compared to other sources of lignocel-
lulose biomass. The average yield of cellulose isolate of agri-
cultural waste made from cocoa fruit peels, rice straw, coconut
husk fiber, and orange peels sequentially was 33.54%, 16.88%,
35.38%, and 66.75% (Lestari et al., 2022; Santhi et al., 2022;
Sena et al., 2021; Umaningrum et al., 2018). Arnata et al.
(2020) stated that differences in yield values are caused by
different types and characteristics of raw materials, type and
concentration of solvents, temperature, stirring speed, the ratio
between materials and solutions, and reaction time. These
parameters are very influential and must be studied for the
highest yield and the best characteristics.

3.2 Functional Group Analysis
The success of cellulose isolation from dates by-product was
confirmed based on changes in the functional groups of dates
by-product fiber as raw material (DF), dates fiber-delignified
(DFD), dates fiber-1st bleached (DFB1), and dates fiber-2nd

bleached (DFB2) during isolation process. Based on Table
1, date pulp cellulose has an O H extended vibration in the
absorption band ∼3333 cm−1. These vibrations occur due to
the degradation of hydrogen bonds between cellulose chains
during the isolation process. The spectrum shows that there
are no lignin and hemicellulose components characterized by
absorption bands around 2850, 1733, 1515, and 1235 cm−1

as O CH3, C O strains, aromatic skeletal C C vibrations,
and aryl O strains (Figure 2). This is because cellulose iso-
lates have gone through a process of alkaline pretreatment and
bleaching. Peaks around 1645–1622 cm−1 show deformation
of O H groups due to water absorption by cellulose structures.
Arnata et al. (2020) mentioned cellulose is characterized in
the absorption band of 1058 cm−1 as the C O C peak in
the cellulose pyranose ring. Meanwhile, absorption bands at
around 2918, 1368, and 897 cm−1 are C H extended vibra-
tional peaks, C H deformations, and glucose ring stretches
from cellulose, hemicellulose, and lignin structures.

3.3 Lignocellulosic Content
The method of Van Soest et al. (1991) has been used to de-
termine lignocellulose content. Acid detergent fiber (ADF)
mainly consists of cellulose and lignin, while neutral detergent
fiber (NDF) has main contents, such as cellulose, hemicellulose,
and lignin (Table 2). Cellulose content increases, while lignin
and hemicellulose content decrease during the cellulose isola-
tion. The final cellulose isolate of dates by-product reached
90.5% purity. Based on Pinto et al. (2022) , cellulose content of
>90% indicates high purity of cellulose pulp. This revealed that
the isolation stage can increase the purity of cellulose by de-
grading hemicellulose, lignin, and other ingredients. However,
the residual lignin content of DFD is slightly higher than the
DF because the method only detects acid-insoluble lignin, so a
certain amount of acid-soluble lignin cannot be determined.

Table 2 states that date pulp biomass has a cellulose content

Figure 2. FTIR Spectrum of Cellulose Isolation from Dates
by-Product

of 11.0%. This value is lower than the cellulose content of date
pulp raw materials reported by Attia et al. (2021) , which is
42.5%. The difference can be influenced by where it grows,
the type of biomass, the age of plants, plant parts, and envi-
ronmental factors. Mrabet et al. (2012) also mentioned that
different varieties of date palm fruit have different cellulose
content, 18.20-24.82%. Furthermore, Table 2 states that the
total lignocellulose component is only 54.3%. This is because
date dregs, as a by-product of the dates industry, are dominated
by sugars, such as glucose, fructose, and sucrose, while fiber
only ranges from 2.7-13.8% of the weight of dried dates in
various varieties (Ghnimi et al., 2017) .

The first and second bleaching in Table 2 showed the same
trend, increasing cellulose purity and reducing lignin and hemi-
cellulose levels. However, DFB2 shows a greater value change
than DFB1 because alkaline conditions cause hydrogen perox-
ide to play a more optimal role. Its ability to selectively attack
carbonyl and ethylene groups has been shown to improve the
delignification process of lignocellulose biomass. According
to Dutra et al. (2017) , the dissociation of H2O2 produces the
hydroperoxide anion (HOO–), which in the alkaline medium
HOO– can react with H2O2 again to form superoxide and
hydroxyl radicals. The two radicals then carry out chemical
attacks on the structure of lignin. Without other reagents,
superoxide and hydroxyl radicals can combine and produce
oxygen and water.

3.4 Cellulose Nanofibrils Isolate and the Yield
The steps to isolate CNF from dates by-product cellulose pulp
include acid hydrolysis, centrifugation, and sonication. Citric
acid is used as a hydrolysis agent with the advantages of being
environmentally friendly and low risk of damaging CNF iso-
lates (Liu et al., 2017) . Citric acid is used with a concentration
range of 5.5, 6.5, and 7.5 M and given sample codes CNF-5,
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Table 1. FTIR Spectral Vibration from the Cellulose Isolation Processes of Dates by-Product

Possible Peak Assignments
Wavenumber (cm−1)

DF DFD DFB1 DFB2

O H stretching of cellulose, hemicellulose, lignin 3333 3335 3336 3335
C H stretching of cellulose, hemicellulose, lignin 2918 2919 2899 2897

C H stretching, O CH3 of lignin 2850 - - -
C O stretching of hemicellulose and lignin 1733 - - -

O H deformation due to absorbed water, oxidation of C–OH groups 1622 1637 1644 1642
C C aromatic skeletal vibration of lignin 1515 1504 1504 -

C H deformation of cellulose, hemicellulose, lignin 1368 1368 1368 1368
OH in-plane bending of cellulose, hemicellulose, lignin 1315 1315 1316 1315

Aromatic ethers, aryl O stretching of lignin 1235 - - -
C O C asymmetric stretching of hemicellulose, cellulose, lignin 1155 1158 1156 1157

Alkyl-substituted ether, C O stretching of cellulose, hemicellulose, lignin 1051 1053 1055 1053
Cyclohexane ring vibrations, skeletal C C vibrations of cellulose, hemicellulose, lignin 1032 1025 1025 1025

Glucose ring stretching, C1 H deformation of hemicellulose, cellulose 897 895 895 895
C OH out-of-plane bending 662 661 660 663

Table 2. Chemical Composition of Each Stage of Cellulose Isolation from Dates by-Product

Material NDF (%) ADF (%) Hemicellulose (%) Cellulose (%) Lignin (%)
Total Lignocellulose

(%)

DF 60.5 40.8 19.8 11.0 23.6 54.3
DFD 95.5 79.9 15.6 51.0 27.9 94.5
DFB1 98.4 84.3 14.1 60.6 23.2 97.8
DFB2 98.3 93.4 4.8 90.5 2.9 98.2

CNF-6, and CNF-7, respectively. In principle, cellulose acid
hydrolysis to obtain CNF involves breaking 𝛽 -1,4 glycosidic
bonds between glucose monomers in cellulose. Meanwhile,
centrifugation was carried out repeatedly to neutralize the CNF
suspension resulting from acid hydrolysis before sonication.
Sonication can produce different cellulose nanofibrils.

CNF colloids were obtained from all three different citric
acid concentrations. Such colloids tend to form a gel that does
not flow when the vial is turned over. This is thought to be
caused by the slight electrostatic repulsion between particles so
that it can reduce colloidal stability (France et al., 2017) . Bruel
et al. (2020) revealed that acid hydrolysis produces charged
particles that undergo electrostatic stabilization in highly di-
electric solvents like water. In addition, water also has a high
chemical affinity for CNF and can be absorbed by its surfaces
to form thick layers. The concentration of CNF in the colloid
can also affect gel formation. The greater the CNF content in
a colloid, the more likely it is to form a gel, and vice versa (Wu
et al., 2014) .

The highest yield of dates by-product CNF isolation was
60.98% (CNF-7), followed by 51.73% for CNF-5 and 49.15%
for CNF-6. This value is relatively high compared to other
agricultural waste biomass, such as sago leaves and bagasse, re-
spectively 19% and 35% (Arnata et al., 2020; Pavalaydon et al.,

2022). Different types of biomass and isolation conditions
can cause a difference in yield. This research shows that the
greater the concentration of citric acid used in acid hydrolysis
tends to produce an increasing yield. Yu et al. (2012) men-
tioned that the greater the acid concentration used to hydrolyze
cellulose, the higher the CNF yield. However, too high acid
concentrations can decrease the yield to extremes because the
reaction goes too far and cellulose is completely degraded. This
research reveals a smaller CNF-6 yield than CNF-5. It is al-
leged that there has been a certain amount of CNF loss at the
neutralization stage using a centrifuge.

3.5 Size Analysis by PSA
Particle size analyzer (PSA) with dynamic light scattering (DLS)
method is used to determine the mean and particle size distribu-
tion of cellulose nanofibril isolates. Measuring the size distribu-
tion of CNF is challenging because of its irregular net-shaped
morphology, wide size distribution, and strong tendency to
aggregate or clump. By definition, nanocellulose has a size of
<100 nm in at least one of its dimensions. CNF isolated by 7.5
M citric acid hydrolysis had the highest cumulative percent for
the presence of a particle size <100 nm. This is due to acid
hydrolysis treatment of cellulose, causing some amorphous
areas to degrade. Thus, the greater the concentration of acid
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Figure 3. Morphological Characterization: SEM Image of Date Pulp Fiber at 500× Magnification (a), SEM (b-d) and TEM (e-g)
Images of CNF at 150,000× and 37,000× Magnification from Three Variations in Acid Concentration 5.5 M, 6.5 M, and 7.5 M

used, the effect on the smaller the size of the CNF (Rana et al.,
2023) .

Table 3 shows the CNF-7 isolate as the smallest average
particle size. The mean size is the value of Mn or mean number
diameter, defined as a distribution of numbers calculated using
volume distribution data on small particles. In addition, the
polydispersity index (PDI) value also shows that CNF-7 has the
smallest PDI value. PDI is a representation of the distribution
of population size in a given sample. The numerical value of
PDI ranges from 0.0 (for perfectly homogeneous samples) to
1.0 (for samples with double particle size populations). Danaei
et al. (2018) said PDI ≤0.2 is often considered acceptable for
application as polymer-based nanoparticle materials. Based
on this statement, CNF-7 has the potential to be applied as a
nanocomposite with a PDI value of 0.17. Based on the smallest
PDI value, it can also be interpreted that cellulose nanofibrils
isolated using 7.5 M citric acid hydrolysis produce the nar-
rowest particle size distribution width. Meanwhile, Jakubek
et al. (2018) revealed that determining particle size distribu-
tion through the DLS method does not provide particle length
or diameter information but measures all types of particles,
including individual CNF, aggregates, and agglomerates.

Table 3. Mean Number of Particle Size and Polydispersity
Index

Sample Code
Mean Number
Diameter (nm)

PDI

CNF-5 63.60 0.42
CNF-6 56.30 0.31
CNF-7 31.80 0.17

3.6 Morphology and Dimensions
The morphology of CNF can be identified using FE-SEM and
HR-TEM, and its fiber diameter size distribution is analyzed
using ImageJ and OriginPro 8.5 software. This study also
observed changes in sample morphology before and after iso-
lation. Date pulp powder shows a large fiber structure with a
corrugated surface (Figure 3a). Meanwhile, all CNFs obtained
show a smaller fiber and uniformly interconnected net-like
fiber structure (Figure 3b-g) with slight differences in diame-
ter size. The morphology is similar to nanocellulose obtained
from date palm leaves through 60 wt% sulfuric acid hydrolysis
and sonication, with better image resolution (Alhamzani and
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Habib, 2021) . The bundles formed specifically in Figure 3d
show the agglomeration of fibrils. Agglomeration of individual
nanofibrils leads to the formation of thicker fibrils. Barbash
et al. (2016) predicted the formation of agglomerates caused
by strong interactions between particles due to chemical modi-
fication of cellulose macromolecules during acid hydrolysis at
higher acid concentrations and due to Van der Waals attraction
forces between nanofibrils.

Figure 4. Diameter Distribution of Date Pulp Fiber (a) and
CNF from Three Variations in Acid Concentration: 5.5 M (b),
6.5 M (c), and 7.5 M (d)

Based on Figure 4, the isolation process can reduce the fiber
size of the raw material, and increasing the acid concentration
can reduce the fiber diameter. Higher acid concentrations can
produce more active hydronium ions, increasing the degrada-
tion of bonds between fibers starting from amorphous struc-
tures and producing fibers with shorter diameters. The change
in the length of the CNF is also similar to the change in diame-
ter. The length of CNF hydrolyzed with 7.5 M citric acid can
be determined as 492.75 ± 238.37 nm. Meanwhile, hydrolysis
with smaller concentrations of acids results in lengths that are
difficult to determine the endpoint of it due to their relatively
long size. The length/diameter ratio of CNF-7 reaches 20.02,
or more than 10, so it has the potential to produce a strengthen-
ing effect on the composite matrix (Azeredo et al., 2009) . This
is in line with Mirzaee et al. (2023) , who have isolated CNFs
with different concentrations of sulfuric acid. In addition to
changes in diameter, acid concentration can affect the color of
cellulose dispersion in water. Based on Figure 4b-d in the up-
per right corner, the suspension color appears slightly brown as
the concentration of citric acid increases. Arnata et al. (2020)
mentioned that at high concentrations, further hydrolysis of
cellulose into glucose monomers can occur, which can undergo

a browning process. Meanwhile, the study showed that about 8
wt% of water-dispersed CNF had a transparent homogeneous
gel form. Due to the ultrasonic disintegration of the cellulose
suspension, the stability of the aqueous dispersion increases.

3.7 Degree of Crystallinity
The degree of crystallinity of CNF can be calculated from the
XRD diffractogram using the Segal equation. The CI per-
centage is the ratio of the crystal area to the amorphous. The
sample has diffraction peaks at 2𝜃 , 16◦ and 22◦. Segal method
uses I200 as the main diffraction peak associated with the crys-
tallography field of cellulose I200 at 2𝜃 22.2-22.4◦ and Iam
associated with the amorphous phase at 2𝜃 18.0◦. Based on
Figure 5, delignification, bleaching, and acid hydrolysis can
increase the %CI of cellulose from the raw material, and citric
acid hydrolysis with a concentration of 5.5 M has the highest
degree of crystallinity at 66.9%. Citric acid concentration of
more than 5.5 M can reduce the degree of crystallinity of CNF
made from dates by-product. This is because too high acid
concentrations can damage the cellulose crystal area. How-
ever, the crystallinity of CNF made from dates by-product is
still in the crystallinity range of other agro-industrial residue
sources, which is 65.0-75.0% (Mariño et al., 2021) . Hosseini
et al. (2018) obtained CNF from date palm rachis and leaflets
through TEMPO treatment and ball mill with crystallinity
degree 66.7-68.0%.

Figure 5. The Diffractogram of Date Pulp Fiber and CNF
Based on Variations in Citric Acid Concentration

4. CONCLUSIONS

Cellulose nanofiber (CNF) isolates have been successfully ob-
tained from dates by-product through a physicochemical ap-
proach combining citric acid hydrolysis and sonication methods
with the highest yield of 60.98%. The cellulose component
in date pulp isolate reaches 90.5%. FTIR analysis and ligno-
cellulose content test confirm that lignin and hemicellulose
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are degraded during isolation. The average fiber diameter ob-
tained was 24.6-50.0 nm based on morphological analysis and
31.8-63.6 nm based on PSA with a polydispersity index below
0.5. The morphology of CNF is interconnected net-like fiber.
The degree of crystallinity based on the XRD diffractogram
is in the range of 62.3-66.9%. The citric acid concentration
of 7.5 M in this study produced the lowest average particle
size, the best size uniformity, and the highest yield, so it has
the potential for further application as a nanomaterial-based
polymer composite.
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