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ABSTRACT

Pineapple production in Vietnam creates large amounts of organic residues,
primarily in the form of pineapple leaves, which contain the cellulose fibers
with unique properties and represent a potential raw material to produce
environmentally friendly and safe materials for human and animal healthcare.
In this study, the pineapple leaf-derived fibers were processed into several
useful cellulose-based absorbents via a multistage process. First, the extracted
fibers were cooked with sodium hydroxide solution to obtain the unbleached
cellullose pulp, which then was treated with a mixed solution of sodium
hydroxide and hydrogen peroxide followed sulfuric acid treatment to obtain
the purified cellulose. Subsequently, the purified cellulose was converted into
microcrystalline cellulose (MCC) and nanocellulose (NC) via acid hydrolysis.
The resulting MCC and NC were modified into absorbents with absorption
capacity of 4 and 12 g/g for water and 5 and 17 g/g for oil. The new micro-
and nanomaterials could be developed for applications as absorbent
materials in human and animal healthcare, and these results promise to
enhance the effectively utilization of agricultural residues in Vietnam.

Introduction

promising solution due to their biodegradability,
superior mechanical and physical properties, and

Amidst rapid industrialization and modernization, which
have driven remarkable progress in the economy and
quality of life, a consumption boom has led to the
increasing use of fossil-based materials, such as
synthetic plastics and non-biodegradable fibers, thereby
contributing to persistent and difficult-to-control
environmental issues [1]. Therefore, the development of
green and sustainable alternative materials has become
a global imperative. Among these, bio-based absorbent
materials,  particularly cellulose, stand out as a
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versatility across various sectors [2]. Cellulose is widely
used in the production of textile fibers, food packaging,
potential biomedical materials, water filtration systems,
thermal insulation materials, healthcare products, and
plastic substitutes. Among these, areas that have
recently garnered significant interest include potential
biomedical materials, water filtration, and healthcare
applications [3], as well as modified cellulose used as
adsorbent materials and for liquid absorption in the
medical and environmental applications [3,4].
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In everyday life, high-purity wood-derived cellulose,
which is known as "fluff cellulose", is widely used as an
absorbent layer in medical dressings and diapers,
boasting an absorbency of 10-15 g/g. In recent years, an
eco-friendly, biodegradable absorbent material known
as "Cat litter", which is produced from protein-based by-
products has emerged as an alternative to traditional
litter. These products have attracted the attention of
researchers exploring the use of agricultural
lignocellulosic  biomass to supplement or replace
conventional cellulose materials [5,6].

Pineapples are a key crop in Vietnam, with
approximately 52,000 hectares under concentrated
cultivation. Pineapple leaf waste amounts to an
estimated 1.7 million tons annually. Currently, only a
small portion is collected for production of long fibers
used in handicrafts, while the majority is discarded,
resulting in  waste, cultivation obstacles, and
environmental impact. Pineapple leaves contain
cellulose fibers with the potential for high liquid
absorption, making them a promising raw material for
the development of absorbent materials. However, raw
pineapple leaf fibers are stiff and contain cellulose and
other compounds, therefore, purification and
modification of the fibers are essential to improve their
absorption and other properties, thereby enabling
expanded and advanced applications.

Investigations into the processing of pineapple leaf
fibers for applications in various fields have attracted
significant interest in recent years. Published findings
cover the use of pineapple leaves to produce
nanocellulose [7, 9, 10] and aerogels [8], the
development and  application  of  functional
nanocellulose [10] and bleached cellulose [11, 12], and
the use of pineapple leaf-derived cellulose for heavy
metal adsorption in wastewater [13] and oil absorption
[22]. While various sources of pineapple leaves and
fibers have been utilized in research, there have been no
studies focusing on the purification and characterization
of cellulose and nanocellulose from pineapple leaves
specifically for applications as absorbent materials in
hygiene and healthcare products.

This study utilizes pineapple leaf fibers extracted via
mechanical processing in Vietham and employs
sequential alkali and acid treatments to remove
impurities, yielding high-purity, highly absorbent cellulose
and nanocellulose suitable for use as absorbent materials
in pet hygiene and human healthcare.

Experimental

Pineapple Leaf Fibers and Chemicals

Pineapple leaf fibers (PLF) were sampled from Nghe An
province, Vietnam. The fibers were extracted from the
leaves using a decorticating machine, sun-dried, cut into
2-3 cm lengths, and subsequently used in experiments.

All chemicals were of high-purity, analytical PA grade
were purchased from Merck or other commercial
suppliers in China.

The soda cooking of PLF, cellulose bleaching, cellulose
alkaline purification, and microcrystalline cellulose
(MCCQ) preparation were carried out with 1.0 L stainless
steel reactors, which were heated in a glycerin bath
equipped with a temperature controller. Each cooking
batch was conducted with 30 g of oven-dried PLF at
100°C, solid-to-liquid ratio of 1:10. Chemical dosage and
treament time were adjusted according to the goals of
each experiment. Upon completion, the reaction
mixture was filtered to separate into the solid and liquid
fractions. The solid fraction, consisting of unbleached
cellulose pulp, was thoroughly washed, dried at 103+2°C
and stored in a closed container at room temperature
for further analysis.

Cellulose bleaching was conducted by one step hydrogen
peroxide treatment at 80°C for 90 min using dosages
NaOH and HxO; of 15% and 3% of oven-dried
unbleached cellulose pulp respectively. Pulp consistent
was 10%.

Cellulose purification was carried at room temperature
for 60 min using NaOH solution. The solid ti liquor ratio
was 1:10. After alkaline treatment, cellulose pulp was
thoroughly washed until neutral pH was reached,
dewatered, dried at 103+2°C.

The acid treatment was conducted for MCC
preparation: 30 g of oven-dried cellulose was treated
300 mL of a 10% H.SO.4 in 1.0-L reactor at 100°C for 60
min using glycerin heating bath. The solid fraction of
MCC was thoroughly washed until neutral pH was
reached, dewatered, dried at 103+2°C and refined into
powder, and stored in a close container at room
temperature for further analysis and investigation.

Nanocellulose (NC) was prepared by hydrolyzing 30 g
oven-dried (OD) purified cellulose with 300 mL of 2 0.5%
H,SO4 and 1 mL of 30% H>O,in a 1.0-L reactor at 140°C
for 90 min using glycerin heating bath. The resulting
suspension was thoroughly washed until neutral pH was
reached, dewatered, and treated with 200 mL water
contain 0.075 g NaOH and 0.5 mL 30% H.O; at 80°C for
60 min. Obtained NC suspension then thoroughly
washed until neutral, dewatered, and was mechanically
refined using a laboratory cutter at 2500 rpm, for 3 =5
min to obtain NC. The nanocellulose gel (~20% solids)
was stored in a sealed container at 10°C and
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subsequently submerged freeze drying at -40°C to
obtain nanocellulose powder.

Chemical composition and o-cellulose content of the
purified cellulose were determined according to TAPPI
standards as follows: Cellulose (T17 wd070), Lignin
(T222), Pentosan (T223), Ash content (T211 om-93),
Ethanol extractives (T204 cm-07), Water solubility (T
207), a-cellulose (T203 cm-09).

The morphology of the cellulose samples was examined
using a field-emission SEM (FEI Nova NanoSEM 450,
USA). Images were recorded under different conditions
to capture both overall structure and fine surface details.
Low-magnification images were obtained at 10 kV
accelerating voltage and a working distance of ~5 mm
using an Everhart-Thornley detector (ETD), while
higher-magnification images were acquired at 5 kV
accelerating voltage and ~8.6 mm working distance
using the in-lens secondary electron (SE(UL) detector.

The water absorption capacity of the cellulose samples
was determined in accordance with TCVN 10584:2014 —
Baby diapers — to evaluate absorbency: Filter tea bags
(2x3 cm) were first soaked in 0.9% NaCl solution for 1
min, centrifuged them for 3 min, and weighed to
determine their mass. Approximately 0.25 g of dried
cellulose material was then placed into each filter bag.
The bags were soaked in the NaCl solution for 5 min,
centrifuged for 5 min, and weighed again. The water
absorption capacity was subsequently calculated based
on the mass difference.

The determination of oil absorption was carried out
using a similar procedure: Filter tea bags (2x3 cm) were
first soaked in a diesel oil (DO) for 2 min at room
temperature (25-32°C), centrifuged for 3 min using
centrifuge LC-04R with speed 3000 rpm, and weighed
to determine their mass. Approximately 0.25 g of dried
cellulose material was then added into the filter bag. The
bags were soaked in the oil solution for 5 min,
centrifuged for 5 min, and weighed again. The oil
absorption capacity was subsequently calculated based
on the mass difference.

Results and discussion
Cellulose preparation

The chemical composition of PLF was determined as
follows: cellulose content of 59.36%; lignin content of
5.64%; pentosane 8.47%, ash of 5.05%; ethanol
extractives of 4.96 %; water solubility was 16.52%.
Pineapple leaf fibers were characterized by high cellulose
content and low lignin content. Therefore, a low-
temperature soda cooking method can be employed to
produce high-purity cellulose.
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PLF were treated with a NaOH solution at dosages of 5—
10 % w/w OD mass. The results (Table 1) showed that
approximately 90.31 % of the initial lignin was removed
during cooking. At alkali dosages of 8-10%, the lignin
removal rate exceeded 99.1%. The amount of residual
lignin in the cellulose pulp was negligible.

An examination of the effect of cooking time at a
constant temperature (Table 2) also indicated that the
optimal cooking time was 90 minutes.

Table 1: Influence of NaOH dosage to cellulose yield

and delignification of Pineapple leaf fibers
(Cooking temperature:100°C; Cooking time: 120 min)

Dosage of Cellulose Lignin content of
NaOH yield cellulose pulp
(% w/w) (% w/w) (% w/w)
5 75.84+1.24 0.72+0.16
7 67.35+0.86 0.24+0.08
8 59.87+0.92 0.08+0.02
10 57.59+0.74 0.021+0.004

Table 2: Influence of cooking time dosage to cellulose

yield and delignification of Pineapple leaf fibers
(Cooking temperature:100°C; NaOH dosage: 8 % w/w)

Time of Cellulose yield  Lignin content of
cooking (min) (% w/w) cellulose pulp
(% w/w)
30 82.61+1.37 2.08+0.23
60 78.35+0.74 1.94+0.1
90 75.84+1.24 0.72+0.16
120 58.36+0.56 0.015+0.003

A pilot-scale batch cooking of 1.5 kg of PLF was
processed in a 20 L pilot-scale reactor at 100°C for 90
minutes with NaOH dosage of 8 %, which yielded 1,134.7
g of OD cellulose pulp with a cellulose content of 96.04
% and an ash content of 0.67 %. The pulp was bleached
using hydrogen peroxide at 80°C for 90 minutes, with an
H,O, and NaOH dosage of 3 % w/w and 0.5 % w/w.
The total yield of bleached cellulose pulp was 1,106.2 g,
with a cellulose content of 9718 % w/w and an ash
content of 0.46 % w/w; lignin was not detected. Thus, the
bleached cellulose pulp had a high cellulose content but
still contained the pentosan and inorganic compounds.
Therefore, further purification was necessary to enhance
its purity and suitability for material applications.

Cellulose purification

In the next stage, the bleached cellulose was treated
with a 6-12% NaOH solution.
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Fig 1: Inluence of NaOH dosage on the yield and
a-cellulose content of purified cellulose

12

The results (Figure 1) indicated that the yield of purified
cellulose was approximately 70% w/w of bleached
cellulose, lower than acacia-derived cellulose, which
was purified using the same method [14]. However, the
purified cellulose from pineapple fibers achieved an a-
cellulose content of 97-98%, which was higher than that
of cellulose from acacia wood or non-wood cellulose
from mulberry bark, which exhibited cellulose yields of

).0pm

Fig 2: SEM images of PLF (A), bleached cellulose

6mm x1.00k SE(UL) 04/21/2026

(B), and purified cellulose(C) at x 1,000 magnification

86—-88% w/w and o-cellulose contents of 92-93% [15].
These findings demonstrated the potential of pineapple
leaf fibers derived purified cellulose for various
applications, such as the production of microcrystalline
cellulose (MCC) and material derivatives.

The analysis of SEM images (Figure 2) of the cellulose
samples showed that the untreated PLF exhibited an
agglomerated structure containing various impurities.
After the bleaching, distinct fibrillation was observed.
This indicated that the bleaching and alkaline
purification  processes removed impurities and
amorphous regions of the cellulose, resulting in
separated  cellulose fibers with  diameters of
approximately 5 um.

Characteristics and liquid absorption of pineapple leaf
fiber derived cellulose materials

The SEM image of microcrystalline cellulose (Figure 3A)
showed that the acid hydrolysis primarily caused the
cellulose fibers to be shortened, resulted in fiber
diameters of less than 5 pm, consistent with previously
published results [15,16,20,21]. The nanocellulose fibers
have diameters of less than 100 nm, average <50 nm,
smaller than the size of nanocellulose derived from
straw [17] or sugarcane bagasse [18]. The acid treatment
process reduced the ash content of MCC and
nanocellulose to 0.27 % and 0.18 %, respectively.

)0k SE(UL) 04/2

( IOP 5.0kV 8.6mm x100k SE(UL) 04/21/2026
Fig 3: SEM of MCC (A) and nanocellulose (B) at x1,000 and x100,000 magnification
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An analysis of water and oil absorption for the pineapple
leaf-derived cellulose material samples (Table 3)
revealed that pure fiber (PLB) exhibited low water and
oil absorption, whereas purified cellulose showed
relatively high absorption capacities (about 9 g/g), which
was comparable or higher than water absorption of
some types of alkaline treated fibers, such as cotton
(8.9-6 g/g), banana fiber (2.4-4.8 g/qg), pineapple fiber
(1.7-3.0) [19] and fluff pulp [21]. MCC demonstrated the
water absorption only slightly higher than that of pure
fiber but significantly lower than that of purified
cellulose. Possibly, as the small particle size of powdered
MCC may have impeded water penetration.
Nevertheless, the oil absorption of MCC remained
substantially higher than that of pure fiber.

Freeze-dried nanocellulose exhibited superior water
and oil absorption capacities compared to the above
mentioned cellulose materials, reaching approximately
12 g/g for the water and 17 g/g for the oil. While freeze-
dried nanocellulose powder possessed high liquid
absorption capabilities, its production process is costly.
The oil absorption capacity of virgin cellulose materials
was equivalent to commercial fluff cellulose pulp and
lower than that of modified cellulose aerogel, which had
an oil absorption capacity of >40 g/g [22].

An assessment of the potential application of the
obtained cellulose materials revealed that the purified
cellulose, MCC, and nanocellulose hold significant
promise for use as absorbent materials in hygiene and
healthcare applications. While purified cellulose can be
readily processed into absorbent materials in the form
of pressed sheets or pellets, nanocellulose is typically
limited to use as a filler layer. However, the composite
materials can be fabricated by combining purified
cellulose or MCC with nanocellulose using cellulose
nanogel as a binder to create a cellulose-based
nanomaterial with excellent absorption properties.

Table 3: Water and oil absorption of PLF
derived cellulose and other cellulose materials

Cellulose samples Water Ol
absorption,  absorption,

9/9 9/9
Untreated leaf fiber (PLF) 2.15+0.14 2.88+0.19
Purified cellulose 8.96+0.96 9.73+1.02
Microcrystaline cellulose 4.76+0.31 4.89+0.27
Nanocellulose 11.89+0.18  17.06+0.31
Commercial fluff pulp 9.18+0.32 9.76+0.17

Preliminary fabrication tests of MCC pellets with
diameters of 2-3 mm and purified cellulose sheets with
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thicknesses of 5-6 mm demonstrated water absorption
capacities of 4.02 g/g and 8.67 g/g, respectively. These
values exceeded the water absorption capacities of
commercial soybean-based cat litter and cotton-based
patient underpads, and are comparable to the
absorbent layer of sanitary pads (9.18 g/g), thereby
confirming the potential for the development and
application of these materials.

Conclusion

Pineapple leaf-derived purified cellulose,
microcrystalline cellulose, and nanocellulose exhibited
high water and oil absorption capacities.

Alkaline and acid treatments, together with the
conversion of cellulose into microcrystalline cellulose
and nanocellulose, reduced the ash content and
improved liquid absorption capacities and cellulose
purifity to levels comparable with those of commercial
fluff pulp. These results indicate that pineapple leaf-
derived cellulose materials have potential for use as
absorbents in hygiene and healthcare applications.

The research findings represented the fundamental
scientific contributions toward developing technologies
that utilize lignocellulosic agricultural residues for green
production of new high purity cellulose fiber and
agricultural development.
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