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Abstract

This study compares the properties of nanocellulose derived
from agro-industrial residues of pineapple [4nanas comosus] and
mango [Mangifera indica)]. Through alkaline pretreatment and
acid hydrolysis, cellulose nanofibers were isolated and
characterized via XRD, TGA, and SEM. The results revealed
superior thermal stability and crystallinity in pineapple-derived
nanocellulose, while mango-derived samples showed greater
fragmentation and surface roughness. These findings suggest
differentiated applications, with pineapple nanocellulose better
suited for high-temperature and structural uses.
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Resumen

Este estudio compara las propiedades de la nanocelulosa obtenida de
residuos agroindustriales de pifia [4Ananas comosus] y mango
[Mangifera indica). Mediante pretratamiento alcalino e hidrolisis
acida, se aislaron nanofibras de celulosa que fueron caracterizadas
con técnicas de XRD, TGA y SEM. Los resultados revelan una
mayor estabilidad térmica y cristalinidad en la nanocelulosa
proveniente de pifia, mientras que las muestras de mango mostraron
mayor fragmentacion y rugosidad superficial. Estos hallazgos
sugieren aplicaciones diferenciadas, siendo la nanocelulosa de pifia
mas adecuada para entornos de alta temperatura y usos estructurales.
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Introduction

As part of the initiatives promoted by the
Academic  Division of  Environmental
Technology, the active involvement of students
and faculty has been encouraged in the design of
innovative processes with a sustainable
approach. These efforts aim to enhance the
utilization of agro-industrial residues through
clean techniques, thus contributing to
technological development that aligns with
environmental protection Jaffar et al. [2022].

Cellulose, the main structural component
of plant fibers, constitutes approximately one-
third of plant biomass and can naturally
regenerate through photosynthesis [Datta et al.,
2024].

In Mexico, around 30 million tons of
solid waste are generated annually, a significant
portion of which originates from agricultural and
agro-industrial activities [Deewan et al., 2025].
By-products such as pineapple leaves and mango
peels represent an abundant yet underutilized
source of lignocellulosic biomass. These fibers
consist of cellulose microfibrils embedded in a
matrix of lignin and hemicellulose [Zabala et al. ,
2025], whose crystalline segments provide
outstanding mechanical properties [Montesinos,
2025], with an elastic modulus that can reach up
to 150 GPa [Ratry & Siddique, 2024]
Nanocellulose extracted from these residues has
sparked growing interest due to its biomedical,
environmental, and composite = material
applications [Govindarasu et al. 2025]. Through
chemical and mechanical methods, it is possible
to isolate nanofibers with specific properties,
opening the door to more efficient, selective, and
sustainable processes [Altynov et al., 2025;
Deewan et al., 2025].

Methodology

Synthesis

Nanocellulose was obtained from agro-industrial
residues of pineapple [Ananas comosus] and
mango [Mangifera indica] [Tiwari y Sanjog
2025]. The samples, composed of peels and
residual fibers, were collected, washed with
distilled water, mechanically crushed, and dried
in a convection oven at 60 °C for 18 hours.
Subsequently [Mufioz, 2025], they underwent an
alkaline pretreatment with 5% [w/v] NaOH to
remove non-cellulosic impurities such as lignin
and hemicellulose [Figure 1].
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Figure 1
Alkaline pretreatment with NaOH

Source: Own elaboration

The purified cellulose was subjected to
acid hydrolysis using 60% [w/w] H2SOs at 45 °C
for 15, 60, and 90 minutes under constant stirring.
This process promoted the cleavage of
glycosidic bonds, enabling the release of
cellulose nanofibers [Figure 2]. The resulting
suspension was neutralized by centrifugation
and washing with distilled water until reaching
neutral pH, followed by final drying at 60 °C for
8 hours.

Figure 2
Cellulose subjected to acid hydrolysis

Source: Own elaboration

Characterization
X-ray Diffraction [ XRD]

Structural identification and analysis of the
resulting compounds were performed using
powder X-ray diffraction [XRD], employing
CuKou radiation with a wavelength of 1.5406 A.
The diffractogram was recorded in coupled
mode [TwoTheta/Theta], enabling precise
angular exploration within the 10° to 90° 20
range—suitable for detecting both organic and
inorganic compounds present in the sample.
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Thermogravimetric Analysis [TGA]

Thermal characterization was carried out using
thermogravimetric analysis. Thermal stability of
the materials was measured with a Perkin Elmer
Pyris instrument at a heating rate of 20 °C/min,
starting from 50 °C and reaching 700 °C under a
nitrogen atmosphere.

Scanning Electron Microscopy [SEM]

Surface morphology of the sample was
examined using scanning electron microscopy
[SEM] with a JEOL JSM-5600 instrument.
Images were acquired at an acceleration voltage
of 20 kV and a magnification of 1000%, optimal
conditions for resolving fibrous or particulate
structures without compromising the integrity of
sensitive materials.

Results

XRD

From the XRD spectra, the following results
were obtained:

The crystallinity degree for the “Mango”
sample is 35%, while for the “Pineapple” sample
it is 32%.

Figure 3 shows that the crystalline
portion of the obtained samples corresponds to
Cellulose I, based on comparison with the data
reported by French [2014], although it is not
possible to clearly distinguish whether it is the a
or 3 form.

Mango

Pina

Cellulocela : / N
=t & R

Cellulocelp %} '

Figure 3
Comparison of the XRD spectra of the crystalline

portion of the Mango and Pineapple cellulose samples
with the simulated XRD spectra reported by French
[2014].

Source: Own elaboration

ISSN: 2410-3934.
RENIECYT: 1702902
ECORFAN® All rights reserved.

Crystal average size

From the information of the XRD spectrums, the
Scherrer formula, Eq. 1 was used to determine
the average crystallite size of the samples.

KA
" B cos@

[1]

where D, K, A, B and 0 are the average crystallite
size, constant equal to 0.9, Wavelength of X-ray
source A = 1.5406 A, angular line full width at
half maximum intensity in radians [which is the
difference in integral profile width between a
standard and the unknown sample] and Bragg’s
angle in radians, respectively. The peak used
was the principal.

The values obtained for the Average
Crystallite Size were 5 nm and 4 nm for “Mango”
and “Pifia” respectively, so the crystalline
portion of the samples obtained are
nanocrystalline, a classification of
nanostructured materials according to (Koch,
1999).

TGA

Thermogravimetric analysis [TGA] is a crucial
technique for investigating the thermal stability
of plant-derived nanomaterials, providing
insights into their composition and degradation
behavior under rising temperatures.

This study compares the thermal
performance of nanocellulose derived from
agro-industrial residues of pineapple [Ananas
comosus] and mango [Mangifera indica], using
mass loss curves [TG] and their thermal
derivative [DTG] to characterize significant
structural differences.

Mass Loss [TG]

Both samples began thermal degradation near
250 °C, indicating a common decomposition
threshold. As shown in Figure 3, the
nanocellulose from mango exhibited a faster and
more pronounced mass loss, with a steep slope,
whereas the pineapple-derived sample displayed
a more gradual degradation, retaining more mass
at higher temperatures [>500 °C]. This suggests
greater thermal stability and the possible
presence of stable carbonaceous components.
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Figure 4
Thermograms of nanocellulose from mango and
pineapple

Source: Own elaboration
Derivative of Mass Loss [DTG]

The maximum degradation rate for mango was
recorded near 350 °C, while that for pineapple
occurred around 340 °C. The mango curve was
more abrupt, with a narrower peak, indicating
more violent degradation. In contrast, the
pineapple sample showed a broader and
smoother peak, associated with a more
controlled decomposition [Figure 4]. These
results  suggest that  pineapple-derived
nanocellulose exhibits higher crystallinity and a
lower hemicellulose content, features that confer
superior thermal resistance.

Mango
—— Pineapple

dm/dT (%/°C)

T T T T
250 300 350 400 450
Temperature, °C

Figure 5

Derivative of mass loss of nanocellulose from mango
and pineapple

Source: Own elaboration

Nanocellulose derived from pineapple
residues exhibits superior thermal resistance and
more stable degradation behavior compared to
that obtained from mango. This performance
suggests it may be better suited for applications
involving thermal processing, composite
materials, or barrier functions.
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While mango-derived nanocellulose
remains viable, its faster degradation may limit
its use in high-temperature applications.

SEM

The image obtained via scanning electron
microscopy [SEM] reveals the characteristic
morphology of nanocellulose extracted from
agro-industrial mango [Mangifera indica]
residues. At a magnification of 1000%, elongated
fibrils with rough surfaces and partially
separated structures are observed, resulting from
the acid hydrolysis process using 60% H2SOa.
This texture indicates effective removal of lignin
and hemicellulose, exposing the cellulose
microfibrils.

The observed surface roughness and
fibrillar heterogeneity suggest good interaction
potential with polymeric matrices, which could
be advantageous for applications in composite
materials or biodegradable films [Figure 5]. The
acquisition of the image at 20 kV provides
adequate contrast without compromising the
integrity of the plant fibers.

Compared to nanocellulose derived from
pineapple residues, these fibrils exhibit a greater
tendency toward fragmentation and a less
homogeneous distribution, which aligns with the
results obtained from thermograms [TG/DTG],
where a more abrupt thermal degradation was
evidenced. These findings reflect differences in
crystallinity and structural composition—key
aspects for  defining applicability in
environments requiring thermal stability.

JEOL JSM-5600 20kV 1.000x 10 pm

Figure 6

SEM micrograph of mango-derived nanocellulose
Source: Own elaboration
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The micrograph obtained via scanning
electron microscopy [SEM], captured at 50,000%
magnification and 20kV, reveals a highly
defined fibrous network in the nanocellulose
extracted from Ananas comosus [pineapple]
residues. The observed structures display varied
orientations and homogeneous sizes, suggesting
efficient fibrillar distribution following the acid
hydrolysis process.

The high resolution of the image, with a
2 um scale bar, enables the identification of
elongated and closely packed fibrils [Figure 6],
indicative of a high degree of purification and
removal of amorphous components such as
lignin and hemicellulose. This compact pattern
is associated with elevated crystallinity,
corroborating the results obtained from the DTG
analysis, which evidenced controlled and
resistant thermal degradation.

The observed morphology also suggests
excellent potential for applications in
biocomposites, barrier films, and structural
reinforcements, owing to the fibrillar integrity
and low morphological dispersion. Overall, this
sample stands out for its stability and structural
properties, making it suitable for demanding
environments.

2 hm

JEOL JSM-5600 20 kV 50,000x

Figure 7
SEM micrograph of pineapple -derived nanocellulose
Source: Own elaboration

Comparative Analysis of Nanocellulose
Morphology

The comparison between SEM micrographs of
nanocellulose derived from Mangifera indica
and Ananas comosus reveals significant
structural differences that highlight the influence
of botanical origin on material properties
[Carvajal Johnson ,2025].
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Mango-derived nanocellulose exhibits
elongated fibrils with pronounced surface
roughness and heterogeneous distribution,
indicating a  greater tendency toward
fragmentation. This morphology suggests lower
crystallinity and potential residual hemicellulose
content, consistent with the more abrupt thermal
degradation observed in DTG analyses.

In contrast, pineapple-derived
nanocellulose presents a compact and
homogeneous network of dimensionally
consistent, oriented fibrils—resulting from more
efficient hydrolysis and deeper purification. This
structure reflects high crystallinity and low
morphological dispersion, translating into
superior thermal resistance and greater structural
stability, as evidenced by the more controlled
degradation observed in TG/DTG curves.

Taken together, these observations
underscore the differentiated potential of each
type of nanocellulose for specific applications:
while the pineapple variant emerges as an ideal
candidate for environments requiring thermal
and structural stability, the mango variant could
be leveraged in contexts favoring surface
interaction or accelerated biodegradability
[Alzate Arbelaez, 2025].

Conclusions

Nanocellulose was successfully isolated from
agro-industrial residues of pineapple [Ananas
comosus] and mango [Mangifera indica
through alkaline pretreatment and acid
hydrolysis, confirming the viability of these
residues as sustainable biomaterial sources.
XRD analysis revealed Cellulose I structure in
both samples, with crystallinity degrees of 32%
for pineapple and 35% for mango; however, the
smaller crystallite size in pineapple [4 nm)]
suggests greater fragmentation and surface
accessibility.

TGA results indicated that pineapple
nanocellulose exhibits superior thermal stability,
with controlled degradation and mass retention
above 500 °C, favoring its use in structural or
high-temperature applications. SEM
micrographs showed distinct morphologies:
mango nanocellulose had rougher, more
heterogeneous fibrils, while pineapple displayed
a compact, homogeneous fibrillar network,
consistent with its higher crystallinity and
thermal resilience.
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Collectively, these findings suggest that
pineapple-derived nanocellulose is more suitable
for thermally demanding and structural
applications, whereas mango-derived
nanocellulose may be better suited for contexts
emphasizing surface interaction or enhanced
biodegradability.
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