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Abstract

The Earth’s environment is deteriorating, and biodiversity is declining. The use of plant-based
cellulose nanofibers (CNFs) as structural materials can reduce environmental impact, and further
technological development is anticipated. This review introduces cellulose types derived from wood,
weeds, bamboo, and fruits, and examines the technological applications of CNFs. It is suggested that
maintaining appropriate levels of Mn, Ca, and O, including Ca inter actions within carbon-based
structures, may contribute to plant soundness, whereas the exclusion of elements such as V, Cd, and
Sn may support cellular activity. Calcium deposition may influence wood growth depending on
elemental composition in the bark, and a hypothesis is proposed regarding pH adjustment for sprout
formation. In addition, fabrication methods of CNFs and their mechanical properties, particularly
evaluation methods, are summarized. This review focuses on nanostructures that yield
heterogeneous functional and mechanical properties, with potential benefits in reducing the
environmental impact of processes such as three-dimensional printing and layering. CNFs derived
from fruit peels can produce lightweight and durable materials. Furthermore, the roles of proteins
and fruit-derived components in neutralizing acidic environments and reducing oxides are discussed.
A concept is proposed combining fruit peel-based material processing with environmental
applications such as forest restoration and anti-desertification. It is hypothesized that cytoplasmic
activity and cell wall strengthening may be enhanced through chlorophyll-related processes and
water transport mechanisms. Optimization of PH conditions may promote sprout formation in plants
such as conifers. Sustainable greening may be achieved through the use of cellulose-based materials
combined with water-retentive components such as bamboo-derived resources. The interaction
between CNFs, plant bark, and water-associated proteins may contribute to forest recovery and the
mitigation of slash-and-burn practices. Overall, this approach may contribute to environmental
restoration, reduced environmental load, and urban greening in degraded regions.

Keywords: sustainability; cellulose film; mechanical properties; greening; fruits based cellulose;
land repair

1. Introduction

Human economic activities related to engineering involve industrial production, research, and
merchandizing. Enhancing sustainability is crucial to ensuring human prosperity during
environmental pollution, resource scarcity, and population growth. Recent studies have highlighted
the growing demand for environmentally friendly engineering products (Pereira, 1999; Janakiraman
et al., 2021; Iwasaki, 2023; Catalano, 1993; Patnaikuni, 2009; Ghinaya et al., 2021; Su et al., 2023).
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Owing to rapid population growth and increasing environmental load, conventional engineering
products, such as fossil fuel-based plastics, are no longer viable for extensive use (Ceballos-Santos et
al., 2024; Fayshal et al., 2024; Kibria et al., 2023; James et al., 2024; Valavanidis et al., 2024; Singh et al.,
2024; Napper et al., 2023). Although plastic products are widely used, their environmental load is
greater than that of other materials, as petroleum-based plastics decompose very slowly
(Ghorbannezhad 2024; Kabeyi et al., 2023, Kaser et al., 2020). Plastic waste pollutes air and soil.
Natural materials, such as wood and weeds, are biodegradable and environmentally friendly
(Environmental Center | University of Colorado Boulder, Richland Center, Wisconsin, USA).
Cellulose nanofibers (CNFs) derived from wood, weeds, bamboo, and fruits (banana peel) are strong
and environmentally friendly (Durad et al., 2024; Manafi-Dastjerdi et al., 2022; Tudor Environment,
Rayns et al., 2022; Khoaele et al., 2023).

Wood-based cellulose materials, fabricated by crushing and layering wood-containing solutions,
exhibit high strength, modulus, and storage properties (Isogai, 2020; Samir et al., 2022; Guan et al.,
2022; Meftahi et al., 2022; Yan et al., 2023; Horikawa 2022; Shi et al., 2022; Moreira et al., 2020; Zhang
et al., 2022; Ogunjobi et al., 2023; Nigam et al., 2021; Hancock et al., 2023; Manamoongmongkol et al.,
2021; Cao et al., 2022; Youssefian et al., 2025; Brahma et al., 2024). Weeds derived from grass plants
can be used as a renewable resource (Ogunjobi et al., 2023; Nigam et al., 2021; Hancock et al., 2023).
Bamboo is a highly sustainable natural material with hierarchical structures and high compressive
strength and tensile ductility (Manamoongmongkol et al., 2021; Cao et al., 2022; Youssefian et al.,
2025). Fruit peels, such as those from peaches and bananas, are biodegradable and can be processed
into structural components by removing their surface proteins (Rahman et al., 2024; Siddiqui et al.,
2024; Mishram et al., 2023; Bigi et al., 2023; Kumbhar et al., 2015; Trés et al., 2024). However, among
the natural products, cellulose nanofilms and bulk products have limitations in achieving excellent
mechanical or functional properties (Zhang et al., 2025; Samadam et al., 2022; Sridhara et al., 2020;
Baghaei et al., 2020; Ray et al., 2021; Whitney et al., 1999).

This review examines the fabrication methods for cellulose materials derived from natural
materials, including wood, weeds, fruits, and seeds. The mechanical strengths of individual CNFs
(CNFs) (Saito et al., 2013; Li et al., 2021; Hang et al., 2011) and scaled-up cellulose films (CFs) (Koga
et al., 2022; Oesef et al., 2024) are reviewed.

The tensile properties of CFs are analyzed based on their chemical structure and material
engineering (Golovin et al., 2022; Ma et al., 2023; Abualnaja et al., 2024; Subbotina et al., 2022). The
cellulose extracted from wood or fruit is an ideal candidate for structural applications in casings,
pump propellers, and aerospace application components, including astronaut suits made from fruit-
peel textiles (Sachidhanandham, 2020; Srivastava et al., 2018; MaterialDistrict; Good & Fugly). Similar
applications in structural engineering include automobile components (e.g., interior parts), bicycle
components (e.g., axial structures and electric-assist battery casings), and house frameworks (Tu et
al., 2024; Rahman et al., 2023; Nordin, 2023). Cellulose-based gels can be used in electronic
components, serving as sensors and contributing to network formation for enhanced structural
integrity (Jonoobi et al., 2010; Pan et al., 2016; Qua et al., 2011; Omrani et al., 2008).

The structural design of cellulose materials, particularly the stress balance between CNFs in the
build-up method, is a critical consideration (Qua et al., 2011; Omrani et al., 2008). A recent study on
the tensile properties of phosphate—ester CFs demonstrated a constant stress region in the tensile
stress—strain relationship, indicating that ductility is driven by the interactions between the
amorphous material and rounded crystals in unprocessed pulps (Ogawa, 2025). These pulps are
composed of soft matter comprising carbon and hydrogen and exhibit high elongation (Alvarado-
Avila et al., 2023; Wood pulp, Atiqah et al., 2019). Cellulose produced from fruits such as bananas,
peaches, and pineapples is used in lightweight, durable jackets and luggage. This review introduces
the types of CNF films used and summarizes their fabrication methods, focusing on mechanical
agitation and thermal treatments. The mechanical properties of these films are evaluated with respect
to the film strength and tensile testing of individual CNFs. The fabrication methods of fruit-based
CNF films are introduced, and their mechanical and physical properties are summarized. The
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molecular design of CNF films at the nanoscale is discussed (Pakharenko et al., 2021; Ye et al., 2019;
Ye, 2019; Kondo, 2023; Yang et al., 2024; Jing et al., 2024; Mushtaq et al., 2023) along with their
application in mechanical components, architectural structures, bioengineering, and environmental
remediation.

This review explores the engineering application of CNFs and their potential for environmental
protection (Zhang et al., 2024). Fabrication and property improvement methods are proposed to
widen the application of CNF in safeguarding the environment, forests, and global ecological systems
(Figure 1:Photofigure of the earth from wikipedia, right panel: Image of conifer that is main origin of
oxygen in Africa). Sustainability balances social, environmental, and economic factors. Developing
an economic framework compatible with environmental goals is essential. This involves replacing
plastic products with natural, recyclable materials and establishing systems to restore degraded
landscapes. The creation of urban environments that integrate natural green spaces is critical for
sustainable human living.

Moreover, it is important to take the balance of decaying and revival of plant based on the
elemental in-out yielding the growth of sprout. This is the key to effective use of wood resources and
to accelerate making the sprout on the cut wood and the reuse of decayed woods to fabricate the
house and factory with higher weather resistance. The authors insist that the structure of wood: pulps,
cellulose, and vascular cells can be transformed into the sprout and the shape of leaves that assist the
natural greening of forests and cut woods (regeneration of green earth planet).

Figure 1. Sustainability for the environmental protection of the Earth and human prosperity: Wikipedia, and an

photoimage of conifer.

Key sentences for balance in water and oil in barks generating sprout on the deceased wood

In the end of introduction, we present key phrases for achievement of greening using cellulose,
based on conifer and/or fruit peel such as peach with the aid of circulation of chlorophyll associated
with cytoplasm containing water molecules.

e  Part of cellulose can be transformed to chlorophyll.

e  Protein in cytoplasm can be mixed with water.

e  The sprout can be grown on decayed sprout-killed in soils (carbon-hydrogen).

¢ Hand B can be attached with D+ in water poured in cytoplasm.

e  The chemical average of upper side such as leaf generates the chlorophyll generation due to the
decomposition of proteins.

In the authors’ opinion, it is essential to maintain the ratio of proteins in inclined bark element,
water, and cellulose on the peripheral of cells containing chlorophyll.

2. Introduction of Cellulose to Protect the Environment

The ongoing destruction of the Earth’s environment threatens biodiversity. Excessive resource
consumption in developed countries contributes to environmental degradation in developing
countries, where uncontrolled wildfires in forests accelerate desertification, rainforests face
significant destruction, and valuable species risk extinction. To protect the environment, reducing
reliance on petroleum-based plastics and minimizing plastic waste are essential. Using natural
materials, such as those derived from weeds and woods, can reduce the environmental impact of
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invasive species. Cellulose extracted from wood, weeds, and fruit is an ideal candidate for structural
components, food packaging, and beverage bottles. To preserve forests (such as hardwood and
conifer), sustainable management practices are critical. Indiscriminate logging, such as the removal
of more than two-thirds of forest stems, causes environmental devastation and the loss of indigenous
tree species. It is important to keep the seeds on the sprout with the aid of chlorophyll circulation in
the cytoplasm.

Oil-based plastics pollute soil and threaten the extinction of indigenous plants. Soil pollution
damages crops and devastates plants and forests in developing countries. To promote a circular
ecosystem, reforestation efforts should follow deforestation by converting wood pellets into ash and
vapor through burning, facilitating carbon exchange that encourages undergrowth and accelerates
forest regrowth. Using cut wood for products, such as pencils or pellets for burning, supports the
regeneration of indigenous plants and rainforests. However, this approach is insufficient for fully
converting cut wood into organic matter. Forest regeneration using cellulose, particularly from fruit
or bamboo with moisturizing properties, is essential for sustainable reforestation (the moisturizing
role will be discussed later). The burning of cut wood generates carbon dioxide; however, appropriate
treatments could involve the exchange of hydrogen vapor around the burned carbon, which can
optimize resource use.

Plant proteins (cell bodies) contribute to the formation of structural materials. The composition
of the wood is discussed below. Figure 2 shows that wood comprises a cellular structure, with fibril
structures rich in cellulose molecules. These cellulose structures support tissue engineering, wound
dressings, and drug delivery (Seddiqi et al., 2021).

Tree (m) Transverse Cellular Cell wall
section (cm)  structure (um) (pm)

Tissue _

engineering A Disorder
H 0 region
Wound 0 OH
dressing | \,o oy ] e
n  Crystalline
Drug ;
delivery rogon
Biomedical Cellulose Fibril Fibril matrix

applications  molecule ()  structure (nm) structure (um)

Figure 2. Wood-based cellulose materials and their use in bioengineering and pharmaceuticals (Siddiqui et al.,

2024). Reusable owing to open access.

Cellulose-based porous structures can be infiltrated with cellulose or polymer melts to create
robust structural members. Zheng et al. (2020) fabricated cellulose nanocrystal (CNC)-filled
composites via infiltration, reporting their mechanical properties and proposing strategies for further
enhancement. Biopolymers can infiltrate the porous structures of bamboo, and banana petals can be
converted into molten polymers through acid immersion (e.g., hydrochloric acid or acetic acid) and
subsequent burning. Investigating the mechanical properties of biopolymer composites produced via
pressure-free infiltration versus pressure infiltration is essential because the crystalline structure may
affect mechanical properties (such as bending and tensile properties).
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Unlike synthetic polymers, cellulose features a fibril structure and is biodegradable through soil
burial, heat treatment, or acid immersion. These materials are renewable and recyclable, enabling
their repeated use. The topics of reproductivity and recyclability will be further explored.

3. Literature-Cellulose Fabrication Method

This section summarizes the types of cellulose and their fabrication methods. Figure 3 shows the
typical structure of cellulose materials. Cellulose, an organic material comprising carbon, oxygen,
and hydrogen atoms, forms nanosized fibrils that can be processed into thin films. These films have
applications in automobiles, machine parts, gardening, and forest restoration.

: Inter O~

_HO

“HO
OHes

Figure 3. CNF structure (Wholert et al., 2021). Reusable owing to open access.

Figure 4 shows the types of cellulose materials used in various treatments. Six treatment
methods are highlighted, with esterification, grafting modification, ethertification, and acid treatment
being particularly significant. Esterification enhances cellulose strength, and grafting modification
improves both strength and elongation (although it may reduce strength in favor of higher ductility
in some cases). Mechanical pretreatments raise mechanical strength; however, the ductility is lowered.
Biological treatments improve ductility, however, the durability is deteriorated.

( Functionalization/Modification of Cellulose & Cellulose Derivatives )

‘Chemical Modifications Mechanical Biological Treatments
Pretreatments

| |

Acid, Alkali,

LOR0I

Hydrolysis

Figure 4. Different cellulose species (Radha et al., 2025).

The refinement of cellulose fibrils occurs after dispersion and/or collision (Figures 5).
https://doi.org/10.1007/s42452-025-07558-1.

Nanocellulose can be isolated through chemical pre-treament and adjusting PH to maintain
distance of CNFs, followed by interaction leading to networks, assembly of bulk materials: it yields
the future application supported by redispersion using static-forces. It is important to achieve good
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interaction of CNFs without agglomeration leading to power generation and high stability without
deterioration (with acid immersion, decomposition proceeds).

Interactions
Stability/instability L Networks
Qe
M pe” ¥
- e\
g | 9}' l” N'f
@.
Nanocellulose
Al Y4
- |
= ® 5
°® Y [ Tyef
Q@
o
v ® '
Assembly The future

Redispersion

Figure 5. Nanocellulose dispersion, interaction, formation of networks, assembly, redispersion yields the

generation of applications used in the future. (Benselfelt et al., 2023).

Compositing after molecular organization, such as chemical chain formation and bonding,
effectively enhances access to structural components. Figure 6 does show the self-assembled
fabrication of the CNF-based bulk materials. The wood-resembling materials yielding bulk materials
are achieved by adjusting the amount of water supported by hydronated carbons; the oxygen
dispersion, and C-C-OH linking lead to the superior properties.

Dissolution

Stretching

o 5N & ===
o R g > R g
- 3 L Hot-pressin
prt - P 2 N
alkali = wren V
">'& oy £ & SN Celluinae microfibrils Celbuluse chaing
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Chemically crosslinked sites ===+ Hydrogen bond »
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Figure 6. Flexible cellulose films fabricated by chemical reaction through hydro oxidation (Chen et al., 2025).
https://doi.org/10.1016/j.indcrop.2024.120055.
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4. Mechanical Properties of CNFs and Films

In this section, the mechanical properties of CNFs are evaluated. Figure 7 shows the tensile
properties of the phosphate-ester-treated CNF films. These data are based on a recently published

study (Ogawa, 2025).
90
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Figure 7. Tensile stress—strain curves for phosphate-ester-treated CNF films (Ogawa, 2025). Open access.

Figure 8 shows the interaction of pulps and amorphous phase; the interlock raises the tensile
strength and extension yields the ductility. The surface roughness indicates the ductility of the films
(omitted here), whereas Figure 9 shows the formation of cellulose structures through CNF stacking.
Figure 10 shows the chemical structure of phosphate ester-cellulose; the P-rich region improves the
softness and ductility.

Qj X, = Tensile stress R | |

|| Entanglement and

=/ reorganizing Comp . breaks

Tentative strengthening
owing to compressive force

i Basic unit

&

i Crysisling phase

"""""""" | Ameorphaus phase

Interact to reinforce and destructing
Figure 8. SEM image of CNF films (Ogawa, 2025). Open access.

Hang et al. proposed a testing method for individual CNFs by combining atomic force
microscopy (AFM) and SEM. Testing fixture can be incorporated into SEM chamber and testing of
individual CNF nanofiber can be achieved. Scale up of strength from individual CNFs into wood
nanofibers containing pulps is possible yielding the estimation of strength of wood pieces.

Figure 10 indicates that the glycol chitosan can be oxidized to the gels containing hydroxyl
groups that yield the self-repair properties. It indicates that the gels can be used to repair fish injuries
(Figure 11). Minimal strain for structural destruction yields the repair characteristic. Mol ratio per
minute raises the average functional recovery (vital trajectory).
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Figure 9. SEM image of CNF films (Ogawa, 2025). open access.
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Figure 10. Glycol chitosan yielding the gels containing hydroxyl groups that generate self-repair properties.
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Figure 11. Biological performance based on strain for structure destruction.
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Figure 12 exhibits the effect of average basal OCR (mol rate) on the functional recovery in vivo
affecting injury recovery of animals. In the analogy of animals and plants, the chlorophyll can be
inserted into plant cells and that can be utilized to the prosperity of green of plants that indicates the
PH of cytoplasm governs the activity of sprout and/or leaves. It indicates that the insertion of
chlorophyll into the cell wall and making earthen wall consisting of compatible fruit peel yields the
growth of undergrowth. The making patches using grounded vascular lines and adverse circulation
of waters inside the stem yields the growth of sprout around the soil boundary.

C

n¢n1

30 Self- healrng l 2
-4 neural repair |
2o :
S £ 601
2E
Q
25 a0
E =]
<9

zn T L | L] 1

20 25 30 35 40
Average basal OCR (pmolimin)

Figure 12. Functional recovery in vivo depending on average basal OCR. Reusable owing to open access.

Chlorophyll has an influence of accelerating the cell division inside the sprout; it is important to
keep the moisture homogeneous to maintain the activity. Keeping the PH around the barks alkaline
yields the generation of bunch on the boundary of stems. Grounding the seed of similar species,
implanting the cellulose fibers into the cell wall leads to the greening of undergrowth (with the aid
of calcium). Protein in cytoplasm can be decomposed to generate the whisker sprout. The burying
the cellulose made from conifer and fruit peel with the accelerator such as potassium chloride causes
the internal circulation of plant oil and water.Extracting water elements from the tree bark and
adding chlorophyll to boundary of cytoplasm generates the prosperous wild of greens. Ash ratio
control and soil purification using adding the decayed cellulose accelerates the photosynthesis of
conifers and bushes with the aid of an appropriate drying duration. Incorporation of C, H, Mn, Ca,
and Ge into the leaf and/or sprout revive dead plants. V and Cd need to be removed by precipitation.
It depends on the species and the amount of oil in barks.

It is important to think the cellulose by building up from the nanofibers. CNFs were affixed to
the substrate using epoxy glue, and an AFM cantilever was utilized for tensile testing. Tensile
properties were analyzed using Weibull statistics (Saito et al., 2013). The build-up method enables
the tailored design of the mechanical properties of CFs.

Kafy et al. fabricated a fiber structure from CNFs and performed tensile testing. Stretching
enhances tensile strength but decreases failure strain. The alignment improvement yields the high
tensile strength. As the strain rate increases, the tensile strength and modulus coincide under the
stretching effect. It is estimated that the CNF nanofiber does not break during stretching, however,
the strain misfit under the tensile strain within the cellulose aggregate lowers failure strain. CNF
nanofiber orientation improvements and occupation of outside of yarns by pulps will raise the
balance between tensile strength and failure strain.

Figure 13 shows the ideal proposed cellulose structure. The phosphate ester treated cellulose
structure is simplified, emphasizing the amount of hydrogen on CNF (and other than the framework
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of pulps). It is estimated that the covalent oxygen strengthens the double bond of carbon atoms. It is
important to maintain the distance of carbon atoms unless the concentration leading to the crack
source.

High elongation (based on periodicity)

Figure 13. Ideal cellulose structure the authors propose.

The authors performed simple pre-calculation regarding the elemental arrangement of C, H, and
O atoms and how to raise the strength and/or failure strain (Figure 14). The inner strain connecting
fragmented C atoms is maximized owing to the oxide attachment to the H atoms (Pulp framework-
dominant deformation). The chemical bonding strength of carbon atoms under straining is raised by
insertion of H atom into C-C bond (and followed by C-C-H transformation); whereas the tensile
strength is improved by the attachment of O atoms. Insertion of C atoms and connecting via H atom
simultaneously raise tensile strength and failure strain. At most, it is only the estimation after pre-
calculation. The following is the elemental flow map of structure of cellulose nanofilms. The
detachment of oxygen raises the flexibility, simultaneously H atom insertion raises ductility. C atoms
concentration dominates the atomic in and out of resources, that yields drying and extension of
structures. The C atom alignment variation leads to the wrinkle distribution and ductility
improvement.

/

C C

Figure 14. Elemental flow map of cellulose nanofilm extension.

The interaction of COO, C-C-H, and P-SOH generates the island of carbons and hydrogen
induced waterization. In other words, in the plant, potassium, thallium and calcium precipitate; in
particular, thallium is attached to leaves; potassium oxide has the role of making sprout and adjusting
the PH of leaves to the alkaline vegetation environment.

Potassium chloride has a role to make the soil acidic and neutralize the alkaline atomosphere.
It is important for H atoms not to discharge from the C=O cores. In general, the hexagons in the
cellulose structure represent CH bonds. The attached chemical groups are carboxyl, CO, and
hydroxyl groups. The hydroxyl groups act as interleafs between chemical species with different
properties. The periodic structure formed by the stacking (Figure 10) generates high-strength,
durable CFs with enhanced ductility.

The tensile properties of esterified CFs presented by Peng et al. are introduced. Figure 15 shows
that mixing hydrated NMMO with H20 followed by drying produced films with moderate strength
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and high ductility (Figure 15). Figure 15 shows the superior tensile properties, demonstrating a
balance between strength and modulus. Chemical bond formation results in tensile stress—strain
curves that exhibit superior ductility. The ductility can be tuned by adjusting the interaction between
tension and internal Poisson’s contraction, where strain influences the extent of tensile—shear
contraction zone.

Jj ey u g

\n Regeneraled NMMO solulion

Cellulose Hydrogel

Celulose fim

Figure 15. Mixing of hydrated NMMO and H20 followed by drying produced the films (Peng et al., 2021 cited
from paper on Researchgate).

It is important to balance inner and outer strain to obtain the stability in mechanical properties.
Finally, the balance of lignin and greening of devastated plant is presented. Figure 16 displays that
the kind of cellulose species with different decomposition properties.
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Figure 16. Cellulose structure made with the support of CSR (mirror protein).
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In the upper left panel, Cell5 and IF2 interact; decomposition proceeds inside CSR that is protein
outside pulp peripheral. In the upper right panel, the interaction of various functional groups
decomposes the framework of cellulose indicating the discretization of carbon framework yields the
natural decomposition and generation of sprouts in soils with the aid of calcium and potassium
chloride and/or phosphate chloride that achieve greening through reconstruction of devastated forest.
It is based on the concentration of CNF and cytoplasm containing chlorophyll. Water circulation and
discharge from sprout assist the growth of differentiated bunches.

Numerous studies on the stress—strain relationship (banana map) of cellulose have reported a
maximum strength of approximately 450 MPa. To achieve further improvements, enhancements such
as layer detachment and dislocation (regeneration of chemical bonds) are necessary. Raising tensile
strength is important; however, simultaneously giving decomposition characteristics is important.
This point will be discussed later.

5. Passion Fruit-Based Cellulose Structures

Fruit and marine plants are ideal sources of raw cellulose. Fruits, such as passion fruit, mango,
or pomegranate, can be processed to yield high-strength cellulose, particularly when mixed with
seeds. Figure 17 shows that banana peels can be converted into oils, extracted fibers, and eco-friendly
waste water.

=
O \ o With 74% cellulose purity
T /’ 3 comparable to NaOH-treated fiber

Banana Peels

Plant Cell
Dietary fiber
source
Extracted Fiber
L
Soaking Green Extraction \
Application
Two-step method 1. Phytochemical Compounds
2. Soluble Fiber
Charcoal Ash Natural Alkaline - 3. Fabric dye
(Ca0 +K:0) Solution Eco-friendly et
pH12 Wastewater

Figure 17. Production of green extracts from banana fruits (Phirom-on et al., 2022) cited from Elsevier (Fulltext

access, also confirmed on Researchgate).

Phirom-on et al. (2022) extracted green products used as fibers in eco-friendly wastewater
treatment. Fruits can be used as cellulose sources for batteries and astronaut suits. The following
section discusses the difference between wood and fruit cellulose. It is important to focus on the
structural difference between the scaffold and secondary branches of trees that support fruit growth.
The differentiation of secondary branches into stages promotes successful fruiting.

Fruit properties, including bunch strength and structural integrity, are enhanced through
treatments such as acid and/or heat processing. It is estimated that the PH of mixed juice governs the
amount of oils in the peels and it is important to enhance the vegetation of the deceased plant and
revival of dried sprout into the waterization. Note that the water cannot be polluted using the fruit
to fabricate oils in the situation of fulfilling the proteins outside the core of peels. It yields the making
cellulose sponge as the pond of devastated plant bunches. It accelerates the generation of sprout on
the decayed vascular line cells. It indicates that the vascular lines can be transformed to the leaves
that is bunch sprout and/or protein-fulfilled sprouts. Protein and lipids coexist in fruits such as apples
and pomegranates, contributing to the water retention characteristics of their peels after burning.
These properties can be utilized for forest antidesertification efforts, which will be discussed later.

Marine plants are also ideal raw materials for cellulose production. Cellulose can be made after
the decomposition of seaweed surfaces (Lampugnani et al., 2019). The binding of Korrigan to
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synthase provides a foundation for structural components. It is based on the edge emphasis of cell
wall containing chlorophyll.

5.1. Structural Application and Functional Properties

Figure 18 shows that coconut fruit surfaces can be converted into natural fibrils. Coconut fiber
is generated by breaking down the surface of the fruit, followed by wet-drawing and drying.
Automotive parts can be manufactured from coconut via polymer infiltration into fiber fabrics.

@) (b)

Figure 18. a. Coconut fibers (from Alibaba) b. automobile parts made of coconut fibers
https://phys.org/news/2014-07-company-coconut-husk-fibers-materials.html.

Coconut CNFs can be used to manufacture bonnets and roof components. Bamboo fibers can be
combined with fruit fibrils to form laminated structures. Integrating empty fruit into bamboo press
strips produces durable components for automobiles, ships, and electronic circuits. Bamboo has
vascular lines filled with water, when pressed into chips or sawdust and combined with fruit fibers,
yield flexible and durable structural materials. This approach may support desert greening through
innovative strategies.

A lot of automobile components can be manufactured from cellulose derived from bamboo,
coconut, and pomegranate. The composite front panel carpet and air bag can be made from coconut
and pomegranate fibers, respectively. Door panels can be constructed using a combination of bamboo
and fruit fibers. The selection of raw materials for CNFs is driven by their crash energy adsorption
and anticipated durability.

6. Molecular Design of Nanoscale Structures for Environmental Pollution
Prevention and Desertification Protection

This section discusses the molecular design of the nanoscale structure. This topic is important
for addressing population growth, environmental pollution, and desertification. Applications are
proposed based on the molecular structure.

Uto et al. (2020) conducted a molecular dynamics simulation of cellulose, developing a crystal
model to investigate the effect of hydrogen bonds using the AMBER force field parameters. The
simulation revealed that hydroxyl groups in cellulose chains adopt stable, staggered conformations,
with O3-H-O5 intramolecular hydrogen bonds slightly strengthened, indicating reduced interaction
between the cellulose chain and adjacent ethylenediamine (EDA) molecules.

Therefore, investigating the effect of hydrogen atom positioning on the tensile properties of
cellulose samples is essential.

6.1. Molecular Dynamics Simulation of Cellulose -EDA Complex Crystal Models

Pang et al. fabricated urea/cellulose laminates used in semicrystalline hydrogels for actuators.
Laminating urea and cellulose leads to the equilibrium of tension and bending force subjected to the
cross section. The hydrogen-bonded network junctions govern the stress—strain relationship. Yang et
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al. fabricated self-healing cellulose-based hydrogels for electronic devices, bioapplications, and
mechanochemical actuators [98].

Yang et al. fabricated cellulose/Ti electronic materials. The chemical processes, demonstrating
that cellulose hydrolysis, accelerated by interaction with Ti atoms enhance responsiveness under
boundary forces [99].

Numata et al. (2024) conducted a molecular dynamics simulation of cellulose chain rotation
under dynamic forces (Figure 19). Their findings revealed that the carbon chain cross-linking
parameter dominates the mechanical properties.

(@) (b)

Figure 19. Molecular dynamics simulation model of cellulose chain rotation under dynamic forces (Numata et

al., 2024). Cited from paper on Researchgate.

Imai et al. (2021) analyzed the structure of cellulose synthase and proposed a model for cellulose
synthesis in living cells. They presented the basic structure of cellulose synthase, which is applicable
to thermophysical devices, mechanical systems, recycling, and bioapplications with the aid of shells
distributed in cellulose.

Shao et al. fabricated CNF-based nanocomposite films by sequential immersion in a
photopolymer, ZnSO4, and Triton X-100, demonstrating electromagnetic interference shielding and
fire-resistant properties. The layered films exhibited exceptional shielding performance.

Figure 20 shows lightweight, tough, and sustainable CNF-derived bulk structural materials with
low thermal expansion coefficients (Guan et al., 2020).

= MR
Biosynthesis

RADE
- N

Figure 20. Lightweight, tough, and sustainable CNF-derived bulk structural materials with low thermal

expansion coefficients (Guan et al., 2020). Reusable owing to open access.
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Combining cellulose biosynthesis with layering and compression techniques produces superior
mechanical parts with low thermal expansion coefficients. Figure 21 shows the cellulose-based engine
components developed by YAMAHA. Three-dimensional-printed cellulose materials are ideal
candidates for creating durable and recyclable structural components.

(b)

Figure 21. Cellulose-based engine parts (engine covers) developed by YAMAHA, a Japanese manufacturer. The

metallic engine parts are being replaced with cellulose materials.

Mechanical parts were replaced with cellulose materials. Wood, weeds, and pineapple shells can
be used to fabricate column, pipes, and shells.

Li produced lightweight materials by combining gels and cellulose, that contain H:O; these
materials are flexible and ultralight.

By folding and extending the CNF sheet; slicing leads to thin sheet that can be used as antenna
materials (Figure 22).

thin sheet

CNF sheet Extend and folding (projection)

Figure 22. presents the cellulose cells extending and folding, yielding the durable and flexible films achieving
high strength-weight ratio.

We propose using cellulose materials as key structural components in automobiles. Nissan RB
crankshaft keyway can be replaced with cellulose-based materials. These materials are sourced from
ancient forests and promote sustainable and environmentally friendly automotive production. To
support these, the development of chemical fasteners is essential. Combining fruit shells and seeds
with chemical treatment such as acid can produce robust machinery components.

Figure 23 shows that fibril extraction from perm tree and kenaf tree yields cellulose, which can
be used to produce architectural materials from pellets and scrap wood. Efforts to advance recycling
and sustainable scrapping have addressed challenges in adopting these practices across Africa,
Europe, Asia, and North America. That can be used for not only packaging but also mechanical
components. By adding saw dust of bamboo or banana tree, it can be used for greening of decayed
wood.
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Figure 23. Pulp attached with CNFs which have excellent extension properties. (Yahya et al. 2023).

Transforming manufacturing processes is critical for achieving sustainability. Conventional
chemical processes must be modified to incorporate the synthesis of accelerators for the growth of
cells-based objects containing cellulose. Polymerization combined with chemical modification with
acid produces materials with superior mechanical and physical properties (Ray et al., 2021).

7. Green Biomass-Based Protein for Sustainable Feed and Food Supply: Current
and Future Prospects

Deforestation, driven by environmental destruction and slash-and-burn agriculture, must be
addressed through sustainable systems. Figure 24 highlights proposals for generating food from
wood, weeds, and pulp-derived cellulose. Starch-based foods, such as maize, rice, and wheat, can be
produced from roadside weeds. Proper treatment of human waste can further support the
development of sustainable, virtuous cycles.

Type 1 - Found in grains, seeds, and legumes, and resists
digestion because it binds with fibrous cell walls in food

Type 2 - Found in starchy foods like raw potatoes
and unripe green bananas

-
s
.
.

Type 3 - This forms when starchy foods like rice and
potatoes are cooked and cooled

7

Type 4 - This is a man-made resistant starch created
through a chemical process

Type 5 - Amylose-lipid complexes, formed between amylose
and farty acids (e.g, stearic acid) in high-amylose starches
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Figure 24. Starch foods (e.g., maize, bean, and wheat) can be generated from grained, seeds, and legumes. (Vilela
et al., 2026).

Bacterial CF can be used to heal human pain after injury such as fire injury. After the attachment
of bio-cellulose film to the pain, the burn volume can improve within 2 weeks (Zhong et al., 2020).
Protein can be transformed into fiber whiskers that can be partly used for development of bunches
in trees; however, it depends on the amount, it is important to get the balance of barks and inner
cytoplasm.

In the following, we mention the hypothesis that burying cellulose in the soil promotes shrub
recovery; however, conventional methods are ineffective because of insufficient moisture, leading to
soil degradation. Incorporating plant or seed fragments into CFs or attaching CFs to chlorophyll-
containing bundles of cells promotes natural plant growth.

In desert environments, where high temperatures cause ordinary planting to fail due to
decaying, layering plants or chlorophyll bundles with cellulose and encasing them in a pond-like
package in surface barks (surface burning prevents decaying). Combining fruit-derived and bamboo-
derived celluloses, followed by burning and adding water, is effective. The gel-making method also
supports self-plant block growth.

Finally, desert greening using cellulose-based fruit pods and bamboo knobs is proposed.
Desertification in Africa, Asia, and the Americas results from insufficient ash and proteins in the roots
of wood, weeds (partially starch-based), and fruit-bearing plants, which lack essential binding
components. To address this, the layering of seedlings with CFs and the addition of carbon-based
proteins (CH-O proteins) were proposed. Cellulose was decomposed from fruit peels (partial bodies)
and bamboo knobs (after fine crushing) by adding alkaline salts. Combining gel and hydrocellulose
production with seedling growth and decayed epidermis repair enhances forest regeneration.

Figure 25 shows how DNA repairs damaged cells (Wang et al., 2022). Similarly, repairing protein
structures without destroying DNA or adding reactive oxygen species is critical for regenerating
forests and woodlands. This approach enhances environmental circulation and resilience while
mitigating human-induced destruction (Wang et al., 2022).
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Figure 25. DNA repair and cell damage, as proposed by Wang et al. (2022).

The dissolution method for pineapple cell walls and/or generation of sprout based on decayed
peel. Plant cells comprise proteins and water, sugar, and cellulose. This supports the potential revival
of dead plants via RNA incorporation, combined with ash from burned peels (or bamboos) and the
integration of waste adipose tissue. The dissolution of cell walls and filtration using the pulp filter
yields the generation of clear pure water.

Figure 26 shows the reuse and regeneration of green biomass into products that support forest
restoration. Combining techniques such as scratching, mixing, and protein recovery with ash from
larger pulps activates nearly dead plants. The brown juice made from twin-screw process and
vacuum filtration has the role to clean the cytoplasm of decayed plants.
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Figure 26. Crude protein/bioactive components fabricated by crushing and making pulps. Reusable owing to

open access.

Figure 27 proposes an antidesertification method utilizing cellulose. The desertification rate was
determined based on a survey conducted by the World Health Organization. The antidesertification
strategy incorporates DNA into cellulose derived from fruit peels, which is enhanced by burning and
drying the peels. Porously bound plants are essential, and sawdust (RHO) is used to transfer internal
water to partially decayed plant fragments. Water proteins: A mixture of moisture gels and green
buds, combined with undergrowth protection, revitalizes plants. In addition, lime can be utilized to
enhance undergrowth and support layered green structures, as detailed in the lower frame.

Various cellulose materials—wood, weed, fruit, and bamboo—offer diverse applications in
addition to bioengineering and environmental remediation of large-scale destruction. A key strategy
involves using burned and dried fruit peels and porous bonds to construct layered structures that
promote greening. The integration of sawdust (RHO), which contains natural amino acids and
proteins from bamboo knobs, along with water retention and controlled bacterial growth to protect
undergrowth, supports desert greening and rainforest preservation. Keeping soil clean and rich in
nutrition helps revive the decayed forest and make the deceased fruit tree regenerate the nut.
Achieving sustainability and balance between humanity and the natural world is challenging due to
the extensive development of industrial plants and waste products. However, adopting recycling
systems and fostering green initiatives can cultivate a symbiotic relationship between humans and
nature.

The ground element can affect the composition of biomass; it means that the inhomogeneity in
the soil nutrition yields the twig-growth in decayed trees and/or plants. The interaction of biomass
and hemicellulose governs the strain that yields the growth of sprout on the bunch and/or depart
islands. It is essential to add proteins containing the soy and/or saw dust containing the acidic water.

It is important to add proteins to cell wall boundaries (a pin hole between cellular);
simultaneously removing the protein from the surface of barks. Plant cell can be united by combining
the cell wall via thermal and light induction by neutron heating that leads to the renewal of cytoplasm
(Figure 28). The oil can be combined and water could be readjusted to alkaline (in the case of conifer).

Yang et al. proposed that alkaline stress enhances plant growth by the support of tentative cell
wall destruction (Figure 29). The fall out of cytoplasm and recovery owing to the aid of outer-cell
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protein helps the growth of new sprout in the vicinity of the damaged barks. It is important to fulfill
the outer cells with water and/or vocuole.

Material

DNA fruit peel

(burned and dried)
Porous bound for plants

The layered structure

RHO bamboo sawdust incorporation

Water proteins (CH-O)

B D e

ot Green Prgar. [
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(Sulis, 2025)

Antidesertification

+ Protection of undergrowth
+ Prohibition of slash-and-burn
cultivation

* Water-clear keeping
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: + Ash ratio control

+ Protein-decomposition
(anti-burning and
some bacterial growth
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Figure 27. Decayed wood revival with the aid of RHO and ash in barks with the aid of water.
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Figure 28. Renewal of plant cells with the aid of increase in chlorophyll.
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Figure 29. The plant growth mechanism based on destruction of cells with aid of PH control and revival (Yang,
2024).

It is important to take balance of generation and decomposition of proteins and cytoplasm
(conifer) with the aid of rotation of chlorophyl. The cytoplasm drying and waterization of barks yield
the growth of sprout in the forest of decayed plants. It is essential to keep the cytoplasm partly acidic
for the compensation of alkaline products in the leaves and new sprout in the neighborhood of old
leaf. It is important to take the balance between pH of cytoplasm, soil, and chlorophyll. The revival
of deceased plant with aid of shell around the protein in the barks with the support of cellulose from
fruits such as peach or decayed bananas. It is effective to develop the cores of the protein mixed with
water.

PH can be increased by the Thallium and chlorophyll concentrations within and near the soil
(Gonzales-Alvarado 2024). The activity can be optimized. Chlorophyll A corresponds to the content
of leaf, while chlorophyll B means the content in the sprout mixed with water. The soil PH made
acidic by CLB (viscosity of cytoplasm: chlorophyll B combined with ash) assists the generation of
sprouts on bunches. Figure 30 exhibits the mechanism for energy production in leaves assisted by
water and inversely water can be extracted by energy decomposition and delivery. It relies on the
leaf surface area and the transformation of leaf vein into chlorophyll

Regulation
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* Hydraulic/xylem
* Clock
= Ontogeny
A « Ecology 1
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Trends in Plant Science

Figure 30. Leaf vein transformation into chlorophyll yields the greening and energy production. Cited from
Elsevier (Fulltext access with over 70 citation). https://doi.org/10.1016/j.tplants.2019.01.007.
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Figure 31 shows the flow of water gotten from soils that has been changed to water that
evaporates through energy production. It is achieved by the balance of evaporation and water mixed
in protein (oil) interacted with sugar through photosynthesis. It can be strengthened ash addition
(bamboo saw dust) and hiding adipose from surface barks. This does yield growing of splat on the
decayed bunches.

Protection of

Evapo-

Precipitation transpiration

Water(protein) undergrowth

Ash ratio
Hiding adipose

(Bamboo sawdust)

Deep pecnlaliou

Francois (2024) et al.

Figure 31. Desertification degree on Earth and the greening of deserts. Fruit fiber annealing and DNA

incorporation via bamboo sawdust contribute to greening.

Figure 32 shows the chlorophyll content in CF (leaves), SAF (sprout in water soil), and their
combination. The Chlorophyll A in leaves has negative effect on the generation of chlorophyll in soil
sprout. Chlorophyll B governs discretization of cells generating more chlorophyll. Decaying of fruit
and conifer old barks can be avoided by adding chlorophyll with the support of small amount of oils.
It can be estimated that ROS (the amount of water) and electric reduction yields stability against
decaying attributed to aging. The decaying of fruit such as banana and/or peach, and pomegranate
can be avoided by filling chlorophyll and maintaining it fresh with aid of water and CAT (sugar in
peel associated with ash in bunch barks).

Finally, we propose the strategy for generating sprout on decayed barks and/or ruined soils.
Adding good quality protein that is maintained as oil in cytoplasm, that is mixed with water,
interacted with chlorophyll in cell wall give rise to generation of sprout on deceased woods (Figure

34).
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Figure 32. Vitality map in leaf plant (Kurniawan, 2021).
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Figure 33. Decaying prevention mechanism of banana peels and tree-plants. (Yan, 2026).
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Figure 34. Proposal of mechanism for sprout generation and greening on the de ceased wood and plant-tree.

It leads to the regeneration of sprout and/or undergrowth on the dead (deceased) regions (Figure
35). The revival of ecosystem generates the circulation of resources including food of wild animals,
food of carnivore, and pellet from the cut woods.

In our idea, the generation of sprout is achieved by extension of cell volume at the middle stage
that is surrounded by sawdust included in raw barks when fruit peel is added. It is important to
maintain water new; in the case of raw bark, the support by vascular bypass is essential to eliminate
the poison inhibiting the sprout generation in soils. We go back to Figure 31 before concluding the
strategy for revival of woods. Chlorophyll A and B indicate the amount of chlorophyll inside leaf and
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sprout; the appropriate amount of water improves the generation of sprout inside soils. It can be
adopted for the revival and generation of green bunches on barks. For the sake, ash ratio control is
needed. The higher the amount of chlorophyll, the deeper the color of squeezed juice, that means the
vascular does increase by the amount of bunch proteins. It is essential to connect leaf with D+
(detached isolated H ion) in cytoplasm to make prosperity in the vegetation of bunches and
undergrowth. It suggests the effectiveness of the saw dust in increasing the sprout on the bunches
near the surface of the ground. It is effective to supply appropriate amount of water and to replace
the excessive wood barks. The attachment of patch consisting of fruit cellulose and appropriate
covering of bark surface with some chlorophyll addition will lead to the diameter growth and sprout
generation. The support via water addition is essential for the revival of decayed surface and
discretized sprout regeneration. The greening we propose is based on the increase in greens
associated with prosperity of green products with the aid of chlorophyll-aided oil filling and water
circulation in decayed bunches.

Figure 35. Regeneration of sprout and undergrowth yielding the revival of deceased natural land (Sameiro
Patricio and Nunes 2025) https://doi.org/10.1007/s11056-025-10123-8.

Forest recovery and greening can be achieved by promoting natural bud growth and wa ter
retention while incorporating ash fillers, such as bamboo sawdust and sugars derived from fruit is
effective, to hide adipose tissue. The water circulation and evaporation of a vaporized mixture of
protein and ash elements facilitate the revival of decayed wood trunks. Maintaining a balanced ratio
of water, protein, ash, sugar, and concealed adipose tissue is critical. It is partly achieved by setting
vascular lines between leaf and bunches. This approach can subtly change the mass transportation of
wood, reduce forest cutting, and promote the coexistence between large cities with many humans
and woodlands (regeneration of conifer forest). This may yield eliminating poverty.
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8. Conclusions

This review covers the types of cellulose materials, their fabrication methods, and mechanical
property evaluation techniques, focusing on fruit- and seaweed-based cellulose production.
Applications in automobiles, aerospace, electrophysical devices, and biomedical applications are
discussed. Cellulose-based automotive components are also highlighted, emphasizing the
importance of preserving the original plant structure while enhancing functionality. Flexible and
reusable cellulose-based gels and hydrogels are introduced along with the application of cellulose in
automobile shafts and starch production to address food security challenges. Cellulose-based burn
repair is shown to promote tissue regeneration in the human body. Finally, the use of finely fruit-
derived and crushed bamboo cellulose for greening of deceased forest is proposed. Maintaining
water balance without destroying DNA enhances the vitality of indigenous plants, with or without
bacterial growth, depending on the region. Protein maintained water circulation yields the revival of
decayed bunches. The saw dust of bamboo and/or pine pose the effect of heart (sprout) generation
on the decayed bear barks with the support of fruit cellulose attached. Sustainability can be achieved
by rethinking industrial processes, recovering waste to restore devastated or polluted regions, and
fostering coexistence between human activities and natural ecosystems.
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