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The long-standing use of metallic implants for bone fracture fixation, such as stainless
steel and titanium, often results in adverse biological responses, including inflammation
and stress shielding, due to their mismatched mechanical behavior relative to bone. To
address this, the study reports the fabrication and evaluation of novel hybrid bio-based
polymer composite plates developed via a hand layup technique. The matrix comprises
a bio-epoxy resin integrated with 2 wt.% pumpkin powder and reinforced using natural
(flax) and synthetic (ultra-high molecular weight polyethylene [UHMWPE], carbon, and
glass) woven fibers. Seventeen distinct laminate configurations were synthesized and
structurally optimized. The material properties were characterized through contact angle
analysis (wettability), antibacterial activity (against Staphylococcus aureus and
Pseudomonas), and in vitro cell viability using the MTT assay. All hybrid composites
exhibited hydrophilic surfaces (contact angle < 909, with flax fiber inclusion promoting
smoother textures and improved wettability compared to UHMWPE. Antibacterial
testing revealed superior performance against S. aureus, with UHMWPE-based
composites showing the most effective inhibition. Biocompatibility assessment indicated
high cell viability, with flax-glass hybrid laminates achieving up to 96.73% viability at
72 hours. These results highlight strong correlations between composite structure and
biological performance. The optimized hybrid laminate—comprising bio-epoxy, 2%
pumpkin powder, four flax layers, and two glass fiber layers—demonstrated properties
closely aligned with cortical bone. This study contributes to the advancement of solid
bio-composite materials with tailored mechanical and biological characteristics for

orthopedic applications.

1. INTRODUCTION

Bone fractures are a common medical condition that often
requires surgical intervention using internal fixation devices
such as bone plates. Traditionally, these plates have been
manufactured from metals like stainless steel and titanium due
to their mechanical strength and durability. However, while
effective in stabilizing fractures, metal implants can pose
several challenges. They often cause stress shielding—where
the implant bears too much load, leading to bone resorption—
and may also trigger inflammation or allergic reactions in
some patients [1, 2]. As a result, researchers have been
exploring alternative materials that not only match the
mechanical demands of bone repair but also support better
biological integration with the body. One promising direction
involves the use of bio composites, which combine natural
fibers with bio-based polymers to produce materials that are
lighter, more compatible with human tissue, and customizable
in terms of strength and biodegradability [3-5].

In recent years, bio-composite materials have gained
attention for orthopedic use, particularly due to their tunable
mechanical properties and improved biological responses [4,
6, 7]. By reinforcing biodegradable or bio-based resins with
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fibers such as flax, jute, or synthetic polyethylene, researchers
have created structures that better mimic the mechanical
behavior of natural bone while also encouraging tissue
integration [8, 9]. The inclusion of natural additives—such as
plant-derived powders—has further enhanced the surface
activity and biological interaction of these materials [10, 11].
These hybrid systems offer a promising balance between
strength, flexibility, and bio-functionality, which makes them
suitable candidates for replacing traditional metal plates in
long bone fracture fixation. Building on this approach, the
current study focuses on developing a series of laminated bio-
epoxy composites using a combination of natural and synthetic
fibers, alongside functional fillers, to evaluate their potential
for biomedical applications [12, 13]. These adverse effects are
primarily attributed to the corrosion of metallic implants,
which leads to the release of metal ions into surrounding
tissues and causes local inflammation, allergic responses, and
stress shielding due to the significant mismatch in elastic
modulus between the implant and natural bone.

Hybrid composites have emerged as a promising class of
materials capable of combining the desirable properties of
different constituents to achieve superior performance [6, 14].
When applied to orthopedic bone plates, these materials can
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offer enhanced mechanical behavior while addressing the
limitations of traditional single-fiber systems. Studies on
polyester-based composites reinforced with varying ratios of
kapok and glass fabric have shown that increasing the glass
fiber content significantly improves overall strength and
stiffness [4, 15]. Similarly, epoxy composites reinforced with
combinations of glass fiber, sisal fiber, and natural additives
like chitosan have demonstrated high tensile, flexural, and
compressive strengths, which indicates their potential
suitability for load-bearing medical applications. For instance,
pumpkin powder has been incorporated to enhance antioxidant
and antibacterial activities, while turmeric and neem leaf
extract have shown effectiveness in promoting osteogenic
differentiation and enhancing biocompatibility in bio-epoxy
composites [16, 17].

Other hybrid systems, such as those combining Kevlar and
flax fibers with epoxy, have been shown to achieve
mechanical properties exceeding those of human cortical bone
to provide both structural support and reduced risk of stress
shielding. More recent developments involving the integration
of carbon and glass fibers with natural flax in epoxy matrices
have produced composites with superior flexibility and
resilience under tensile, compressive, and bending loads,
highlighting their potential as alternatives to conventional
metal bone plates [18, 19]. Generally, these bio-composites
exhibit tensile strengths in the range of 50 to 300 MPa and
elastic moduli between 3 and 30 GPa, which are comparable

to those of cortical bone, with typical tensile strength of 100—
150 MPa and an elastic modulus of 7-30 GPa [18, 19].

Therefore, the primary objective of this study was to
fabricate and evaluate a range of bio-epoxy hybrid composite
laminates reinforced with combinations of flax, UHMWPE,
carbon, and glass fibers, and enhanced with 2 wt.% pumpkin
powder, for potential use as bioactive bone plate materials.
The mechanical and biocompatibility properties of the
developed composites were systematically investigated. It was
hypothesized that the integration of natural fibers and
functional fillers would significantly improve the composites’
surface wettability and antibacterial activity. All this with
achieving mechanical performance comparable to cortical
bone to offer a promising alternative to conventional metallic
implants.

2. MATERIALS AND METHODS

This study focused on developing a hybrid polymer matrix
composite from natural and synthetic fabrics. We evaluated its
suitability for specific applications. Using a hand layup
technique, the hybrid bone plate combines a biopolymer, a bio
epoxy thermosetting material, with 2% pumpkin powder and
various woven fabrics, including UHMWPE, flax, carbon
fiber, and glass fiber. We examined seventeen types of bio
composites, detailed in Table 1.

Table 1. Type of laminated composite material

No. of Laminations Total No. of Layers

Layers' Symbol

Lamination Layup Procedures

laminate (0) -
laminate (1)
laminate (2)
laminate (3)
laminate (4)
laminate (5)
laminate (6)
laminate (7)
laminate (8)
laminate (9)
laminate (10)
laminate (11)
laminate (12)
laminate (13)
laminate (14)
laminate (15)
laminate (16)

Bio epoxy + pumpkin powder +
flax fibres

Bio epoxy + pumpkin powder+
flax fibers+ Carbon fiber
Bio epoxy + pumpkin powder +
flax fibers+ Glass fiber

Bio epoxy + pumpkin powder+
UHMWPE fibers

Bio epoxy + pumpkin powder+

UHMWPE fibers+ Carbon fiber
Bio epoxy + pumpkin powder+
UHMWPE fibers+ Glass fiber

- Bio epoxy +2%P
2%P+1 Flax (1F) -
2%P+2 Flax (2F) -
2%P+3 Flax (3F) -
2%P+4 Flax (4F) -

2%P+4 flax (4F) +1 Carbon (1C) 2F+ 1C+2F
2%P+4 flax (4F) +2 Carbon (2C) 2F+2C+2F
2%P+4 flax (4F) +1 Glass (1G) 2F+ 1G+ 2F
2%P+4 flax (4F) +2 Glass (2G) 2F+2G+ 2F
2%P+1 UHMWPE (1U) -
2%P+2 UHMWPE (2U) -
2%P+3 UHMWPE (3U) -
2%P+4 UHMWPE (4U) -
2%P+4 UHMWPE (4U) + 1 Carbon (1C) 2U+1C+2U
2%P+4 UHMWPE (4U) + Carbon (2C) 2U+2C+2U
2%P+4 UHMWPE (4U) + 1 Glass (1G) 2U+1G+2U
2%P+4 UHMWPE (4U) + 2 Glass (2G) 2U+2G+H2U

This study utilizes liquid bio epoxy resins from Dow
Chemical Company in China, with an equivalent weight of
182 to 192 g/eq and a 1.16 g/cm? density. The bio-epoxy resin
used was D.E.R™ 331 (Dow Chemical, China), an
unmodified liquid epoxy resin based on bisphenol-A and
epichlorohydrin, with curing performed at room temperature
(25°C) for 48 hours using a polyamide hardener at a resin-to-
hardener weight ratio of 100:43.

We incorporate prepared pumpkin powder with an average
particle size of 1.5 micrometers. We use Changzhou Doris
Textile Co., Ltd. flax fibers, parallel-aligned carbon fibers, and
glass fibers from Otto Bock Corporate for reinforcement. The
flax fibers had a tensile strength of approximately 800 MPa,
modulus of 60 GPa, and elongation at break of 1.5%; the
UHMWPE fibers exhibited a tensile strength of 2,900 MPa,
modulus of 117 GPa, and elongation of 3.5%; the carbon fibers
possessed a tensile strength of 3,500 MPa, modulus of 230
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GPa, and elongation of 1.4%; while the glass fibers displayed
a tensile strength of 2,450 MPa, modulus of 85 GPa, and
elongation of 2.5%.

A glass mold measuring 25 cm % 25 cm X% 0.4 cm is
employed, with its inner surface covered in nylon thermal
paper to prevent resin from sticking. We accurately measure
resin, hardener, and pumpkin powder for testing using a digital
scale, while woven fibers are cut to size with digital Vernier
calipers. For fabrication, the hand layup technique is employed.
The resin is mixed with 2% pumpkin powder, followed by
hardener at a ratio of 100:43. After pouring a thin layer into
the mold, we alternate layers of fibers and matrix material,
repeating until the desired thickness is achieved. The laminates
are then cured for 48 hours and cut to precise dimensions with
a water jet machine for experimental testing. Figure 1
illustrates the preparation steps for the hybrid laminated bio-
composite.
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Figure 1. Cavity geometry

3. EXPERIMENTAL SETUP
3.1 Contact angle (wettability) test

Many biological, chemical, and physical processes depend
on a surface's wetness. We use contact angle measurement to
measure this, which indicates how well a liquid interacts with
a solid. The contact angle reveals the wetting property of the
surface, showing if it is hydrophobic, meaning it repels water.
We measured the contact angle using an optical contact angle
and interface tension meter, following the ASTM standard
D5946-04. We placed the specimen on a glass slide and
secured the tissues for viewing during contact angle
measurements. Then, we added an 8 ml droplet of distilled
water to the bio-composite surface, measured the contact angle,
and recorded the droplet's shape with a camera.

3.2 Antibacterial activities test

We used the agar well diffusion method to test the
antibacterial  efficacy of different samples against
Staphylococcus aureus (S. aureus) and Pseudomonas. First,
bacterial samples were grown in the nutrient broth at 37°C for
18 to 24 hours. Then, 0.1 ml of each suspension was spread on
nutrient agar and incubated for 24 hours. To prepare a
standardized bacterial suspension (about 1.5 <103 CFU/mL),
we added a single colony to 5 mL of normal saline. This
suspension was spread on Mueller-Hinton agar and allowed to
settle for 10 minutes. We created wells in the agar, added 50
ul of purified and crude EPS to each, and used distilled water
as a control. We measured the inhibition zones after incubating
the plates at 37°C for 18 hours. A larger zone indicated
stronger antibacterial activity.

3.3 MMT assay (cell availability) test

We conducted an MTT assay using a 96-well plate to assess
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the toxicity of specimens on cells. The MG-96 is a human
osteoblast-like cell line derived from osteosarcoma (ATCC®
CRL-1427™) cultured in Dulbecco’s Modified Eagle’s
Medium (DMEM; Gibco) supplemented with 10% fetal
bovine serum (FBS; Gibco), 1% penicillin-streptomycin
(Gibco), and maintained at 37°C in a humidified incubator
with 5% CO: [20].

Cell lines were seeded at 1 x 10* cells per well after 24 hours.
Once a full layer of MG-96 cells was established, we treated
them with the specimens and measured viability 72 hours post-
treatment. To evaluate this, we removed the medium, added
100 pL of a 2 mg/mL MTT solution, and incubated for 2.5
hours at 37°C. We then dissolved the resulting crystals with
130 puL of Dimethyl Sulphoxide (DMSO) and incubated for 15
minutes at 37°C while shaking. We measured absorbency at
492 nm using a microplate reader and conducted the test thrice.
The cell growth inhibition rate (cytotoxicity percentage) was
calculated with the following equation [20, 21]:

Inhibitionrate = A— B/A * 100 (1
where, A is the optical density of the control, and B is the
optical density of the samples [22]. Data are provided as
average SD (n = 3).

4. RESULTS AND DISCUSSION
4.1 Contact angle (wettability) results

We assess the wettability of composites by measuring the
contact angle, which indicates how liquids spread on the
surface. Rough surfaces typically have higher contact angles,
while smooth surfaces have lower ones. A contact angle under
90° indicates hydrophilicity (water-attracting), while over 90°
indicates hydrophobicity (water-repelling). All our composites
exhibit contact angles below 90°, making them hydrophilic.



Figures 2 and 3 illustrate the impact of different finish of hybrid composites [23]. Adding UHMWPE fibers

reinforcements on the wettability of the bio composites [23]. functions similarly to pumpkin powder in hybrid composites.
The pure bio epoxy matrix had the highest contact angle of Composites with pumpkin powder and flax fibers had a
76.481°. Adding 2% pumpkin powder reduced it to 73.4°, as medium contact angle, with flax fibers resulting in a smoother
the powder particles smoothed and compacted the surface, surface than UHMWPE fibers. When carbon fiber was
decreasing hydrophobicity [24]. Incorporating flax fiber into included, the contact angle decreased to 26.7 for the flax
composite materials reduces the contact angle and enhances hybrid composite and 33.07 for the UHMWPE hybrid
wettability due to the cellulose in flax and the smooth surface composite, lower than that observed with glass fibers.
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Figure 2. Contact angle for pure bio epoxy, bio composite, and flax hybrid bio composites as a function of the number and types
of reinforcement
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Figure 3. Contact angle for pure bio epoxy, bio-composite, and UHMWPE hybrid bio-composites as a function of the number
and types of reinforcement

4.2 Antibacterial activity results addition of glass fibers further improved the performance, with
the 2%P + 4F + 1G and 2%P + 4F + 2G laminates showing

The study evaluates how effectively bio-composite samples inhibition zones of 22 mm and 23 mm. The highest inhibition,
combat Gram-negative and Gram-positive bacteria. Figures 4 at 28 mm, was recorded for the composite with 2% pumpkin
and 5 illustrate where the samples inhibited the growth of powder, four flax layers, and two glass fiber layers (2%P + 4F
Pseudomonas and S. aureus. Figure 4 presents the antibacterial + 2QG), indicating a strong antibacterial synergy. Adding up,
activity of bio-composite samples against Pseudomonas Figure 5 shows the inhibition zones of the same bio-
(Gram-negative bacteria). The pure bio-epoxy sample showed composites against Staphylococcus aureus (Gram-positive
the lowest inhibition zone at 1 mm, followed by the pumpkin- bacteria), where overall antibacterial activity was notably
reinforced epoxy with 4 mm. Both the flax-based hybrid higher. The pure epoxy displayed an inhibition zone of 2 mm,
composites (1F and 2F) exhibited inhibition zones of 18 mm, and the pumpkin-enhanced matrix increased it to 6 mm. The
while the 3F and 4F composites demonstrated enhanced flax-based laminates again started at 20 mm for both 1F and
antibacterial effects with 20 mm and 21 mm, respectively. The 2F, and increased to 21 mm and 22 mm for 3F and 4F,
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respectively. With the integration of one and two layers of
glass fiber, the zones expanded to 24 mm and 26 mm, while
the composite with the highest reinforcement (2%P + 4F + 2G)
achieved the maximum inhibition zone of 28 mm. These
results demonstrate that Gram-positive S. aureus was more
susceptible to the bio-composites, especially those with
multilayer flax and glass fiber reinforcement.

(a) Experimental pictures
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Figure 4. Inhibition zone of the pure bio epoxy matrix, bio
epoxy reinforced by pumpkin powder (2% P), and hybrid
bio-composites against Pseudomonas bacteria
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Figure 5. Inhibition zone of the pure bio epoxy and bio
epoxy reinforced by pumpkin powder (2% P) and hybrid bio-
composites against S. aureus bacteria

The composite material exhibits strong antibacterial effects,
likely due to the natural agents in pumpkin powder and flax
fibers. This bio-composite is a promising option for products
designed to combat bacteria. The inhibition zones indicate the
effectiveness of these natural materials. The antibacterial
agents break down bacterial cell walls, inhibiting growth.
When combined with a bio-epoxy matrix, the fibers retain and
potentially enhance their antibacterial properties, as the matrix
protects them and extends their effectiveness. The synergy of
natural fibers and the bio-epoxy matrix creates surfaces
discouraging bacterial growth. The composite's surface texture
also prevents bacteria from adhering and proliferating [25].
Bacteria adhere less to rough surfaces, allowing us to design
flax-epoxy and UHMWPE—epoxy composites with beneficial
textures. Controlled porosity in the composite can release
natural antibacterial agents from the fibers over time,
providing long-lasting protection. Additionally, incorporating
antibacterial agents like pumpkin microparticles or organic
compounds during manufacturing can enhance the material's
germ-fighting abilities [26]. Hybrid bio-composites are more
effective against S. aureus than Pseudomonas, with the
UHMWPE-reinforced composite performing best against both.

4.3 MMT assay (cell availability) results

We studied the biocompatibility of samples with the
MC3T3-El cell line using the MTT assay. The results
indicated good cell viability, as shown in Figures 6 and 7. The
pure bio-epoxy sample had viabilities of 85.24%, 86.07%, and
93.93% at 24, 48, and 72 hours, respectively. Adding pumpkin
powder to the bio-epoxy matrix significantly increased cell
viability over time due to pumpkin's known medicinal benefits,
including lower cholesterol and antioxidant properties [27].
The results indicated a significant increase in cell viability
with fiber-reinforced bio-composites (flax, UHMWPE, carbon,
and glass) at 24, 48, and 72 hours, for both flax and UHMWPE
samples, laminated bio-composites with glass fiber showed
higher cell viability than those with carbon fiber [28].

Hybrid bio-composites with flax fabric exhibited better cell
availability than those with UHMWPE fabric over 24, 48, and
72 hours. Laminated composites (2%P +4F+2GF) achieved a
high cell availability of 96.733% at 72 hours, with all samples
being non-toxic to human fibroblast cells. These findings
indicate that bio-composites support strong cell viability,
making them suitable for bone plate fixation in living
organisms.
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Figure 6. Cell availability of bio composite bone plates
fixation as a function of flax fabric
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Figure 7. Cell availability of bio composite bone plates
fixation as a function of UHMWPE fabric

5. CONCLUSIONS

This study investigated the fabrication and biological
performance of laminated hybrid bio-composites developed
from a bio-epoxy matrix enhanced with 2% pumpkin powder
and reinforced with natural (flax) and synthetic (UHMWPE,
carbon, and glass) fibers. Contact angle analysis revealed that
all composites exhibited hydrophilic behavior with values
below 90°, confirming enhanced surface wettability—a
desirable trait for biological applications. The pure bio-epoxy
sample showed a contact angle of 76.48°, which decreased to
73.4° with pumpkin powder addition. Flax-based hybrid
laminates demonstrated even lower angles, with the flax-
carbon and flax-glass hybrids reaching as low as 26.7°
indicating superior wettability. These results highlight the role
of fiber type and lamination in modifying the surface
characteristics essential for cell adhesion.

Antibacterial tests showed significantly improved inhibition
zones in hybrid bio-composites compared to pure epoxy,
particularly against Staphylococcus aureus. The highest
inhibition zone against Pseudomonas was 28 mm, and against
S. aureus was also 28 mm, both achieved by the flax-glass
hybrid laminate (2%P + 4F + 2G). In vitro MTT assays
confirmed excellent biocompatibility, with cell viability
improving over time. The flax-glass composite reached
96.73% viability at 72 hours, significantly higher than the pure
epoxy’s 93.93%. Flax-based composites consistently
outperformed UHMWPE-based ones in supporting cell
growth. Overall, the hybrid laminate combining pumpkin
powder, flax, and glass fibers demonstrated the best biological
profile, suggesting its potential as a bioactive alternative to
metal bone plates in orthopedic applications.

However, further in vivo investigations are necessary to
confirm the long-term biocompatibility, mechanical stability,
and biological integration of these hybrid bio-composites
within complex physiological environments.

ACKNOWLEDGMENT

The authors extend their appreciation to the staff and labs of
the University of Technology- Iraq for the aid provided

192

throughout this project.

REFERENCES

[1] Mehboob, A., Barsoum, 1., Mehboob, H., Ouldyerou, A.,
Abu Al-Rub, R.K. (2025). Computational modelling and
optimization of porous plates for mandibular fracture
fixation accounting for bone healing. Materials &
Design, 254: 114060.
https://doi.org/10.1016/j.matdes.2025.114060

Ong, J., Snee, 1., Marcano, 1., Tintle, S., Cheikh, M.,
Giladi, A.M. (2025). Bone health, fragility fractures, and
the hand surgeon. Journal of Hand Surgery Global
Online, 7(3): 1007009.
https://doi.org/10.1016/j.jhsg.2025.02.002

Maddaloni, E., Coleman, R.L., Holman, R.R. (2025).
Risk factors for bone fractures in type 2 diabetes and the
impact of once-weekly exenatide: Insights from an
EXSCEL post-hoc analysis. Diabetes Research and
Clinical Practice, 223: 112125.
https://doi.org/10.1016/j.diabres.2025.112125

Risa, A.G., Wolla, D.W. (2025). Characterization and
finite element analysis of hybrid glass—maize stalk
fibers—epoxy composite for bone plate application.
Fibers and Polymers, 26: 2543-2556.
https://doi.org/10.1007/s12221-025-00964-7

Kadhim, T.R., Oleiwi, J.K., Hamad, Q.A. (2023).
Numerical and experimental study of bio-composite
plates as internal fixation. Revue Des Composites et Des
Matériaux Avancés, 33(1): 21-29.
https://doi.org/10.18280/rcma.330104

Zakaria, A.N., Ariff, T.F. (2023). Mechanical and
structural properties of epoxy bio-composite using fish
bones as bio-filler. In Proceedings of the 5th
International Conference on Advances in Manufacturing
and Materials Engineering. Kuala Lumpur, Malaysia, pp.
525-532. https://doi.org/10.1007/978-981-19-9509-5 69
Bhuiyan, M.A.R., Bari, M.A., Darda, M.A. (2025).
Thermal barrier performance of natural fiber-reinforced
biocomposite panels with the reflective surface for
conserving heat energy in buildings. Energy Conversion
and Management: X, 26: 100926.
https://doi.org/10.1016/j.ecmx.2025.100926

Bayat, M.J., Kalhori, A., Asemi, K., Babaei, M. (2025).
Static and vibrational characteristics of bio-inspired
helicoid laminated composite annular sector plates
embedded on Winkler elastic foundation. Engineering
Structures, 334 120194.
https://doi.org/10.1016/j.engstruct.2025.120194
Al-Kaisy, H.A., Issa, R.A.H., Faheed, N.K., Hamad,
Q.A. (2024). Enhancing the biocompatibility of titanium
implants with chitosan-alginate bio-composite coatings
reinforced with HAP and ZnO. Journal of Composite &
Advanced Materials/Revue Des Composites et Des
Matériaux Avancés, 34(2): 125-132.
https://doi.org/10.18280/rcma.340201

Pezzana, L., Wolff, R., Stampfl, J., Liska, R.,
Sangermano, M. (2024). High temperature vat
photopolymerization 3D printing of fully bio-based
composites: Green vegetable oil epoxy matrix & bio-
derived filler powder. Additive Manufacturing, 79:
103929. https://doi.org/10.1016/j.addma.2023.103929
[11] Malairaja, R., Vijayan, V. (2024). Optimization and

(3]

(4]

(3]

(6]

(8]

[10]



[12]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

characterization of Borassus fiber-reinforced epoxy
composites with Caesalpinia bonducella seed shell
powder using response surface methodology. Journal of
New Materials for Electrochemical Systems, 27(3): 276-
289. https://doi.org/10.14447/jnmes.v27i3.al13
Gurumahesh, G., Kamineni, J.N. (2023). Enhancing
mechanical  properties of composites through
hybridization with bio-composites. In Advancements in
Materials  Processing  Technology, 2:  77-85.
https://doi.org/10.1007/978-981-97-6875-2 9

Rajesh, A.M., Doddamani, S., K.M.K., Bharath, K.N.
(2020). Dry sliding wear simulation of hybrid aluminum
metal matrix composites. Advanced Composites and
Hybrid Materials, 3: 120-126.
https://doi.org/10.1007/s42114-020-00133-9

Syafri, E., Jamaluddin, J., Sari, N.H., Mahardika, M.,
Suryanegara, L., Sinaga, R., Yudhanto, F., Zainul, R.,
Nugroho, A., Khan, A., Wazzan, M.A. (2023). Effect of
ultrafine grinding and ultrasonication duration on the
performance of polyvinyl alcohol (PVA) agave gigantea
cellulose micro fiber (CMF) bio-composite film. Journal
of Natural Fibers, 20: 2192545.
https://doi.org/10.1080/15440478.2023.2192545
Hammed, M., Abbood, M., Majeed, S. (2024).
Enhancing dental ceramic prostheses with zirconia
nanocomposites: An in-vitro study on hard tissue
rehabilitation. Annales de Chimie - Science des
Matériaux, 48(2): 137-151.
https://doi.org/10.18280/acsm.480201
Caballero-Gutiérrez, B.L., Marquez-Cardozo, C.J., Ciro-
Velasquez, H.J., Cortés-Rodriguez, M. (2025). Pumpkin
powder with co-products seeds and peel: Effect on the
physicochemical and functional properties by spray
drying. Applied Food Research, 5(1): 100879.
https://doi.org/10.1016/j.afres.2025.100879

Singh, R.K., Nallaswamy, D., Rajeshkumar, S.,
Varghese, S.S. (2025). Green synthesis of silver
nanoparticles using neem and turmeric extract and its
antimicrobial activity of plant mediated silver
nanoparticles. Journal of Oral Biology and Craniofacial
Research, 15(2): 395-401.
https://doi.org/10.1016/j.jobcr.2025.02.005
Samylingam, I. (2024). Nano coolant machining: A
sustainable approach for enhanced performance and
environmental conservation. Terra Joule Journal, 1(1): 6.
Samylingam, [. (2024). Nanomaterials for solar
sustainability: Advancing green energy solutions. Terra
Joule Journal, 1: 5.

Jabir, M.S., Abood, N.A., Jawad, M.H., Oztiirk, K.,
Kadhim, H., Albukhaty, S., Sulaiman, G.M. (2022). Gold

193

(21]

(22]

(23]

[24]

[25]

[26]

[27]

(28]

nanoparticles loaded TNF-a and CALNN peptide as a
drug delivery system and promising therapeutic agent for
breast cancer cells. Materials Technology, 37(14): 3152-
3166. https://doi.org/10.1080/10667857.2022.2133073
Abbas, Z.S., Sulaiman, G.M., Jabir, M.S., Mohammed,
S.A., Khan, R.A., Mohammed, H.A., Al-Subaiyel, A.
(2022). Galangin/B-Cyclodextrin inclusion complex as a
drug-delivery system for improved solubility and
biocompatibility in breast cancer treatment. Molecules,
27(14): 4521.
https://doi.org/10.3390/molecules27144521

Sameen, A.M., Jabir, M.S., Al-Ani, M.Q. (2020). The
therapeutic combination of gold nanoparticles and LPS
as cytotoxic and apoptosis inducer in breast cancer cells.

AIP Conference Proceedings, 2213(1): 020215.
https://doi.org/10.1063/5.0000161

Atmakuri, A., Palevicius, A., Siddabathula, M.,
Vilkauskas, A., Janusas, G. (2020). Analysis of

mechanical and wettability properties of natural fiber-
reinforced epoxy hybrid composites. Polymers, 12(12):
2827. https://doi.org/10.3390/polym 12122827

Kadhim, T.R., Oleiwi, J.K., Hamad, Q.A. (2023).
Improving the biological properties of UHMWPE
biocomposite for orthopedic applications. International
Journal of Biomaterials, 2023: 4219841.
https://doi.org/10.1155/2023/4219841

Mohanavel, V., Diwakar, G., Govindasamy, M., Singh,
V., Rajakumar, I.P.T., Soudagar, M.E.M., Kannan, S.,
Salmen, S.H., Alharbi, S.A. (2024). Fabrication of
ramie/hemp  fibers-reinforced  hybrid  polymer
composite—A comprehensive study on biological and
structural application. IP Advances, 14(8): 085325.
https://doi.org/10.1063/5.0223604

Al-Hasani, F.J., Hamad, Q.A., Faheed, N.K. (2024).
Enhancing the alginate-based composite layer's cell
viability and antibacterial properties by adding active
particulates. Discover Applied Sciences, 6(2): 70.
https://doi.org/10.1007/s42452-024-05715-6
Ortiz-Hernandez, R., Ulloa-Castillo, N.A., Diabb-
Zavala, .M., et al. (2019). Advances in the processing of
UHMWPE-TiO: to manufacture medical prostheses via
SPIF. Polymers, 11(12): 2022.
https://doi.org/10.3390/polym11122022

Cecen, B., Kozaci, D., Yuksel, M., Erdemli, D.,
Bagriyanik, A., Havitcioglu, H. (2015). Biocompatibility
of MG-63 cells on collagen, poly-L-lactic acid,
hydroxyapatite scaffolds with different parameters.
Journal of Applied Biomaterials & Functional Materials,
13(1): 10-16. https://doi.org/10.5301/jabfm.5000182





