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Abstract:

This research investigates the mechanical properties of Gnetum gnemon L. fibers, a traditional material used
in Papua's UNESCO-recognized Noken bags. The study examined three different weaving patterns (1x1, 2x1,
and 2x2) to determine their tensile strength and elongation characteristics. Testing revealed that the 2x2
weave pattern demonstrated the highest tensile strength with a mean breaking force of 678.09 N, while the
1x1 pattern showed the greatest elongation at break at 195.37%. Compared to other natural fibers like
pineapple, yucca, coir, cotton, and bamboo, Gnetum gnemon fibers exhibited superior mechanical properties
with a tensile strength of 739 N and density of 1.72 g/cm3. These findings suggest significant potential
applications in technical textiles, protective clothing, and composite materials. The study highlights the
untapped potential of Gnetum gnemon fibers, particularly in Papua where the species is abundant yet
underutilized. Further research on durability, environmental resistance, and industrial-scale performance
would be valuable for developing practical applications of this promising natural fiber.
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INTRODUCTION

Natural fibers are gaining importance in materials science
as industries seek sustainable alternatives to synthetic
materials. Addressing this challenge requires strategic uti-
lization of plant-derived biomass and natural fiber extrac-
tion. As seen on previous research that examined other
natural fiber such as: Sida Rhombifolia [1], Kenaf Fiber [2],
Jute Fiber [3, 4], Oil Palm [5], Bamboo [6], Enset Ventrico-
sum [7], Sisal Fiber [8]. The intrinsic characteristics of nat-
ural fibers — including their renewable nature, low envi-
ronmental impact, and potential for localized production
— position them as compelling alternatives to conven-
tional synthetic reinforcement materials [9].

Gnetum gnemon L., a gymnosperm species indigenous to
Southeast Asian regions, taxonomically classified within

the Gnetaceae family [10], this woody plant is predomi-
nantly found in Indonesia, Malaysia, and the Philippines.
While previous scientific investigations have predomi-
nantly focused on the plant's nutritional and pharmaco-
logical properties [11, 12, 13], the mechanical and struc-
tural potential of its fibers remains substantially underex-
plored. The cultural significance of Gnetum gnemon is
particularly evident in regions like Papua, where indige-
nous communities have historically utilized its fibers in
traditional crafting, most notably in the production of
Noken bags — a cultural artifact recognized by UNESCO as
Intangible Cultural Heritage in 2012 [14].
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NOKEN BAG

Fig. 1 Noken Bag Made from Gnetum Gnemon Fiber

The material of Noken bags as seen on Fig. 1 incorporates
diverse natural fibers, by utilizing planst bark includes the
Melinjo tree (Damiyo), llam tree bark (Tokeipo), anyamin
tree (Kepiyai), tree bark (Woge), Watu tree bark and Epiyo
[15]. Among these various natural materials, Gnetum
gnemon fibers, derived from the melinjo tree, demon-
strate particularly promising characteristics due to their
superior tensile strength properties and widespread avail-
ability throughout the Indonesian archipelago [12].
Previous research on natural fiber tensile properties vary
significantly across plant types. Kenaf fibers show tensile
strengths of 200-400 MPa with 1.5-3.5% elongation [16],
reaching 692 MPa when combed [17]. Bamboo fibers dis-
play more consistent properties with 150-250 MPa tensile
strength [18]. These variations, influenced by extraction
methods, maturity, environment, and processing, empha-
size the importance of studying specific fibers like Gnetum
gnemon L. to understand their unique mechanical proper-
ties.

This study examines the mechanical properties of the un-
derstudied Gnetum gnemon L. fibers, expanding beyond
previous research that only focused on its biological and
nutritional aspects. Unlike well-researched natural fibers
such as hemp, jute, and bamboo, this investigation aims
to understand Gnetum gnemon L.'s potential for sustain-
able materials engineering, textiles, and composites.

MATERIAL AND METHODS

Materials

Gnetum gnemon L. fiber yarn was collected from farmers
in Nabire, Central Papua, Indonesia (Fig. 2).

Fig. 2 Gnetum Gnemon L. Fiber Yarn Process: (a) Gnetum
gnemon L. tree, (b) bark separation of gnetum gnemon,
(c) Yarn made from gnetum gnemon fiber

The fibers are harvested from mature trees (15+ cm diam-
eter) through traditional methods involving bark removal,
layer separation, and stone-based softening. After drying
to 8-12% moisture content to prevent fungi and maintain
quality, the fibers are hand-twisted against the thigh to
form yarn, though this traditional Papuan method makes
it challenging to maintain uniform fiber diameter.

Fabrication of Gnetum Gnemon Woven

The procedural framework, as illustrated in Fig. 3, demon-
strates a systematic progression initiating with the pre-
pared fiber strands, proceeding through a prescribed pat-
tern of interlacement to achieve the desired structural
configuration. Using traditional Papuan noken bag weav-
ing techniques, the fibers are woven into a 300 mm x 300
mm textile piece.

Fig. 3 Woven’s Fabrication

Three distinct weave configurations illustrated on Fig. 4
were subjected to testing: plain (1x1), twill (2x1), and bas-
ket (2x2), which illustrate conventional fiber interlace-
ment structures.

(a) (b) (c)
Fig. 4 Weaving Pattern: a) 1x1 Weave, b) 2x1 Weave,
c) 2x2 Weave

This process represents a synthesis of traditional crafts-
manship and functional design principles, resulting in the
characteristic structural integrity commonly used in Pa-
pua’s noken bag. Weaving patterns constitute a critical
determinant in the mechanical properties and durability
of natural fiber-based products [19]. The variation in
weaving patterns not only influences aesthetic attributes
but also demonstrates direct correlation with tensile
strength and product longevity [20]. This research at-
tempt to conduct a systematic analysis of Gnetum
gnemon fiber tensile strength across different weaving
pattern variations.

Tensile Test

Tensile tests followed ISO 13934 and SNI 0276:2009
standards. Nine specimens in total (three from each weav-
ing pattern) were tested, each measuring 150 mm x 25
mm with 2.2 mm thickness as illustrated in Fig. 5, enabling
statistical analysis of the fiber's mechanical properties un-
der stress [21, 22].
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Fig. 5 lllustration of Cutting Specimens

Tensile testing was performed using a HungTa HT2402
Universal Testing Machine under room temperature, with
a 30 mm/min crosshead speed and 75 mm initial gauge
length (Fig. 6).

Fig. 6 Tensile Testing of Gnetum Gnemon L. Woven

The ultimate tensile strength (o) was calculated according
to paper published by [23].

o =1, (1)
where:
Fis maximum failure load (N),
A s initial cross-sectional area (mm?), expressed in N/mm?
(MPa).
The extensibility characteristics of the specimens under
tensile loading were quantified through percentage elon-
gation at break (€), according to paper published by [20].

e = [(Lf — Lo)/Lo] x 100, (2)
where:
Lfis final rupture length,
Lo is original gauge length, indicating the fiber's defor-
mation capacity.

RESULT AND DISCUSSION

Tensile Test Result

The empirical data from Table 1 and Fig. 8 show the 2x2
weave pattern achieved the highest breaking force at
678.09 N, significantly outperforming both 2x1 (562.62 N)
and 1x1 (510.79 N) patterns. This superior strength is due

to the 2x2 weave's complex structure, which better dis-
tributes stress across the fiber matrix.

Table 1
Tensile Tests Result
Woven's . . Specimens
pattern Tensile Properties 1 2 3 Avg
:\,/'\f)’x‘ breaking force | \oc 991537.46|498.92(510.79
1x1
H 0,
Elongation (%) 194.50|205.00(186.60| 195.37
at break
m?x' breaking force |1 e5l554.04]612.22(562.62
2x1
H 0,
Elongation (%) 160.50|117.30|151.30| 143.03
at break
m?x' breaking force | 341 632.46|739.48( 678.00
2x2
1 0,
Elongation (%) 196.50|167.00/191.00| 184.83
at break

The tensile test results reveal an unexpected pattern: the
1x1 weave showed highest elongation at break
(195.37%), followed by 2x2 (184.83%), while 2x1 had the
lowest (143.03%). This suggests that the 2x1 weave pat-
tern restricts fiber movement under tension, aligning with
research showing weave patterns can limit fiber mobility
and affect mechanical performance. [24, 25, 26, 27]. The
2x2 weave's complex architecture allows for a more even
distribution of stress across the fiber matrix, reducing the
likelihood of localized stress concentrations that can lead
to failure [28, 29].

[ (@) (b) (©)
Fig. 7 Post Testing Specimen

Post testing specimen in Fig. 7, reveal that the fibers ex-
hibit minimal length variation, indicating high elasticity.
The stress-strain graph in Fig. 8 further illustrates this
characteristic, showing the material undergoes both elas-
tic and plastic deformation.

Tensile Test Report Gnetum Gnemon L. Fiber
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Fig. 8 Comparative Chart of Tensile Properties in Gnetum
Gnemon Fiber Weave
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The graph initially displays a linear elastic region, followed
by a plateau phase, before ultimately experiencing fiber
damage and fracture.

Comparison with other Natural Fiber

The Gnetum gnemon fibers exhibit higher mechanical
properties compared to other natural fibers as seen on Ta-
ble 2.

Table 2
Comparison With Other Natural Fiber Yarn
Fiber Source Density |Tensile Strength| Elongation
Material (g/cm3) (N/mm?2) (%)
Gnetum Present 1.72 739 191
Gnemon Study
Pineapple | [30] 1.41 242 48
Yucca [31] 1.33 444 4.30
Coir [32] |1.15-1.46 95-230 15.00-51.50
Cotton [33] 1.14 494 22.95
Bamboo [34] 1.10 630 23.80

This research demonstrates that the Gnetum gnemon fi-
bers have a tensile strength of 739 N/mm?2, which is signif-
icantly higher than the tensile strengths of other natural
fiber. Additionally, the Gnetum gnemon fibers exhibit an
exceptional elongation at break of 191%, greatly exceed-
ing the elongation values of other natural fiber. Only bam-
boo approaches the exceptional mechanical performance
of the Gnetum gnemon fibers.

The density of the Gnetum gnemon fibers, measured at
1.72 g/cm?, is also relatively high compared to other nat-
ural fibers such as pineapple (1.41 g/cm3), yucca (1.33
g/cm3), coir (1.15-1.46 g/cm?3), cotton (1.14 g/cm3), and
bamboo (1.1 g/cm?3). This combination of high strength,
significant elongation, and increased density suggests that
the Gnetum gnemon fibers possess unique structural and
compositional characteristics that contribute to their su-
perior mechanical properties.

The mechanical performance of Gnetum gnemon fibers
stems from their unique fiber structure, chemical
makeup, and constituent interactions. Their controlled
deformation pattern, different from other natural fibers'
brittle failure, indicates special cell wall structure and fi-
ber bonding. The behavior also relates to cellulose crystal
structure, whose compression and alignment under stress
affects the fiber's deformation capacity [35, 36]. These mi-
crostructural features likely play a pivotal role in the fi-
bers' ability to withstand high tensile loads while main-
taining structural integrity and ductility [37, 38].

Gnetum Gnemon Fiber Potential Application

Gnetum gnemon fibers show potential for technical tex-
tiles, protective clothing, and performance wear. With a
tensile strength of 739 N/mm? and 191% elongation, the
fiber offers robust performance and flexibility. Its low
density of 1.72 g/cm? creates lightweight materials that
reduce wearer fatigue and enhance comfort in demand-
ing applications like athletic and protective equipment.
The 2x2 weaving configuration enables precise fabric en-
gineering, allowing targeted design for specialized uses.
The fiber's structural integrity and adaptability make it

suitable for industrial workwear, and protective gear that
requires both strength and flexibility.

In composite material development, Gnetum gnemon fi-
bers present compelling advantages. Their high tensile
strength, low density (1.72 g/cm3), and superior strength-
to-weight ratio make them particularly attractive for au-
tomotive, aerospace, and construction industries. Com-
pared to established natural fibers like bamboo, these fi-
bers demonstrate competitive and often superior me-
chanical characteristics, particularly in terms of elonga-
tion and tensile performance.

The fibers offer significant sustainable development op-
portunities, especially in Papua where they are abundant
but underutilized. While currently limited to traditional
products like Noken bags, their potential extends far be-
yond current uses. This creates an opportunity for eco-
nomic growth through sustainable material production,
benefiting local communities while providing an environ-
mentally friendly alternative to synthetic materials.

CONCLUSION

The mechanical properties of the Gnetum gnemon fibers
are strongly influenced by the weaving pattern. This
demonstrates that the structural architecture of the wo-
ven fabric plays a critical role in determining the fiber's
overall mechanical behavior. These findings have im-
portant implications for the potential application of Gne-
tum gnemon fibers in textile industries, make it a promis-
ing candidate for use in high-performance textile applica-
tions, such as composite materials, where controlled fail-
ure progression is desirable.

Future investigations should focus on optimization weav-
ing pattern studies, environmental resistance testing, ex-
traction technique optimization, and exploration of hy-
brid textile formulations.
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