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Abstract---This research aims to reduce and use wastes of rattan
industries, especially during the splitting stage. This stage refers to
the process of making the rattan into rattan fiber strips. This
Research & Development experimented with developing the previous
study, using NaOH to produce the fibers. The research procedure
included preparing, soaking, washing, pressing, drying, tensile,
stretching, and workmanship-experimenting processes. The most
effective and efficient process, with reliable rattan fiber strips for
industrial purposes, was the 1kg soaking process of rattan. 1 Liter of
H>0: NaOH 98%, 100gram: 72 hours of the soaking process The result
was light-brown, soft, and flexible rattan fiber strips. The widths of the
strips were between 20mm and 35mm. The thicknesses of the strips
were between 0.5 and 1mm. The length was adjusted based on the
initial length of the material, 6000mm. The tensile strength of the
rattan fiber was 3.747N while the stretching strength was 6.796%.
The implementation of the fibers included crafted product designs and
decorative or functional furniture. The applicable craftsmanship
techniques included weaving, bundling, and winding. The rattan fiber
strips of the research could be the innovation base or applied research
result for product design and green interior. Unfortunately, the
surface of the rattan fiber strips is not smooth. Moreover, the NaOH is
sticked around the surface so it needs further attention.
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Introduction

Natural fibers are useful for many industrial purposes. A significant amount of
natural fiber uses are observable in craftmanship and furniture industries
(Kumar et al., 2019); (Suriani et al., 2021) & (Budhe et al., 2019). The natural
fiber materials include fibers of pineapple, ramie, rattan, bamboo, mendong grass,
reeds, etc. Rattan is a natural fiber and the non-wooden product of forest used by
many industries (Ratnasingam et al., 2016); (Hartono & Sobari, 2016) & (Myers,
2015).

The rattan manufacturing industries exist even from the half-made material
manufacturing industries and final-product manufacturing industries. The
products manufactured by half-made material manufacturing industries are
followed up by final-product manufacturing industries (Qi et al., 2019) &
(Pratono, 2020). The product categories include the original-rattan trunk,
furnished rattan, rounded core rattan, flat core rattan, peeled rattan or split
rattan, and woven sheet rattan (Sunderland, 2004) & (Belcher, 1999). The final-
product manufacturing industries manufactured the half-made products into
crafted products or furniture. Rattan industries encounter various challenges
dealing with efficient manufacturing processes (Adi Wicaksono & Ahmad Kadafi,
2020) & (Nasution et al., 2017). The inefficiency of rattan industries reached 50%
(Zuraida et al., 2017). Efforts to reduce and use waste are important to keep
sustainable natural resources and industries.

The splitting process of rattan industries leads to peeled rattan products
(Gnanaharan, 1997); (C.H., 2004) & (Wahab et al., n.d.). Rattan peel is a product
of splitting rattan peels with elliptic results(Sunderland, 2004). Rattan peel is the
main commodity for industrial purposes with some standards, including color,
size, and length (C.H., 2004). Thus, any rattan peel that does not meet the
standard is considered waste. Splitting is a step that produces a lot of waste. The
waste includes the parts of rattan, known as rattan squares.

Rattan squares usually have sizes ranging from 3mm - Smm with widths of 6mm
- 10mm. The largest rattan size is useful to make rattan strips. The strips of the
natural fiber splitting process usually have a rectangular form. In the rattan
industries, strong but soft rattan strips are the most preferable materials. The
natural fiber strips include bamboo strips (Multazam & Saniyah, 2020) & (Ali et
al., 2021), pandan leaf strips (Idawati et al., 2016) & (Ordas et al., 2020), and
palm leaf strips (Lai et al., 2008); (Ferrao, 2021). The natural fiber strips are
usually soft, for example, the banana trunk strips(Fawcett & Morris, 1914) and
water hyacinth strips (Ajithram et al., 2021). The soft natural fiber strips include
strand and strip fibers.

The waste of rattan strips have various sizes and forms. Some of them have
irregular shapes. Thus, the efforts to make soft rattan strips are important. The
process to keep the content of natural fiber materials is - soaking the materials
with NaOH. Studies about natural fiber management with NaOH for rattan
materials mostly include short fiber and trituration forms (Steven et al., n.d.);
strands of rattan fibers (Sahoo et al., 2019). The use of NaOH is also useful to
process natural fiber process of bamboo strip manufacturing process (Zakikhani
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et al., n.d.) and kenaf into fiber strands (Edeerozey et al., n.d.). This research
explains how the waste management of rattan squares into soft rattan fibers.

Materials

The investigated materials were the waste of rattan production process with small
diameters into peeled rattan. The small-sized rattans have diameters between 5
and 19mm(Dransfield & Manokaran, 1993); (C.H., 2004) & (Mathew & Bhat,
1997). The common types of rattan used by Indonesian industries are Sega rattan
(C. Caesius) and Kobo rattan (Preycinetia javanensis BL). The peeled rattans from
Industries were considered wastes. The waste of small diametric rattan in rattan
processing industries included the sliced rattan and rattan squares. Sliced rattan
refers to leftovers with a width of Smm and a thickness of 3mm. Sliced rattan is
considered waste because the size is small and the shape is irregular. The rattan
square refers to peeled rattan parts. The size is thicker than 3mm with widths
between 6 and 10 mm. Small diametric rattan leftovers only produce rattan
square waste. Rattan square is still processable into rounded-core rattan (fitrit).
However, it can be only produced in 1 or 2 units. Thus, the process still has a
high amount of waste with unequal product cost and output. In this research, the
wastes of rattan leftovers were from rattan furniture industries in Sukoharjo,
Central Java, Indonesia. The other material was NaOH obtained from a local
chemistry shop. Then, the researchers used H,O from the groundwater. The tools
used by the researchers were a soaking tube and a rolling press machine to
produce longwise fiber strips.

Method

This research is a Research & Development with an experimental approach (Eden
& Ackermann, 2018). The experimental development was observable in the use of
NaOH by the previous researchers (Edeerozey et al., n.d.); (Sahoo et al., 2019) to
soften and keep the fiber materials. The research procedures included these
stages:

1. Procuring the rattan square, NaOH, and H,O; Procuring some research tools,
such as soaking tubs, a rolling press machine, and a micrometer;

2. Soaking the rattan waste with HO; and NaOH. The ratio of the compounds
and the applied time were varied. Here are the ratios of the compositions and
the applied time.

a) NaOH 80gram + 1lkg rattan cleavage + 5 liter of HO2 5 + 48 hour
soaking time.

b) NaOH 80gram + lkg rattan cleavage + S liter of 2 5 + 72 hour soaking
time.

c) NaOH 100gram + 1kg rattan cleavage + 5 liter of 2 5 + 48 hour soaking
time.

d) NaOH 100gram + 1kg rattan cleavage + 5 liter of 2 5 + 72 hour soaking
time.

e) NaOH 120gram + 1lkg rattan cleavage + 5 liter of 2 5 + 48 hour soaking
time.

f) NaOH 120gram + lkg rattan cleavage + 5 liter of 2 5 + 72 hour soaking
time.
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The best selections and compositions were based on the effectiveness and
efficiency criteria with the same weights. The applied efficiency criterion with
the best result was the ratio with minimum cost. The effectiveness criterion
was based on the process in the shortest time.

3. After the soaking process, the researchers took the rattans. Then, the
researchers washed the rattans with flowing water to remove the NaOH.

4. The pressing process with a roller presser aimed to produce longwise rattan
strips.

5. The drying process

6. The tensile and stretching tests of rattan fibers

7. The application test of rattan fiber strips with weaving techniques and
twisting techniques. The scheme of the research (see the first scheme)

Rattan
Square

]

collection
and sorting <+-NaOH, Hz0, bak perendaman.

I H20 5 liter +1 kg limbah rotan + NaOH 80 gram + 48 jam.

H20 5 liter + 1 kg limbah rotan + NaOH 80 gram + 72 jam.

H20 5 liter + 1 kg limbah rotan + NaOH 100 gram + 48 jam
H20 5 liter + 1 kg limbah rotan + NaOH 100 gram + 72 jam
H20 5 liter + 1 kg limbah rotan + NaOH 120 gram + 48 jam.
Hz0 5 liter + 1 kg limbah rotan + NaOH 120 gram + 72 jam

-« Roller Press

I}

n

simulation
of rattan

simulation
of rattan

rattan fiber

tensile test

fiber blade fiber blade

Scheme 1: The research scheme

Result

The process of splitting the small diametric rattan led to waste productions, such
as rattan square. The surface of the rattan squares includes trapezoid,
triangular, flat, and irregular shapes. After selecting the rattan square, the
leftover wastes were to soak in a tub filled with water and NaOH. The researchers
experimented with some soaking tubes with different ratios of composition and
time.

The comparing variable was constant. They were the soaking period and H20O. The
non-constant variables were NaOH and the soaking period. The amount variances
of NaOH were 80gram, 100gram, and 120grams to determine the results and the
efficiency. The variances of soaking periods were 48 hours, 72 hours, and 100
hours. The large amounts of experiments required more formulations by
multiplying the comparison proportionally. The researchers used the
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multiplication of the rattan waste amounts, NaOH, and H.O with a constant
soaking period.

After the soaking process, the researchers took the rattans. Then, the researchers
washed the rattans with flowing water to remove the NaOH. The next stage was
pressing the rattan squares, with some shapes including triangles, rectangles,
squares, and irregular shapes, into think and longwise shapes. The researchers
promoted the process with a rolling press machine. The machine rotated and
pressed the rattan squares to produce longwise rattan strips. The pressing
process also removed the water and dissolved non-celluloid compounds contained
in the water.

The researchers adjusted the distances of the machines because they influenced
the thickness of the strips. The thickness or the distance between the pressing
tubes was arranged into 0.6 mm. The results of the rattan strips after being dried
were 0.7 until 0.8 mm long with a width of 2.0 - 2.3 cm. A wider slit of the roller
for more than 0.65 would result in thicker rattan fiber strips. Thus, the strips
would not be wider and would be stiff. The thinner roller resulted in wider strips
but the strips might be broken while being pressed. The weathered rattan tended
to be breakable while being pressed. Figure 1 shows the broken strips while being
pressed.

Figure 1: (a) The broken rattan fiber strip while being pressed

The pressing machine pressed, squeezed, and dissolved the water content. The
results showed the rattan fiber strips in a dried condition. Rattan fiber strips that
were half-dried only needed to be aerated. The researchers dried the rattan fiber
strips for 6 - 8 hours after the materials were ready at room temperature. The
room temperature was between 20 and 30°C (Maurer-Spurej et al., 2001). The
researchers put the rattan fiber strips under warm temperatures between 30 and
40°C under the sun. This process made the rattan fiber strips wavy and the
tissues were broken. See figure 2.
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Figure 2: The rattan fiber strips were broken and wavy due to extreme
heat during the drying process

The excellent rattan fiber sheets should be merged and flexible. The merged
rattan fiber sheets would lead to wider and relatively constant rattan fiber strips.
The width of the strip was between 15 and 30mm. The changes of the rattan
square width into rattan fiber strips were average from 4 until 10 mm. The
average differences in the rattan fiber strip width were significant because of the
different shapes and sizes. Table 1 shows the experimental results of the various
compositions.

NaOH 80gram + 1kg
rattan cleavage + 5 liter of
2 5 + 48 hour soaking
time.

NaOH 80gram + 1kg

Hard, stiff, and
broken while
being pressed

Hard, stiff, and

rattan cleavage + 5 liter of os = broken while
2 5 + 72 hour soaking being pressed
time.

NaOH 100gram + 1kg Fairly soft.
rattan cleavage + + 5 liter s - - o | hard, partially
of 2 5 + 48 hour soaking broken

time.

NaOH 100gram + 1kg < o Soft, flexible,
rattan cleavage + 5 liter of S— and tidy

2 5 + 72 hour soaking

time,

NaOH 120gram + 1kg - | Soft, flexible,
rattan cleavage + 5 liter of = — and tidy

2 5 + 48 hour soaking -

time,

NaOH 120gram + 1kg — Soft, flexible,
rattan cleavage + 5 liter of ‘m and tidy
2 5 + 72 hour soaking

time.

Table 1 The ratios of the compositions, duration, visual result, and remark
The experimented rattan fiber strip results
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The most effective and efficient result was the rattan squares with 72 soaking
hours, NaOH 100gram, lkg cleavage, and 5 liters of water. The rattan squares
became soft and flexible with brown-yellowish color. The soaking treatment with
NaOH 80gram resulted in hard and stiff rattan fiber strips with brown color. The
excellent qualities of the strips were thin, wide, flat, flexible, and strong. Each
rattan fiber strip contained S50 - 80 fiber sheets. The rattan fiber sheets had
different diameters and lengths. The diameter measurement of the sheet showed
an average diameter of 0.024mm (see table 2).

Sample The Xth | The diameter of | The photographs of
Codes experiment | the rattan fiber | the fibers
(mm)
Rattan 1 0.02369
fibers 2 0.02423
3 0.02406
Average 0.02406

Table 2 The measurement of rattan fiber sheet diameters

The tensile test of the rattan fiber sheet is 3.747N while the stretching or
straining test shows a value of 6.96%. The fiber sheet refers to rattan fiber strip
constructions. Here are the results of the tensile test (see table 3).

Sample The Xth | The tensile and stretching tests of
Codes experiment | rattan fibers
The tensile test | The stretching or
result (N) straining test
result (%)
1 3,924 8.02
2 3,825 4.78
Rattan fibers | 3 3,531 7.42
4 3,825 8.50
5 3,629 5.26
Average 3,747 6,796

Table 3 The tensile test of rattan fibers

Rattan fiber strips had some features, such as soft, flexible, strong, flat, wide, and
long. The color of the strips was natural light-brown. The existence of rattan fiber
strips is important to meet the industrial needs and supplies. The fiber is flat so
that it can easily be woven into 2 dimensional sheets with various patterns or
motifs. See figure 3:
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Figure 3: The implementation of woven rattan fiber strips into 2-dimensional
sheets

The rattan fiber strips are flat and flexible for various crafted products and
furniture with 3-dimensional weaving technique. The simulation of 3-dimensional
weaving technique with the produced rattan fiber strips. See figure 4.

Figure 4: The rattan fiber strips are flat and flexible so they are easy to be applied
with 3-dimensional weaving technique.

The flexible rattan fiber strips are useful for designing crafted products and
furniture. The rattan fibers are also applicable for winding or twisting technique.
This technique can be applied by crafted product and furniture industries to wrap
some materials. The technique is also useful as finishing touch of a woven object.
The implementation of winding technique on the strips. See figure 5.
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Figure 5: The rattan fiber strips are flexible and applicable to produce products
with winding technique

Discussion

Waste refers to leftovers of a business or an activity. Every individual, industry,
and community perceives the definition and category of waste differently
(Sumarno et al., 2015). Eco-efficiency is a technology to keep a sustainable
environment (Munir et al., 2013); (Gertsakis & Lewis, 2003); (Korhonen & Seager,
2008) & (Caiado et al., 2017). Indonesia is a country with the highest production
of rattan in the world(Myers, 2015); (Sastry, 2001) & (Subchiandi & Suharno,
2013). Thus, the activities of using rattan should gain awareness and efficient
efforts.

Rattan plants only require a short-harvesting period (Sunderland et al., 2008);
(Siebert, 2004) & (Rachchh et al., 2014). The balance product life cycle between
the consumption period and the harvesting period of rattan makes rattan a green
environment material (Straka & Layton, 2010) & (Finnveden & Ostlund, 1997).
Thus, any exaggerating exploitation should be prevented to keep nature from any
damage and to preserve nature (MiloSevic, 2020) & (Yang & Jia, 2015).

The rattan manufacturing industries exist even from the half-made material
manufacturing industries and final-product manufacturing industries. Inefficient
productions of these industries lead to waste production. Essentially, these
wastes can be used by applying eco-efficiency technology. This technology is
important to keep the balance of rattan as a green plant. The volume and the
types of the produced waste from the half-material industries can be reused.
Wastes can be used as industrial materials or for any other purposes.

The efficiency occurs via the recycling process of rattan square to meet the
industrial needs for producing rattan plaited sheets. The industries include
crafted products and furniture industries. The research effort led to a significant
efficiency of the waste management process, the rattan squares, into rattan fiber
strips. It happened because the process did not produce any solid waste, zero
waste. Efficient and green behaviors become the global demands to preserve
nature (I. K. Hong et al., 2021); (Nilashi et al., 2021) & (Ch’ng et al., 2021). The
green environment and harmonious lifestyles become the global trend to design
products (Khor & Udin, 2013); (Z. Hong et al., 2019), interior designs (Wu et al.,
2019); (Ning et al., 2017), and architecture (Yuan et al., 2017) & (Ragheb et al.,
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2016). Recycling rattan wastes into rattan fiber strips is an effort to preserve the
environment, design, and industry.

The researchers observed the soaked rattan waste samples with NaOH + H,O with
different solution concentrations and periods. The first variable, the
concentrations of NaOH were the masses of 80gram, 100gram, and 120gram. The
second variable, the soaking periods were 48 hours and 72 hours. The
examination was observable in different results. The test or examination with
80gram of NaOH and 72 hour soaking period resulted in stiff, hard, and dirty
rattan fiber strips. The test with 100gram of NaOH and 72 hour soaking period
resulted in flexible, soft, and a bit dirty rattan fiber strips. The test with 120gram
NaOH and 72 hour soaking period resulted in more flexible, softer, and cleaner
rattan fiber strips than the other ratios. From the variables, the effectiveness of
100gram of NaOH and 72 hour soaking period could meet the standards and
needs of industrial rattan fiber strips. The experiment with 120gram of NaOH and
72 soaking periods resulted in more flexible and more soft rattan fiber strips.
however, the needed time was not efficient.

The sodium hydroxide, NaOH, is a caustic soda for industrial needs. The physical
appearance of NaOH is a white crystal. The crystal does not smell if it is put a
room temperature. NaOH is a base compound with a pH level of 14. Thus, the
compound is hygroscopic, corrosive, and reactive with acid. The management
with NaOH was - soaking the rattan carefully. Water can dissolve NaOH and
produces an exothermic reaction that leads to heat. Thus, if the compound
touches skins, it makes the people feel itchy, hot, irritated, and bitter. Washing
rattan after the soaking process is important to remove the side effects of NaOH
solvent. The product finishing step of the production stage has decorative and
protective functions (Csanady et al., 2019); (Anwar et al., 2016) & (Sumarno et al.,
2019). It could also reduce the effects of skin and rattan fiber strip contact.

The properties and the characteristics of rattan fiber strips are wide, long, thin,
ductile, flexible, soft, uneven surface, and naturally brown-colored. The unique
and natural brown color of the strips appears because the attached alkali
solutions react with the lignin of the rattan fibers during the soaking process
(Steven et al., n.d.). Weather, the age of the rattan, and the treatment influenced
any wooden materials or moldy rattan (Sanusi, 2012) & (Humar et al., 2008). The
moldy materials after undergoing all processes had color turned into darker
brown and blackish. These colors were also observable on the other parts of the
rattan, except the inner parts of rattans. The colors did not change into light
brown because of the silica layer of the rattan peels.

The widths of the strips were wider than the rattan peels. The thickness sizes of
rattan peel rattan peels were about 2mm with a width of 10 mm (C.H., 2004).
Rattan fiber strips of this research had widths of 12 - 30 mm. The superiority of
rattan fiber strips includes wider width. Thus, the strips were effective to weave
and making larger woven fields. The weaving technique was the most obvious
technique for rattan-based products (Jasper & Pirngadie, 1912). The crafted
product and furniture industry development encountered hindrances due to
limited labor (Abdullah et al., 2015) & (Irjayanti & Azis, 2012). Wider rattan strips
became the solution for limited labor. Thus, the weaving jobs would be accurate
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and effective. Various rattan squares could be processed into various rattan
strips. The width of the strip was between 15 and 30 mm. The sizes were different
from other natural fiber strips. The width of the strip was smaller than a banana,
pineapple, ramie, and kenaf fiber strips. The rattan fiber strips are wider than the
mendong plant, water hyacinth, and rice straw fiber strips. Classifying the rattan
fiber strips based on the width is important to do. The width of the rattan fiber
strips was categorized into smaller, moderate, and wider categories. The smaller
fiber strips were between 15 and 20 mm. The moderate fiber strips were between
20 and 25 mm. The wider fiber strips were between 25 and 30 mm.

The other characteristics of the rattan fiber strips were soft and flexible. The
reaction between NaOH and H>O within a certain period made the rattan fiber
strips soft. The flexibility of rattan fiber strips existed due to the content of inter-
fiber adhesive substances. These substances dissolved during the pressing
process. The separated inter-fiber tissues from the fiber strip surface could break
easily. However, the strips remained flexible. The flat rattan fiber strips were soft
and flexible. These strips are suitable to produce crafted products and furniture
with weaving techniques into sheets and three-dimensional products. The rattan
fiber strips for three-dimensional product purposes could be folded and were
unbreakable. The weakness of the soft fiber strip was - susceptibility toward
pressures, weights, and pulls. The soft and flexible rattan fiber strips could be
woven with winding and bundling techniques. The rattan fiber strips could be
processed into rattan fiber lines (Sumarno, 2022). The soft and flexible rattan
fiber strips had some shortcomings for tight-weaving technique applications.

The new material invention is suitable for product-innovation bases and the
implementation of the product (Konietzko et al., 2020) & (Ramakrishna et al.,
2019). The use of rattan fiber strips was targeted for the crafted product and
furniture industries. The underlying reason is - that rattan is the raw material for
crafted products and furniture industries (Kumar et al.,, 2019). The
implementation for crafted products and furniture products includes baskets,
boxes, lampshades, wall decoration, frames, pots, planter boxes, etc. The
implementation for furniture includes tables, chairs, partitions, cupboards,
cabinets, display racks, etc. The implementation could be also for seat backs and
decorative and functional furniture panels. The implementations of natural
materials and recycled materials are important to support a sustainable
environment.

Conclusion

The half-made material invention for crafted product and furniture industries
includes half-made rattan fibers. If the rattan fiber strips could be alternative
materials to develop product designs. The mechanical properties of flat and
longwise fibers are light, strong, ductile, and cheap. The process of the fiber also
does not lead to solid wastes. The raw material invention for developing crafted
products and furniture was based on rattan fiber strips.
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Suggestions

The efficiency efforts of rattan industries in this research focused on leftover
wastes in the form of rattan squares. The wastes were short rattan wastes from
the original parts of rattan, rattan poles, rounded core rattan (fitrit), flat core
rattan, peeled rattan, split rattan, and woven rattan sheets. These wastes should
be investigated to create better process efficiency. The rattan industrial wastes
were processed to be flexible, strong, long, wide, and thin, made from peeled
rattans. Therefore, this research is important to be followed up and to create a
better process of the current research shortcomings, especially about the
characteristics of rattan fiber strips and the implementation of innovative crafted
products and furniture designs. NaOH is a base compound with a pH level of 14.
Thus, the compound is hygroscopic, corrosive, and reactive with acid. The
reaction of a compound is an exothermic reaction that can make itchy, inflamed,
irritated, and bitter senses. The limitation of this research was observable on the
rattan fiber strip surface. The surface could make people feel itchy, especially
those with sensitive skin. The side effects of NaOH implementation should gain
further investigation.

Reference

Abdullah, Z., Fadzlina, N., Amran, M., Anuar, S., Shahir, M., & Fadzli, K. (2015).
Design and Development of Weaving Aid Tool for Rattan Handicraft. Applied
Mechanics and Materials, 761, 277-281.
https://doi.org/10.4028 /www.scientific.net/amm.761.277

Adi Wicaksono, P., & Ahmad Kadafi, C. (2020). The Improvement of Production
Process Impact in Furniture Industry Toward Circular Economy. E3S Web of
Conferences, 202. https://doi.org/10.1051/e3sconf/202020207052

Ajithram, A., Jappes, J. T. W., & Brintha, N. C. (2021). Investigation on utilization
of water hyacinth aquatic plants towards various bio products - Survey.
Materials Today: Proceedings, 45, 2040-2045.
https://doi.org/10.1016/j.matpr.2020.09.498

Ali, A., Rassiah, K., & Ahmad, M. M. . M. (2021). The Effect of Stacking Sequence
of Woven Bamboo on Mechanical Behavior of Fiber-Reinforced Composites.
Journal of Southwest Jiaotong University, 56(2), 591-604.
https://doi.org/10.35741/issn.0258-2724.56.2.48

Anwar, U., Rafidah, M. S., Hamdan, H., & How, S. (2016). Value Adding Wood
Products by Wood Finishing. Timber Technology Bulletin, 66.

Belcher, B. M. (1999). The Bamboo and Rattan Sectors in Asia: an Analysis of
Production-to-Consumption Systems. In Working Paper No. 22. INBAR
(International Network for Bamboo and Rattan).

Budhe, S., de Barros, S., & Banea, M. D. (2019). Theoretical assessment of the
elastic modulus of natural fiber-based intra-ply hybrid composites. Journal of
the Brazilian Society of Mechanical Sciences and Engineering, 41(6).
https://doi.org/10.1007/s40430-019-1766-z

C.H., S. T. (2004). Rattan Glossary and Compedium Grossary with Emphasis on
Africa. Food and Agriculture Organization of the United Nations.

Caiado, R. G. G., de Freitas Dias, R., Mattos, L. V., Quelhas, O. L. G., & Leal
Filho, W. (2017). Towards sustainable development through the perspective of
eco-efficiency - A systematic literature review. In Journal of Cleaner Production



363

(Vol. 165). https://doi.org/10.1016/j.jclepro.2017.07.166

Ch’ng, P. C., Cheah, J., & Amran, A. (2021). Eco-innovation practices and
sustainable business performance: The moderating effect of market turbulence
in the Malaysian technology industry. Journal of Cleaner Production, 283.
https://doi.org/10.1016/j.jclepro.2020.124556

Csanady, E., Kovacs, Z., Magoss, E., & Ratnasingam, J. (2019). Furniture
Production Processes: Theory to Practice. Optimum Design and Manufacture of
Wood Products, 367-421. https://doi.org/10.1007/978-3-030-16688-5_5

Dransfield, J., & Manokaran, N. (1993). Rattans, Plant resources of Southeast Asia
6. PROSEA.

Edeerozey, A. M. M., Akil, H. M., Azhar, A. B., & Ariffin, M. I. Z. (n.d.). Chemical
modification of kenaf fibers. 61, 2023-2025.
https://doi.org/10.1016/j.matlet.2006.08.006

Eden, C., & Ackermann, F. (2018). Theory into practice, practice to theory: Action
research in method development. European Journal of Operational Research,
271(3), 1145-1155. https://doi.org/10.1016/j.ejor.2018.05.061

Fawcett, W.,; & Morris, D. (1914). The Banana: Its Cultivation, Distribution and
Commercial Uses. Bulletin of the American Geographical Society, 46(11), 857.
https://doi.org/10.2307 /200997

Ferrao, R. B. (2021). Colonial and Post-Colonial Goan Literature in Portuguese:
Woven Palms. South Asian Review, 42(3), 310-312.
https://doi.org/10.1080/02759527.2021.1950257

Finnveden, G., & Ostlund, P. (1997). Exergies of natural resources in life-cycle
assessment and  other  applications. Energy, 22(9), 923-931.
https://doi.org/10.1016/S0360-5442(97)00022-4

Gertsakis, J., & Lewis, H. (2003). Sustainability and the Waste Management
Hierarchy. EcoRecycle Victoria, March.

Gnanaharan, R. A. M. (1997). Local tools, equipment and technologies for
processing bamboo and rattan: an illustrated manual. International Network for
Bamboo and Rattan.

Hartono, S., & Sobari, A. (2016). The role of cluster cycle and pattern of
interaction to competition strategy. Problems and Perspectives in Management,
14(2). https://doi.org/10.21511/ppm.14(2).2016.08

Hong, I. K., Yun, H. K., Jung, Y. Bin, & Lee, S. M. (2021). A Survey on the
perception of companion plants for eco-friendly urban agriculture among
urban residents. Journal of People, Plants, and Environment, 24(1), 17-27.
https://doi.org/10.11628 /ksppe.2021.24.1.17

Hong, Z., Wang, H., & Gong, Y. (2019). Green product design considering
functional-product reference. International Journal of Production Economics,
210, 155-168. https://doi.org/10.1016/].ijpe.2019.01.008

Humar, M., Vek, V., & Bucar, B. (2008). Properties of blue-stained wood. Drvna
Industrija, 59(2).

Idawati, 1., Mahmud, A., & Dirawan, G. D. (2016). Effectiveness of Training Model
Capacity Building for Entrepreneurship Women Based Empowerment
Community. International Education Studies, 9(11), 142.
https://doi.org/10.5539/ies.vOnl11p142

Irjayanti, M., & Azis, A. M. (2012). Barrier Factors and Potential Solutions for
Indonesian  SMEs. Procedia  Economics and  Finance, 4, 3-12.
https://doi.org/10.1016/s2212-5671(12)00315-2

Jasper, J. ., & Pirngadie, M. (1912). De Inlandsche Kunstnijuerheid in



364

Nederlandsch Indie I. Het Viechtwerk. Mouton & Co.

Khor, K. S., & Udin, Z. M. (2013). Reverse logistics in Malaysia: Investigating the
effect of green product design and resource commitment. Resources,
Conservation and Recycling, 81, 71-80.
https://doi.org/10.1016/j.resconrec.2013.08.005

Konietzko, J., Bocken, N., & Hultink, E. J. (2020). A tool to analyze, ideate and
develop circular innovation ecosystems. Sustainability (Switzerland), 12(1).
https://doi.org/10.3390/SU12010417

Korhonen, J., & Seager, T. P. (2008). Beyond eco-efficiency: A resilience
perspective. Business Strategy and the Environment, 17(7), 411-4109.
https://doi.org/10.1002/bse.635

Kumar, R., Ul Haq, M. 1., Raina, A., & Anand, A. (2019). Industrial applications of
natural fibre-reinforced polymer composites—challenges and opportunities.
International Journal of Sustainable Engineering, 12(3), 212-220.
https://doi.org/10.1080/19397038.2018.1538267

Lai, W. L., Mariatti, M., & Mohamad, J. S. (2008). The properties of woven kenaf
and betel palm (Areca catechu) reinforced unsaturated polyester composites.
Polymer - Plastics Technology and Engineering, 47(12), 1193-1199.
https://doi.org/10.1080/03602550802392035

Mathew, A., & Bhat, K. M. (1997). Anatomical diversity of Indian rattan palms
(Calamoideae) in relation to biogeography and systematics. Botanical Journal of
the Linnean Society, 125(1), 71-86. https://doi.org/10.1006/b0jl.1997.0106

Maurer-Spurej, E., Pfeiler, G., Maurer, N., Lindner, H., Glatter, O., & Devine, D.
V. (2001). Room temperature activates human blood platelets. Laboratory
Investigation, 81(4), 581-592. https://doi.org/10.1038/labinvest.3780267

Milo§evic, D. (2020). Ekofeminizam [ Etika. Lipar, 72, 215-225.
https://doi.org/10.46793/lipar72.215m

Multazam, M., & Saniyah, E. Y. (2020). Development and Implementation of
Woven Bamboo Handicraft Online Shop in Loyok Village, Lombok, Indonesia.
Jurnal Techno Nusa Mandiri, 17(2), 123-130.
https://doi.org/10.33480/techno.v17i2.1638

Munir, M. T., Yu, W., & Young, B. P. (2013). Eco-efficiency and control loop
configuration for recycle systems. Korean Journal of Chemical Engineering,
30(5), 997-1007. https://doi.org/10.1007/s11814-013-0005-z

Myers, R. (2015). What the Indonesian rattan export ban means for domestic and
international markets, forests, and the livelihoods of rattan collectors. Forest
Policy and Economics, 50, 210-219.
https://doi.org/10.1016/j.forpol.2014.07.009

Nasution, H., Harahap, H., Afandy, Y., & Fath, M. T. Al. (2017). The effect of
cellulose nanocrystal (CNC) from rattan biomass as filler and citric acid as co-
plasticizer on tensile properties of sago starch biocomposite. AIP Conference
Proceedings, 1904. https://doi.org/10.1063/1.5011900

Nilashi, M., Minaei-Bidgoli, B., Alrizq, M., Alghamdi, A., Alsulami, A. A., Samad,
S., & Mohd, S. (2021). An analytical approach for big social data analysis for
customer decision-making in eco-friendly hotels. Expert Systems with
Applications, 186. https://doi.org/10.1016/j.eswa.2021.115722

Ning, Y., Li, Y., Yang, S., & Ju, C. (2017). Exploring socio-technical features of
green interior design of residential buildings: Indicators, interdependence and
embeddedness. Sustainability (Switzerland), 9(1).
https://doi.org/10.3390/su9010033



365

Ordas, J. A. D., Nonato, M. G., & Moran, C. B. (2020). Ethnobotanical Uses of
Pandanaceae Species in Selected Rural Communities in the Philippines.
Economic Botany, 74(4), 411-428. https://doi.org/10.1007/s12231-020-
09509-w

Pratono, A. H. (2020). Cross-cultural collaboration for inclusive global value
chain: a case study of rattan industry. International Journal of Emerging
Markets, 15(1), 149-170. https://doi.org/10.1108 /IJOEM-01-2017-0028

Qi, H., Shi, J., & Xie, Y. A. (2019). Default correlation: rating, industry ripple
effect, and business «cycle. Applied Economics, 51(30), 3256-3273.
https://doi.org/10.1080/00036846.2019.1566689

Rachchh, N. V., Ujeniya, P. S., & Misra, R. K. (2014). Mechanical Characterisation
of Rattan Fibre Polyester Composite. Procedia Materials Science, 6, 1396-1404.
https://doi.org/10.1016/j.mspro.2014.07.119

Ragheb, A., EI-Shimy, H., & Ragheb, G. (2016). Green Architecture: A Concept of
Sustainability. Procedia - Social and Behavioral Sciences, 216, 778-787.
https://doi.org/10.1016/j.sbspro.2015.12.075

Ramakrishna, S., Zhang, T. Y., Lu, W. C., Qian, Q., Low, J. S. C., Yune, J. H. R,,
Tan, D. Z. L., Bressan, S., Sanvito, S., & Kalidindi, S. R. (2019). Materials
informatics. Journal of Intelligent Manufacturing, 30(6), 2307-2326.
https://doi.org/10.1007/s10845-018-1392-0

Ratnasingam, J., Ramasamy, G., loras, F., & Thanasegaran, G. (2016). Potential
co-generation of electrical energy from mill waste: A case study of the
Malaysian furniture manufacturing industry. BioResources, 11(2), 5064-5074.
https://doi.org/10.15376/biores.11.2.5064-5074

Sahoo, S. K., Mohanty, J. R., Nayak, S., & Behera, B. (2019). Chemical Treatment
on Rattan Fibers: Durability, Mechanical, Thermal, and Morphological
Properties. Journal of Natural Fibers.
https://doi.org/10.1080/15440478.2019.1697995

Sanusi, D. (2012). Chemical and Physical Treatments of Four Rattan Species after
Felling. Journal of Tropical Wood Science and Technology, 10(1).
https://doi.org// /doi.org/10.51850/jitkt.v10i1.130.g126

Sastry, C. B. (2001). Rattan in the twenty-first century — an overview. Unasylva,
52(1).

Siebert, S. F. (2004). Demographic effects of collecting rattan cane and their
implications for sustainable harvesting. Conservation Biology, 18(2), 424-431.
https://doi.org/10.1111/j.1523-1739.2004.00484 .x

Steven, Mardiyati, & Suratman, R. (n.d.). Pembuatan Mikrokristalin Selulosa Rotan
Manau (Calamus manan sp.), serta Karakteristiknya. 2, 89-96.

Straka, T. J., & Layton, P. A. (2010). Natural resources management: Life cycle
assessment and forest certification and sustainability issues. Sustainability,
2(2), 604-623. https://doi.org/10.3390/su2020604

Subchiandi, M. A., & Suharno, R. N. (2013). The Analysis of Affecting Factors to
the Export of Rattan Furniture Indonesia in the International Market.
International  Journal of  Science and  Research  (IJSR), 14(6).
https://doi.org/10.21275/23101603

Sumarno, Dharsono, Guntur, Purnomo, A., & Setyawan, B. (2019). Rattan Batik:
Local Wisdom-based Rattan Furnitures Finishing Industry. SEWORD FRESSH
2019, January. https://doi.org/10.4108/eai.27-4-2019.2286919

Sumarno, Heriwati, S. H., & Hartomo, D. D. (2015). Efforts to Keep Forest
Sustainability and Economic Improvement for the Community around Perum



366

Perhutani through Product Design Approach. 38(0), 41-50.

Sunderland, T. C., Balinga, M. P., Asaha, S., & Malleson, R. (2008). The
utilization and management of african rattans: Constraints to sustainable
supply through cultivation. Forests Trees and Livelihoods, 18(4), 337-353.
https://doi.org/10.1080/14728028.2008.9752642

Suriani, M. J., Zainudin, H. A., Ilyas, R. A., Petrt, M., Sapuan, S. M., Ruzaidi, C.
M., & Mustapha, R. (2021). Kenaf fiber/pet yarn reinforced epoxy hybrid
polymer composites: Morphological, tensile, and flammability properties.
Polymers, 13(9). https://doi.org/10.3390/polym 13091532

Wahab, R., Mustafa, M. T., Sidek, S., & Rasat, M. S. M. (n.d.). {RATTAN;:
Propagation, Properties and Utilization. Universiti Malaysia Kelantan
Publication.

Wu, Z., Li, H., Feng, Y., Luo, X., & Chen, Q. (2019). Developing a green building
evaluation standard for interior decoration: A case study of China. Building
and Environment, 152, 50-58.
https://doi.org/10.1016/j.buildenv.2019.02.010

Yang, Y., & Jia, T. (2015). The 21st century ecological carrying capacity and
footprint in Shaanxi Province. Shengtai Xuebao, 35(24), 7987-7997.
https://doi.org/10.5846/stxb201407111419

Yuan, Y., Yu, X., Yang, X., Xiao, Y., Xiang, B., & Wang, Y. (2017). Bionic building
energy efficiency and bionic green architecture: A review. Renewable and
Sustainable Energy Reviews, 74, 771-787.
https://doi.org/10.1016/j.rser.2017.03.004

Zakikhani, P., Zahari, R., Sultan, M. T. H., & Majid, D. L. (n.d.). Extraction and
Preparation of Bamboo Fibre-reinforced Composites. 63, 820-828.

Zuraida, A., Maisarah, T., & Wan-Shazlin-Maisarah, W. M. Y. (2017). Mechanical,
physical and thermal properties of rattan fibre-based binderless board. Journal
of Tropical Forest Science, 29(4), 485-492.
https://doi.org/10.26525/jtfs2017.29.4.485492



