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ABSTRACT

The purpose of this research was to study the physical properties of Nipa palm fibers and test the properties of
the fibers obtained from the yarn-spinning process. In visiting community groups that produced Nipa palm
products in many provinces in Thailand, it was found that the interesting part of Nipa palms that could be brought
to develop, build a career, and add value to this plant was Nipa palm fibers, which are tough, strong, and suitable
for making wicker products. Interestingly, Kan Mhong Jak (stalks of empty Nipa palm bunches) could be
developed into fabrics for use in the design of various products. Additionally, the Nipa palm fibers were mixed
with polyester fibers in two different proportions. They were then tested until getting suitable for weaving into
the fabrics. The obtained woven fabrics were beautiful, strong, and suitable for further development and creation
of other textile products. This can add value to the Nipa palm, a plan that occurs naturally in the community to
maximize its benefits and become more well-known.
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INTRODUCTION

The Nipa palm, also known as Nypa fruticans (scientific name), is a palm tree. It grows in freshwater, brackish
water, or saltwater. Thai people have known Nipa palms since ancient times, and there has been wisdom in
utilizing them for a long time from their ancestors. It is a native plant that does not need to be taken care of as
much as other economically important crops. In addition, it can grow and reproduce naturally and quickly. It is
the only type of palm plant in mangrove forests commonly found in South Asia and Southeast Asia. It usually
grows into a large grove and grows well in muddy soil in mangrove forests or along canals where trees provide
shade in coastal areas. Currently, Nipa palms grow in Sri Lanka, Thailand, Myanmar, Indonesia, Papua New
Guinea, the Solomon Islands, the Philippines, and the Ryukyu Islands. In Japan, there are some Nipa palms. In
addition, there are Nipa palms in South Queensland, Northern Australia. In Thailand, the benefits of Nipa palms
have been known for a long time. For example, the leaves are used to weave into a basket, sewn together to
make roofs for the house, and used as a raw material for tobacco smoking. Additionally, Nipa palms can be used
to produce Nipa palm sugar. They can also be used to make a container for collecting water in the household
called "Mah Jak" and a whip to ward off mosquitoes from the bunches of the Nipa palms called "Mhong Jak"
(Foundation Encyclopedia of Thai Culture 1999). Since many benefits and interests of Nipa palms are with the
community, and they have been used for a long time, several studies have been conducted to develop the use of
Nipa palms by bringing different parts of this plant to test scientific techniques from experts in the public and
private sectors. This is in line with the current global trend in which many countries are increasingly interested
in products made from natural materials. The Nipa palm fiber products have gained significant attention in
recent years for their potential uses in various industries. The fibers are processed to remove impurities and are
then used to create products such as mats, baskets, ropes, and even clothing. One of the primary benefits of
using Nipa palm fiber products is that they are sustainable and eco-friendly. The Nipa palm tree is a fast-growing
plant that requires minimal maintenance and can be harvested multiple times a year. Furthermore, the process
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of extracting the fibers does not require any chemicals, and the leftover material can be used as compost or
animal feed. In addition to their sustainability, the Nipa palm fiber products are also durable and resistant to
water and pests. This makes them ideal for use in coastal areas where traditional materials such as wood or metal
can quickly deteriorate due to exposure to saltwater and humidity. These products have a wide range of potential
uses. In the construction industry, they can be used to create roofing materials, insulation, and structural
elements. In the fashion industry, designers have experimented using Nipa palm fiber to create clothing and
accessories. In addition, these fibers can be used in the production of paper, packaging materials, and biofuels.
As the demand for sustainable and eco-friendly products continues to grow, these products represent a promising
solution. Owing to their durability, versatility, and eco-friendliness, they have the potential to revolutionize
various industries and pave the way for a more sustainable future. From research studies related to the use and
development of plant fibers, it was found that fibers from many plants were studied and developed to be used
for weaving into various fabrics, such as products made from banana fibers, textile products made from bamboo
fibers, and textile products made from lemongrass fibers (Ananwarapong 2018). In addition, there are products
made from stalks of empty Nipa palm bunches in the weaving process (Janyatham 2012), and the textile and
garment industry develop and uses fibers mixed with Thai rice straw (Cholsakorn 2015). Moreover, water
hyacinth fibers have been developed to meet the lifestyle requirements of the eco-friendly market for
commercialization (Phuttachot 2019). Textiles and clothing are considered large manufacturing industries with
interconnected production structures. It consists of various subindustries involved in the production process.
This is from the beginning of the upstream industry, which includes fiber production and spinning.
Subsequently, the resulting products will be sent to the midstream industry, namely weaving, knitting, and non-
woven fabrics. Finally, it is the downstream industry that brings raw materials obtained from the midstream
industry to design, create value, and add value to ready-made garments or other textile products for the benefit
of use. The method for utilizing improved plant fibers is to use quality fibers to produce yarns and woven fabrics
for different designs and creativity, such as fashion clothing and home textile products. This includes developing
textile products with special features and technical textiles (Chonlakup et al. 2009). Using natural fibers to
produce environmentally friendly textiles is the direction of textile product development, which has increased
the strength of textile and fashion products by focusing on the unique properties of natural fibers. This can create
a variety of values and differentiations in textiles. Studies on the development of products made from natural
fibers are crucial. They should focus on studying and developing the production of textile fibers by focusing on
the unique properties of natural fibers, especially Nipa palm fibers. This can diversify the value and
differentiation of textile products from the beginning to the end of processes and from experiment and testing
to production technology with industrial machines. In the present study, information was obtained from experts
in fabric production and fiber development, manufacturers, fiber development institutes, and educational
institutions in the field of fabric and design. Therefore, researchers were interested in developing Nipa palm
fibers for textiles under the research objectives below. Research objectives were (i) to study the physical
properties of Nipa palm fibers; and (ii) to test the properties of these fibers obtained from the yarn spinning
process.

MATERIALS AND METHODS

According to the research objectives of this study, the researchers divided the research procedure into two steps:
Step 1 was to study the physical properties of Nipa palm fibers in order to be analyzed, starting from surveying
the area of Nipa palms to study the process of sorting and testing different parts of the Nipa palms to obtain the
fibers that had the best properties in the yarn spinning process. Step 2 involved testing the properties of the Nipa
palm fibers obtained from the yarn-spinning process. Further details are discussed below.

Step 1: Studying the physical properties of Nipa palm fibers

In this study, the physical properties of five parts of Nipa palms were studied for further development. They
were as follows: (i) Nipa palm leaves; (ii) Nipa palm bunches; (iii) stalks of empty Nipa palm bunches; (iv) Nipa
palm stalks; and (v) Nipa palm trunks. Parts of the Nipa palms are shown in Fig. 1. To understand this more
clearly, it is crucial to describe the main parts of the nipa palms used in this study. First, Nipa palm leaves include
a collection of individual, feathery leaves, approximately 3-9 m long, split around from the stem. In one stem,
there were approximately 4-8 leaves. Leafstalks look plump, called Sapok Jak (i.e., Nipa palm trunks). In
particular, the base of the leafstalk, called Kan Mhong Jak (stalks of empty Nipa palm bunches), is believed to
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be the source of nectar production and storage from Nipa palms. The leafstalk consists of approximately 30-40
leaflets called Tang Jak. The leaflets are slender and long. They look like coconut leaves, but the leaf size is
wider, approximately 1-1.5 m long. The old leaves will discard the young ones, leaving only the leafstalks until
they wither and gradually break off, leaving the appearance of broken marks on the trunks. The Nipa palm stalk
is an underground rhizome, often called Hin Jak, that emerges above the soil. The stems were contiguous within
the clusters. It looks fat, short, flat, and split into two prongs. The pulp of the stem and the base of the leaf stalk
had an air hole. When fully grown, they have a height of approximately 5-8 m. New stems may arise from new
tillering or new seeds that are born close to old ones, which are tightly stacked. Nipa palm fruits are tightly
packed together at the end of the flower stalk, known as Mhong Jak (i.e., Nipa palm bunches). Each bunch
consisted of approximately 50-120 fruits. The fruit was large at the fruit pole and small at the end of the fruit,
10-12 cm long, 6-8 mm in diameter, with a short spike at the base. Each bunch consists of 15-20 fruits. The fruit
has a triangular shape. Its peel is thick, and its color is dark brown or reddish-brown. One fruit had one seed next
to the fruit shell, which consisted of white flesh. In addition, a hollow and water can be found while the fruit is
still immature. This is a suitable time for eating. However, if the seeds are very old, they will have a hard texture,
and the whole seed will be sticky. It appeared to be a mature sugar palm. However, it is not popular. In addition,
they fall to the ground or float with the current until the water level recedes, sinking into the mud until they are
born again (Bamrungrak & Wattanatchariya 2001). Fig. 1 shows parts of the Nipa palms.

R N Pt / -

1) Nipa palm leaves 2) Nipa palm bunches 3) stalks of empty Nipa palm bunches

4) Nipa palm stalks 5) Nipa palm trunks
Fig. 1. Parts of the Nipa palms.

According to Fig. 1, all five parts of Nipa palms were brought into the process of separating the fibers components
as follows.

Part 1. Nipa palm leaves

There are three steps in making the fibers: cutting, hitting, and tearing. The results showed that the obtained fibers
were small, thin, and inseparable from the bark of the green leaf. It was thin, easily torn, not sticky, and had few
fibers. The leaves took a long time to tear the fibers. The figure below shows how to separate the fibers from the
nipa palm leaves.

1, Nipa palm leaves

(1) Cut

Fig. 2. How to separate the fibers from Nipa palm leaves.
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Part 2. Nipa palm bunches

There are four steps for making fibers: cutting, cracking the shell, hitting, and tearing. The obtained fibers were
tough and thick, and the texture of the shell was mixed with the fiber. This makes the fibers dark. Each bunch had
more than 40 fruits, depending on the size of the bunch. Following this procedure, a large number of fibers were
obtained. The length of the fibers was approximately 6.5-7.5 cm in length/fruit. Fig. 3 shows how to separate the
fibers from the Nipa palm bunches.

2. Nipa palm bunch
R - Cracktshell (3)Hit (4) Tear Obtained fibers

Fig. 3. How to separate the fibers from Nipa palm bunches.

Part 3. Kan Mhong Jak (i.e., stalks of empty Nipa palm bunches)

There are four steps for making fibers: cutting, peeling, hitting, and carding. The result was that this part was
fibrous. The obtained fibers were long and uniformly thick. However, it took less time to complete the task. The
fibers were tough and straight, creamy white. When it was dry, it turned light brown and stickier. Fig. 4 shows
how to separate the fibers from the stalks of the empty Nipa palm bunches.

3. Stalks of empty Nipa palm bunches

Obtained fibers

Fig. 4. How to separate the fibers from stalks of empty Nipa palm bunches.

Part 4. Nipa palm stalks

There are four steps for making fibers: cutting, peeling, hitting, and tearing. The result was that this part was long
fibrous. The fibers were tough. However, this step took a long time, since the green bark had to be peeled off and
hard and difficult to break. One stalk contained many fibers. Fig. 5 illustrates how to separate the fibers from the

Nipa palm stalks.

4. Nipa palm stalk

Obtained fibers
%] T

Fig. 5. How to separate the fibers from Nipa palm stalks.



Pigunthong & Soodsang 845

Part 5. Sapok Jak (i.e., Nipa palm trunks)

There were four steps of making fibers: cutting, peeling, hitting, and tearing. The results showed that this part was
the most fibrous. This was because this portion was large. This process took a long time to complete because the
dark brown bark had to be removed. This was because the bark was difficult to break. After it hit, there was more
flesh than fibers. The obtained fibers were tough and straight. The fibers were white in color. When it was dry, it
turned light brown in color. Fig. 6 shows how to separate the fibers from the Nipa palm trunks.

5. Nipa palm trunk
(1) Cut (2) Peel (3) Hit (4) Tear Obtained fibers

Fig. 6. How to separate the fibers from Nipa palm trunks.

From the process of separating the fibers from the Nipa palms above, Kan Mhong Jak (stalks of empty Nipa palm
bunches) and Sapok Jak (Nipa palm trunks) were the most suitable. From all five parts, these two parts were used
to make fibers for this present study. The two parts were dried in the sun. Ten kg of each part were brought to the
measurement process to determine the differences between these two parts of the fibers in terms of size, toughness,
and stretch. When they are measured, the best part will lead to the following process. The next step was to
determine the physical properties of the obtained Nipa palm fibers. The fibers obtained from all five parts of the
Nipa palms were tested using (i) Softener HSB and (ii) Texamina.

The method of soaking in the type 1 Softener HSB (soft and fluffy): Testing of Softener HSB (2 h). Fig. 7
illustrates a sample image of the fibers soaked in Softener HSB. After experimenting to determine the softness of
the fibers using Softener HSB. The results showed that all five parts had positive responses. The properties of the
fibers were found to be soft and smooth. The experiment took approximately two hours to complete. These

findings suggest that Softener HSB is an effective solution for achieving soft and comfortable textiles.

: "
Fig. 7. The sample image of the fibers when soaking in the Softener HSB.

1. The fibers from Nipa palm leaves were strong, not soft, and not fluffy because the shell of the leaves stuck to
the fibers too much. Therefore, this reacted least to Softener HSB.

2. The fibers from the Nipa palm bunches were strong and sticky. When soaked in a softener, they were softer.
They can be easily removed from shells. They slightly reacted to the Softener HSB.

3. The fibers from Kan Mhong Jak (stalks of empty Nipa palm bunches) soaked in the Softener HSB were clearly
softer and fluffier. They can be torn to a smaller size. The fibers were tougher. They were the parts where the
fibers could react to Softener HSB the most.

4. when soaked in the Softener HSB, the fibers from the Nipa trunks were soft and fluffy and could easily be torn.
The fibers were long. However, when torn, they were easily torn, but not sticky. They were the part that the fibers
reacted to Softener HSB moderately.

5. The fibers from Sapok Jak (i.e., Nipa palm trunks) soaked in softener HSB were noticeably softer. Since there
were many fibers, they could have been torn to be smaller. The fibers were tougher. They were the parts where
the fibers could react to Softener HSB significantly.
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In conclusion, regarding the size of the fibers obtained from the process of separating the components of the fibers
from the hand-made method and the experiment soaked in Softener HSB to determine the softness and smoothness
of the fibers. The results showed that two parts had small fibers, and the reaction was significant. These two parts
were (i) the fibers obtained from Kan Mhong Jak (i.e., stalks of empty Nipa palm bunches) and (ii) the fibers
obtained from Sapok Jak (i.e., Nipa palm trunks) for use in the industrial system.

The method of soaking in the type 2 Texamina (soft and smooth): Testing of Texamina (2 hours). Fig. 8
illustrated the sample image of the fibers when they were soaking in Texamina.

WUnNEN Texaming w2

Fig. 8. The sample image of the fibers when soaking in Texamina.

After conducting a basic experiment for approximately two hours to soak the fibers from all five parts that had
responses to Texamina, we were able to determine the softness and smoothness of the fibers. The results indicate
that the fibers are incredibly soft and smooth, making them ideal for various applications.

1. The fibers from the Nipa palm leaves were not soft and smooth, since the shells of the leaves were larger than
the fibers. Therefore, they reacted the least to Texamina.

2. The fibers from the Nipa palm bunches were strong and sticky. When soaked in Texamina, they were softer
and could easily be pulled out of the shells. The fibers were thick and reacted slightly to the Texamina.

3. The fibers from Kan Mhong Jak (i.e., stalks of empty Nipa palm bunches), when soaked in Texamina, were
clearly smooth. They could be torn to be smaller. The fibers were tougher. These were the parts where the fibers
could react to Texamina the most.

4. When soaked in Texamina, the fibers from the trunks were soft and smooth. They can be easily torn. The fibers
were long. However, when torn, they were easily torn but not sticky. In addition, they were thick. The fibers were
moderately reactive to Texamina moderately.

5. The fibers from Sapok Jak (i.e., Nipa palm trunks) were noticeably soft and smooth when soaked in Texamina.
This is because there are many fibers. The fibers were torn to become smaller. Moreover, the fibers were tougher
and more flexible. They could react significantly to Texamina.

Fig. 9 shows the results of the fibers obtained from all five parts of the Nipa palms after soaking in Softener HSB
and then soaking in Texamina. In summary, the fibers obtained from Kan Mhong Jak (i.e., stalks of empty Nipa
palm bunches) were most suitable for use.

Fibers from leaves Fibers from bunches Fibers from Kan Mhong Jak

Fibers from stalks Fibers from Sapok Jak

Fig. 9. The fibers obtained from all five parts of Nipa palm after soaking in Softener HSB and then soaking
in Texamina.
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Step 2: Testing the properties of the Nipa palm fibers obtained from the yarn spinning process

1. Select Kan Mhong Jak

- Select Kan Mhong Jak /clean them

+

- Remove the bark from Kan Mhong Jak

2. Prepare Kan Mhong Jak

- Cut thinly, length 50 cm.
- Hit/card into strips

Y

+

- Put the fibers in a container and fill them with water.

3. Ferment fibers

| - Ferment the fibers for 15-20 days

+

- Use softener NC-18 in the ratio of 30 cc/ 10 liters of water.

4. Soften the fibers

- Soak the fibers in the softener for 2 hours.
#{ - Then the fibers that have been completely dried and packed
into bags.

v

- Prepare the dried fibers.
- Adjust the Roller Card machine to meet the standard set

| 5. Roll the fibers

- Bring the fibers into the Roller Card machine once.
- Check the fiber properties to see if they meet the requirements

h 4

or not (i.e., It is soft.)
- The fibers are packed into bags to be stored in preparation for
the next production process.

- Bleach with H2 O2 30cc / 10 liters of water with Temperature
90 degrees and time 30 minutes.

6. bleach the fibers

- Clean the fibers.
- Dry completely
- Bleach the fibers

- Bleaching should be done as the fibers pass through fiber
kneading process

847

Fig. 10. The steps for experimenting Kan Mhong Jak (i.e., stalks of empty Nipa palm bunches) in the textile industry.

The raw material of dried Kan Mhong Jak
(i.e., stalks of empty Nipa palm bunches) fibers
l 1 Kilogram

Cut Kan Mhong Jak
(i.e., stalks of empty Nipa palm bunches) fibers
i 20-25 centimeter long

Explode the fibers with a high steam explosion machine
l 200-205 °C /5 minutes

Clean the fibers
l for 20-30 minutes

Roll the fibers

!

‘Water extractor

!

Dry

.

Mix with recycled polyester fibers
used ratio
60% recycled polyester fiber,
40% Kan Mhong Jak fibers
80% recycled polyester fiber,
20% Kan Mhong Jak fibers
Roller card

Fig. 11. A yarn production process of Nipa palm fibers.
Table 1 is a summary of yarn production process of Kan Mhong Jak (i.e., stalks of empty Nipa palm bunches).

RESULTS

After the Nipa palm fibers were woven and became fabric, they were assessed in terms of suitability by experts.
The results are as follows: PM PALM No. 20 yarn had B-Force at 588.5 (gf) and B-Force 5.77 Newton,

elongation at 6.37 %. PM PALM No. 35 had B-Force at 319.5 (gf) and 3.13 Newtons, elongation at 5.80%.
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Table 1. Yarn production process: Kan Mhong Jak (i.e., stalks of empty Nipa palm bunches).
Step Picture Description Step Picture Description
1 Dried Nipa palm & Mix the Nipa palm
fibers ﬁblers wnlfl_ ;ecycled
ester fibers.
Length 20 - 25 cm. POy
2 7 Take the fibers into
Prepare Kan Mhong carding machine in
Tk Bibess order to mix them
until they become
homogeneous
8 Drawing /
organizing fibers
4 ;all::ntgiall((agb oS so that the fibers are
into the high steam ?ng]ged inp long
explosion machine,
temperature 200-205
degrees Celsius for 5
mnuites 9 Threading the fibers
as a single thread to
obtain small fibers
suitable for weaving
4 After fiber
explosion, there will
be a mix of usable
and unusable fibers
: 10
th_at are f)btalned. yarn winding
Rinse with water
and filter them with
a sieve in order to
separate only the
fibers.
5 Take the washed 11
fibers into the fiber The fibers obtained
sorting maf:hlne n are Fiber No. 35 -
the industrial looks like a small
system. and thin line
Fiber No. 24 — looks
thicker than Fiber
No. 35.

The test results of Kan Mhong Jak fibers
(PM PALM No. 20).

Strength: Tested according to
1SO 2062: 1993 (E) METHOD B

B-Force (gf) 588.5
B-Force (newton) 5.77
Elongation (%) 6.37




Pigunthong & Soodsang 849

- Tester: USTER TENSORAPID 3V 6.1
- Test speed: 500 millimeters/minute
- Test distance: 500 millimeters
The test results of Kan Mhong Jak fibers
(PM PALM No. 35).

Strength: Tested according to
1SO 2062: 1993 (E) METHOD B

B-Force (gf) 319.5
B-Force (newton) 3.13
Elongation (%) 5.80

- Tester: USTER TENSORAPID 3V 6.1
- Test speed: 500 millimeters/minute
- Test distance: 500 millimeters

When the weaving fabric was mixed with recycled polyester fibers, it was easy to form. The vertical axis
weaving process should be a mixed material. The horizontal axis was made from Nipa palm fibers. The fabric
had a soft texture and was strong. It can be developed into other products to add value to materials for textile
products. As can be seen, Kan Mhong Jak fibers, with a diameter of 2.45 millimeters, could withstand a
maximum tensile strength of 12.80 kilograms. This finding is in line with the research conducted by
Areechongcharoen (Areechongcharoen2013) concerning the development of textile products from lemongrass
fibers, in that natural fibers can be developed and woven into fabrics suitable for textile products. Fig. 11
illustates the woven fabrics of PM PALM No. 20 yarn and PM PALM No. 35 yarn.

PM PALM No. 20 PM PALM No. 35
Fig. 11. The woven fabrics of PM PALM.
No. 20 yarn and PM PALM No. 35 yarn

DISCUSSION

In this section, the results will be discussed according to the research objectives of this study, i.e., (i) to study
the physical properties of Nipa palm fibers and (ii) to test the properties of the Nipa palm fibers obtained from
the yarn spinning process. To study the physical properties of Nipa palm fibers, the researchers defined the
criteria for assessing the size of the fibers obtained from the separation of the fiber components of Nipa palm
fibers by soaking in Softener HSB and Texamina using two criteria: (i) to determine the softness and fluffiness
values; and (ii) to determine the softness and smoothness values. This study aimed to analyze the fibers obtained
from the separation of Nipa palm fibers' components and test their toughness and strength. It can be summarized
that the results of the assessment of the Nipa palm fibers obtained from Kan Mhong Jak (stalks of empty Nipa
palm bunches) revealed a perfect level. From the five parts of Nipa palms, Kan Mhong Jak (stalks of empty Nipa
palm bunches) had many fibers. The fibers were long, thick, tough, and straight. The fibers were light brown.
When soaked in Texamina, it was found to be noticeably softer, smoother, smaller, and stickier. This was the
part where the fiber reacted most to Softener HSB and Texamina.Moreover, when the experimental fibers were
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soaked in Softener HSB, it was found that the fibers were noticeably softer and fluffier (particle size <50 nm).
It is a Silicone Softener with small particle size, which can penetrate the fibers well. Therefore, the texture is
soft and smooth. This corresponds to the research of Seng6z (Seng6z 2016), who found that it is a high-quality
softener. In the textile industry, silicone softeners are used to make fabrics that are softer, smoother, and more
flexible. It can be used with various fibers, such as cotton and polyester. In general, silicone does not dissolve in
water. Emulsifiers should be used to facilitate dissolution because they contain silica as a component. This is
typically in the form of oil-in-water or water-in-oil. To test the properties of the Nipa palm fibers obtained from
the yarn-spinning process, the researchers used criteria for yarn production in an industrial system. The Yarn
spinning process included testing two proportions: (i) 80% recycled polyester fibers/ 20% Kan Mhong Jak (i.e.,
stalks of empty Nipa palm bunches) fibers; and (ii) 40% recycled polyester fibers/ 60% Kan Mhong Jak (i.e.,
stalks of empty Nipa palm bunches) fibers, with 11 steps of the production process (Table 1). The result was No.
2 yarns, which were then tested for durability, strength, tensile strength, and elongation by the Textile Industry
Development Institute. The results were presented in the results section. Interestingly, when weaving fabrics
mixed with recycled polyester fibers, it was found that it was easy to form. The vertical core weaving process
should use a composite material. The horizontal core was the Nipa palm fibers. The result was a fabric with soft
texture and strength. Thus, they can be developed into other textile products. The properties of the Nipa palm
fibers were also assessed in terms of suitability by experts in specific fields, which is consistent with the findings
of Zou, Reddy, and Yang (Zou et al. 2011), who found that when polyester fibers were mixed with other natural
fibers, the obtained fibers became soft and suitable for textile products. Nipa palms are a versatile resource that
can be used for more than just as fibers. While the fibers are undoubtedly valuable, other products can be made
from these equally important palms (Utama et al. 2018; Agung et al. 2020).

One such product is Nipa palm wine, a popular beverage in many parts of Southeast Asia. Sap from the palm is
fermented to create a sweet and slightly alcoholic drink enjoyed by locals and tourists alike. Another product
that can be produced from Nipa palms is roofing material. The leaves of the palm are sturdy and waterproof,
making them an ideal choice for roofing. They are also lightweight, which makes them easy to operate
(Foundation Encyclopedia of Thai Culture 1999; Chonlakup et al. 2009; Janyatham 2012). Regarding the fibers,
several physical properties of Nipa palm fibers make them particularly suitable for weaving into fabrics (Agung
et al. 2020). First, the fibers were extremely strong and durable. This means that fabrics made from these fibers
will persist for a long time, even with regular use (Puspa et al. 2019). In addition, Nipa palm fibers are also very
flexible, which means that they can be woven into a variety of different patterns and designs. This makes them
a popular choice for traditional weaving techniques such as those used in batik and ikat fabrics (Chonlakup et
al. 2009; Janyatham 2012). Nipa palm fibers are also soft and comfortable to wear (Huda et al. 2019). They are
not scratchy or rough like other natural fibers, making them an excellent choice for clothing and other items in
direct contact with the skin. The versatility and physical properties of Nipa palm fibers make them a valuable
resource that can be used in various ways (Ahmed et al. 2017; Utama et al. 2018). Whether from textiles, roofing
material, or even wine, these palms are a great choice (Zou et al. 2011; Sengtz 2016). As we continue to seek
ways to reduce our environmental impact, it is vital to consider every aspect of our daily lives. One area of
concern is the textile industry, which traditionally relies on synthetic materials that are not sustainable or
environmentally friendly. However, recent research has shown that using Nipa palm fibers in textile production
may provide a viable alternative. Nipa palm fibers are a natural and renewable resource that can be sourced
locally in many areas. This means that their production has a much lower carbon footprint than synthetic
materials often imported from other countries.

Additionally, using Nipa palm fibers can help to support local economies and provide jobs in areas where
traditional textile production has declined. Furthermore, Nipa palm fibers have several advantages over other
natural materials, such as cotton and wool. They are naturally resistant to pests and diseases, which means that
they require fewer pesticides and herbicides for growth. They also have high moisture content, which makes
them ideal for use in hot and humid climates. It is important to consider the entire life cycle of a product when
evaluating its environmental impacts. While Nipa palm fibers may have lower carbon emissions during
production, they may not be as durable as synthetic materials and require more frequent replacement. However,
they are promising alternatives to traditional textiles and could play a key role in promoting more sustainable
and ethical manufacturing practices.
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CONCLUSION

Based on the development of plant fibers for textiles by the process from the beginning to the end and from the
experiment, it resulted in one part of the Nipa palm that was obtained from the production process in the industrial
system mixed with recycled polyester fibers in two different proportions. They were then tested until the fibers
were suitable for weaving into fabrics. In addition, the woven fabrics were beautiful, strong, and suitable for
further development and creation of other textile products. These fabrics were further developed to have a softer
texture by applying softeners and adding special properties to the Nipa palm fibers. The fabrics can be used for
home textile products such as clothing, suits, bathrobes, bags, shoulder scarves, scarves, cushions, curtains, and
so on. This will result in plant fiber textiles being popular and generating income. Additionally, it can add value
to Nipa palms, which are plants that grow naturally in the community to maximize their benefits. People who are
interested in using plant fibers can apply the process of developing Nipa palm fibers for textiles, guidelines and
criteria for material testing, and the fiber production process in the present study to textile products with similar
target groups and manufacturers. Regarding recommendations for further research, more studies on other fibers
that are mixed with natural fibers to add new materials in the textile industry should be conducted. This aims to
add new materials and bring the knowledge gained to further study to be beneficial in the textile industry in the
future.
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