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Assessing Extraction Methods and Mechanical and
Physicochemical Properties of Algerian Yucca Fibers for
Sustainable Composite Reinforcement
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and Mahdi Bodaghi*

The utilization of biofiber in recent years has significantly increased due to its
advantages like being environmentally friendly, availability, and low costs. This
paper investigates the physicochemical, mechanical, and morphological
properties of the yucca fiber extracted by three methods such as water-retting,
traditional, and chemical methods. These analyses are designed to evaluate
the extraction methodology and the hypothesis of the influence of harvesting
location and growth conditions of the fiber. Various technologies are used,
such as SEM, FTIR, XRD, and tensile tests. The fiber extracted by water retting
is the strongest in the mechanical analysis with a strength of 690.48 MPa,
followed by fiber extracted with the traditional method with 685.48 MPa, also
673.06, 657.94, 373.68 MPa for the fiber extracted by the chemical method
using 3%, 5%, 10%NaOH respectively. The fiber obtained by the water retting
method also has a higher chemical composition with 80.25% cellulose,
10.45% lignin, and 13.75% hemicellulose. The morphological characteristics
are examined using Scanning Electron Microscopy. The crystallinity index
ranged from 61.75% to 70.77%, and crystallite size from 1.73 to 2.04 nm is
calculated from the XRD analysis. All these results confirm that yucca fiber
can be a good sustainable choice for composite reinforcement.
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1. Introduction

In the new era of materials technology,
the availability of polymers can reduce the
exploitation and use of environmentally
harmful materials. One of the obstacles that
prevent the use of these polymers is their
low mechanical properties, in order to im-
prove these polymers and make them more
cost-effective and more resistant with good
mechanical properties. Researchers have
found a way to reinforce matrices, using
synthetic fibers such as fiberglass and car-
bon fiber, the combination of polymer (ma-
trices) and fiber (reinforcement), gives rise
to a new composite material more resistant
than the base polymer. Subsequently, with
the advancement of science and the use of
several specialties such as materials chem-
istry, mechanics, and biology, researchers
were able to find another solution to rein-
force matrices with natural fibers.[1–3]

In this context, the advantages of us-
ing this type of fiber are represented in

Figure 1, such as the availability of these renewable resources,
their biodegradability, low environmental impact, recyclability,
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Figure 1. Advantages and applications of natural fibers.

no health danger, accessibility in many countries, and low ex-
ploitation and production costs.[1,4,5] All these advantages have
made natural fibers an ideal choice for reinforcing a composite
matrix to produce a bio-composite material for the manufacture
of a wide range of products in the marine industry, automotive,
aerospace, and biomedical sectors.[6–9]

Generally, these natural fibers (Banana, Bamboo, Kenaf, Sisal,
etc.) are composed of cellulose, pectin, hemicellulose, and
lignin.[10,11] The percentages of which can vary depending on
the plant species, the part of the plant used, and the growing

conditions.[12] The nature and crystallography of the cellulose de-
fine the reliability of the reinforcement of these natural resources
as cellulose is the major factor in the tensile strength of the natu-
ral fiber.[13] The hemicellulose and the lignin represent the amor-
phous phase of the chemical structure and can obtain the flexi-
bility and rigidity of the bio-fibers respectively.[14,15]

Figure 2 shows all the steps required to benefit these resources,
the first important step to benefit these resources is to extract
the fiber; actually, there are several methods of extracting fibers
from natural plants such as Chemical extraction, Traditional ex-

Figure 2. Steps to benefit these natural fibers.
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Figure 3. Fiber extraction steps in different methods.

traction, and Biological methods with water retting.[16] Further,
several researchers have determined that there are six types of
bio-fiber that can be extracted,[17–19] and are classified: seed fiber
(cotton, Kapok…), Steam fiber (Ramie, Jute, Kenaf…), leaf fiber
(Yucca, Sisal…), Stalk fiber (Bamboo, Wood), and fruit fiber (coir,
pineapple…). It is important to note that the specific method of
extraction depends on the nature of the plant and the required
properties of the fibers. Each method has its specific advantages
and disadvantages, and the choice of method will depend on the
intended use of the fibers.

The literature shows that the extraction method has a signifi-
cant effect on the quality of the final fiber, fiber physiology, and
chemical constituents, mechanical and thermal properties.[20–22]

With this information, the fascinating world of materials will be
explored, with a focus on the critical importance of extraction
methods in the manufacture of natural fibers. In the chemical
method, the NaOH solution is the best chemical agent to use
for separating the fiber structural linkages between lignin and
cellulose.[23] In another method, water retting, one of the most
frequently employed methods, the microorganisms present in
water begin to break down pectins and other constituents, help-
ing to separate the fibers from the organic matter.[16] The tradi-
tional method is based on the application of a force to remove the
non-cellulosic components from the fiber.[24]

As with all natural fibers, the Yucca fiber is a new reinforc-
ing fiber, yucca plant was classified in the Asparagaceae family,
mainly from the semi-arid and arid regions of North America,
Central America, and the Caribbean. The green leaves are 80 to
120 cm long and 3–5 cm wide. The yucca is an economical plant
that can produce ≈60–80 leaves each year.[25]

In recent years, new sustainable plant resources have been dis-
covered and used as reinforcing fibers to make a new eco-friendly

material.[26] For instance, a new natural fiber Vakka has been
studied.[27] First, the extraction method involved immersing the
plant in water for a total period of 18 days, then the fiber was me-
chanically analyzed to determine the tensile strength as well as
the young’s modulus and strain of this fiber, which are (549 MPa),
(15.85 GPa), and (3.46%), respectively. Another scientific study
characterized chemically and mechanically the natural fiber ob-
tained from the yucca plant after using water retting as an extrac-
tion method.[28] The results concerning the chemical composi-
tion of the fiber are acceptable, with cellulose at (52.54%), hemi-
cellulose at (20.53%) and lignin at (10.03%), however, this fiber
has a greater tensile strength rating of (801 MPa). In another sim-
ilar research, a thermal study was carried out on Ethiopian yucca
fiber obtained by the water-retting extraction method. The results
showed a weight loss of ≈(70%).[29] The water retting extraction
method was shown as one of the most effective extraction meth-
ods. It is necessary to characterize and test other extraction meth-
ods with different parameters to explore new natural fibers and
produce bio-composites based on natural fibers with low cost, low
environmental impact, and good mechanical performance.

The extraction and characterization of other natural fibers for
application as a bio-composite reinforcement has been exten-
sively studied. However, only one study[29] has been carried out
on the different methods of extracting yucca fibers for use in the
reinforcement of a new bio-composite based on this fiber.

This research is based on several hypotheses in the areas con-
cerning fiber harvesting location, growth conditions, and fiber
extraction method. The main objective is to determine the im-
pact of the fiber extraction methods on the physicochemical, and
mechanical properties, in order to determine the difference be-
tween the various extraction methods and to identify the Alge-
rian yucca fiber obtained by several methods. Several technolo-
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gies and methods are used, such as the chemical composition
protocol, SEM, FTIR, XRD, and mechanical tensile tests.

2. Experimental Section

2.1. Algerian Yucca Fiber Extraction

The yucca leaves for this research were grown in the Khamisty
Al-Arabi Tabsi garden in Hadjout City, Tipaza province, Alge-
ria. With the Geographic Coordinates, 36° 30′ 44.787″ N 2° 24′

50.859″ E. The Altitude is 98 m. The method used to harvest
yucca leaves was by hand, using an agricultural scissor. Figure 3
demonstrates three extraction methods used to extract Algerian
yucca fiber as detailed below.

2.1.1. Traditional Method

It is the simplest and oldest method of extraction. The first step
was to slice the yucca leaf into 30 cm pieces to make it easier to
handle when elaborating the bio-composite. The second step of
this method was to soak the leaf pieces in boiling water (80 °C)
for 1 h, after which the fibers were left to cool in the air for 24 h.
This step was to make the organic material flexible and therefore
to detach the fiber from the organic material. The last step was
to recover the fiber through a process of peeling and elimination
of the unfibrous parts, after which the fibers were air-dried and
characterized.

2.1.2. Chemical Method

The chemical method was based on the use of chemical agents
to loosen the lignocellulose material between the fibers and sep-
arate the structural links between the cellulose and the lignin.[29]

This extraction method might be divided into two different cate-
gories: acid extraction methods and alkali extraction methods.[30]

Various NaOH concentrations were used (3%, 5%, 10%) for 5
h, at a room temperature of ≈20 °C, in order to extract the yucca
fiber. To eliminate Noah residue, stop the chemical reaction, guar-
antee the purity of the fiber, and reduce cross-contamination, the
fibers were cleaned with distilled water. The combing process was
used to extract and separate the fiber from the lignocellulose ma-
terial.

2.1.3. Water Retting

Water retting is a biological extraction method that depends on
the activity of the microorganisms living in the body of wa-
ter. These microorganisms produce enzymes such as pectinases,
which break down pectin and other substances that bind the
fibers with the lignocellulose material.[31] In this process, yucca
leaves were immersed in a water bath for 25–35 days at room
temperature (20 °C). The anaerobic bacteria action accelerates the
degradation of the leaf and loosens the fiber from the lignocellu-
lose material. The fiber was then cleaned with distilled water to
remove residual lignocellulose material before drying in the air.

2.2. Chemical Composition

This part of the study was the most important one for identifying
the fiber in relation to other natural fibers. In reality, there are sev-
eral contents in the fiber such as cellulose, lignin, hemicellulose,
pectin, and others. However, the three components have a major
influence on morphology, shape, structure, and even mechanical
properties. For that, this study only assessed the cellulose, hemi-
cellulose, and lignin content of the extracted fibers with a chem-
ical protocol used by.[29]

2.2.1. Cellulose Content

2 grams of yucca fibers (Ws) underwent a treatment in which
they were exposed to a solution consisting of 40 mL of 80% acetic
acid and 2 mL of concentrated nitric acid. This mixture was then
brought to reflux conditions, allowing a chemical reaction to oc-
cur, and this reaction was sustained for a period of 30 min. Fol-
lowing this step, the samples were subjected to centrifugation
at 15 000 rpm for 5 min in hot ethanol95, facilitating the sepa-
ration process, and were subsequently subjected to filtration via
suction. The washing process was sequentially conducted in hot
Benzene, followed by Ethanol95, and ultimately with Petroleum
ether. The sample was subjected to a drying process at 105 °C in
an oven for 1 h, during which time its weight was determined
within a hermetically sealed container, thus yielding the weight
measurement denoted as W2. In the ultimate phase of the pro-
cess, the sample was introduced into a furnace held at a precisely
controlled temperature of 500 °C for a meticulously timed inter-
val of 3 h, ultimately leading to the precise determination of the
weight of the resultant ashes, denoted as the weight measure-
ment W1.

The equation for calculating the percentage cellulose content
is:

%Cellulose = W2 − W1
Ws

× 100 (1)

where:

Ws: The initial mass of the sample.
W1: The weight of the sample’s residual ashes after exposure to

a temperature of 500 °C.
W2: The mass of the sample post-desiccation at 105 °C.

2.2.2. Hemicellulose Content

2 g of fibers were treated with 5% of Potassium hydroxide (KOH)
for 2 h, and then the mixtures were filtered. Ethanol95 was em-
ployed to induce the precipitation of hemicellulose from the fil-
trate, which was subsequently separated by centrifugation for 15
min at 15 000 rpm.

The separated hemicellulose was desiccated in a convection
oven at 105 °C for 1 h, and its mass was subsequently determined
within a sealed receptacle (W1). The sample’s ash content was
acquired by exposing the desiccated specimen to a furnace main-
tained at 500 °C for 3 h. Subsequently, it was cooled, and its mass
was measured within a sealed vessel. The assessment of the pre-
cipitated hemicellulose’s weight (WA) was then conducted. The
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equation for calculating the percentage hemicellulose content is:

%Hemicellulose = WA
W1

× 100 (2)

where:

WA: represents the weight of the precipitated hemicellulose.
W1: the dry weight of the fiber sample.

2.2.3. Lignin Content

2 g of fibers (Wa) was used to measure lignin content, following
ASTM D1106 standard, the bio-fiber samples were treated with
72% of Sulphuric Acid (H2SO4) for 2 h and then refluxed for 3
h more. The residue after filtering was washed with hot water to
eliminate the residual acid. The residue was dried in the oven at
105 °C for 1 h, and then weighed (W1). Subsequently, the residue
was then heated in a muffle furnace to 500 C for 3 h, left to cool
freely, and weighed in a closed bowl (W2). The equation for cal-
culating the percentage lignin content is:

%Lignin = W1 − W2
Wa

× 100 (3)

in which,

W1: weight after drying;
W2: weight after heating;
Wa: the weight of the initial fiber.

2.3. Tests

2.3.1. Scanning Electron Microscope Observation (SEM)

In order to inspect the morphology of the fiber surface as well as
the diameter, SEM analyses were carried out on the five categories
of Yucca fibers, the tests were performed on the JEOL JSM-7100F
machine.

2.3.2. Fourier Transform Infrared Spectroscopy (FTIR)

FTIR was used to characterize the chemical structure of five cat-
egories of yucca fiber extracted by different methods. The shape
of the fiber during analysis was in the form of a long fiber, the
IRAffinity-1S machine was employed in this study with a 4000–
600 cm-1 scanning range.

2.3.3. X-Ray Diffraction

The fiber structure of Algerian Yucca extracted by several
methods was analyzed using the PANalytical machine model
Empyrean. The X-ray diffraction (XRD) measurements were car-
ried out at 45 kV and 40 mA using Cu K-Alpha wavenumber (K𝛼
= 0.15 425 nm). The scan step size was 0.026 degrees, with data
recorded from 5° to 95°. The goals of this analysis are to deter-
mine the fiber crystallinity index (C) using Segal Equation (4),[32]

The crystallite size (D) using Scherrer Equation (5),[33] and deter-
mine the Miller index.

C =
Icr − Iam

Icr
× 100 (4)

where C is percentage of crystallinity. Icr and Iam are the inten-
sity of the diffraction peak corresponding to the crystalline and
amorphous phase respectively.

D = K𝜆

𝛽 cos (𝜃)
(5)

in which D is the average crystallite size in a given direction, K is
Scherrer’s shape constant (0.9), 𝜆 is the wavelength of the X-rays
used, 𝛽 is the half-value width of the lattice plane (002) cellulose,
and 𝜃 is the diffraction angle corresponding to the peak.

2.3.4. Fiber Tensile Tests

The mechanical properties of yucca fiber were determined in ac-
cordance with ASTM D 3822-01[34] using a fiber length (GL) of
50 mm. Due to the large variability of the bio fibers, the tests were
carried out on 20 fiber samples per category. The results were
then processed by the TOPSIS method to determine the best re-
sult in the 20 tests.[35] TOPSIS method is a statistical technique
used for multi-criteria analysis, designed to rank results accord-
ing to their importance. This approach is based on the principle
that the ideal alternative is the one closest to the positive ideal so-
lution, and the positive ideal solution maximizes the choice cri-
teria. Tensile tests were carried out through the Zwick Universal
Testing Machine with a 2.5 KN capacity load cell. Figure 4a shows
the technique for fixing the fiber between the machine’s jaws.

2.3.5. TOPSIS Method

The technique of preference ordering by similarity to the ideal
solution (TOPSIS) is a multi-criteria decision-making method
that evaluates and ranks various alternatives.[36] According to
this method, the best alternative should have the shortest dis-
tance to the positive ideal solution.[37] One of the advantages of
this method is that it allows trade-offs between various criteria,
whereby a low result in one criterion may be improved by a good
result in another.[38] The main aim of this method in this study is
to classify fibers tested and to facilitate the determination of the
most appropriate tensile test result. All the data obtained from
the tests were used to start the TOPSIS calculation, five steps,
with several equations, were used to classify the fibers in each
category.

3. Results and Discussion

3.1. Chemical Contents of Yucca Fiber

Table 1. Presents the chemical contents of Algerian yucca fiber
extracted by several extraction methods. The chemical extraction
by NaOH with a variety of concentrations of 3%, 5%, and 10% in-
duced a minor cellulose degradation in the fiber, obtaining con-
tents of 73.95%, 73.95%, and 65.85% respectively. On the other
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Figure 4. a) Fiber sample, the edges of the paper are completely cut before testing, b) Fiber sample is fixed in the machine for tensile testing.

hand, an improvement in cellulose content with the traditional
method is noted with 78.06%. The highest cellulose content is
measured for Algerian yucca fiber extracted by the water retting
method with a content of 80.25%. This confirms that the highest
fiber quality resides within this category. Otherwise, hemicellu-
lose is the component responsible for the fiber’s flexibility. The
highest result was also recorded for the category of fiber extracted
by water retting with a hemicellulose content of 13.75%. Followed
by the chemical extraction using 3% and 10% NaOH are recorded
with a rate of 13.55% and 12.97% respectively. The hemicellulose
content exhibits a decrease through both traditional and chemi-
cal using 5% NaOH extraction methods with a content of 12.7%
and 11.84% respectively. Ultimately, the lignin content in Alge-
rian yucca fiber extracted by the traditional method ranks high-
est in this study, reaching 10.95% content. Followed by fibers ex-
tracted using the water retting method with a content of 10.45%,
the chemical extraction method yields different contents ranging
from 7.20%, 10.10% to 10.33% using NaOH concentrations of
3%, 5%, and 10%. These findings contribute to the identification
of Algerian yucca fiber in comparison with other natural fibers
worldwide shown in Table 2, in measure with these references,
the Algerian yucca fiber has good chemical properties relative to
other natural fibers. This property has a major influence on the
fiber’s other characteristics and will confirm the high mechani-
cal strength of Algerian yucca fiber presented in the single fiber
tensile properties section of this study.

Table 1. Chemical contents of yucca fiber extracted by different methods.

Fiber extraction method % cel-
lulose

%lignin %hemicellulose

Water retting 80.25 10.45 13.75

Traditional 78.06 10.95 12.70

Chemical – 3%NaOH 73.95 07.20 13.55

Chemical – 5%NaOH 73.95 10.10 11.84

Chemical – 10%NaOH 65.85 10.33 12.97

3.2. Morphologies Analysis Result (SEM)

SEM analysis was performed to inspect the surface quality of the
fiber, and the morphological structure, and to estimate the di-
ameter of each fiber category. The special SEM images of yucca
fiber extracted by different methods are presented in Figure 5–9.
This analysis confirms that the morphological structure of all the
fibers is practically identical,[44] with a different impurity content
probably due to the effect of the extraction method.

The fiber extracted by the traditional method shown in
Figure 5, has numerous impurities on the morphological sur-
face, since the extraction method frees the fiber of organic matter,
without limiting all this matter on the surface. Moreover, numer-
ous voids can be found in this category of fibers, probably due to
the temperature used in the extraction method. The higher tem-
perature can facilitate the decomposition of non-fibrous compo-
nents, such as lignin and pectin, making the fibers easier to ex-
tract. However, this may also increase the risk of thermal degrada-
tion of the fiber, which can increase void development and affect
the fiber’s mechanical properties. This problem, however, can be
solved by using a surface treatment that reduces or eliminates
voids by favoring the consolidation of the fiber structure.[45] In
contrast, the fiber extracted by the chemical method, represented
in Figure 6–8 with a different concentration of NaOH (3%, 5%,

Table 2. Chemical compositions of other natural fibers in comparison with
yucca fiber.

Natural
fiber

Country %
cellulose

%lignin %hemicellulose Reference

Sisal India 65–78 9.9 10–14 [39]

Jute United kingdom 72 13 13 [40]

Bamboo Brazil 54.6 21.7 11.4 [10]

Hemp Spain 69.4 5.7 13.0 [41]

Pineapple India 67.3 7.4 16.9 [42]

Yucca Iran 66.36 6.7 19.74 [43]

Yucca Algeria 80.25 10.45 13.75 Present study

Macromol. Mater. Eng. 2024, 2400082 2400082 (6 of 13) © 2024 The Author(s). Macromolecular Materials and Engineering published by Wiley-VCH GmbH
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Figure 5. a) SEM images of yucca fiber extracted by the traditional method, b) image of surface zoomed view x300, c) image of surface zoomed view
x1000.

Figure 6. a) SEM images of yucca fiber extracted by the chemical method using 3% NaOH, b) image of surface zoomed view x300, c) image of surface
zoomed view x1000.

10%), offers a good surface quality, especially with a high con-
centration, SEM images confirm that when the concentration is
higher, the chemical solution attacks and eliminates these im-
purities. In comparison with other categories of fiber, the fiber
extracted by the water retting method proposes a smoother sur-
face quality; the images shown in Figure 9 confirmed that, pos-
sibly due to microorganisms the extraction method is based on
attacks and eliminates all the organic matter from the surface fi-
nal of fiber. It is important to mention the evident existence of
these impurities can be an obstacle and reduce the adhesion be-
tween the bio-fiber and the matrix. Concerning the adhesion, all

images show all categories of yucca fiber have many porosities,
this parameter has a major role in the adhesion between the fiber
and the matrix in bio-composite.[46]

For another part of this analysis, Table 3 shows the diameter
of each category of fiber after measuring with six different places.
The results obtained in this analysis demonstrate that the phys-
ical properties precisely on the fiber diameter are influenced by
the extraction method used. The diameters varied between 62 um
measured in the fiber extracted by the chemical method using 3%
NaOH and 90 um measured in the two extraction methods, tradi-
tional and chemical with 10% NaOH, the fibers extracted by the

Figure 7. a) SEM images of yucca fiber extracted by the chemical method using 5% NaOH, b) image of surface zoomed view x300, c) image of surface
zoomed view x1000.
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Figure 8. a) SEM images of yucca fiber extracted by the chemical method using 10% NaOH, b) image of surface zoomed view x300, c) image of surface
zoomed view x1000.

Figure 9. a) SEM images of yucca fiber extracted by the water retting, b) image of surface zoomed view x300, c) image of surface zoomed view x1000.

water retting and chemical method with 5% NaOH offer a good
diameter of 75 and 85 um respectively.

3.3. FTIR Analysis

FTIR analysis was performed on the Algerian yucca fiber ex-
tracted by various extraction methods. This analysis can be used
to characterize the chemical structure by identifying the func-
tional groups present in each fiber category.[47] Figure 10 shows
the FTIR spectra of Algerian yucca fiber, with two absorbance re-
gions for all samples analyzed, the first range is from 1800 to
600, and the second is from 3800 to 2800. The peaks are visible
in positions 3794, 2924, 2854, 1743, 1643, and 1041 in all types of
extraction methods, and the peak at 1234 is visible for all spectra
except the spectra of fiber extracted by the chemical method using

Table 3. Diameter of all the yucca fiber categories.

Extraction Method D1[um] D2[um] D3[um] D4[um] D5[um] D6[um] Dm
[um]

Water retting 75.33 74.67 72.66 76.66 76 74 74.89

Traditional 90.22 86.18 90.39 88 91.19 90.06 89.34

Chemical – 3%NaOH 62.66 60 64.66 61.34 64 61.33 62.33

Chemical – 5%NaOH 90 88.57 92.89 90.42 87.15 92.99 90.34

Chemical –
10%NaOH

83.08 84.02 84.33 83.5 86.53 86.53 84.67

5% and 10% of NaOH. The biggest difference between the spec-
tra is the peak’s width, resulting from the difference in chemical
composition rates in each fiber category.[48]

Peak visualized in the specified range from 3400 to 3800 in
the spectrum, assigned to OH Stretching Vibration of the OH
group in cellulose.[4] Therefore, in this zone, a peak of 3794 was
observed. The peaks at 2924 and 2854 can be represented by
the C─H stretching vibration of CH and CH2 in cellulose and
hemicellulose components.[49] The zone between 1600 and 1800
has two peaks 1743 and 1643, which can be due to the exis-
tence of C═O the stretching vibration of the C═O bonds in the
acetyl groups, and alkene C═C of hemicellulose in the structure
of yucca fiber respectively.[50–52] The peak at 1234 present in the
spectra of fiber extracted by water retting, traditional and chem-
ical methods using 3% NaOH indicates that the fibers in these
categories exhibit bending vibrations of C─OH bonds within the
cellulose molecular.[53] Several researchers consider the peaks in
the 1200–1000 zone to indicate the presence of C─O─C, O─H,
and C─O stretching of celluloses and hemicellulose.[54,55] In this
study, only one peak is found in this zone at 1041, confirming
that the Algerian yucca fiber has the C─O Stretching in cellulose,
hemicellulose, and lignin.[54]

3.4. X-ray Diffraction

The XRD patterns of Algerian Yucca fiber extracted by several
methods are shown in Figure 11. Three main peaks are identi-
fied ≈15, 22, and 34 degrees in all charts. The peaks ≈15°−16°

Macromol. Mater. Eng. 2024, 2400082 2400082 (8 of 13) © 2024 The Author(s). Macromolecular Materials and Engineering published by Wiley-VCH GmbH
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Figure 10. FTIR spectra of all extraction methods of yucca fiber.

and 34° are attributed to the amorphous nature of the fiber. The
clearer and more accentuated peak at 22° in all the plots repre-
sents the crystalline nature of the structure of this bio-fiber. Table
4 delineates the exact peaks identified (amorphous and crystalline

Figure 11. XRD of all categories of yucca fiber.

peaks), the calculated crystallinity index, and the crystallite size in
a comprehensive manner.

The crystallinity index (C.I.) of Algerian yucca fibers extracted
by different extraction methods varies between 0.61 and 0.70,
which is closer to the literature.[25,56] Also according to the cal-
culated results, the size of the crystallite is inversely proportional
to the crystallinity index, where the highest index is for the fiber
extracted by water retting with C.I ≈70% but it is the lower crystal-
lite size with 1.73 nm. Otherwise, the crystallinity index has a con-
siderable impact on the mechanical properties of the fiber, when
the index increases; there is a proportional increase in tensile
strength. The mechanical test results on the fiber confirm this ob-
servation and the literature.[25] The principal peaks of diffraction
were found ≈2𝜃 = 15.8, 16.1, 22.3, and 34.8 which correspond
to the Miller index (101), (101̅), (002), and (040) respectively, ac-
cording to the literature.[50] Based on crystalline planes, Alge-
rian Yucca fiber was classed as cellulose I.[57] In closing, these
results demonstrate that Algerian yucca fiber is essentially semi-
crystalline in structure.

3.5. Single Fiber Tensile Properties

3.5.1. Statistical Aggregation

The results of mechanical tests (all data can be found in the
Supporting Information section) on Algerian yucca fiber were
treated using two different data analysis methods. First, the clas-
sic method, which is presented in Table 5, the average calcula-
tion of the results obtained for each type of fiber showed that the
fiber extracted by the water retting method is the highest, with
a strength of up to 467 MPa, followed by the fiber extracted by
the traditional method with a strength of 444.7 MPa. A variation
in results was observed in the chemical extraction method using
NaOH with resistance varying by 456.2, 443.4, and 235.8 MPa, for
NaOH concentrations of 3%, 5%, and 10%, respectively. How-
ever, the results obtained in the strain show that the fiber ex-
tracted by water retting had the best result with a rate of 4.30%,

Macromol. Mater. Eng. 2024, 2400082 2400082 (9 of 13) © 2024 The Author(s). Macromolecular Materials and Engineering published by Wiley-VCH GmbH

 14392054, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/m

am
e.202400082 by T

est, W
iley O

nline L
ibrary on [21/09/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

http://www.advancedsciencenews.com
http://www.mame-journal.de


www.advancedsciencenews.com www.mame-journal.de

Table 4. Results were calculated using XRD analysis.

Extraction method Amorphous peaks [°] Crystalline Peaks [°] Crystallinity Index [%] Crystallite Size[nm]

Water retting 15.86 / 34.72 22.40 70.77 1.73

Traditional 15.86 / 34.62 22.30 68.12 1.75

Chemical 3%NaOH 16.05 / 34.81 22.30 65.90 1.76

Chemical 5%NaOH 15.86 / 34.81 22.49 65.57 1.84

Chemical 10%NaOH 16.14 / 34.81 22.30 61.75 2.04

Figure 12. Tensile test results on yucca fiber extracted by: A) water retting, B) traditional method, C) Chemical 10% NaOH, D) Chemical 5% NaOH, E)
Chemical 3% NaOH.

possibly due to the rate of hemicellulose present in the fiber,[14]

followed by fiber extracted using the traditional method with
a rate of 3.27%. Afterward, the fiber extracted by the chemical
method was recorded with a rate of 2.64%, 2.79%, and 2.61% for
the concentrations of 3%, 5%, and 10% NaOH, respectively.

Although this method of analysis is quicker and easier, in our
case, the study of natural fiber with more numerous samples may

lead to problems or defects in the final results. Therefore, this
method is sensitive to outliers and does not consider extreme val-
ues obtained from fibers with surface cracking problems or fibers
with low physicochemical properties. Figure 12 shows the tensile
test results on Algerian yucca fiber for all the extraction methods
in a graph form. As can be seen in this figure, there are a vari-
ety of results for each type of fiber, and since the natural fibers

Table 5. Tensile test results of yucca fiber analyzed by the classical method.

Extraction methods Tensile strength [MPa]
[Mean]

SD [MPa] Young’s modul
[Gpa] [Mean]

SD [GPa] Strain [%] [Mean] SD [%]

Water retting 467 98.5 14 2.86 4.3 0.81

Traditional 444.74 133.54 13.57 5 3.27 1.15

Chemical 3% 456.23 97.93 16.78 3.94 2.64 0.66

Chemical 5% 443.4 130.57 16.84 3.25 2.79 0.76

Chemical 10% 235.83 42.02 9.51 2.75 2.61 0.61

Macromol. Mater. Eng. 2024, 2400082 2400082 (10 of 13) © 2024 The Author(s). Macromolecular Materials and Engineering published by Wiley-VCH GmbH
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Table 6. Tensile test results of yucca fiber.

Extraction method Tensile strength
[MPa]

Young’s modul
[Gpa]

strain [%]

Water retting 690.48 16.13 4.28

Traditional 685.48 15.65 4.38

Chemical 3% NaOH 673.06 19.01 3.54

Chemical 5% NaOH 657.94 18.02 3.65

Chemical 10%NaOH 373.68 14.82 2.52

may not be homogeneous.[58] Consequently, this may generate
a wrong value in the final result for this type of fiber. However,
a decision analysis method (TOPSIS) will be used to define the
mechanical properties of the fiber closest to the correct value.

In another context, in the application of yucca fiber in the com-
posite field, this type of fiber may present a certain heterogene-
ity, and the forces and loads applied may not be distributed uni-
formly over all the fibers of the same value. Moreover, the fibers
with the best performance may resist and withstand the forces
applied compared with the fiber with the lowest performance.
Hence, according to this opinion, the most correct value of yucca
fiber is the value of the fiber with the best performance.

3.5.2. Achievement of TOPSIS

The results of tensile tests on yucca fibers, extracted by different
methods, have been systematically compiled in Table 6. Subse-
quent to employing the TOPSIS method to identify the most fa-
vorable results from the 20 tests within each category with im-
portance of (50% for Tensile strength, 30% for Young’s mod-
ulus, and 20% for strain). These criteria have a major influ-
ence on the final choice of material for the required applica-
tion, and each of these parameters has advantages in the final
properties of the bio-composite subsequently. It becomes appears
that the fiber extracted using the water retting method exhib-
ited a higher mechanical strength with 690.48 MPa this indi-
cates that the microorganisms degrade the non-cellulosic part
of the fiber while preserving the cellulosic component, thereby
imparting good mechanical properties. Afterward the fiber ex-
tracted with the traditional method yielded good results with a
resistance of 680.48 MPa, as a consequence of the extraction
methodology in which non-cellulosic components were manu-
ally separated, an impact on the fiber’s mechanical properties was
observed. However, the fiber extracted by the chemical method
showed good mechanical properties, especially at 3% and 5%
NaOH concentrations, where the tensile strength was measured
at 673.06 and 657.94 MPa respectively, and this validates the effi-
ciency of the chemical extraction method in eradicating organic
matter.[59] On the other hand, the 10%NaOH concentration has
a negative effect on yucca fiber’s mechanical properties, where
the tensile strength is ranked the lowest in this study as a value
of 373.68 MPa, this might be attributed to degradation resulting
from the high chemical concentration during a 5 h period. The
large difference between the tensile strengths for fiber extracted
by the chemical method using 10% of NaOH and the other fibers
extracted by several methods is relative to the rate of the cellulose
in their chemical composition, as is the chemical component that

makes the fiber stronger.[13] These varieties of results support the
view that the percentage of chemical contents has a considerable
influence on the mechanical properties of the fiber,[15] and the
diversity of mechanical properties reported in this study is inti-
mately linked to the impact of the extraction method.

However, the use of the TOPSIS method in the analysis of me-
chanical results showed an increase in the performance of Alge-
rian yucca fiber, ≈40–45%. This improvement was justified by the
influence of the result analysis method on the final results, where
the TOPSIS method is more favorable to correct values. The ap-
plication of a variety of analytical methods may lead researchers
and manufacturers to a better understanding of the properties of
this natural yucca fiber.

Table 7 Shows further results on the mechanical properties of
different types of natural fibers. As shown in this table, the Alge-
rian yucca fiber in this study has superior mechanical properties
to several other natural fibers, as well as to Iranian yucca fiber.

4. Conclusion

Natural fibers play an essential role in the reinforcement of a
bio-composite, offering a sustainable, environmentally friendly
alternative at a low cost. In this study, a new yucca fiber was ex-
tracted from the leaves of the yucca plant using various extraction
methods. Several techniques and technologies were used in this
research to evaluate the extraction methods and their influence
on the physicochemical and mechanical properties of this type
of natural fiber before determining their application as a rein-
forcement for a bio-composite material. The key findings may be
summarized as follows:

• Natural fiber obtained from the yucca plant may be extracted
by different extraction methods.

• The extraction method employed plays an important factor in
the final properties of the natural fiber.

• The mechanical properties showed a direct relation with the
crystallinity index (C.I.) and the chemical composition of the
biofiber.

• Even without treatment, yucca fiber has proved to have good
mechanical and physicochemical properties.

• The fiber obtained by the water retting method offers the best
fiber quality due to its chemical properties with a cellulose con-
tent of 80%, a high crystallinity index of 70%, and a good ten-
sile strength at 690 MPa, otherwise, the fiber offers excellent
surface quality.

• From a practical point of view, focusing on the integration of
the best-performing fibers may lead to substantial innovations
and improvements in the natural fiber field, through the de-
velopment of new technologies and methods.

• Yucca fiber may be a good reinforcement for the development
of a new bio-composite material.

The development of a new bio-composite reinforced with
yucca fiber would be recommended, as the fiber has given very
good results in terms of its mechanical and physicochemical
properties. This area of research is part of a global plan to develop
more sustainable and environmentally friendly materials, partic-
ularly to replace conventional plastic-based materials. Future re-
search would involve studying the properties of bio-composites

Macromol. Mater. Eng. 2024, 2400082 2400082 (11 of 13) © 2024 The Author(s). Macromolecular Materials and Engineering published by Wiley-VCH GmbH
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Table 7. Comparison of tensile test results of yucca fiber with other types of natural fiber.

Natural fiber Extraction method Tensile strength [MPa] Young’s modul [Gpa] Strain [%] Reference

Yucca Water retting 690.48 16.13 4.28 Present
study

Sisal Raspador machine 422.0 3.431 2.42 [1, 60]

jute Mechanical process 331-414 28.43 2.56 [61]

Bamboo - 262 9.8 2.7 [62]

Pineapple Water retting 630 9 7.9 [55]

Jute Water retting 700 - 2.5 [63]

Kenaf Water retting 775 56 1.75 [64]

Bamboo Steam explosion 615-862 35.45 4.11 [61]

Iranian Yucca Traditional method 605.11 11.34 6.12 [43]

obtained by combining yucca fibers with polymer matrices. This
approach could explore new opportunities for using natural re-
sources while reducing the environmental impact.
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