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Abstract. The aim of this research was to determine the microcrystalline cel-
lulose content in water hyacinth collected from Limboto Lake, Gorontalo. The
stems of water hyacinth underwent a powder extraction technique to obtain alpha-
cellulose, which was subsequently subjected to hydrolysis using HCI at concen-
trations of 2 N, 2.5 N, 3 N, 3.5 N, and 4 N. The results of microcrystalline cel-
lulose hydrolysis are subsequently identified through several methods, including
the use of iodine-potassium iodide solution, organoleptic testing, pH analysis,
and qualitative tests involving solubility and starch content. The research results
indicated that the alpha-cellulose obtained from the powder extraction technique
weighed 320 grams, with microcrystalline cellulose yields of 77.13%, 74.05%,
72.82%, 60.77%, and 60.44% for the respective concentrations of HCl. pH anal-
ysis of the hydrolysis products for each HCI concentration revealed pH values of
6.82,6.72,6.62,5.24, and 5.18. Solubility tests were conducted to assess whether
the samples contained strong hydrogen bonds, making them insoluble in various
solvents. he results showed that microcrystalline cellulose was insoluble in four
solvents: water, 95% alcohol, 2 N HCI, 1 N sodium hydroxide, and ether. Qual-
itative testing for starch or carbohydrate content using iodine demonstrated that
microcrystalline cellulose did not contain starch.
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1 Introduction

Gorontalo Province, located on the northern coast of Sulawesi Island, Indonesia, boasts
abundant natural resources, including the captivating Lake Limboto. This lake not only
offers breath-taking natural beauty but also plays a crucial role in maintaining the re-
gional ecosystem’s balance and supporting the livelihoods of the surrounding commu-
nities. However, in recent years, Lake Limboto has faced a significant threat in the form
of the rapid proliferation of water hyacinth (Eichhornia crassipes), an invasive aquatic
plant. Water hyacinth (Eichhornia crassipes), belonging to the Pontederiaceae family,
is a type of floating aquatic plant whose growth is extremely difficult to control, lead-
ing many to consider it a widespread aquatic weed in Indonesian water regions. Water
hyacinth is categorized as an aquatic weed due to its rapid proliferation and its ability
to adapt to changing environments, allowing it to thrive in both tropical and subtropical
regions [1]. The ecological and social issues arising from the proliferation of water hy-
acinth in Lake Limboto are becoming increasingly urgent to address. Despite its natural

© The Author(s) 2025

H. S. Panigoro et al. (eds.), Proceedings of the 2nd International Conference on Sciences, Mathematics, and
Education 2023 (ICOSMED 2023), Advances in Social Science, Education and Humanities Research 927,
https://doi.org/10.2991/978-2-38476-410-5_24


https://doi.org/10.2991/978-2-38476-410-5_24
http://crossmark.crossref.org/dialog/?doi=10.2991/978-2-38476-410-5_24&domain=pdf

240 A. Lukum et al.

beauty, Lake Limboto also plays a significant ecological role in maintaining the bal-
ance of the regional ecosystem [2]. The lake serves as a habitat for various fish species,
birds, and other aquatic organisms, contributing not only to biodiversity but also pro-
viding crucial resources for the surrounding communities in the form of fisheries and
coastal agriculture. Unfortunately, the expansive growth of water hyacinth has posed a
threat to the integrity of Lake Limboto’s ecosystem. Its invasive nature and rapid prolif-
eration have led to a decline in the lake’s water quality and disruptions in its waters [3]
[4] [5]. The high oxygen demand of water hyacinth can result in reduced oxygen levels
in the water, endangering the lives of fish and other aquatic organisms. Additionally,
this plant has the capability to absorb nutrients such as phosphorus and nitrogen from
the water, which can lead to lake eutrophication [6] [7]. Eutrophication is a condition
in which high nutrient concentrations cause excessive algae growth, ultimately harm-
ing freshwater ecosystems and jeopardizing the sustainability of lake fisheries [8]. The
social issues associated with water hyacinth cannot be disregarded either. Local fisher-
men, who depend on the lake for their livelihoods, face serious challenges in accessing
the waters and conducting fishing activities. Limited mobility and the additional costs
incurred in clearing water hyacinth pose a significant burden on the local economy [9].
Hence, efforts to control and manage the expansion of water hyacinth in Lake Limboto
have become imperative. Controlling water hyacinth in Lake Limboto is no easy task.
Therefore, a deeper understanding of its key components, such as cellulose, can pave the
way for the development of more effective control methods. Cellulose is a primary com-
ponent in plant cell walls and is a valuable natural resource with various applications
in industries like paper production, textiles, and biofuels [10] [11] [12]. Furthermore,
the identification of microcrystalline cellulose within water hyacinth could also open up
new opportunities in the development of sustainable products and technologies, such as
bioplastics, bioenergy, and various value-added products [13], [14] Identifying micro-
crystalline cellulose in water hyacinth is an essential initial step in comprehending its
physicochemical properties. A better understanding of the structure and characteristics
of water hyacinth cellulose can aid in designing effective solutions to address the eco-
logical and social issues arising from its excessive growth, especially in Lake Limboto,
Gorontalo, Indonesia. Water hyacinth, with its strong fiber properties and composition
comprising 8% hemicellulose, 17% lignin, and 60% cellulose, holds tremendous poten-
tial [15]. Hemicellulose, as a shorter glucose polymer than cellulose, adds flexibility to
water hyacinth fibers, enabling their use in various applications such as paper produc-
tion and bioenergy [16]. Lignin, providing additional strength to plant cell walls, influ-
ences the mechanical and chemical properties of these fibers, and in specific contexts,
lignin can add value, especially in biofuel production [17]. Cellulose, being the primary
component, with a content of 60%, makes water hyacinth a valuable natural resource.
Cellulose finds use in diverse industries, including paper manufacturing, textiles, and
other cellulose-based products [18]. Research on the identification of microcrystalline
cellulose in water hyacinth from Lake Limboto is highly relevant for resource manage-
ment. The information gathered from this research can serve as a foundation for more
effective policies, inspire technological innovations, and provide valuable knowledge to
the local community on how to sustainably utilize water hyacinth to address the ecolog-
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ical and social issues associated with its growth in Lake Limboto, Gorontalo Province,
Indonesia.

2 Method

2.1 Materials

The materials used in this research include water hyacinth stems sourced from Lake
Limboto, Gorontalo, as well as chemicals such as nitric acid (HNO3) 3.5%, hexane,
ethanol, sodium sulfite (Na;SO3) 2%, sodium hydroxide (NaOH), hydrogen peroxide
(H202) 2%, hydrochloric acid (HCI) 37%, and distilled water.

2.2 Sample Preparation

TWater hyacinth stems were washed and cleaned of impurities, then cut into approx-
imately 1 cm-sized pieces. Subsequently, they were dried under sunlight for approxi-
mately 6 days and finely powdered using a blender to obtain coarse powder. Afterward,
the coarse powder was sieved through a 100-mesh screen, resulting in water hyacinth
stem powder ready to be used as a raw material for microcrystalline cellulose produc-
tion.

2.3 Cellulose Extraction

500 grams of water hyacinth stem flour were extracted using a heptane-ethanol mixture
(1:2 v/v) in a reflux apparatus for 6 hours. After the extraction process was completed,
it was allowed to cool to room temperature, and then filtration was performed. The
residue obtained from the filtration process was washed with distilled water until it
reached a neutral pH, and the solid waste was subsequently dried at room temperature.
The water hyacinth stem flour was then mixed with 1 liter of 3.5% nitric acid containing
40 mg of sodium nitrite, and this mixture was placed in a 5-liter beaker glass. The
solution was heated in a water bath at 90°C for 2 hours. After heating, the water hyacinth
stem flour was washed with distilled water and filtered through filter paper. The residue
obtained from the filtration process is combined with a 2% NaOH solution and heated
to a temperature of 50°C for 1 hour. After being heated, the solid was washed and
filtered. Next, a bleaching process was performed to remove lignin using a 500 mL
H, O, solution and it was heated for 10 minutes. The solution was washed and filtered
again, and the residue from the filtration was dissolved in 300 mL of 17.5% NaOH
solution and heated at 80°C for 30 minutes. The precipitate obtained was washed with
water, dried in an oven at 60°C for 1 hour, resulting in -cellulose.

2.4 Microcrystalline Cellulose Extraction

50 grams of cellulose was placed in an Erlenmeyer flask and hydrolyzed using HCI
solution (2 N, 2.5 N, 3 N, 3.5 N, and 4 N) by boiling it for 15 minutes. The microcrys-
talline cellulose produced from this process was then washed with distilled water until
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it reached a neutral pH, filtered, and dried in an oven at 57-60°C for 1 hour. The ob-
tained microcrystalline cellulose was subsequently ground and stored in a desiccator at
room temperature. The yield of microcrystalline cellulose is obtained from the percent-
age ratio between the dry weight of microcrystalline cellulose resulting from hydrolysis
and the weight of the alpha-cellulose used. The calculation of microcrystalline cellulose
yield is based on the dry weight of the material.

Weight of MC
%Yield = — &9 (1)
Weight of « - cellulose powder

2.5 Microcrystalline Cellulose Identification

A total of 0.01 grams of the sample was placed in a watch glass container and mixed
with 2 mL of iodine-potassium iodide solution. Observations were made regarding
any color changes that occurred. If the compound turned blue-violet, it indicated that
the sample was Microcrystalline Cellulose (MCC). The organoleptic characteristics of
MCC are assessed by placing the sample on a white surface and observing its shape,
color, and odor. The pH value determination is carried out by dissolving microcrys-
talline cellulose in 100 mL of distilled water for 5 minutes. Subsequently, the pH is
measured using a pH meter.

2.6 Qualitative Testing (Solubility and Starch)

Solubility testing was conducted using four different solvents: water, 95% alcohol, 2 N
HCI, 1 N sodium hydroxide and ether. For the starch test, 10 mg of powder was added
to 90 mL of distilled water and heated for 15 minutes. Subsequently, the solution was
filtered while still hot. After cooling, 0.1 mL of 0.05 M iodine solution was added to
the filtrate.

3 Result and Discussion

3.1 Cellulose Extraction

Powdered water hyacinth is extracted using a mixture of ethanol and n-hexane (2: 1 v/
V) to remove extractive substances present in the stem powder of water hyacinth, such
as fats, proteins, and others. This extraction process is intended to cleanse or purify the
water hyacinth powder from unwanted components, resulting in a higher level of pu-
rity for the powder. Furthermore, the residue is acidified with nitric acid, with a small
amount of sodium nitrite added because it is known to react very quickly with cellu-
lose. The obtained residue is then subjected to delignification to remove the contained
lignin using a sodium hydroxide solution with a pH range of 7-10. This process can
dissolve beta cellulose and gamma cellulose while not affecting alpha cellulose. Fur-
thermore, it can effectively dissolve up to SOthe lignin content. The bleaching process,
aimed at removing pigments, uses peroxide to eliminate any remaining lignin in the
pulp. The bleaching process results in cellulose becoming brighter or whiter in color
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[19], [20]. During the alkali heating process using Sodium Hydroxide (NaOH) solu-
tion, cellulose pulp or slurry with a yellow-brownish color forms and settles within
the NaOH solution. Alkalinization is carried out by immersing the fibers in an alkaline
solution, namely sodium hydroxide solution. When subjected to alkali treatment, the
fibers turn brown, and the previously white sodium hydroxide solution also changes to
brown after the fibers are immersed. This color change indicates that impurities such as
lignin and ash that adhere to the water hyacinth fibers dissolve in the NaOH solution
[21]. NaOH particles enter the water hyacinth material and break down the lignin and
hemicellulose structure, reducing lignin content and increasing cellulose content in wa-
ter hyacinth [22]. During the alkalinization process, lignin in the fibers reacts with the
NaOH alkaline solution. can seen in figure 1.

H,COH HyCOH

|131

HC=0 v

H—0—CH OCH, CH
@

0CH, ocH, -0
ocH,

Fig. 1. Alkalinization process

During the alkalization process, lignin reacts with the dissociated NaOH solution,
which forms Na* and OH™ ions. The OH™ ions react with H groups in lignin, result-
ing in the formation of H>O. This causes oxygen (O) groups to form free and reactive
radicals that interact with carbon (C) to create epoxy rings (C-O-C), leading to a series
of bond cleavages on the oxygen groups. This reaction produces two separate benzene
rings, each with reactive oxygen groups. These reactive oxygen groups then react with
Na+ and dissolve in the alkaline solution, effectively removing lignin during the rins-
ing process. Therefore, to optimize the properties of cellulose, an alkali treatment is
performed using NaOH solution, aiming to eliminate lignin and reduce the fiber’s di-
ameter [23]. The alkalization process leads to the breaking of lignin bonds due to the
diffusion of lignin into the alkaline solution, causing lignin to dissolve in the solvent.
Additionally, heat is applied during this process at a temperature of 80°C, resulting
in the fragmentation of lignin into smaller particles, which detach from cellulose and
hemicellulose and subsequently dissolve in the alkaline solvent. Furthermore, hemi-
cellulose undergoes degradation because its degree of polymerization is lower, and its
polymer structure is non-linear and branched, making it less crystalline and more sus-
ceptible to chemical reactions in the solution. In contrast, cellulose is less susceptible to
degradation compared to hemicellulose and lignin due to its crystalline structure, which
provides resistance to both chemical and mechanical degradation [24].
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3.2 Microcrystalline Cellulose Extraction

During the extraction of microcrystalline cellulose from alpha-cellulose using the hy-
drolysis method with varying HCI concentrations (2 N, 2.5 N, 3 N, 3.5 N, and 4 N),
partial separation occurs in the components of cellulose microfibrils. In this process,
the amorphous form of cellulose is broken down, leaving behind the crystalline struc-
ture, which is the region of cellulose molecules organized in an orderly manner. The
purpose of this process is to cut the polymer into smaller (micro) sizes with a low de-
gree of polymerization, where n 220, resulting in microcrystalline cellulose.

There is a change in color before and after heating in the hydrolysis process, where
the color of the solution in samples with the addition of HC1 3.5 N and 4 N slightly turns
brown. This is due to glucose that dissolves at higher HCI concentrations. The higher the
concentration of HCI used, the lower the yield of microcrystalline cellulose produced,
while lower HCI concentrations result in higher microcrystalline cellulose yield. This
occurs because higher HCI concentrations lead to a more perfect hydrolysis process,
resulting in more glucose monomers dissolving during washing [25]. The results can
seen in figure 2.

100
80
60 ;‘

SN

2 2.5 3 3.5 4
HCI conc.

% Yield

Fig. 2. Percentage Yield of Water Hyacinth MCC

Microcrystalline cellulose is partially purified cellulose derived from o-cellulose
obtained as pulp from fibrous plants using mineral acids. This cellulose typically has
a degree of polymerization usually less than 400, with no more than 10% of particles
having sizes less than 5 m2. Generally, microcrystalline cellulose ranges in length from
1 to 100 m with a crystallinity percentage ranging from 55 to 85%. Commercially,
microcrystalline cellulose can be obtained from wood and non-wood lignocellulosic
materials, one of which is water hyacinth [26]. Partial hydrolysis of cellulose will result
in microcrystalline cellulose, while complete hydrolysis of cellulose will yield glucose.
The use of HCl in hydrolysis leads to the complete gelatinization of all starch and pro-
duces a hydrolysate that is easy to filter, along with the development of color due to
non-specific catalysis [27]. Impure starch containing protein contaminants will also un-
dergo hydrolysis when HCl is used, which is the cause of the brown color appearing
in the product. The observations conducted indicate that all microcrystalline cellulose
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samples have the same shape, color, and are odorless when treated with HCI 2 N, 2.5
N, and 3 N. This suggests that the addition of chemical compounds such as acid solu-
tions does not alter the physical appearance of the resulting microcrystalline cellulose
product. However, in the case of microcrystalline cellulose treated with HC1 3.5 N and
4 N, there is a change in color, becoming slightly brownish. This change is possibly
due to the excessively high acid concentration, which results in the complete hydrolysis
of cellulose into glucose and its hardening into caramel. Therefore, further research is
necessary to confirm this possibility.

3.3 Microcrystalline Cellulose Identification

A solution of zinc chloride iodine is used in the identification of microcrystalline cel-
lulose due to its distinctive properties when interacting with cellulose. This reaction is
known as the cellulose color test. When microcrystalline cellulose powder is placed in
a solution of zinc chloride iodine, complex formation and a color change occur. Cel-
lulose is a polymer consisting of long chains of glucose sugar molecules connected by
B-1,4-glycosidic bonds. Each glucose unit has hydroxyl groups (-OH) involved in com-
plex formation with iodine ions. Iodine ions (I3 ™) are present in the zinc chloride iodine
solution. These ions have the ability to form hydrogen bonds with the hydroxyl groups
(—OH) on cellulose. When a sample containing MCC is mixed with a zinc chloride io-
dine solution, there is an interaction between the hydroxyl groups on cellulose and the
iodine ions in the solution. This interaction results in the formation of a complex known
as the Cellulose-Iodine Complex [28]. The formation of the Cellulose-Iodine Complex
is often accompanied by a color change in the sample. Samples that were initially col-
orless or had a different color will turn blue or violet. This color change occurs due to
the formation of bonds between the hydroxyl groups on cellulose and iodine ions, cre-
ating a complex with a different wavelength and optical properties. The blue or violet
color change in cellulose from water hyacinth is an indicator that the sample contains
microcrystalline cellulose.

Table 1. Results of Identification of MCC

Concentration|Color formed
20N Blue
25N Blue
30N Light Blue
35N Light Blue
40N Light Blue

The Cellulose-Iodine Complex has unique characteristics, and the blue or violet
color change is used as a distinctive feature in the identification of microcrystalline cel-
lulose in various laboratory and industrial applications. Microcrystalline Cellulose is
a material used in various industries, especially in the pharmaceutical, food, and cos-
metic industries. One of the key characteristics of microcrystalline cellulose is that it is
in the form of a white powder and is odorless [29]. Both of these properties are crucial
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in many applications and have various implications. Based on observations, microcrys-
talline cellulose from water hyacinth is in the form of a white powder and is odorless.
Microcrystalline Cellulose must have a very high level of purity for pharmaceutical
and food applications. Its natural white color serves as a good indicator of purity. This
means that during the production process of microcrystalline cellulose, contaminants
and foreign substances are completely removed. This quality is essential in the manu-
facturing of safe and effective pharmaceutical products. Microcrystalline Cellulose is
often used as a filler or binder in pharmaceutical tablets and dietary supplements, mak-
ing its clean, white appearance highly appreciated. The white color of microcrystalline
cellulose makes it compatible with various product formulations. This allows Micro-
crystalline Cellulose to be used in various products without affecting their final appear-
ance or color. The absence of odor in microcrystalline cellulose makes it a comfortable
material to use in products that will be consumed or applied to the skin. Unwanted
odors can disrupt the consumer experience. The lack of odor is an additional indication
of the purity of microcrystalline cellulose. Unknown or chemical odors can be a sign
of contamination or undesirable reactions in the material. Being odorless, microcrys-
talline cellulose is considered safer to use. Odorless microcrystalline cellulose provides
flexibility in products where specific aromas or flavors need to be introduced without
mixing with the smell of other ingredients. This gives manufacturers the freedom to
create desired flavor and aroma profiles [30]. Microcrystalline Cellulose generally has
arelatively neutral pH, typically around 5-7. pH measurements indicate that microcrys-
talline cellulose derived from water hyacinth hydrolysis at various HCI concentrations
falls within the pH range of 5 — 7.5, meeting the required criteria. This means that mi-
crocrystalline cellulose is neither too acidic (with a pH below 5) nor too alkaline (with a
pH above 7.5). In most industrial applications, particularly in the pharmaceutical, food,
and cosmetic sectors, MCC with a near-neutral pH is essential. A pH value lower than

Table 2. pH of Microcrystalline Cellulose

Concentration| pH
20N 6.87
25N 6.72
30N 6.62
35N 5.24
40N 5.18

5 or higher than 7.5 can lead to overreactions, potentially reducing the quality of the
resulting microcrystalline cellulose [31]. Overreactions refer to chemical reactions that
occur rapidly or more forcefully than desired when two or more chemicals interact. In
the context of microcrystalline cellulose, this implies that when microcrystalline cellu-
lose with a pH outside the neutral range is used in formulations with active substances
or other materials, there is a high likelihood of overreactions taking place. These over-
reactions can result in issues such as degradation of active substances, changes in the
physical or chemical properties of the product, or a decrease in formulation effective-
ness. The use of microcrystalline cellulose with a pH value outside the neutral range
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in formulations with active substances can lead to a decrease in the quality of both the
microcrystalline cellulose itself and the final products containing it. Microcrystalline
cellulose that undergoes overreactions or undesired reactions can lose some of its de-
sired properties, such as binding strength, solubility, or physical stability [32] This can
reduce the quality of microcrystalline cellulose used in various applications, including
pharmaceuticals, food products, or cosmetics.

3.4 Qualitative Testing (Solubility and Starch)

The solubility test results on the sample of microcrystalline cellulose powder indicate
that microcrystalline cellulose is insoluble in five solvents tested, namely distilled wa-
ter, ether, HCI (hydrochloric acid), NaOH (sodium hydroxide), and alcohol. The strong

Table 3. Microcrystalline Cellulose Solubility Test

Solvents |Observation Result
Distilled Water Insoluble

Ether Insoluble
HCl Insoluble
NaOH Insoluble
Alcohol Insoluble

hydrogen bonds between the hydroxyl groups in the adjacent chains of the crystalline
structure of microcrystalline cellulose are the primary factor that makes it difficult to
dissolve in various solvents [33]. The hydroxyl groups from one glucose unit strongly
interact with the hydroxyl groups on other glucose units. These hydrogen bonds lock
the glucose chains into a dense crystalline structure. When attempting to dissolve mi-
crocrystalline cellulose in solvents, these strong hydrogen bonds hinder the separation
and mixing of cellulose molecules with the solvent. The hydroxyl groups on cellu-
lose prefer to interact with other hydroxyl groups rather than dissolve in the solvent.
As a result, microcrystalline cellulose remains in its solid form, making it challenging
to disperse in solvents like distilled water, ether, HCI, NaOH, and alcohol. Distilled
water, which is typically considered a universal solvent for many substances, fails to
dissolve microcrystalline cellulose. The strong hydrogen bonds between the hydroxyl
groups in cellulose make it less prone to interact with water molecules. As a result,
microcrystalline cellulose tends to be insoluble in water due to the stronger hydrogen
bonds between cellulose molecules compared to the hydrogen bonds between cellu-
lose and water. This lack of solubility indicates that the substance does not readily in-
teract or mix with water, thereby demonstrating hydrophobic properties. Additionally,
when exposed to ether, another common organic solvent, microcrystalline cellulose re-
mained insoluble. This result implies that the cellulose structure exhibits resistance to
dissolution in non-polar solvents. Furthermore, tests using HCl and NaOH, which are
strong acids and bases, respectively, demonstrated that microcrystalline cellulose did
not undergo significant chemical reactions leading to dissolution. Despite the strength
of HCI and NaOH as acids and bases, microcrystalline cellulose remains insoluble due
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to the hydrogen bonds that firmly hold the cellulose structure together. While HCI and
NaOH can interact with cellulose, their strength is insufficient to disrupt the internal
hydrogen bonds within cellulose, which would otherwise break down its structure. This
suggests that microcrystalline cellulose maintains its structural integrity even when ex-
posed to extreme pH conditions. Finally, alcohol, which is often used as a solvent for
various compounds, is also incapable of dissolving microcrystalline cellulose. This is
due to the strong hydrogen bonds between the hydroxyl groups on cellulose, reducing
its affinity for alcohol, making microcrystalline cellulose less soluble in alcohol as well.
These findings can have significant implications in the application of microcrystalline
cellulose in various industries. For example, in pharmaceuticals, microcrystalline cel-
lulose can be used as a filler or binder in tablets that need to maintain their integrity
in slow-release acidic solvents. Furthermore, the insolubility of microcrystalline cel-
lulose in alcohol can make it a suitable choice for product formulations that should
not dissolve in alcohol, such as certain skincare or cosmetic products. The starch test
aims to determine whether the sample of microcrystalline cellulose still contains starch
or carbohydrates. When a sample containing starch or carbohydrates is reacted with
iodine, it will result in a color change to blue. The research results indicated that mi-
crocrystalline cellulose from water hyacinth does not contain starch. Microcrystalline

Table 4. Microcrystalline Cellulose Starch Test

Sample Observation Result
Water Hyacinth MCC|No blue color appears

cellulose must be free from starch or carbohydrates due to critical considerations of
quality and purity in various industrial applications. The presence of starch or carbohy-
drates in microcrystalline cellulose can disrupt the quality of the end product and render
it unsuitable for use in the pharmaceutical, food, and cosmetic industries. Firstly, in the
pharmaceutical industry, products such as tablets and capsules must meet high purity
standards. The presence of starch or carbohydrates in microcrystalline cellulose can cre-
ate uncertainty in product formulations [34]. This can result in inconsistencies in drug
dosages delivered to patients, which can negatively impact the safety and effectiveness
of medications. Additionally, starch or carbohydrates can affect the solubility, release
rate, and physical stability of pharmaceutical products. Therefore, microcrystalline cel-
lulose used in pharmaceuticals must be completely free from starch or carbohydrate
contamination to ensure the quality and safety of the drugs produced. Secondly, in the
food and cosmetic industries, the appearance, texture, and other organoleptic properties
of the end products are crucial. The presence of starch or carbohydrates in microcrys-
talline cellulose can alter the appearance and texture of products, which can affect the
consumer experience [35]. For example, undesirable changes in color or texture can
disrupt the visual appeal or taste of the product. Therefore, microcrystalline cellulose
used in food and cosmetic applications must be free from starch or carbohydrates to
ensure that the end products meet the aesthetic and organoleptic standards desired by
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consumers. Thus, microcrystalline cellulose that is free from starch or carbohydrates is
key to maintaining the quality and consistency of products in these various industries.

4 Conclusion

Alpha-cellulose extracted from water hyacinth stems underwent hydrolysis with vari-
ous concentrations of HCI. The results of microcrystalline cellulose varied according
to the concentration of HCI used, with a decrease in yield occurring at higher con-
centrations. Analysis of pH revealed a decreasing trend in pH values with increasing
HCI concentration. Furthermore, solubility tests indicated that microcrystalline cellu-
lose was insoluble in various solvents such as distilled water, ether, HCI, NaOH, and
alcohol, indicating the presence of strong hydrogen bonds in its structure. Finally, qual-
itative testing confirmed the absence of starch or carbohydrates in the microcrystalline
cellulose sample. This research provides valuable insights into the characteristics and
properties of microcrystalline cellulose obtained from water hyacinth, which can impact
its applications across various industries.
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