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Abstract 
Background: Microcrystalline cellulose (MCC) is a widely used pharmaceutical excipient 
due to its high compressibility, stability, and inertness in tablet formulations. Tangkit 
pineapple leaves (Ananas comosus), an abundant agricultural waste in Jambi, Indonesia, offer 
a sustainable alternative source for cellulose. Objective: This study reports the preparation 
and characterization of microcrystalline cellulose (ACT-MCC) derived from Tangkit pineapple 
leaves, as well as its physicochemical characteristics in comparison to the commercial 
standard, Avicel PH 102. Methods: MCC was prepared from α-cellulose isolated from dried 
Tangkit pineapple leaves through sequential alkali treatment, bleaching, and acid hydrolysis. 
Results: From 200 g of dried raw material, 19.41% (w/w) α-cellulose was obtained, which 
was then converted to 75% (w/w) MCC, equivalent to 14.56% of the starting material. The 
resulting ACT-MCC had a melting point of 247-250°C, slightly lower than Avicel PH 102 (268-
270 °C). Physicochemical analysis showed a pH of 7.51, total ash 0.318% (w/w), moisture 
3.13% (w/w), and drying loss of 3.42% (w/w), all within pharmacopeial limits. ACT-MCC was 
comparatively fine, odourless, tasteless, and yellowish in appearance. Conclusion: ATC-
MCC demonstrated comparable characteristics to commercial MCC, indicating its potential 
usage as a locally derived pharmaceutical excipient. 
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INTRODUCTION 
Microcrystalline cellulose (MCC) is one of the most widely used excipients in modern 
pharmaceutical manufacturing, especially for solid oral dosage forms, due to its 
advantageous properties such as high compressibility, inertness, biodegradability, and 
multifunctionality as a filler, binder, and direct compression material (1). MCC’s 
physicochemical characteristics directly influence tablet hardness, friability, 
disintegration, and dissolution performance (1,2).  

The quality of MCC is determined by its crystallinity, particle morphology, 
moisture and ash content, density, flowability, hydration capacity, and thermal 
stability (1–3). Commercial MCC is typically produced from wood pulp or cotton linters 
using controlled acid hydrolysis (3,4). Avicel PH-101 and PH-102 are the industry 
standards. However, reliance on these conventional raw materials leads to obstacles 
such as high cost, limited availability, environmental deterioration from deforestation, 
and import dependency in developing countries such as Indonesia (5–7). These 
restrictions emphasise the need for sustainable, locally produced alternatives derived 
from lignocellulosic agricultural waste (4,5,7). 

Agricultural lignocellulosic biomass offers abundant, inexpensive, and renewable 
sources of cellulose (7,8). Prior research demonstrates that MCC can be successfully 
isolated from diverse wastes such as pineapple leaves, cocoa pod husks, ramie fibers, 
and palm nut fibers (3,6,8). Yields and characteristics differ by source for instance, 
MCC from cocoa pod husks yields 38.25% with 43.83% crystallinity, while MCC from 
pineapple leaves achieves ~75% crystallinity, comparable to commercial Avicel 
(81.25%) (3,6). Such variability emphasizes the need to optimize extraction processes 
to obtain high-quality MCC suitable for pharmaceutical applications. Among 
agricultural sources, pineapple leaves (Ananas comosus L.) are particularly promising. 
They contain high cellulose content (26.9%), exhibit good thermal stability (~356°C 
pyrolysis temperature), and are abundantly available (6,9–12). 

 Indonesia, one of the largest global pineapple producers, generates significant 
quantities of pineapple leaf waste up to 70% of total biomass per harvest most of which 
remains unutilized (9,11). Utilizing this biomass aligns with circular economy 
principles by reducing waste, providing economic value to farmers, and supporting 
sustainable industry development (7,11). Tangkit pineapple, an indigenous Indonesian 
cultivar, is a unique and underutilised resource for MCC production. Although there is 
less research on MCC from Tangkit pineapple leaves, other pineapple types have shown 
consistent cellulose output and crystallinity, indicating Tangkit's significant potential 
(6,9,10,12,13). Developing MCC from Tangkit variety supports raw material 
diversification, import substitution, and national pharmaceutical self-sufficiency. 

The isolation process of microcrystalline cellulose (MCC) generally comprises 
several key stages, including raw material preparation, alkali delignification to remove 
lignin and hemicellulose, bleaching to enhance purity and whiteness, and acid 
hydrolysis to obtain microcrystalline fractions (3,8–10,12,14,15). Considering the 
abundance of pineapple leaves and the increasing requirement for sustainable 
pharmaceutical excipients, this study aims to isolate and characterise microcrystalline 
cellulose obtained from Tangkit pineapple leaves (ACT-MCC). Specifically, the aims 
are to isolate the MCC and assess its physicochemical features. The long-term objective 
is to establish ACT-MCC as a viable, environmentally friendly, and locally sourced 
excipient for Indonesia's pharmaceutical industry.  
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METHODS 
Study design and setting  
This experimental study was conducted at the Pharmaceutical Laboratory, Faculty of 
Medicine and Health Sciences, Universitas Jambi, from July to October 2025. 
 
Materials 
Pineapple leaves (Ananas comosus L. Merr., Tangkit variety) were collected from local 
farmers in Tangkit Baru Village, Sungai Gelam District, Muaro Jambi Regency, Jambi 
Province, Indonesia. Reagents, including sodium hydroxide (NaOH), sodium 
hypochlorite (NaClO), and hydrochloric acid (HCl), were obtained from Merck. 
Commercial microcrystalline cellulose (Avicel PH 102, FMC Biopolymer, USA) was 
used as a reference standard. 
 
Procedure and data collection 
The collected pineapple leaves were thoroughly cleansed with water to eliminate dust 
and contaminants before being air-dried for seven days in direct sunlight. Dried leaves 
were oven-dried at 60 °C for 48 h and subsequently ground to a fine powder passing 
through a 24-mesh sieve. The resulting powder, referred to as ACT powder, served as 
the starting material for cellulose isolation. 

Each step was carefully managed to ensure that non-cellulosic components were 
effectively removed while cellulose's crystalline integrity was maintained, resulting in 
high-purity microcrystalline cellulose from Tangkit pineapple leaves. In the first stage, 
alkali delignification was carried out by treating powdered pineapple leaf cellulose with 
a 2% NaOH solution at 80°C for five hours. This method successfully dissolved lignin, 
hemicellulose, and other soluble components. The treated mixture was then filtered, 
washed repeatedly with distilled water until the filtrate achieved a neutral pH, and 
dried in an oven at 60°C overnight to yield the alkali-treated cellulose fraction (5,15–
18). In the second stage, the alkali-treated cellulose was bleached with NaClO solutions 
(1:1 and 1:3) at 75 °C to remove remaining colours and organic impurities, resulting in 
purified α-cellulose.  

The third stage was acid hydrolysis with HCl 2.5 N at 100 °C for 15 minutes to 
selectively break down the cellulose's amorphous areas and produce microcrystalline 
cellulose. The resultant suspension was diluted with cold water, left to stand overnight 
for complete precipitation, filtered, washed till neutral, and oven dried at 60 °C to 
achieve the final ACT-MCC product. (5,15–17,19–22). Pharmacopeial procedures were 
used to determine the physicochemical parameters, such as moisture content, total 
ash, pH, drying loss, and melting point. 
 
Statistical analysis 
Data were expressed as mean ± standard deviation (SD) from triplicate experiments to 
ensure statistical reliability. The physicochemical properties of the isolated ACT-MCC 
were compared to those of commercial microcrystalline cellulose (Avicel PH 102) used 
as a reference standard. 
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Figure 1. Isolation of ACT-MCC 

 
RESULTS 
Tangkit pineapple leaves yielded 19.41% (w/w) α-cellulose when isolated from the 
dried biomass. Acid hydrolysis transformed α-cellulose to microcrystalline cellulose 
(MCC) at a conversion efficiency of 75% (w/w), yielding 14.56% (w/w) more than the 
original dry leaves. These findings show that lignin, hemicellulose, and non-cellulosic 
components were effectively removed throughout the successive alkali delignification, 
bleaching, and acid hydrolysis procedures. The comparatively high cellulose recovery 
is due to Tangkit pineapple leaves' naturally high cellulose content (26.9%) and low 
lignin composition (about 4-5%), which ease chemical treatment and purification. 
 
Table 1. Physicochemical properties of ACT-MCC compared with Avicel PH 102. 

Parameter ACT-MCC Avicel PH 
102 Specification Evaluation 

Appearance & 
Color 

Fine, pale-yellow 
powder White powder – Typical of natural 

MCC 

Odor & Taste Odorless, tasteless Odorless, 
tasteless – Within standard 

pH (1% dispersion) 7.51±0.14 7.42 5.0–7.5 Neutral and stable 
Moisture Content 
(%w/w) 3.13±0.49 3.05 < 5.0 Acceptable 

Total Ash (%w/w) 0.32±0.04 0.31 < 0.5 Acceptable 
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Parameter ACT-MCC Avicel PH 
102 Specification Evaluation 

Loss on Drying (% 
w/w) 3.42±0.36 3.10 < 5.0 Acceptable 

Melting Point (°C) 247–250±2.89 268–270 – Slightly lower than 
Avicel 

 
According to yield estimations, the method has good scalability. Assuming an 

average production of 2-3 tonnes of pineapple leaf waste per hectare per harvest, the 
potential output of MCC can be between 290 and 440 kg per hectare, demonstrating 
the viability of local biomass valorisation for industrial-scale MCC production. The 
isolated ACT-MCC appeared as a fine pale-yellow powder that was odourless and 
tasteless. Table 1 compares ACT-MCC's physicochemical parameters to commercial 
Avicel PH 102. All metrics were within the pharmacopeial range (USP-NF and 
Indonesian Pharmacopoeia). The neutral pH (7.51) allows for compatibility with a wide 
range of active medicinal substances, while the low moisture content (3.13%) and total 
ash (0.32%) guarantee high purity and storage stability. The melting point range (247-
250 °C) is slightly lower than Avicel PH 102, however it is still suitable for 
pharmaceutical use. 
 
DISCUSSION 
The isolation procedure effectively produced high-purity microcrystalline cellulose 
(MCC) from Tangkit pineapple leaves (Figure 2), demonstrating both the efficacy of 
the chemical treatments used and the agricultural residue's promise as a renewable 
raw material. The combination of alkali delignification, graded bleaching, and acid 
hydrolysis effectively removed lignin and hemicellulose while preserving the 
crystalline domains of cellulose, resulting in an α-cellulose yield of 19.41% and a 75% 
conversion rate into MCC (14.56% of the original biomass) (23). 

 
Figure 1. Tangkit pineapple 

 
These findings are consistent with previous studies reporting MCC yields 

ranging from 10% to 22% from various lignocellulosic sources. Gunawan and Lestari 
(2020) obtained a 22% MCC yield from pineapple leaves (Ananas comosus L. Merr.) 
using a hydrogel-based isolation method (24), whereas Oluwasina et al. (2014) 
reported remarkably high yields exceeding 80% from banana species (Musa sapientum 
and Musa paradisiaca) through ethanol pulping (25). Other agricultural residues have 
also yielded variable amounts of MCC; ramie fiber produced 57.26%, carrot pomace 
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yielded 36.62% under optimized autoclaving and ultrasonic pretreatment (26), and 
Albizia lebeck leaves produced a maximum cellulose yield of 50.2%. 

Tangkit pineapple leaves have a comparatively high yield due to their naturally 
high cellulose content and low lignin proportion, which facilitate chemical 
delignification and cellulose recovery. Pineapple leaf fibres are well known as a rich 
source of cellulose with favourable chemical composition for MCC production (18,27). 
Reported crystallinity indices of pineapple leaf-derived MCC range from 73.48% to 
83.16%, depending on processing parameters (22,28), which closely approximate the 
crystallinity of commercial Avicel PH 102 (81.25%) (29). This similarity confirms the 
structural integrity and quality of the MCC isolated from Tangkit pineapple leaves. 

Beyond its technical performance, the production of ACT-MCC from Tangkit 
pineapple leaves represents a sustainable and economically valuable approach 
consistent with the principles of the circular economy (13). Indonesia serves as one of 
the world's largest pineapple cultivators, yet a large percentage of its agricultural 
biomass is underutilised and commonly thrown through open burning, which adds 
significantly to air pollution. Agricultural residues, such as pineapple leaves, are 
frequently viewed as garbage, emphasising the importance of valorisation initiatives 
that convert them into value-added goods. Converting this biomass into a high-value 
pharmaceutical excipient not only decreases environmental problems, but also boosts 
local industries, increases farmer income, and lessens national reliance on imported 
MCC. Several studies have showed that the transformation of agricultural leftovers 
such as pineapple leaves, banana stems, and carrot pomace into MCC produces 
environmentally and economically feasible products appropriate for pharmaceutical 
and industrial applications (25,26). 
 
CONCLUSIONS  
ACT-MCC had physicochemical parameters similar to commercial Avicel PH 102. The 
material's pH, ash content, moisture content, and thermal stability all met 
pharmacopeial criteria, indicating its possible use as a pharmaceutical excipient. 
Furthermore, considering Tangkit pineapple leaf waste encourages local innovation in 
the manufacture of pharmaceutical raw materials. 
 
CONFLICT OF INTEREST 
The authors declare that the research was conducted in the absence of any commercial or 
financial relationships that could be construed as a potential conflict of interest. 
 
FUNDING 
This research was funded by the Faculty of Medicine and Health Sciences, Universitas Jambi, 
through the PNBP Research Grant Scheme for Beginner Lecturers (Penelitian Dosen Pemula), 
Fiscal Year 2025, under Contract No. 335/UN21.11/PT.01.05/SPK/2025. 
 
ACKNOWLEDGMENT (IF ANY) 
The authors would like to express their sincere gratitude to the Faculty of Medicine and Health 
Sciences, Universitas Jambi, for providing research funding through the PNBP Research 
Grant Scheme for Beginner Lecturers (Penelitian Dosen Pemula), Fiscal Year 2025 (Contract 
No. 335/UN21.11/PT.01.05/SPK/2025). 
 
DECLARATION OF ARTIFICIAL INTELLIGENCE USE 
This manuscript was prepared with the assistance of QuillBot, a language refinement and 
paraphrasing tool, to improve clarity and readability. All edits and refinements were critically 



Astuti et al. (2025) 
 

 
6th Jambi Medicine and Health Science International Conference 1 (2), e50265 

430 

reviewed by the authors to ensure the accuracy, integrity, and reliability of the content. All 
interpretations, results, and conclusions were made solely by the authors. 
 
REFERENCES  
[1]  Viera-Herrera C, Santamaría-Aguirre J, Vizuete K, Debut A, Whitehead DC, Alexis F. 

Microcrystalline Cellulose Extracted from Native Plants as an Excipient for Solid Dosage 
Formulations in Drug Delivery. Nanomaterials [Internet]. 2020 May 19 [cited 2025 Oct 
31];10(5):975. Available from: https://www.mdpi.com/2079-4991/10/5/975 

[2]  Adeleye OA, Bamiro OA, Albalawi DA, Alotaibi AS, Iqbal H, Sanyaolu S, et al. 
Characterizations of Alpha-Cellulose and Microcrystalline Cellulose Isolated from Cocoa 
Pod Husk as a Potential Pharmaceutical Excipient. Materials [Internet]. 2022 Aug 30 
[cited 2025 Oct 31];15(17):5992. Available from: https://www.mdpi.com/1996-
1944/15/17/5992 

[3]  Nawangsari D, Yohana Chaerunisaa A, Abdassah M, Sriwidodo S, Rusdiana T, Apriyanti 
L. Isolation and Phisicochemical Characterization of Microcristalline Cellulose from 
Ramie (Boehmeria nivea L. Gaud) Based on Pharmaceutical Grade Quality. IJPST 
[Internet]. 2018 Feb 23 [cited 2025 Oct 31];5(2):55. Available from: 
http://jurnal.unpad.ac.id/ijpst/article/view/15040 

[4]  Emeje M, Ekpo M, Olayemi O, Isimi C, Buraghoin A. Physicochemical and drug release 
properties of microcrystalline cellulose derived from Musa balbisiana. Polímeros 
[Internet]. 2020 [cited 2025 Oct 31];30(1):e2020010. Available from: 
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0104-
14282020000100407&tlng=en 

[5]  Adeleye OA, Bamiro OA, Albalawi DA, Alotaibi AS, Iqbal H, Sanyaolu S, et al. 
Characterizations of Alpha-Cellulose and Microcrystalline Cellulose Isolated from Cocoa 
Pod Husk as a Potential Pharmaceutical Excipient. Materials [Internet]. 2022 Aug 30 
[cited 2025 Oct 31];15(17):5992. Available from: https://www.mdpi.com/1996-
1944/15/17/5992 

[6]  Mazlan MM, Kian LK, Fouad H, Jawaid M, Karim Z, Saba N. Synthesis and 
characterization of carboxymethyl cellulose from pineapple leaf and kenaf core biomass: 
a comparative study of new raw materials. Biomass Conv Bioref [Internet]. 2024 July 
[cited 2025 Oct 31];14(13):14653–63. Available from: 
https://link.springer.com/10.1007/s13399-022-03700-w 

[7]  Ohwoavworhua F, Uya I, Kunle O, Kunle O. Isolation and characterization of 
microcrystalline cellulose obtained from palm nut (Elaeis guineensis) fibres. Journal of 
Pharmaceutical and Allied Sciences. 2006 Apr 21;3(1):255–62. Available from: 
http://www.ajol.info/index.php/jophas/article/view/34987 

[8]  Cahyaningrum PL, Sudaryati NLG, Bogoriani NW, Asih IARA, Adnyana IMDM, Jenar 
PD. Phytochemical Profiling, Antibacterial Properties and Toxicity of Amla Fruit Tea 
(Phyllanthus emblica L.): An In Vitro and In Silico Study. J. Multidiscip. Appl. Nat. Sci. 
[Internet]. 2025;5(3):799-822. https://doi.org/10.47352/jmans.2774-3047.284 

[9]  Moreno G, Ramirez K, Esquivel M, Jimenez G. Biocomposite Films of Polylactic Acid 
Reinforced with Microcrystalline Cellulose from Pineapple Leaf Fibers. Journal of 
Renewable Materials [Internet]. 2019 [cited 2025 Oct 31];7(1):9–20. Available from: 
https://www.techscience.com/jrm/v7n1/30516 

[10]  Sainorudin MH, Abdullah NA, Asmal Rani MS, Mohammad M, Mahizan M, Shadan N, 
et al. Structural characterization of microcrystalline and nanocrystalline cellulose from 
Ananas comosus L. leaves: Cytocompatibility and molecular docking studies. 
Nanotechnology Reviews [Internet]. 2021 Aug 9 [cited 2025 Oct 10];10(1):793–806. 
Available from: https://www.degruyter.com/document/doi/10.1515/ntrev-2021-
0053/html 

[11]  Sinsukudomchai P, Aht-Ong D, Honda K, Napathorn SC. Green composites made of 
polyhydroxybutyrate and long-chain fatty acid esterified microcrystalline cellulose from 



Astuti et al. (2025) 
 

 
6th Jambi Medicine and Health Science International Conference 1 (2), e50265 

431 

pineapple leaf. Koller M, editor. PLoS ONE [Internet]. 2023 Mar 3 [cited 2025 Oct 
31];18(3):e0282311. Available from: https://dx.plos.org/10.1371/journal.pone.0282311 

[12]  Lestari YPI, Mi’rajunnisa, Rahmawati. Isolation and Characterization of α-Cellulose 
From Beluntas Leaves ( Pluchea Indica L.) Residue as Source of Microcrystalline 
Cellulose. Dewi PEN, Turongkaravee S, Endang Lukitaningsih RR, Pathak YV, Saini B, 
Jantan DI, et al., editors. BIO Web Conf [Internet]. 2024 [cited 2025 Oct 31];135:01003. 
Available from: https://www.bio-conferences.org/10.1051/bioconf/202413501003 

[13]  Nickyta Sidabutar E, Suryahartati D, Oktaviarni F. Optimalisasi Hak Ekonomi Nanas 
Tangkit Baru Jambi Sebagai Produk Indikasi Geografis. Law [Internet]. 2024 Feb 26 
[cited 2025 Oct 10];5(1):12–27. Available from: https://online-
journal.unja.ac.id/Zaaken/article/view/31944 

[14]  Belali NG, Chaerunisaa AY, Rusdiana T. Isolation and Characterization of 
Microcrystalline Cellulose Derived from Plants as Excipient in Tablet : A Review. Indo J 
Pharm [Internet]. 2019 May 17 [cited 2025 Oct 31];1(2). Available from: 
http://jurnal.unpad.ac.id/idjp/article/view/21515 

[15]  Zhao H, Shi C, Zhao L, Wang Y, Shen L. Influences of different microcrystalline cellulose 
(MCC) grades on tablet quality and compression behavior of MCC-lactose binary 
mixtures. Journal of Drug Delivery Science and Technology [Internet]. 2022 Nov [cited 
2025 Oct 10];77:103893. Available from: 
https://linkinghub.elsevier.com/retrieve/pii/S1773224722008048 

[16]  Trache D, Donnot A, Khimeche K, Benelmir R, Brosse N. Physico-chemical properties 
and thermal stability of microcrystalline cellulose isolated from Alfa fibres. 
Carbohydrate Polymers [Internet]. 2014 Apr [cited 2025 Oct 10];104:223–30. Available 
from: https://linkinghub.elsevier.com/retrieve/pii/S0144861714000678 

[17]  Suryadi H, Sutriyo S S, Angeline M, Murti MW. Characterization of Microcrystalline 
Cellulose Obtained from Enzymatic Hydrolysis of Alpha-Cellulose and its Application. 
JYP [Internet]. 2018 July 13 [cited 2025 Oct 10];10(2s):S87–92. Available from: 
https://archives.jyoungpharm.org/article/1232 

[18]  Fouad H, Jawaid M, Karim Z, Meraj A, Abu-Jdayil B, Nasef MM, et al. Preparation and 
characterization of carboxymethyl microcrystalline cellulose from pineapple leaf fibre. 
Sci Rep [Internet]. 2024 Oct 7 [cited 2025 Oct 31];14(1):23286. Available from: 
https://www.nature.com/articles/s41598-024-73860-4 

[19]  Nasution H, Yurnaliza, Veronicha, Irmadani, Sitompul S. Preparation and 
Characterization of Cellulose Microcrystalline (MCC) from Fiber of Empty Fruit Bunch 
Palm Oil. IOP Conf Ser: Mater Sci Eng [Internet]. 2017 Mar [cited 2025 Oct 
10];180:012007. Available from: https://iopscience.iop.org/article/10.1088/1757-
899X/180/1/012007 

[20]  Rana RH, Rana MdS, Tasnim S, Haque MR, Kabir S, Amran MdS, et al. Characterization 
and tableting properties of microcrystalline cellulose derived from waste paper via 
hydrothermal method. j app pharm sci [Internet]. 2022 June 5 [cited 2025 Oct 10];140–
7. Available from: https://japsonline.com/abstract.php?article_id=3602&sts=2 

[21]  Veshohilova TP. [Effect of combined use of steroid preparations with pyrroxane on the 
gonadotropic function of the hypophysis]. Akush Ginekol (Mosk). 1975 Oct;(10):10–2.  

[22]  Sainorudin MH, Abdullah NA, Asmal Rani MS, Mohammad M, Mahizan M, Shadan N, 
et al. Structural characterization of microcrystalline and nanocrystalline cellulose from 
Ananas comosus L. leaves: Cytocompatibility and molecular docking studies. 
Nanotechnology Reviews [Internet]. 2021 Aug 9 [cited 2025 Oct 31];10(1):793–806. 
Available from: https://www.degruyter.com/document/doi/10.1515/ntrev-2021-
0053/html 

[23]  Nawangsari P, Fatra W, Kusuma A, Badri M, P.C1 DR, Masnur D. Microcellulose From 
Pineapple Leaf Fiber as a PotentialSustainable Material: Extraction And 
Characterization. JPL [Internet]. 2024 Feb 29 [cited 2025 Oct 31];22(1):83. Available 
from: https://e-jurnal.pnl.ac.id/polimesin/article/view/4522 



Astuti et al. (2025) 
 

 
6th Jambi Medicine and Health Science International Conference 1 (2), e50265 

432 

[24]  Muhammad Gunawan, Nanda Lestari. Pembuatan Hidrogel Berbasis Mikrokristal 
Selulosa Daun Nanas (Ananas comosus L. Merr) dengan Variasi Volume Glutaraldehid. 
jisk [Internet]. 2020 Dec 31 [cited 2025 Oct 31];1(1):12–7. Available from: 
https://ejournal.sumateraconnect.or.id/index.php/jisk/article/view/3 

[25]  Oluwasina OO, Lajide L, Owolabi B. Microcrystalline Cellulose from Plant Wastes 
through Sodium Hydroxide-Anthraquinone-Ethanol Pulping. BioResources [Internet]. 
2014 Aug 26 [cited 2025 Oct 31];9(4):6166–92. Available from: 
https://bioresources.cnr.ncsu.edu/resources/microcrystalline-cellulose-from-plant-
wastes-through-sodium-hydroxide-anthraquinone-ethanol-pulping/ 

[26]  Sharma MK, Diwan A, Sardana S, Kumar K. Derivation of hazardous wastes: 
Pharmaceutical and food applications. Foods and Raw Materials [Internet]. 2024 Dec 
25 [cited 2025 Oct 31];104–16. Available from: 
https://jfrm.ru/en/issues/23173/23297/ 

[27]  Fouad H, Jawaid M, Karim Z, Meraj A, Abu-Jda B, Nasef MM, et al. Preparation and 
Characterization of Carboxymethyl Microcrystalline Cellulose from Pineapple Leaf Fibre 
[Internet]. In Review; 2024 [cited 2025 Oct 31]. Available from: 
https://www.researchsquare.com/article/rs-4009721/v1 

[28]  Fitriani F, Aprilia S, Arahman N, Bilad MR. Effect of Acid Concentration on the 
Properties of Microcrystalline Cellulose from Pineapple Crown Leaf. J Rekayasa Kim 
Lingkung [Internet]. 2022 May 13 [cited 2025 Oct 31];17(1):1–7. Available from: 
https://jurnal.usk.ac.id/RKL/article/view/21010 

[29]  United Nations Economic Commission for Europe. Environmental Performance 
Review: Romania: Third Review [Internet]. United Nations; 2022 [cited 2025 Oct 31]. 
(ECE Environmental Performance Reviews Series). Available from: https://www.un-
ilibrary.org/content/books/9789210010382 

 
 
 


