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ABSTRACT
Cassava can be processed to produce cassava starch, cassava chips, and modified cassava flour (MOCAF). Cassava
peel has cellulose and hemicellulose contents of 30 to 37% and 10 to 30%, respectively. Therefore, cassava peel has
great potential as a raw material for cellulose. Cassava peel can be processed for cellulose production by enzymatic
delignification. This study aims to optimize the enzymatic delignification of cassava peel using response surface
methodology (RSM). Three process variables, such as incubation time(X1), concentration of enzyme (X2), and pH
(X3), were evaluated. The yield of cellulose obtained is 18%. The higher content of cellulose obtained is 93.52%,
under the conditions of time of incubation 6 days, laccase enzyme concentration of 3%, and pH of 3. The effect of
the variable on cellulose content, for a single variable, only time of incubation (X1) has a significant effect on
cellulose content (P-value < 0.05), while for interaction variables, X1 square, X2 square, and X1*X2 have a
significant effect on cellulose content. The cellulose produced has great potential to be developed on an industrial
scale to support the health industry, especially in the cosmetics sector.
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INTRODUCTION
Indonesia is a nation reliant on agriculture. One of the big-scale productions is cassava. Cassava can be
processed to produce cassava starch, cassava chips, and modified cassava flour (MOCAF). Recently,
cassava peel has not been used properly. Several efforts have been made to utilize cassava peel, such as
for animal feed, food supplements, and most easily for making compost. Cassava peel is a material that
has a lot of cellulose in terms of cellulose and hemicellulose, that known as lignocellulosic material.
Cassava peel has cellulose and hemicellulose contents of 30 to 37% and 10 to 30%, respectively.1,2
Therefore, cassava peel has great potential as a raw material for cellulose production. Cellulose can be
processed further to produce nanocrystalline cellulose, cellulose acetate (CA), and carboxymethyl
cellulose (CMC).3-6 The isolation of cellulose from cassava peel begins with the delignification process,
namely the removal of lignin from biomass. The delignification is an important process in the production
of cellulose from biomass. The delignification can be conducted by several processes, such as alkali
solvent, acid solvent, alkaline hydrogen peroxide (AHP), ionic solution, organic solvent, and enzymatic
delignification.7-14 Enzymatic delignification is a process that uses enzymes (mainly ligninolytic enzymes
like laccases, lignin peroxidase, and manganese peroxidase) to remove lignin from lignocellulosic
biomass. Compared to conventional chemical or mechanical methods, it offers several important
advantages, such as: environmentally friendly, mild operational conditions, lower chemical usage, and
potential for process integration. Enzymatic delignification will produce cellulose that can be applied in
health and cosmetics. The cellulose can be processed to form cellulose microcrystalline (CMC) and
cellulose nanocrystalline (CNC) by the milling process. CNC can be used as an active compound in
sunscreen cream.15-17 The enzymatic delignifications have been done by several researchers. The effect of
the concentration of sodium hydroxide during the pretreatment process before enzymatic delignification
(Cellic CTec-02 enzyme) has been studied by Yadaf et al.18 The mechanism of the laccase enzyme in the
process of delignification has been described by Haq et al.19 This study aims to optimise the enzymatic
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delignification of cassava peel using response surface methodology (RSM). The enzyme used is laccase.
Three process variables, such as incubation time, concentration of enzyme, and pH, were evaluated.
Fourier transform infrared (FTIR) spectrometry is used to analyze the functional group of cellulose in
cassava peel. Scanning electron microscopy (SEM) is used to describe the morphology of the cellulose of
cassava peel.

EXPERIMENTAL
Materials
Cassava peel was obtained from a local MOCAF industry at the Banjarnegara district (PT. Rumah Mocaf,
Indonesia). Sodium hydroxide was purchased from Merck. Laccase enzyme was purchased from A&N
Laboratory. Aquadest was purchased from Brataco.

Pre-treatment
The cassava peel was washed and dried in an oven at 105 °C for 6 h. The cassava peel was then ground
using a milling machine to a size of -18 + 36 mesh. Pre-treatment of cassava peel was completed by
diluting 100 g of dry cassava peel in 800 mL of 1 N sodium chloride solution. The mixture was then
heated and stirred at a temperature of 90 °C for 90 min. The cassava peel was washed using demineralised
water until neutral. The cassava peel was dried in the oven at a temperature of 105 °C for 3 h. The content
of cellulose was analyzed using Chesson-Datta methods.8

Enzymatic Delignification
The enzymatic delignification process of cassava peel was conducted using the laccase enzyme. A total of
5 g of cassava peel after pre-treatment was diluted in 20 mL of 1% enzyme solution in the bottle. The
mixture was incubated at room temperature for 1 day. After incubation, the cellulose was filtered and
washed using hot water. The cellulose was dried in the oven at 105 °C for 3 h. The yield of the pre-
treatment process and cellulose were calculated using Eqn.-1 and 2,

Ypre-treat = w1/w0 x 100% (1)
YCell = w2/w0 x 100% (2)

Where w0 (g) is the dry weight of cassava peel, w1 (g) is the dry weight of cassava peel after pre-treatment,
and w2 (g) is the dry weight of cellulose. Design of experiment is shown in Table-1.

Table-1: Experimental Design of Enzymatic Delignification
Variables Range and Levels

+α 1 0 -1 -α
Incubation time, day (X1) 6.682 6 5 4 3.318

Enzyme concentration, % (X2) 4.682 4 3 2 1.318
pH (X2) 4.682 4 3 2 1.318

RESULTS AND DISCUSSION
Cassava peel (CP) is a lignocellulosic material. Based on Chesson–Datta Methods, the content of
cellulose, hemicellulose, and lignin is 25.45%, 24.99%, and 17.62%, respectively. While the soluble
water material reaches 23.55%. After the pre-treatment process, the content of total cellulose and lignin is
51.21% and 14.11%, respectively. During the pre-treatment process, the obtained yield of cassava peel
pre-treatment (CP pre-treat) was 30%, which means the mass loss of cassava peel will be 70%. After the
enzymatic delignification, it will be obtained yield of cellulose of 18%. The effect of incubation time on
enzymatic delignification was observed in the range of 1 – 6 days. The optimum incubation time is 5 days,
with the cellulose content of 90.12%. The increase of cellulose content reaches 75.98%, from 51.21% to
90.12%. The effect of the laccase enzyme was observed in the range of 1 – 5% with an incubation time of
5 days. The total cellulose content ranges from 90.12 to 93.08%. The optimum enzyme concentration is
3% with a cellulose content is 91.06%. While the effect of pH was observed in the range of 2 – 6 at the
incubation time of 5 days and enzyme concentration of 3%. The total cellulose content ranges from 90.12
to 93.4%. The optimum pH is 4, with a cellulose content is 93.2%. The content of cellulose until 93%
shows that cellulose obtained can be applied in health and cosmetics. Table-2 shows the cellulose content
after the enzymatic delignification process.
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Table-2: The Cellulose Content after the Delignification Process
Run X1 X2 X3 Yield
1 0 0 0 91.12
2 1.682 0 0 93.52
3 0 0 0 91.2
4 1 1 -1 93.24
5 1 -1 -1 92.78
6 0 1.682 0 93.24
7 -1.682 0 0 85.64
8 0 0 -1.682 91.32
9 0 0 0 91.06
10 -1 -1 -1 88.82
11 0 0 0 91.06
12 -1 1 -1 90.28
13 1 1 1 93.2
14 0 0 1.682 92.9
15 0 -1.682 0 93.18
16 -1 -1 1 90.16
17 -1 1 1 87.28
18 0 0 0 91.06
19 0 0 0 91.06
20 1 -1 1 93.06

ANOVA and Model Fitting Analysis
Based on Table-2, the effect of the variables process on cellulose content was analyzed using the analysis
of variance (ANOVA) method. Table-3 shows the ANOVA of each variable. For a single variable, only
the time of incubation (X1) has a significant effect on cellulose content (P-value < 0.05), while for
interaction variables, X1 square, X2 square, and X1*X2 have a significant effect on cellulose content.
Equation-3 shows the correlation of the cellulose content and the process variables using the second-order
polynomial equation (coded value).

CCell = 91.1115 + 2.1229*X1 - 0.6540*X1^2 + 0.6294*X2^2 - 0.5825*X2*X3 (3)
The value of R2 of 0.94 shows that the correlation is suitable. Figure-1 shows the normal probability plot
of coded variables vs cellulose content. Figure-3 shows the contour plot of coded variables vs cellulose
content. Table-3 shows the ANOVA analysis.

Table-3: Analysis of Variance (ANOVA) of variables.
Term Coef SE Coef P Assignment

Coefficient 91.1115 0.2871 0.000
X1 2.1229 0.1905 0.000 s
X2 -0.0527 0.1905 0.788 ns
X3 0.0906 0.1905 0.645 ns

X1*X1 -0.6540 0.1854 0.005 s
X2*X2 0.6294 0.1854 0.007 s
X3*X3 0.2405 0.1854 0.224 ns
X1*X2 0.2525 0.2488 0.334 ns
X1*X3 0.2375 0.2488 0.362 ns
X2*X3 -0.5825 0.2488 0.041 s

s = significant; ns = not significant

Figure-5 shows the structural analysis of cassava peel, the pre-treatment process, and enzymatic
delignification. Laccase enzyme is well-known as a green catalyst. Laccase enzyme consists of three
types of functional groups that bind to a copper ion as a center.
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Fig.-1: Normal Probability Plot

Fig.-2: Contour Plot of Coded Variables vs Cellulose Content

A type 1 copper (T1Cu) gives the protein its blue color. Another type is T2Cu and T3Cu, distributed
between different binding sites. Three different kinds of copper functional groups reduce oxygen to water
by forming a trinuclear cluster. A highly conserved internal electron transport mechanism keeps this
special copper functional group structure intact by reducing one oxygen molecule to two water
molecules.19,20 During the lignin delignification process, lignin degradation depends on the cleavage of
ether bonds, while carbon-carbon bonds are essentially stable. The lignin's ether bond cleavage is due to
the presence of copper structures in the laccase enzyme, which form oxygen molecules (Fig.-6). The CP-
pretreat consists of relatively thin and weak layers, meaning that the enzyme does not need to penetrate
through a thick material, as in the case of wood. Also, the peel can be dispersed by moderate
hydrodynamic shearing, rendering the material even more accessible.

Functional Groups of Cellulose
Figure-3 shows the FTIR spectra of cassava peel, cassava peel pre-treatment, and cellulose. There are
seven main peaks, namely 3281 to 3288 cm-1, 2932 cm-1, 1621 cm-1, 1421 cm-1, 1320 cm-1, 1151 cm-1, and
1020 cm-1. The hydroxyl groups (-OH) generated by chemically adsorbed water and surface primary
hydroxyl groups are responsible for the peaks of 3281 to 3288 cm-1. Methyl and methylene units' C-H
stretching absorption is visible at the peak of 2932 cm-1. The peak of 1621 cm-1 corresponds to the C = O
stretching vibration of the carbonyl groups. While the peaks of 1421 cm-1, 1320 cm-1, 1151 cm-1, and
1020 cm-1 correspond to the –CH2 scissoring, C-H asymmetric, C-O antisymmetric, and C-O-C pyranose
ring skeletal, respectively.21,22 Table-2 shows the FTIR spectrum of several celluloses from various
sources.

Fig.-3: FTIR Spectrum of Cellulose
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Table-2: FTIR Spectrum of Several Celluloses From Various Sources

Raw Material O-H
Vibration

C-H
Vibration

C=O
Vibration

-CH2

Vibration
C-H

Vibration
C-O

Vibration
C-O-C

Vibration

Ficus Leaves21 3400 2890 1736 1419 1371,
1321

1157 1026

Coffee22 3350 to
3600

2901 1735 - - - 1040

Commercial
Cellulose23 3391 2906 1760 - 1373 1162 1061

Sugarcane
Baggase24 3451 2899 1644 - 1382 - 1060

Cassava peel 3281 to
3288

2932 1621 1421 1320 1151 1020

Morphology of Cellulose
In the pre-treatment process using sodium hydroxide solution, the soluble water materials and lignin will
be dissolved in the water. Figure-4 shows the morphology of cassava peel, CP pre-treatment, and CP after
enzymatic delignification at 1000x magnification. From Fig.-4, it is seen that the cassava peel contains a
large amount of complex material. These complex materials are dissolved during pretreatment using
NaOH solution. Based on the pre-treatment yield, the amount of complex material reaches 70%.

Fig.-4: Morphology of: (a) Cassava Peel; (b) CP Pre-Treatment; (c) Cellulose at 1000x Magnification

Fig.-5: Structural Analysis of Cassava Peel – Pre-Treatment Process – Enzymatic Delignification
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Fig.-6: Mechanism of Enzymatic Delignification using Laccase Enzyme

CONCLUSION
Cassava peel can be processed for cellulose production by enzymatic delignification. The yield of
cellulose obtained is 18%. The higher content of cellulose obtained is 93.52%, under the conditions of
time of incubation 6 days, laccase enzyme concentration of 3%, and pH of 3. The effect of the variable on
cellulose content, for a single variable, only time of incubation (X1) has a significant effect on cellulose
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content (P-value < 0.05), while for interaction variables, X1 square, X2 square, and X1*X2 have a
significant effect on cellulose content. The cellulose produced has great potential to be developed on an
industrial scale to support the health industry, especially in the cosmetics sector.

ACKNOWLEDGMENTS
This work was supported and funded by the Ministry of Higher Education, Research, and Technology of
Indonesia with contract number: 127/C3/DT.04.00/ PL/2025.

CONFLICT OF INTERESTS
The authors declare that there is no conflict of interest.

AUTHOR CONTRIBUTIONS
The present work is related to SDG-3: Good Health and Well-Being. All the authors contributed
significantly to this manuscript, participated in reviewing/editing and approved the final draft for
publication. The research profile of the authors can be verified from their ORCID ids, given below:
A. Ma’ruf https://orcid.org/0000-0001-7259-3974
E. Puspawiningtiyas http://orchid.org/0000-0002-6493-5089
P.I. Utami http://orchid.org/0000-0002-7603-3090

REFERENCES
1. M. A. Otache, S. T. Ubwa, and A. K. Godwin, Asian Journal of Physical and Chemical Sciences,

3(4), 1(2017), https://doi.org/10.9734/ajopacs/2017/36502
2. S. Widiarto, E. Pramono, Suharso, A. Rochliadi, and I. M. Arcana, Fibers, 7(5), 44(2019),

https://doi.org/10.3390/FIB7050044
3. S. A. Muhmed, J. Jaafar, S. N. A. Ahmad, M. Purwanto, N. A. B. Daud, A. F. Ismail, M. H.

D. Othman, M. A. Rahman, L. Atmaja, M. Santoso, F. Aziz, W. N. W. Salleh, and N. Yoshida,
Chemical Engineering Research and Design, 208, 881(2024),
https://doi.org/10.1016/j.cherd.2024.07.021

4. G. Fan, M. Wang, C. Liao, T. Fang, J. Li, and R. Zhou, Carbohydrate Polymer, 94(1), 71(2013),
https://doi.org/10.1016/j.carbpol.2013.01.073

5. H. M. Shaikh, A. Anis, A. M. Poulose, S. M. Al-Zahrani, N. A. Madhar, A. Alhamidi, S. H.
Aldeligan, and F. S. Alsubaie, Molecules, 27(4), 1434(2022),
https://doi.org/10.3390/molecules27041434

6. M. S. Rahman, M. S. Hasan, A.S. Nitai, S. Nam, A. K. Karmakar, M. S. Ahsan, M. J. A. Siddiky,
and M. B. Ahmed, Polymers, 13(8), 1345(2021), https://doi.org/10.3390/polym13081345

7. C. Huang, J. He, L. Du, D. Min, and Q. Yong, Journal of Wood Chemistry and Technology, 36(3),
157(2016), https://doi.org/10.1080/02773813.2015.1104544

8. A. Ma’ruf, B. Pramudono, and N. Aryanti, Rasayan Journal of Chemistry, 10(2), 407(2017),
http://dx.doi.org/10.7324/RJC.2017.1021667

9. H. Hermansyah, D. N. Putri, A. Prasetyanto, Z. B. Chairuddin, M.S. Perdani, M. Sahlan, and M.
Yohda, International Journal of Technology, 10(8), 1523(2019),
https://doi.org/10.14716/ijtech.v10i8.3464

10. H. Zhang and J. Wu, Fermentation, 9(10), 871(2023). https://doi.org/10.3390/fermentation9100871
11. S. J. Lee, H. J. Kim, E. J. Cho, Y. Song, H.-J. Bae, International Journal of Biological

Macromolecules, 72, 1056(2015), https://doi.org/10.1016/j.ijbiomac.2014.10.020
12. E. P. Dagnino, F. E. Felissia, E. Chamorro, and M. C. Area, Chemical Engineering Research and

Design, 129, 209(2018), https://doi.org/10.1016/j.cherd.2017.10.026

Open Access: This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give appropriate credit to the original author(s)
and the source, provide a link to the Creative Commons license, and indicate if changes were made.
Cite this ar ticle as: A. Ma’ruf et al., Rasayan J. Chem., 19(2), 1202-1208(2026),
https://doi.org/10.31788/RJC.2026.1929680.

https://orcid.org/0000-0001-7259-3974
http://orchid.org/0000-0002-7603-3090
https://orcid.org/0000-0002-6493-5089
http://orchid.org/0000-0002-7603-3090
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.9734/ajopacs/2017/36502
https://doi.org/10.3390/FIB7050044
https://www.sciencedirect.com/author/40561766900/wan-norharyati-wan-salleh
https://www.sciencedirect.com/author/55760934800/naoko-yoshida
https://doi.org/10.1016/j.cherd.2024.07.021
https://doi.org/10.1016/j.carbpol.2013.01.073
https://doi.org/10.3390/molecules27041434
https://doi.org/10.3390/polym13081345
https://doi.org/10.1080/02773813.2015.1104544
http://dx.doi.org/10.7324/RJC.2017.1021667
https://doi.org/10.14716/ijtech.v10i8.3464
https://doi.org/10.3390/fermentation9100871
https://www.sciencedirect.com/author/24280549300/hyeun-jong-bae
https://www.sciencedirect.com/journal/international-journal-of-biological-macromolecules
https://www.sciencedirect.com/journal/international-journal-of-biological-macromolecules
https://www.sciencedirect.com/journal/international-journal-of-biological-macromolecules/vol/72/suppl/C
https://doi.org/10.1016/j.ijbiomac.2014.10.020
https://doi.org/10.1016/j.cherd.2017.10.026


Vol. 19 | No. 2 | 1202-1208 | April-June | 2026

ENZYMATIC DELIGNIFICATION OF CASSAVA PEEL USING LACCASE ENZYME A. Ma’ruf et al.
1208

13. J. Park, H. Shin, S. Yoo, J. O. Zoppe, and S. Park, BioResources, 10(2), 2723(2015),
https://doi.org/10.15376/biores.10.2.2732-2743

14. H. Suryadi, J. J. Judono, M. R. Putri, A. D. Eclessia, J. M. Ulhaq, D. N. Agustina, and T. Sumiati,
Heliyon, 8(2), 1(2022), https://doi.org/10.1016/j.heliyon.2022.e08865

15. I. Rabani, H.-N. Jang, Y.-J.Park, M. S. Tahir, Y-B Lee, E.-Y. Moon, J. W. Song, and Y.-S. Seo,
RSC Advances, 12, 33653(2022), https://doi.org/10.1039/d2ra06444h

16. H. Yu, J. Xie, L. Yao, H. Yang, Chemical Engineering Journal, 505, 1(2025),
https://doi.org/10.1016/j.cej.2024.159134

17. C. Miao, M. Zhao, and W. Y. Hamad, Colloids and Surfaces A: Physicochemical and Engineering
Aspects, 718, 1(2025), https://doi.org/10.1016/j.colsurfa.2025.136904

18. A.Yadav, P. Rani, D. K. Yadav, N. Bhardwaj, A. Gupta, and N. R. Bishn, Nature Environment and
Pollution Technology, 23(1), 427(2024), https://doi.org/10.46488/NEPT.2024.v23i01.037

19. I. U. Haq, Ar. Saleem, R. Chaudhary, A. H. Alessa, Ali Nawaz, and C. Du, Frontiers in
Bioengineering and Biotechnology, 12, 1(2024), https://doi.org/10.3389/fbioe.2024.1441075

20. G. Guan, B. Li, L. Xu, J.Qian, B. Zou, S. Huo, Z. Ding, K. Cui, and F. Wang,Microorganisms, 13(6),
1422(2025), https://doi.org/10.3390/microorganisms13061422

21. K. O. Reddy, C. U. Maheswari, and M. Shukla, Journal of Biobased Materials and Bioenergy, 7(4),
496(2013), https://doi.org/10.1166/jbmb.2013.1342

22. B. V. Otenda, P. G. Kareru, E. S. Madivoli, A. M. Salim, J. Gichuki, and S. I. Wanakai, Journal of
Natural Fibers, 19(15), 12371(2022), https://doi.org/10.1080/15440478.2022.2058674

23. B. Abderrahim, M. Aqil, T. Fatima Ezahra, T. Abdesselam, E. Abderrahman, Mohamed, A., T.
Fatima, and O. Krim, World Journal of Environmental Engineering, 3(4), 95(2015),
https://doi.org/10.12691/wjee-3-4-1

24. W. T. Wulandari, A. Rochliadi, and I. M. Arcana, “IOP Conference Series: Materials Science and
Engineering, 107(012045), 1(2016), https://doi.org/10.1088/1757-899X/107/1/012045

[RJC-9680/2025]

https://doi.org/10.15376/biores.10.2.2732-2743
https://doi.org/10.1016/j.heliyon.2022.e08865
https://doi.org/10.1039/d2ra06444h
https://doi.org/10.1016/j.cej.2024.159134
https://doi.org/10.1016/j.colsurfa.2025.136904
https://doi.org/10.46488/NEPT.2024.v23i01.037
https://doi.org/10.3389/fbioe.2024.1441075
https://doi.org/10.3390/microorganisms13061422
https://doi.org/10.1166/jbmb.2013.1342
https://doi.org/10.1080/15440478.2022.2058674
https://doi.org/10.12691/wjee-3-4-1
https://doi.org/10.1088/1757-899X/107/1/012045

	Materials
	Pre-treatment
	Enzymatic Delignification
	Functional Groups of Cellulose 
	Morphology of Cellulose

