Pengembangan Teknologi Proses Produksi Selulosa Mikrokristalin (MCC) Dua Tahapan dari Limbah
Ampas

Sagu (Metroxylon sagu Rottb)

UNIVERSITAS Maghfirah Jayalaksamana, Dr. Ir. Makhmudun Ainuri, M.Si.; Nanang Masruchin, ST, MT, Ph.D

GADJAH MADA Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

DAFTAR PUSTAKA

Abdul Khalil HPS, Davoudpour Y, Islam MN, Mustapha A, Sudesh K, Dungani R,
Jawaid M. 2014. Production and modification of nanofibrillated cellulose
using various mechanical processes: A review. Carbohydr. Polym. 99:649—
665.d0i:10.1016/j.carbpol.2013.08.069.

Abdul Khalil HPS, Lai TK, Tye YY, Paridah MT, Fazita MRN, Azniwati AA,
Dungani R, Rizal S. 2018. Preparation and Characterization of
Microcrystalline Cellulose from Sacred Bali Bamboo as Reinforcing Filler in
Seaweed-based ~ Composite  Film.  Fibers  Polym. 19(2):423—
434.d0i:10.1007/s12221-018-7672-7.

Abdurachman, Triwiyono B, Marjono A, Yulianto A. 2022. Kajian Potensi,
Teknologi Pengolahan dan Pemanfaatan Onggok Untuk Industri Pangan. J.
Pendidik. dan Konseling. 4(4):5807-5815.

Abou-Yousef H. 2001. Bagasse pulping by using caro’s acid. Palpu Chongi
Gisul/Journal Korea Tech. Assoc. Pulp Pap. Ind. 33(5):30 — 36.

Aguayo MG, Fernandez-Pérez A, Oviedo C, Reyes G, Reyes-Contreras P. 2020.
Relationship between structural characteristics of cellulose nanocrystals
obtained from kraft pulp. Nanomaterials. 10(9):1-
15.d0i:10.3390/nano10091775.

Ahmad A, Rehman MU, Wali AF, El-Serehy HA, Al-Misned FA, Maodaa SN,
Aljawdah HM, Mir TM, Ahmad P. 2020. Box—Behnken Response Surface
Design of Polysaccharide Extraction from Rhododendron arboreum and the

Evaluation of Its Antioxidant Potential. Molecules.
25(17).doi:10.3390/molecules25173835.

Akib NI, Sriwidodo, Lubis AF, Syntia Samani MD, Fahmi Nur A, Andriani R,
Chaerunisaa AY. 2024. Development of Mycrocrystalline Cellulose
Originate From Sago (Metroxylon Sagu) Stem Bark By Hydrolisis Methode
Using  Nitric  Acid.  Int. J. Appl. Pharm. 16(3):256—
261.doi:10.22159/ijap.2024v1613.49622.

Al-khazraji K, Sleibi A. 2023. Analysis of Colour Differences Obtained by
Acceptability and Perceptibility Threshold (Visual Method):-Review.
Mustansiria Dent. J. 19(2):280-289.d01:10.32828/md;.v19i2.900.

Ali Othman NT, Mohd Asnari N. 2022. Characterization of Chemical-Physical
Properties on a Dried Waste of Sago Pith. J. Kejuruter. 34(3):517—
521.d0i:10.17576/jkukm-2022-34(3)-18.

Anthonysamy SM, Saari N Bin, Muhammad K, Bakar FA, Muse R. 2004.
Browning of sago (metroxylon sagu) pith slurry as influenced by holding
time, pH and temperature. J. Food  Biochem. 28(2):91-



Pengembangan Teknologi Proses Produksi Selulosa Mikrokristalin (MCC) Dua Tahapan dari Limbah
Ampas

Sagu (Metroxylon sagu Rottb)

UNIVERSITAS Maghfirah Jayalaksamana, Dr. Ir. Makhmudun Ainuri, M.Si.; Nanang Masruchin, ST, MT, Ph.D

GADJAH MADA Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

99.doi:10.1111/5.1745-4514.2004.tb00057 .x.

Apriyanto M, Novitasari R, Mardesci H, Rianto B. 2021. Pemafaatan Limbah Cair
Pengolahan Sagu Menjadi Nata De Sago. J. Masy. Mandiri. 5(4):1234—-1242.

Arham Z, Saparuddin S, Kurniawan K, Rosmini R, Lamote H. 2021. Bioprocessing
of Waste Sago Pulp Fiber Based on Chloride Solution for Cellulose Isolation.
Biointerface Res. Appl. Chem. 12(1):441-
449.doi:10.33263/BRIAC121.441449.

Asir M, Asir AL 2023. Cost Benefit Analysis of Key Actors in The Cocoa Beans
Marketing. J. Manaj. dan Agribisnis. 20(1):102—
111.doi:10.17358/jma.20.1.102.

Asmoro NW, . A, . I. 2018. Rendemen Selulosa Hasil Ekstraksi Batang Tanaman
Jagung (Zea Mays) Menggunakan Variasi Lama Blanching Dan Konsentrasi
Naoh. Pro Food. 4(1):283-288.d0i:10.29303/profood.v4il.76.

Atakhanov AA, Mamadiyorov B, Kuzieva M, Yugay SM, Shahobutdinav S,
Ashurov NS, Abdurazakov M. 2019. Comparative studies of physic-chemical
properties and structure of cotton cellulose and its modified forms. Khimiya
Rastit. Syr’ya.(3):5-13.doi:10.14258/jcprm.2019034554.

Atta ASH, Niamah AK, Ali HI. 2025. Survival and Viability of Limosilactobacillus
reuteri Bacteria: A Comparative Study between Free and Microencapsulated
Forms under Gastrointestinal and Thermal Stress Conditions. /OP Conf. Ser.
Earth Environ. Sci. 1449(1).doi:10.1088/1755-1315/1449/1/012148.

Aziz T, Farid A, Haq F, Kiran M, Ullah A, Zhang K, Li C, Ghazanfar S, Sun H,
Ullah R, et al. 2022. A Review on the Modification of Cellulose and Its
Applications. Polymers (Basel). 14(15):3206.d0i:10.3390/polym14153206.

Azman WMFW, S. R, M.N. MZ, Azman S, H. N. 2020. Effects of various grated
sago sizes, steeping periods and trunk sections on sago starch recovery
(Metroxylon spp.)- Food Res. 4(4):1172—
1180.d0i:10.26656/11.2017.4(4).053.

Azubuike CP, Adedokun AR, Oseni BA, Ologunagba M, Madu SJ. 2025.
Characterization of physicochemical properties of microcrystalline and
nanocrystalline cellulose powders derived from Citrullus lanatus peels for

potential pharmaceutical applications. Am. J. Pharmacother. Pharm. Sci.
4:2.doi:10.25259/AJPPS 2025 002.

Bakry AM, Abbas S, Ali B, Majeed H, Abouelwafa MY, Mousa A, Liang L. 2016.
Microencapsulation of Oils: A Comprehensive Review of Benefits,
Techniques, and Applications. Compr. Rev. Food Sci. Food Saf. 15(1):143—
182.doi:10.1111/1541-4337.12179.

Baksi S, Sarkar U, Villa R, Basu D, Sengupta D. 2023. Conversion of biomass to
biofuels through sugar platform: A review of enzymatic hydrolysis
highlighting the trade-off between product and substrate inhibitions. Sustain.



Pengembangan Teknologi Proses Produksi Selulosa Mikrokristalin (MCC) Dua Tahapan dari Limbah
Ampas

Sagu (Metroxylon sagu Rottb)

UNIVERSITAS Maghfirah Jayalaksamana, Dr. Ir. Makhmudun Ainuri, M.Si.; Nanang Masruchin, ST, MT, Ph.D

GADJAH MADA Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

Energy Technol. Assessments. 55(September
2022):102963.d0i:10.1016/j.seta.2022.102963.

De Barros JMS, Lechner T, Charalampopoulos D, Khutoryanskiy V V., Edwards
AD. 2015. Enteric coated spheres produced by extrusion/spheronization
provide effective gastric protection and efficient release of live therapeutic
bacteria. Int. J. Pharm. 493(1-2):483—
494.doi:10.1016/j.ijpharm.2015.06.051.

Beck S, Bouchard J, Berry R. 2012. Dispersibility in Water of Dried
Nanocrystalline Cellulose. Biomacromolecules. 13(5):1486—
1494.d0i:10.1021/bm300191k.

Boyce P, Flach M, Rumawas F. 1999. Plant Resources of South-East Asia no. 9,
Plants Yielding Non-Seed Carbohydrates. Flach M, Rumawas F,
editor.[editorial]. Kew Bull. 54(4):1011.doi:10.2307/4111188.

Brouwer DH, Mikolajewski JG. 2023. Solid-state NMR reveals a structural
variation from the I polymorphic form in bacterial cellulose. Cellulose.
30(18):11341-11356.d0i:10.1007/s10570-023-05577-y.

Chen X, Freitas dos Santos AC, Ramirez Gutierrez DM, Zhang S, Aston JE,
Thompson DN, Ladisch MR, Mosier NS. 2023. Understanding the Influence
of Water-Soluble Compounds from Unpretreated Corn Stover Pellets on
Enzymatic Hydrolysis of Cellulose. ACS Sustain. Chem. Eng. 11(50):17616—
17624.d0i:10.1021/acssuschemeng.3c04222.

Chen Y, Ma C, Tang W, He Y-C. 2023. Comprehensive understanding of
enzymatic saccharification of Betaine:Lactic acid-pretreated sugarcane
bagasse. Bioresour. Technol. 386.doi:10.1016/j.biortech.2023.129485.

Chin K-M, Ting SS, Lin OH, Owi WT. 2017. Extraction of microcrystalline
cellulose from rice straw and its effect on polyvinyl alcohol biocomposites
film. Di dalam: M.K. M, M. J, KA. R, TW. K, K. S, Z. H, editor. AIP
Conference Proceedings. Vol. 1865. School of Bioprocess Engineering,
Universiti Malaysia Perlis (UniMAP), Arau-Perlis, 02600, Malaysia:
American Institute of Physics Inc.

Chowdhury ZZ, Hamid SBA. 2016. Preparation and Characterization of
Nanocrystalline Cellulose using Ultrasonication Combined with a

Microwave-assisted Pretreatment Process. BioResources. 11(2):3397—
3415.doi:10.15376/biores.11.2.3397-3415.

Cielecka I, Ryngajtto M, Maniukiewicz W, Bielecki S. 2021. Response surface
methodology-based improvement of the yield and differentiation of
properties of bacterial cellulose by metabolic enhancers. Int. J. Biol.
Macromol. 187:584-593.d0i:10.1016/j.ijbiomac.2021.07.147.

Coelho de Carvalho Benini KC, Voorwald HJC, Cioffi MOH, Milanese AC,
Ornaghi HL. 2017. Characterization of a New Lignocellulosic Fiber from



Pengembangan Teknologi Proses Produksi Selulosa Mikrokristalin (MCC) Dua Tahapan dari Limbah
Ampas

Sagu (Metroxylon sagu Rottb)

UNIVERSITAS Maghfirah Jayalaksamana, Dr. Ir. Makhmudun Ainuri, M.Si.; Nanang Masruchin, ST, MT, Ph.D

GADJAH MADA Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

Brazil: Imperata brasiliensis (Brazilian Satintail) as an Alternative Source for
Nanocellulose Extraction. J. Nat. Fibers. 14(1):112—-
125.doi:10.1080/15440478.2016.1167647.

Dabkowska-Susfal K, Lipinska J, Sobieszuk P, Koltuniewicz AB. 2024.
Hydrodynamic studies of innovative membrane reactor for enzymatic
hydrolysis  of lignocellulosic ~ waste.  Biotechnol. J. 19(2):1-
12.doi:10.1002/biot.202300602.

Datta R. 1981. Acidogenic fermentation of lignocellulose—acid yield and
conversion of  components.  Biotechnol.  Bioeng.  23(9):2167—
2170.doi:10.1002/bit.260230921.

Dewi AMP, Kusumaningrum MY, Pranoto Y, Darmadji P. 2017. Ekstraksi dan
karakterisasi selulosa dari limbah ampas sagu. Pros. SNST ke-8 Tahun
2017.(October):2—6.

Dewi IA, Thwah A, Setyawan HY, Kurniasari AAN, Ulfah A. 2019. Optimasi
Proses Delignifikasi Pelepah Pisang Untuk Bahan Baku Pembuatan Kertas
Seni. Sebatik. 23(2):447-454.d0i:10.46984/sebatik.v23i2.797.

Dianawati D, Mishra V, Shah NP. 2016. Survival of Microencapsulated Probiotic
Bacteria after Processing and during Storage: A Review. Crit. Rev. Food Sci.
Nutr. 56(10):1685-1716.doi:10.1080/10408398.2013.798779.

Direktorat Jenderal Perkebunan. 2024. Statistik Perkebunan 2023-2025 (Jilid 1).
Jakarta.

Dubey R, Toh Y-R, Yeh A-I. 2018. Enhancing cellulose functionalities by size
reduction using media-mill. Sci. Rep. 8(1):11343.d0i:10.1038/s41598-018-
29777-w.

Dungani R, Owolabi AF, Saurabh CK, Abdul Khalil HPS, Tahir PM, Hazwan
CICM, Ajijolakewu KA, Masri MM, Rosamah E, Aditiawati P. 2017.
Preparation and Fundamental Characterization of Cellulose Nanocrystal from
Oil Palm Fronds Biomass. J. Polym. Environ. 25(3):692—
700.d0i:10.1007/s10924-016-0854-8.

Ehara H, Toyoda Y, Johnson D V. 2018. Sago Palm. Ehara H, Toyoda Y, Johnson
D V., editor. Singapore: Springer Singapore.

Elbaz NM, Owen A, Rannard S, McDonald TO. 2020. Controlled synthesis of
calcium carbonate nanoparticles and stimuli-responsive multi-layered
nanocapsules for oral drug delivery. Int. J. Pharm. 574(November
2019):118866.doi:10.1016/j.ijpharm.2019.118866.

Emran M, El-Gamal EH, Haddad AM, Ibrahim OM. 2024. Response Surface
Methodology for Optimizing Water and Fertilizer Requirements for Maize
(Zea mays L.) Growth in Sandy Soil. J. Soil Sci. Plant Nutr. 24(4):6349—
6364.doi:10.1007/s42729-024-01973-w.



Pengembangan Teknologi Proses Produksi Selulosa Mikrokristalin (MCC) Dua Tahapan dari Limbah
Ampas

Sagu (Metroxylon sagu Rottb)

UNIVERSITAS Maghfirah Jayalaksamana, Dr. Ir. Makhmudun Ainuri, M.Si.; Nanang Masruchin, ST, MT, Ph.D

GADJAH MADA Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

Esteves CSVG, Brinnvall E, Ostlund S, Sevastyanova O. 2020. Evaluating the
Potential to Modify Pulp and Paper Properties through Oxygen
Delignification. ACS Omega. 5(23):13703-
13711.doi:10.1021/acsomega.0c00869.

Etchepare MA, Barin JS, Cichoski AJ, Jacob-Lopes E, Wagner R, Fries LLM, de
Menezes CR. 2015. Microencapsulation of probiotics using sodium alginate.
Cienc. Rural. 45(7):1319-1326.d0i:10.1590/0103-8478cr20140938.

Evelyn, Sunarno, Andrio D, Aman A, Ohi H. 2022. Nypa fruticans Frond Waste
for Pure Cellulose Utilizing Sulphur-Free and Totally Chlorine-Free
Processes. MOLECULES. 27(17).doi:10.3390/molecules27175662 WE -
Science Citation Index Expanded (SCI-EXPANDED).

FAO. 2017. Microcrystalline Cellulose. Compend. Food Addit. Specif. Jt.
FAO/WHO Expert Comm. Food Addit. (JECFA), 84th Meet. 2017. FAO
JECFA Monogr. 20 ©..doi:10.1021/ie50633a003.

Fariz WM, S.R,H. A, A. MS, A. SA, S.H. A, M.S. Z.2018. Effect of grater position
on the size of grated sago (Metroxylon spp.). Food Res. 2(6):572—
577.d0i:10.26656/1r.2017.2(6).125.

Fearon O, Kuitunen S, Ruuttunen K, Alopaeus V, Vuorinen T. 2020. Detailed
Modeling of Kraft Pulping Chemistry. Delignification. Ind. Eng. Chem. Res.
59(29):12977-12985.doi:10.1021/acs.iecr.0c02110.

Fithriani D, Nurbayasari R, Sedayu BB. 2007. Ekstraksi Selulosa Dari Limbah
Pembuatan Karaginan. J. Pascapanen dan Bioteknol. Kelaut. dan Perikan.
2(2):91.d0i:10.15578/jpbkp.v2i2.452.

Foo ML, Ooi CW, Tan KW, Chew IML. 2020. A Step Closer to Sustainable
Industrial Production: Tailor the Properties of Nanocrystalline Cellulose from
Oil  Palm Empty Fruit Bunch. J.  Environ. Chem. Eng.
8(5):104058.d01:10.1016/j.jece.2020.104058.

Foster EJ, Moon RJ, Agarwal UP, Bortner MJ, Bras J, Camarero-Espinosa S, Chan
KJ, Clift MJD, Cranston ED, Eichhorn SJ, et al. 2018. Current
characterization methods for cellulose nanomaterials. Chem. Soc. Rev.
47(8):2609-2679.d0i:10.1039/C6CS00895J.

Di Fraia A, Di Fraia S, Sharmila VG, Banu JR, Massarotti N. 2024. Role of
advanced oxidation processes in lignocellulose pretreatment towards
biorefinery applications: a review on emerging trends and economic
considerations. GREEN Chem. 26(15):8461-8496.doi:10.1039/d3gc05108k.

French AD. 2014. Idealized powder diffraction patterns for cellulose polymorphs.
Cellulose. 21(2):885-896.d0i:10.1007/s10570-013-0030-4.

Gaulke E, Garcia MCF, Segat B, Apati GP, Schneider ALDS, Pezzin APT, Cesca
K, Porto LM. 2023. Evaluation of potential biomaterials for application in
guide bone regeneration from Bacterial Nanocellulose/Hydroxyapatite.



Pengembangan Teknologi Proses Produksi Selulosa Mikrokristalin (MCC) Dua Tahapan dari Limbah
Ampas

Sagu (Metroxylon sagu Rottb)

UNIVERSITAS Maghfirah Jayalaksamana, Dr. Ir. Makhmudun Ainuri, M.Si.; Nanang Masruchin, ST, MT, Ph.D

GADJAH MADA Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

Polimeros. 33(3).doi:10.1590/0104-1428.20220121.

Gelfond J, Meng T, Li S, Li T, Hu L. 2023. Highly electrically conductive biomass-
derived carbon fibers for permanent carbon sequestration. Sustain. Mater.
Technol. 35.d0i:10.1016/j.susmat.2023.e00573.

Ghanbari F, Moradi M. 2017. Application of peroxymonosulfate and its activation
methods for degradation of environmental organic pollutants: Review. Chem.
Eng. J. 310:41-62.d0i:10.1016/j.cej.2016.10.064.

Gibis M, Schuh V, Allard K, Weiss J. 2017. Influence of molecular weight and
degree of substitution of various carboxymethyl celluloses on unheated and
heated emulsion-type sausage models. Carbohydr. Polym. 159:76—
85.d0i:10.1016/j.carbpol.2016.12.012.

Gonzalez-Cuello R, Hernandez-Fernandez J, Ortega-Toro R. 2025. Response
Surface Methodology-Based Optimization for Enhancing the Viability of
Microencapsulated Lactobacillus plantarum in Composite Materials. J.
Compos. Sci. 9(4):1-15.d0i:10.3390/jcs9040189.

Guo F, Zhang X, Yang R, Salmén L, Yu Y. 2021. Hygroscopicity, degradation and
thermal stability of isolated bamboo fibers and parenchyma cells upon
moderate heat treatment. Cellulose. 28(13):8867-8876.d0i:10.1007/s10570-
021-04050-y.

Guo X, Yang X, Liu W, Zheng S, Wang Y, Hu W, Liu B. 2023. Carboxyl-
functionalized nanocellulose/sulfonated poly(aryl ether ether ketone ketone)
composites for proton exchange membrane by electrospinning. High
Perform. Polym. 35(6):646—653.d0i:10.1177/09540083231162515.

Gupta BC, Guttman I, Jayalath KP. 2020. Response Surfaces. Di dalam: Statistics
and Probability with Applications for Engineers and Scientists using
MINITAB, R and JMP. Vol. 3. Wiley. hlm. 897-957.

Haddad A, Lachenal D, Marechal A, Janin G, Labiod M. 2009. Delignification of
aleppo pine wood (pinus halepensis mill) by soda-anthraquinone process:
pulp and paper characteristics. Cellul. Chem. Technol. 43(7-8):287-294.

Haldar D, Purkait MK. 2020. Micro and nanocrystalline cellulose derivatives of
lignocellulosic biomass: A review on synthesis, applications and
advancements. Carbohydr. Polym.
250(August):116937.doi:10.1016/j.carbpol.2020.116937.

Han Y, Bai Y, Zhang J, Liu D, Zhao X. 2020. A comparison of different oxidative
pretreatments on polysaccharide hydrolyzability and cell wall structure for
interpreting the greatly improved enzymatic digestibility of sugarcane
bagasse by delignification. Bioresour. Bioprocess. 7(1).doi:10.1186/s40643-
020-00312-y.

Harini K, Leena A, Giri Dev VR. 2007. Microencapsulation and its applications.
Synth. Fibres. 36(1):21-28.



Pengembangan Teknologi Proses Produksi Selulosa Mikrokristalin (MCC) Dua Tahapan dari Limbah
Ampas

Sagu (Metroxylon sagu Rottb)

UNIVERSITAS Maghfirah Jayalaksamana, Dr. Ir. Makhmudun Ainuri, M.Si.; Nanang Masruchin, ST, MT, Ph.D

GADJAH MADA Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

Hariyanto B. 2011. Manfaat Tanaman Sagu (Metroxylon Sp) Dalam Penyediaan
Pangan Dan Dalam Pengendalian Kualitas Lingkungan. J.Tek Ling.
12(2):143-152.

Haryati E, Sutarman T, Bunga M. 2022. Analisis sifat fisika dan kandungan
lignoselulosa limbah ampas sagu (Metroxylon Spp) asal Kabupaten Jayapura,
Papua. PHYDAGOGIC J. Fis. dan Pembelajarannya. 5(1):41—
47.doi:10.31605/phy.v5i11.2167.

Hasan MH, Hossain S, Rahman ML, Rahman GMS, Khan MA, Mamun MA Al.
2025. Effect of hydrolysis agitation and suspension drying temperature on the
synthesis of crystalline cellulose from jute fiber. Carbohydr. Polym. Technol.
Appl. 10(March):100769.doi:10.1016/j.carpta.2025.100769.

Hayami Y, Hazell P, Herdt R. 1987. Agricultural development: An international
perspective. J. Dev. Econ. 26(1):197-200.d0i:10.1016/0304-3878(87)90069-
1.

Hernandez-Hosaka C, Park BB, Zhao Y, Jung J, Hernandez-Hosaka C, Park BB,
Zhao Y, Jung J. 2024. Effect of pretreatment and peracetic acid pulping on
cellulosic materials converted from spent coffee grounds. J. Food Sci.
89(12):9407-9419.d0i:10.1111/1750-3841.17416.

Herth E, Zeggari R, Rauch J, Remy-martin F, Boireau W. 2016. Investigation of
amorphous SiOx layer on gold surface for Surface Plasmon Resonance
measurements Microelectronic Engineering Investigation of amorphous SiOx

layer on gold surface for Surface Plasmon Resonance measurements . MEE.
163(October 2017):43-48.doi:10.1016/j.mee.2016.04.014.

Hirschler R. 2012. Whiteness, Yellowness, and Browning in Food Colorimetry: A
Critical Review. Di dalam: Color in Food: Technological and
Psychophysical Aspects. hlm. 93—104.

Hu M, Chen J, Yu Y, Liu Y. 2022. Peroxyacetic Acid Pretreatment: A Potentially
Promising Strategy towards Lignocellulose Biorefinery. Molecules.
27(19):6359.d0i:10.3390/molecules27196359.

Hussin MH, Husin NA, Bello I, Othman N, Bakar MA, Mohamad Haafiz MK.
2018. Isolation of microcrystalline cellulose (MCC) from oil palm frond as
potential natural filler for PVA-LiClO4 polymer electrolyte. Int. J.
Electrochem. Sci. 13(4):3356-3371.d0i:10.20964/2018.04.06.

Indah PN, Setiawan RF, Hendrarini H, Yektingsih E, Sunarsono RJ. 2021.
Agriculture supply chain performance and added value of cocoa: A study in
kare village, Indonesia. Bulg. J. Agric. Sci. 27(3):487-497.

Jadhav U, Su C, Hocheng H. 2016. Leaching of metals from large pieces of printed
circuit boards using citric acid and hydrogen peroxide. Environ. Sci. Pollut.
Res. 23(23):24384-24392.d0i:10.1007/s11356-016-7695-9.

Jayeoye TJ, Eze FN, Singh S. 2023. Nanocellulose Materials and Composites for



Ampas
Sagu (Metroxylon sagu Rottb)
Maghfirah Jayalaksamana, Dr. Ir. Makhmudun Ainuri, M.Si.; Nanang Masruchin, ST, MT, Ph.D

UNIVERSITAS ’ ) ; ) . . . .
GADJAH MADA Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

Emerging Applications. Di dalam: Engineering Materials. Department of
Chemistry, Faculty of Science, Chulalongkorn University, Bangkok, 10330,
Thailand: Springer Science and Business Media Deutschland GmbH. hlm.
105-144.

Jiang Q, Ghim D, Cao S, Tadepalli S, Liu K-K, Kwon H, Luan J, Min Y, Jun Y-S,
Singamaneni S. 2019. Photothermally Active Reduced Graphene
Oxide/Bacterial Nanocellulose Composites as Biofouling-Resistant
Ultrafiltration = Membranes.  Environ.  Sci.  Technol.  53(1):412—
421.doi:10.1021/acs.est.8b02772.

Junadi N, Beg MDH, Yunus RM, Ramli R, Azrina ZAZ, Moshiul Alam AKM.
2019. Characterization of microcrystalline cellulose isolated through
mechanochemical method. Indian J. Fibre Text. Res. 44(4):442-449.

Kadi¢ A, Palmqvist B, Lidén G. 2014. Effects of agitation on particle-size
distribution and enzymatic hydrolysis of pretreated spruce and giant reed.
Biotechnol. Biofuels. 7(1):1-10.doi:10.1186/1754-6834-7-717.

Katakojwala R, Mohan SV. 2020. Microcrystalline cellulose production from
sugarcane bagasse: Sustainable process development and life cycle
assessment. J. Clean. Prod. 249:119342.doi:10.1016/j.jclepro.2019.119342.

Khantisopon K, Tharajak J, Nawarat P, Sanpo N, Ang ASM. 2022. High-
temperature corrosion investigations of deposit containing eutectic KCI-
K2SO4 mixture on AISI 1015 and SS304 steels. Corros. Sci.
205(January):110470.d0i:10.1016/j.corsci.2022.110470.

Kiejza D, Kotowska U, Polinska W, Karpinska J. 2021. Peracids - New oxidants in
advanced oxidation processes: The use of peracetic acid, peroxymonosulfate,
and persulfate salts in the removal of organic micropollutants of emerging

concern - A review. Sci. Total Environ.
790.doi:10.1016/j.scitotenv.2021.148195.

Koh WY, Lim XX, Tan TC, Kobun R, Rasti B. 2022. Encapsulated Probiotics:
Potential Techniques and Coating Materials for Non-Dairy Food
Applications. Appl. Sci. 12(19).doi:10.3390/app121910005.

Kowalska E, Ziarno M, Ekielski A, Zelazinski T. 2022. Materials Used for the
Microencapsulation of Probiotic Bacteria in the Food Industry. Molecules.
27(10).doi:10.3390/molecules27103321.

Krasackoopt W, Bhandari B, Deeth H. 2003. Evaluation of encapsulation
techniques of probiotics for yoghur. Int. dairy J. 13(1):3—-13.

Kulkarni SP. 2024. Supercritical water hydrolysis of cellulose: State-of-the-art of
green depolymerisation technique. Biomass Bioenergy.
184.doi:10.1016/j.biombioe.2024.107182.

Kumar R, Hu F, Hubbell CA, Ragauskas AJ, Wyman CE. 2013. Comparison of
laboratory delignification methods, their selectivity, and impacts on

Pengembangan Teknologi Proses Produksi Selulosa Mikrokristalin (MCC) Dua Tahapan dari Limbah



Pengembangan Teknologi Proses Produksi Selulosa Mikrokristalin (MCC) Dua Tahapan dari Limbah
Ampas

Sagu (Metroxylon sagu Rottb)

UNIVERSITAS Maghfirah Jayalaksamana, Dr. Ir. Makhmudun Ainuri, M.Si.; Nanang Masruchin, ST, MT, Ph.D

GADJAH MADA Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

physiochemical characteristics of cellulosic biomass. Bioresour. Technol.
130:372-381.doi:10.1016/j.biortech.2012.12.028.

Kundu C, Samudrala SP, Kibria MA, Bhattacharya S. 2021. One-step peracetic acid
pretreatment of hardwood and softwood biomass for platform chemicals
production. Sci. Rep. 11(1):11183.d0i:10.1038/541598-021-90667-9.

Kunusa WR, Iyabu H, Abdullah R. 2021. FTIR, SEM and XRD analysis of
activated carbon from sago wastes using acid modification. Di dalam: N. T,
Y. M, AG. A, L. W, CU. A, AAD. W, editor. Journal of Physics:
Conference Series. Vol. 1968. Department of Chemistry, Faculty of
Mathematics and Natural Sciences, Gorontalo State University, J1. Prof. Dr.
Ing. B. J. Habibie, Indonesia: IOP Publishing Ltd.

Lan L, Chen H, Lee D, Xu S, Skillen N, Tedstone A, Robertson P, Garforth A, Daly
H, Hardacre C, et al. 2022. Effect of Ball-Milling Pretreatment of Cellulose
on Its Photoreforming for H 2 Production. ACS Sustain. Chem. Eng.
10(15):4862-4871.doi:10.1021/acssuschemeng.1c07301.

Lei M, Shen F, Hu J, Zhao L, Huang M, Zou J, Tian D, Yang G, Zeng Y, Deng S.
2022. A novel way to facilely degrade organic pollutants with the tail-gas
derived from PHP (phosphoric acid plus hydrogen peroxide) pretreatment of
lignocellulose. J. Hazard. Mater. 424.d0i:10.1016/j.jhazmat.2021.127517.

Lestari P, Istikowati WT, Heri D, Yanto Y, Fatiasari W, Ningrum S. 2022. Analisis
Kandungan Kimia Kulit Batang Sagu ( Metroxylon Sagu Rottb ) Sebagai
Bahan Baku Pulp Dan Kertas. J. Sy/va Sci. 05(2):187-193.

Lestari YPI, Patimah R, Yuspa, Muhammad, Hafifah R, Aldeina S, Mursyidah S,
Amelia P, Fitriani H, Setyaningrum MNPP. 2023. Pengolahan Selulosa
Mikrokristal Grade Farmasi Dari Beberapa Bagian Tanaman Teratai Putih
(Nymphaea Nouchali burm. F.): Preparasi & Uji Kualitatif Serbuk. Maj.
Farm. dan Farmakol. 2(3):119—-124.d0i:10.20956/mff.v27i3.26873.

Li M, He B, Zhao L. 2019. Isolation and characterization of microcrystalline
cellulose from Cotton Stalk Waste. BioResources. 14(2):3231—
3246.doi:10.15376/biores.14.2.3231-3246.

Li P, Ji H, Shan L, Dong Y, Long Z, Zou Z, Pang Z. 2020. Insights into
delignification behavior using aqueous p-toluenesulfonic acid treatment:
comparison with different biomass species. Cellulose. 27(17):10345—
10358.d0i:10.1007/s10570-020-03481-3.

Ling Z, Wang T, Makarem M, Santiago Cintron M, Cheng HN, Kang X, Bacher
M, Potthast A, Rosenau T, King H, et al. 2019. Effects of ball milling on the
structure of cotton cellulose. Cellulose. 26(1):305-328.d0i:10.1007/s10570-
018-02230-x.

Liu X, Zhang M, Guo K, Jia A, Shi Y, Gao G, Sun Z, Liu C. 2015. Cellulase-
assisted extraction, characterization, and bioactivity of polysaccharides from



Pengembangan Teknologi Proses Produksi Selulosa Mikrokristalin (MCC) Dua Tahapan dari Limbah
Ampas

Sagu (Metroxylon sagu Rottb)

UNIVERSITAS Maghfirah Jayalaksamana, Dr. Ir. Makhmudun Ainuri, M.Si.; Nanang Masruchin, ST, MT, Ph.D

GADJAH MADA Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

Polygonatum  odoratum. Int. J.  Biol.  Macromol.  75:258-
265.d0i:10.1016/j.ijbiomac.2015.01.040.

LiuY, Zhao XR, Peng YL, Wang D, Yang LW, Peng H, Zhu P, Wang DY. 2016.
Effect of reactive time on flame retardancy and thermal degradation behavior
of bio-based zinc alginate film. Polym. Degrad. Stab. 127(Eurofillers-
Polymer Blends Conference (EPB)):20-
31.doi:10.1016/j.polymdegradstab.2015.12.024 WE - Science Citation Index
Expanded (SCI-EXPANDED) WE - Conference Proceedings Citation Index
- Science (CPCI-S).

Liu Z, Wang Z, Yang S, Ji N, Li D. 2025. Extraction Process Research and
Characterization of Microcrystalline Cellulose Derived from Bamboo
(Phyllostachys edulis (Carriére) J. Houz.) Fibers. Polymers (Basel).
17(9):1143.d0i:10.3390/polym17091143.

Luukkonen T, Teeriniemi J, Prokkola H, Ramé J, Lassi U. 2014. Chemical aspects
of peracetic acid based wastewater disinfection. Water SA. 40(1):73—
80.d0i:10.4314/wsa.v40i1.9.

Lv GJ, Wu S Bin, Lou R. 2010. Kinetic study of the thermal decomposition of
hemicellulose isolated from corn stalk. BioResources. 5(2):1281—
1291.doi:10.15376/biores.5.2.1281-1291.

Ma Q, Hirth K, Agarwal UP, Zhu JYY. 2022. Oxidative delignification: The roles
of  lignin  reactivity @ and  accessibility. J.  Clean.  Prod.
363(March):132351.d0i:10.1016/j.jclepro.2022.132351.

Ma R, Sanyal U, Olarte M V., Job HM, Swita MS, Jones SB, Meyer PA, Burton
SD, Cort JR, Bowden ME, et al. 2021. Role of peracetic acid on the disruption
of lignin packing structure and its consequence on lignin depolymerisation.
Green Chem. 23(21):8468-8479.d0i:10.1039/D1GC02300D.

Maciel GM, Chaves KS, Grosso CRF, Gigante ML. 2014. Microencapsulation of
Lactobacillus acidophilus La-5 by spray-drying using sweet whey and skim

milk as encapsulating materials. J.  Dairy Sci. 97(4):1991-
1998.d0i:10.3168/jds.2013-7463.

Marketsandmarkets. 2017. Microcrystalline Cellulose (MCC) Market by
Application (Food & Beverage, Pharmaceutical. Cosmetic & Personal Care),
Raw Material Source (Wood-based, Non-wood-based), and Region (North
America, Europe, APAC, RoW) - Global Forecasts to 2024. [diunduh 2023
Okt 1]. Tersedia pada: https://www.marketsandmarkets.com/Market-
Reports/microcrystalline-cellulose-market-59144224 html

Maroulas P, Kripotou S, Pissis P, Fainleib A, Bei I, Bershtein V, Gomza Y. 2009.
Molecular Mobility in Polycyanurate/Clay Nanocomposites Studied by
Dielectric Techniques. J. Compos. Mater. 43(9):943—
958.d0i:10.1177/0021998308097736.



Pengembangan Teknologi Proses Produksi Selulosa Mikrokristalin (MCC) Dua Tahapan dari Limbah
Ampas

Sagu (Metroxylon sagu Rottb)

UNIVERSITAS Maghfirah Jayalaksamana, Dr. Ir. Makhmudun Ainuri, M.Si.; Nanang Masruchin, ST, MT, Ph.D

GADJAH MADA Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

Marta H, Hasya HNL, Lestari ZI, Cahyana Y, Arifin HR, Nurhasanah S. 2022.
Study of Changes in Crystallinity and Functional Properties of Modified Sago
Starch (Metroxylon sp.) Using Physical and Chemical Treatment. Polymers
(Basel). 14(22).doi:10.3390/polym14224845.

Masruchin N, Zendrato HM, Jayalaksmana M, Nugroho RWN, Holilah, Nuryawan
A, Mardawati E, Lawi A, Park BD, Azizan A. 2024. Birefringence Behaviors
of Cellulose Nanocrystals under Varied Concentrations, Ultrasonication
Treatments, and Different Solvents. /OP Conf. Ser. Earth Environ. Sci.
1309(1):012003.doi:10.1088/1755-1315/1309/1/012003.

Matrosovich M, Matrosovich T, Garten W, Klenk HD. 2006. New low-viscosity
overlay medium for viral plaque assays. Virol. J. 3:1-7.d0i:10.1186/1743-
422X-3-63.

Mautner A, Kobkeatthawin T, Mayer F, Plessl C, Gorgieva S, Kokol V, Bismarck
A. 2019. Rapid water softening with TEMPO-Oxidized/phosphorylated
nanopapers. Nanomaterials. 9(2).doi:10.3390/nan09020136.

Maziero P, Neto M de O, Machado D, Batista T, Cavalheiro CCS, Neumann MG,
Craievich AF, Rocha GJ de M, Polikarpov I, Gongalves AR. 2012. Structural
features of lignin obtained at different alkaline oxidation conditions from
sugarcane bagasse. Ind. Crops Prod. 35(1):61—
69.doi:10.1016/j.indcrop.2011.06.008.

Megashah LN, Ariffin H, Zakaria MR, Hassan MA, Andou Y, Padzil FNM. 2020.
Modification of cellulose degree of polymerization by superheated steam
treatment for versatile properties of cellulose nanofibril film. Cellulose.
27(13):7417-7429.d0i:10.1007/s10570-020-03296-2.

Meng F, Fan J, Cui F, Yang H, Shi Z, Wang D, Yang J. 2023. An innovative and
efficient hydrogen peroxide-citric acid pretreatment of bamboo residues to
enhance enzymatic hydrolysis and ethanol production. Bioresour. Technol.
383(April):129230.doi:10.1016/j.biortech.2023.129230.

Minardi C, Bersanetti D, Sarlin E, Santala V, Mangayil R. 2024. Optimization of
Citrus Pulp Waste-Based Medium for Improved Bacterial Nanocellulose
Production. Microorganisms. 12(10).doi:10.3390/microorganisms12102095.

Ming L, Beihai H, Junrong L, Lihong Z. 2019. Physico-chemical Characterization
and Comparison of Microcrystalline Cellulose from Several Lignocellulosic
Sources. BioResources. 14(4):7886—7900.

Mirzamani SS, Bassiri A, Tavakolipour H, Azizi MH, Kargozari M. 2021.
Fluidized Bed Microencapsulation of Lactobacillus Sporogenes with Some
Selected Hydrocolloids for Probiotic Bread Production. J. Food Biosci.
Technol. 11(2):23-34.

Mohamad Haafiz MK, Eichhorn SJ, Hassan A, Jawaid M. 2013. Isolation and
characterization of microcrystalline cellulose from oil palm biomass residue.



Pengembangan Teknologi Proses Produksi Selulosa Mikrokristalin (MCC) Dua Tahapan dari Limbah
Ampas

Sagu (Metroxylon sagu Rottb)

UNIVERSITAS Maghfirah Jayalaksamana, Dr. Ir. Makhmudun Ainuri, M.Si.; Nanang Masruchin, ST, MT, Ph.D

GADJAH MADA Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

Carbohydr. Polym. 93(2):628-634.d0i:10.1016/j.carbpol.2013.01.035.

Mulyadi 1. 2019. Isolasi Dan Karakteristik Selulosa. J. Saintika Unpam. 1(2):177—
180.

Mun JS, Mun SP. 2024. Alkaline Hydrogen Peroxide Delignification of Three
Lignocellulosic Biomass under Atmospheric Pressure. BioResources.
19(1):998-1009.d0i:10.15376/biores.19.1.998-1009.

Nam S, Liu Y, He Z, Hinchliffe DJ, Fang D. 2024. Assessment of Segal method for
identifying crystallinity evolution in developing cotton fibers. Agric. Environ.
Lett. 9(1):6-10.d0i:10.1002/ael2.20138.

Narayanaperumal S, Divakaran D, Singh MK, Sanjay MR, Siengchin S,
Suyambulingam 1. 2024. Extraction of microcrystalline cellulose from Ficus
benghalensis leaf and its characterization. Int. J. Biol. Macromol.
277(P3):134394.d01:10.1016/j.ijbiomac.2024.134394.

Nelson AA, Oladele AM, Kayode AF. 2019. Trilepisium madagascariense fruit-
wastes as cheap feedstock for bioethanol production. Acta Biol. Szeged.
63(1):45-50.doi:10.14232/abs.2019.1.45-50.

Nissa RC, Abdullah AHD, Firdiana B, Kosasih W, Endah ES, Marliah S, Rahmat
A, Hidayat. 2023. Characterization of microcrystalline cellulose from red

seaweed Gracilaria verucosa and Eucheuma cottonii. IOP Conf. Ser. Earth
Environ. Sci. 1201(1).doi:10.1088/1755-1315/1201/1/012101.

Nsor-Atindana J, Zhou YX, Saqib MN, Chen M, Douglas Goff H, Ma J, Zhong F.
2020. Enhancing the prebiotic effect of cellulose biopolymer in the gut by

physical structuring via particle size manipulation. Food Res. Int.
131(February 2019):108935.d0i:10.1016/j.foodres.2019.108935.

Nur Arifani E, Mahfudz MS. 2024. Corn Agroindustry Supply Chain Management
in Indonesia: Increasing Added Value and Competitiveness through the
Hayami Method. Spektrum Ind. 22(2):128—-140.doi:10.12928/s1.v22i2.241.

Nur Hanani AS, Zuliahani A, Nawawi W1, Razif N, Rozyanty AR. 2017. The Effect
of Various Acids on Properties of Microcrystalline Cellulose (MCC)
Extracted from Rice Husk (RH). IOP Conf. Ser. Mater. Sci. Eng.
204(1):012025.d0i:10.1088/1757-899X/204/1/012025.

Nurhadi B, Wiraputra D, Wijaya H, Mahani M, Masruchin N, Saputra RA. 2023.
Application of Pickering emulsion with microcrystalline cellulose in vitamin
C double emulsion process with spray drying technology. CYTA4 - J. Food.
21(1):542-553.d0i:10.1080/19476337.2023.2252043.

Nurhasanah N, Natilla Adlina G, Ibnah Mudrikah I, Chirzun A, Kumala Sriwana I.
2024. Effectiveness of Value-Added Input-Output Method in Upstream and
Midstream Supply Chain Network of Sunflower Agro-industry. /OP Conf.
Ser. Earth Environ. Sci. 1358(1):1-9.d0i:10.1088/1755-
1315/1358/1/012027.



Ampas
Sagu (Metroxylon sagu Rottb)
Maghfirah Jayalaksamana, Dr. Ir. Makhmudun Ainuri, M.Si.; Nanang Masruchin, ST, MT, Ph.D

UNIVERSITAS ’ ) ; ) . . . .
GADJAH MADA Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

Ohwoavworhua FO, Adelakun TA. 2005. Some physical characteristics of
microcrystalline cellulose obtained from raw cotton of Cochlospermum
planchonii. Trop. J. Pharm. ....

Okamoto A, Ozawa T, Imagawa H, Arai Y. 1985. Polyphenolic compounds related
to browning of sago starch. J. Agric. Chem. Soc. Japan. 59(12):1257—
1261.doi:10.1271/nogeikagaku1924.59.1257.

Pachuau L, Vanlalfakawma DC, Tripathi SK, Lalhlenmawia H. 2014. Muli bamboo
(Melocanna baccifera) as a new source of microcrystalline cellulose. J. App!.
Pharm. Sci. 4(11):87-94.doi:10.7324/JAPS.2014.41115.

Panicker AM, Rajesh KA, Varghese TO. 2017. Mixed morphology nanocrystalline
cellulose from sugarcane bagasse fibers/poly(lactic acid) nanocomposite

films: synthesis, fabrication and characterization. [ran. Polym. J. (English Ed.
26(2):125-136.d0i:10.1007/s13726-017-0504-6.

Paravina RD, Ghinea R, Herrera LJ, Bona AD, Igiel C, Linninger M, Sakai M,
Takahashi H, Tashkandi E, Mar Perez M del. 2015. Color Difference
Thresholds in Dentistry. J. Esthet. Restor. Dent. 27(S1):S1-
S9.doi:10.1111/jerd.12149.

Park J, Shin H, Yoo S, Zoppe JO, Park S. 2015. Delignification of lignocellulosic
biomass and its effect on subsequent enzymatic hydrolysis. BioResources.
10(2):2732-2743.doi:10.15376/biores.10.2.2732-2743.

Pesek S, Lehene M, Branzanic AM V., Silaghi-Dumitrescu R. 2022. On the Origin
of the Blue Color in The lodine/lodide/Starch Supramolecular Complex.
Molecules. 27(24):8974.doi:10.3390/molecules27248974.

Pifion-Balderrama CI, Leyva-Porras C, Teran-Figueroa Y, Espinosa-Solis V,
Alvarez-Salas C, Saavedra-Leos MZ. 2020. Encapsulation of Active
Ingredients in Food Industry by Spray-Drying and Nano Spray-Drying
Technologies. Processes. 8(8):889.doi:10.3390/pr8080889.

Pinyo J, Luangpituksa P, Suphantharika M, Hansawasdi C, Wongsagonsup R.
2017. Improvement of sago starch extraction process using various
pretreatment techniques and their pretreatment combination. Starch - Stdirke.
69(9-10):1700005.doi:10.1002/star.201700005.

Ponsa L, Salva J. 2004. New applications of microencapsulation on textile articles.
Rev. la Ind. Text.(419):58-60.

Poudel J, Bhattarai S, Nath N, Tanti B. 2025. An exclusive review of
microcrystalline cellulose: Structure and applications, and limitations. Mater.
Today Commun. 45.doi:10.1016/j.mtcomm.2025.112247.

Pramana A, Jayalaksamana M, Zamaya Y, Umami IM, Habibie DK, Othman L,
Kurnia D, Ardian, Yunita I. 2024. The Potential of Upstream to Downstream

Sago Industry Trees in Meranti District, Riau Province. /OP Conf. Ser. Earth
Environ. Sci. 1364(1).doi:10.1088/1755-1315/1364/1/012083.

Pengembangan Teknologi Proses Produksi Selulosa Mikrokristalin (MCC) Dua Tahapan dari Limbah



Pengembangan Teknologi Proses Produksi Selulosa Mikrokristalin (MCC) Dua Tahapan dari Limbah
Ampas

Sagu (Metroxylon sagu Rottb)

UNIVERSITAS Maghfirah Jayalaksamana, Dr. Ir. Makhmudun Ainuri, M.Si.; Nanang Masruchin, ST, MT, Ph.D

GADJAH MADA Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

Prasetia, A. IGNJ, Putra IGNAD, SariArsana DAMIP, Prabayanti NPM. 2018.
Studi Karakteristik Farmasetis Mikrokristalin Selulosa Dari Jerami Padi
Varietas Lokal Bali. J. Sains Mater. Indones. 17(3):119-123.

Pratama AJ, Djoefrie MHB, Budiyanto A, Nurulhag MI. 2022. Optimasi
Perbandingan Air Dan Enzim Dalam Proses Pembuatan Gula Cair Sagu Asal
Sorong Selatan. J. Sains Terap. 12(1):43-53.d0i:10.29244/jstsv.12.1.43-53.

Qiang D, Zhang M, Li J, Xiu H, Liu Q. 2016. Selective hydrolysis of cellulose for
the preparation of microcrystalline cellulose by phosphotungstic acid.
Cellulose. 23(2):1199-1207.doi:10.1007/s10570-016-0858-5.

Qiao J-Y, Zeng R-Y, Chen Q-W, Zheng D, Hao P-L, Liu X-H, Zhao F, Zhang X-
Z.2023. Autonomously Assembled Living Capsules by Microbial Coculture
for Enhanced Bacteriotherapy of Inflammatory Bowel Disease. Nano Lett.
23(10):4375-4383.doi:10.1021/acs.nanolett.3c00657.

Qiao Q, Li X, Huang L. 2020. Crystalline Cellulose under Pyrolysis Conditions:
The Structure-Property Evolution via Reactive Molecular Dynamics
Simulations. J. Chem. Eng. Data. 65(2):360—
372.doi:10.1021/acs.jced.9b00701.

Qu Q, Jiang S, Li L, Bai W, Zhou J. 2008. Corrosion behavior of cold rolled steel
in peracetic acid solutions. Corros. Sci. 50(1):35—-
40.doi:10.1016/j.corsci.2007.06.008.

Rabelo CABS, Soares LA, Sakamoto IK, Silva EL, Varesche MBA. 2018.
Optimization of hydrogen and organic acids productions with autochthonous
and allochthonous bacteria from sugarcane bagasse in batch reactors. J.
Environ. Manage. 223:952-963.d0i:10.1016/j.jenvman.2018.07.015.

Randis R, Darmadi DB, Gapsari F, Sonief AAA. 2024. Isolation and
characterization of microcrystalline cellulose from oil palm fronds biomass
using consecutive chemical treatments. Case Stud. Chem. Environ. Eng.
9(December 2023):100616.doi:10.1016/j.cscee.2024.100616.

Ren H, Shen J, Niu X, Chen X, Fan W, Wang Z, Wang Y, Zhang B, Li Z. 2018.
Extraction and Characterization of Microcrystalline Cellulose from Jerusalem
Artichoke  Stalk. J.  Biobased Mater. Bioenergy. 12(5):455—
464.doi:10.1166/jbmb.2018.1788.

Rojas OJ, editor. 2016. Cellulose Chemistry and Properties: Fibers,
Nanocelluloses and Advanced Materials. Volume ke-271. Cham: Springer
International Publishing. (Advances in Polymer Science).

Ruamba A, Sumule AI. 2022. Karakteristik kematangan beberapa jenis sagu
(Metroxylon sagu sp) siap panen menurut pemahaman masyarakat kampung
Randawaya distrik Teluk Ampimoi kabupaten Kepulauan Yapen provinsi
Papua. Agrotek. 8(1):7-13.doi:10.46549/agrotek.v8il.274.

Rundl6f ES, Zhang E, Zhang L, Gellerstedt G. 2006. The behavior of chromophoric



Pengembangan Teknologi Proses Produksi Selulosa Mikrokristalin (MCC) Dua Tahapan dari Limbah
Ampas

Sagu (Metroxylon sagu Rottb)

UNIVERSITAS Maghfirah Jayalaksamana, Dr. Ir. Makhmudun Ainuri, M.Si.; Nanang Masruchin, ST, MT, Ph.D

GADJAH MADA Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

structures in softwood mechanical pulp on bleaching with alkaline hydrogen
peroxide. Nord. Pulp Pap. Res. J. 21(3):359-364.doi:10.3183/npprj-2006-21-
03-p359-364.

Sabara Z, Mutmainnah A, Kalsum U, Afiah IN, Husna I, Saregar A, Irzaman,
Umam R. 2022. Sugarcane Bagasse as the Source of Nanocrystalline
Cellulose for Gelatin-Free Capsule Shell. Int. J.  Biomater.
2022.doi:10.1155/2022/9889127.

Salim R, Asik J, Sarjadi M sani. 2021. Chemical functional groups of extractives,
cellulose and lignin extracted from native Leucaena leucocephala bark. Wood
Sci. Technol. 55(2):295-313.d0i:10.1007/500226-020-01258-2.

Sang S, Zhuang X, Chen H, Qin Y, Cao J, Fan F, Lan T. 2022. Effect of
supramolecular structural changes during the crystalline transformation of
cellulose on its enzymatic hydrolysis. /nd. Crops Prod. 180(October
2021):114687.doi:10.1016/j.indcrop.2022.114687.

Santos NC, Almeida RLJ, Monteiro SS, de Lima TLB, da Silva Licio A, Nogueira
LP da S, Paiva YF, Gregorio MG, Brito AC de O, da Silva LA, et al. 2025.
Microencapsulating Lacticaseibacillus thamnosus GG by spray drying using
pea protein, pectin, and tapioca flour: Probiotic viability, digestibility and
thermal  stability. Food  Bioprod.  Process.  150(January):207—
216.doi:10.1016/j.fbp.2025.01.011.

Santoso B. 2018. Recovery of Starch from Sago Pith Waste and Waste Water
Treatment. Di dalam: Sago Palm. Singapore: Springer Singapore. hlm. 261—
269.

Sarioglu K, Ulgen A, Oral RA. 2024. Encapsulation of anthocyanin with gelatin-
alginate carrier by a specially designed ultrasonic encapsulator with
adjustable frequency. J. Appl. Polym. Sci. 141(6).doi:10.1002/app.54931.

Sartika D, Firmansyah AP, Junais I, Arnata IW, Fahma F, Firmanda A. 2023. High
yield production of nanocrystalline cellulose from corn cob through a

chemical-mechanical treatment under mild conditions. /nt. J. Biol. Macromol.
240(December 2022):124327.doi:10.1016/j.ijbiomac.2023.124327.

Sasak S, Ohmi M, Tominaga H, Fukuda K. 2003. Characteristics of Sago residue
as a lignocellulosic resource I Anatomical and physicochemical properties.
Sago Palm. 10:73—78.d0i:10.57418/sagopalm.10.2_73.

Segal L, Creely JJ, Martin AE, Conrad CM. 1959. An Empirical Method for
Estimating the Degree of Crystallinity of Native Cellulose Using the X-Ray
Diffractometer. Text. Res. J. 29(10):786—
794.doi:10.1177/004051755902901003.

Setu MNI, Mia MY, Lubna NJ, Chowdhury AA. 2014. Preparation of
microcrystalline cellulose from cotton and its evaluation as direct
compressible excipient in the formulation of naproxen tablets. Dhaka Univ.



Pengembangan Teknologi Proses Produksi Selulosa Mikrokristalin (MCC) Dua Tahapan dari Limbah
Ampas

Sagu (Metroxylon sagu Rottb)

UNIVERSITAS Maghfirah Jayalaksamana, Dr. Ir. Makhmudun Ainuri, M.Si.; Nanang Masruchin, ST, MT, Ph.D

GADJAH MADA Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

J. Pharm. Sci. 13(2):187-192.d0i:10.3329/dujps.v13i2.21899.

Shi Y, Yang J, Mao W, Li Yalin, Xu X, Zhang H, Yu W, Li Ye, Yang C. 2015.
Influence of Fe2+-sodium persulfate on extracellular polymeric substances
and dewaterability of sewage sludge. Desalin. Water Treat. 53(10):2655—
2663.doi:10.1080/19443994.2013.868833.

Shinoda R, Saito T, Okita Y, Isogai A. 2012. Relationship between length and
degree of polymerization of TEMPO-oxidized cellulose nanofibrils.
Biomacromolecules. 13(3):842-849.d0i:10.1021/bm2017542.

Sidan C, Mei L, Xu S, Ding N, Yue J, Li H. 2023. Optimization of hydrogen
peroxyl-citric acid system for sulfur removal from high sulfur bituminous
coal by response surface method and its mechanism. /nt. J. Coal Prep. Util.
43(11):1933-1950.d0i:10.1080/19392699.2022.2146311.

De Silva R, Vongsanga K, Wang X, Byrne N. 2015. Cellulose regeneration in ionic
liquids: factors controlling the degree of polymerisation. Cellulose.
22(5):2845-2849.d0i:10.1007/s10570-015-0733-9.

Singh HK, Patil T, Vineeth SK, Das S, Pramanik A, Mhaske ST. 2020. Isolation of
microcrystalline cellulose from corn stover with emphasis on its constituents:
Corn cover and corn cob. Mater. Today Proc. 27:589—
594.d0i:10.1016/j.matpr.2019.12.065.

Sirijuncheun S, Seithtanabutara V, Wantala K, Wongwuttanasatian T. 2023. Impact
of alkali impregnation on physicochemical properties of macro-scale
sugarcane bagasse. Biomass Convers. Biorefinery..doi:10.1007/s13399-023-
03762-4.

Sjostrom J, Lindstrom ME, Vikstrom T, Esteves C V., Henriksson G, Sevastyanova
0. 2025. On the nature of the selectivity of oxygen delignification. Nord. Pulp
Pap. Res. J. 40(1):61-69.doi: 10.1515/npprj-2024-0026.

Soetaredjo FE, Ismadji S, Santoso SP, Ki OL, Kurniawan A, Ju Y-H. 2013.
Recovery of catechin and epicatechin from sago waste effluent: Study of
kinetic and binary adsorption isotherm studies. Chem. Eng. J. 231:406—
413.d0i:10.1016/j.cej.2013.07.048.

Sohni S, Begum S, Hashim R, Khan SB, Mazhar F, Syed F, Khan SA. 2024.
Physicochemical characterization of microcrystalline cellulose derived from
underutilized orange peel waste as a sustainable resource under biorefinery

concept. Bioresour. Technol. Reports.
25:101731.doi:10.1016/j.biteb.2023.101731.

Song S, Su D, Xu X, Yang X, Wei L, Li K, Shao G, An Q, Zhai S, Liu N. 2023.
Using citric acid to suppress lignin repolymerization in the organosolv
pretreatment of corn stalk. Ind. Crops Prod.
200(PA):116881.doi:10.1016/j.indcrop.2023.116881.

Sriwana IK, Santosa B, Tripiawan W, Maulanisa NF. 2022. Analisis Nilai Tambah



Pengembangan Teknologi Proses Produksi Selulosa Mikrokristalin (MCC) Dua Tahapan dari Limbah
Ampas

Sagu (Metroxylon sagu Rottb)

UNIVERSITAS Maghfirah Jayalaksamana, Dr. Ir. Makhmudun Ainuri, M.Si.; Nanang Masruchin, ST, MT, Ph.D

GADJAH MADA Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

Untuk Meningkatkan Keberlanjutan Rantai Pasok Agroindustri Kopi
Menggunakan Hayami. JIST J. Integr. Sist. Ind.
9(2):113.d0i:10.24853/1s1.9.2.113-122.

Stead RJ, Skypala I, Hodson ME, Batten JC. 1987. Enteric coated microspheres of
pancreatin in the treatment of cystic fibrosis: Comparison with a standard
enteric coated preparation. Thorax. 42(7):533-537.doi:10.1136/thx.42.7.533.

Steffien D, Aubel I, Bertau M. 2014. Enzymatic hydrolysis of pre-treated
lignocellulose with Penicillium verruculosum cellulases. J. Mol. Catal. B
Enzym. 103:29 — 35.doi:10.1016/j.molcatb.2013.11.004.

Su X, Toublan F, Yin Y, Cadwallader KR. 2022. Fats and waxes in
microencapsulation of food ingredients. Di dalam: Microencapsulation in the
Food Industry: A Practical Implementation Guide. Department of Food
Science and Technology, Virginia Polytechnic Institute and State University,
Blacksburg, VA, United States: Elsevier. hlm. 325-342.

Suhaimin NS, Hanifah MFR, Azhar M, Jaafar J, Aziz M, Ismail AF, Othman MHD,
Rahman MA, Aziz F, Yusof N, et al. 2022. The evolution of oxygen-
functional groups of graphene oxide as a function of oxidation degree. Mater.
Chem. Phys. 278(May
2021):125629.d0i:10.1016/j.matchemphys.2021.125629.

Sunardi S, Noviyanti N, Istikowati WT, Nisa K, Anwar M. 2021. Analisis
Komponen Serat Pelepah Sagu (Metroxylon Sago) Dan Kajian Morfologi
Selulosanya Setelah Oksidasi Menggunakan Amonium Persulfat. J. Sains
dan Terap. Kim. 15(1):48.d0i:10.20527/jstk.v15i1.9724.

Sunesh NP, Suyambulingam I, Divakaran D, Siengchin S. 2023. Isolation of
Microcrystalline Cellulose from Valoniopsis pachynema Green Macroalgae:
Physicochemical, Thermal, Morphological, and Mechanical Characterization
for Biofilm Applications. Waste and Biomass
Valorization..doi:10.1007/s12649-023-02228-y.

Susi S, Ainuri M, Wagiman W, Falah MAF. 2024. Characterization and Selection
of Microcrystalline Cellulose from Oil Palm Empty Fruit Bunches for
Strengthening  Hydrogel Films. J. Remew. Mater. 12(3):513—
537.doi:10.32604/jrm.2024.045586.

Syam JN, Diyah Y, Salengke S. 2025. Production of Biochar from Sago Dregs
Using NaOH Pretreatment and Microwave Pyrolysis. Salaga J. 03(01):1—
5.doi:10.70124/salaga.v3i1.1809.

Ta LP, Corrigan S, Tselepis C, Igbal TH, Ludwig C, Horniblow RD. 2024.
Gastrointestinal-inert prebiotic micro-composites improve the growth and
community diversity of mucosal-associated bacteria. J. Control. Release.
375(May):495-512.d0i:10.1016/j.jconrel.2024.09.021.

Tan WY, Gopinath SCB, Anbu P, Velusamy P, Gunny AAN, Chen Y,



Pengembangan Teknologi Proses Produksi Selulosa Mikrokristalin (MCC) Dua Tahapan dari Limbah
Ampas

Sagu (Metroxylon sagu Rottb)

UNIVERSITAS Maghfirah Jayalaksamana, Dr. Ir. Makhmudun Ainuri, M.Si.; Nanang Masruchin, ST, MT, Ph.D

GADJAH MADA Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

Subramaniam S. 2023. Generation of Microcrystalline Cellulose from Cotton
Waste and its Properties. BioResources. 18(3):4884—
4896.d0oi:10.15376/biores.18.3.4884-4896.

Tang L-R, Huang B, Dai D-S, Ou W, Lin Y-P, Chen X-R. 2010. Preparation and
spectrum properties of cellulose nanoparticles. Guang Pu Xue Yu Guang Pu
Fen Xi/Spectroscopy Spectr. Anal. 30(7):1876—1879.doi:10.3964/j.issn.1000-
0593(2010)07-1876-04.

TAPPIL. 1997. TAPPI 264 cm-07: Preparation of wood for chemical analysis.
Volume ke-1988.

TAPPI. 2007. T211 Ash in wood, pulp, paper and paperboard: combustion at 525
°C. Volume ke-T211 om-02.

Tareen AK, Punsuvon V, Parakulsuksatid P. 2020. Investigation of alkaline
hydrogen peroxide pretreatment to enhance enzymatic hydrolysis and
phenolic compounds of oil palm trunk. 3 Biotech. 10(4):1-
12.d0i:10.1007/s13205-020-02169-6.

Thielemans K, De Bondt Y, Van den Bosch S, Bautil A, Roye C, Deneyer A,
Courtin CM, Sels BF. 2022. Decreasing the degree of polymerization of
microcrystalline cellulose by mechanical impact and acid hydrolysis.
Carbohydr. Polym. 294(March):119764.d0i:10.1016/j.carbpol.2022.119764.

Thielemans K, De Bondt Y, Comer L, Raes J, Everaert N, Sels BF, Courtin CM.
2023. Decreasing the Crystallinity and Degree of Polymerization of Cellulose
Increases Its Susceptibility to Enzymatic Hydrolysis and Fermentation by
Colon Microbiota. Foods. 12(5):1100.doi:10.3390/foods12051100.

Thoorens G, Krier F, Rozet E, Carlin B, ... 2015. Understanding the impact of
microcrystalline cellulose physicochemical properties on tabletability. /nt. J.

Trache D. 2017. Microcrystalline cellulose and related polymer composites:
Synthesis, characterization and properties. Di dalam: Handbook of
Composites from Renewable Materials. Vol. 1-8. Education and Research
Unit of Applied Chemistry, Ecole Militaire Polytechnique, Algiers, Algeria:
wiley. hlm. 61-91.

Trache D, Hussin MH, Haafiz MKM, Thakur VK. 2017. Recent progress in
cellulose nanocrystals: sources and production. Nanoscale. 9(5):1763—
1786.d0i:10.1039/C6NR09494E.

Trache D, Tarchoun AF, Derradji M, Hamidon TS, Masruchin N, Brosse N, Hussin
MH. 2020. Nanocellulose: From Fundamentals to Advanced Applications.
Front. Chem. 8.doi:10.3389/fchem.2020.00392.

Trentin LN, Pereira CS, Silveira RL, Hill S, Sorieul M, Skaf MS. 2021. Nanoscale
Wetting of Crystalline Cellulose. Biomacromolecules. 22(10):4251—
4261.d0i:10.1021/acs.biomac.1c00801.



Pengembangan Teknologi Proses Produksi Selulosa Mikrokristalin (MCC) Dua Tahapan dari Limbah
Ampas

Sagu (Metroxylon sagu Rottb)

UNIVERSITAS Maghfirah Jayalaksamana, Dr. Ir. Makhmudun Ainuri, M.Si.; Nanang Masruchin, ST, MT, Ph.D

GADJAH MADA Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

USP-NF. 2022. Excipient Monographs 2: Microcrystalline Cellulose. Volume ke-
31(5).

Ventura-Cruz S, Flores-Alamo N, Tecante A. 2020. Preparation of microcrystalline
cellulose from residual Rose stems (Rosa spp.) by successive delignification
with alkaline hydrogen peroxide. Int. J. Biol. Macromol. 155:324—
329.doi:10.1016/j.ijbiomac.2020.03.222.

Veza 1, Spraggon M, Fattah IMR, Idris M. 2023. Response surface methodology
(RSM) for optimizing engine performance and emissions fueled with biofuel:

Review of RSM for sustainability energy transition. Results Eng.
18(March):101213.doi:10.1016/j.rineng.2023.101213.

Wang J-X, Asano S, Kudo S, Hayashi J. 2020. Deep Delignification of Woody
Biomass by Repeated Mild Alkaline Treatments with Pressurized O 2. ACS
Omega. 5(45):29168-29176.d0i:10.1021/acsomega.0c03953.

Wang T, Yang H, Kubicki JD, Hong M. 2016. Cellulose Structural Polymorphism
in Plant Primary Cell Walls Investigated by High-Field 2D Solid-State NMR
Spectroscopy  and  Density  Functional  Theory  Calculations.
Biomacromolecules. 17(6):2210-2222.doi:10.1021/acs.biomac.6b00441.

Wang Y, Feng C, Guo R, Ma Y, Yuan Y, Liu Y. 2021. Cellulase immobilized by
sodium alginate-polyethylene glycol-chitosan for hydrolysis enhancement of

microcrystalline cellulose. Process Biochem. 107:38—
47.doi:10.1016/j.procbio.2021.02.018.

Wawoczny A, Szymanska K, Gillner D. 2024. Novel stationary basket reactor for
effective biomass delignification with deep eutectic solvent. Bioresour.
Technol. 413(August):131455.doi:10.1016/j.biortech.2024.131455.

Wijaya CJ, Ismadji S, Aparamarta HW, Gunawan S. 2019. Optimization of
cellulose nanocrystals from bamboo shoots using Response Surface
Methodology. Heliyon. 5(11).doi:10.1016/j.heliyon.2019.¢02807.

Wu J, Zhong T, Zhang W, Shi J, Fei B, Chen H. 2021. Comparison of colors,
microstructure, chemical composition and thermal properties of bamboo
fibers and parenchyma cells with heat treatment. J. Wood Sci.
67(1).doi:10.1186/s10086-021-01988-2.

Wu Y, Luo C, Li L, Jiang Y, Yu J, Wang T, Lu J, Cao X, Ke W, Li S. 2024.
Cellulose separation from ramie bone by one step process with green
hydrogen  peroxide-citric acid. Int. J. Biol. Macromol.
267(P1):131444.d0i:10.1016/j.ijbiomac.2024.131444.

Xie A, Zhao S, Liu Z, Yue X, Shao J, Li M, Li Z. 2023. Polysaccharides, proteins,
and their complex as microencapsulation carriers for delivery of probiotics:
A review on carrier types and encapsulation techniques. Int. J. Biol.
Macromol. 242(P1):124784.doi:10.1016/j.ijbiomac.2023.124784.

Yacob N, Badri K, Mohamed AZ. 2023. Sago pith waste: morphology, chemical



Pengembangan Teknologi Proses Produksi Selulosa Mikrokristalin (MCC) Dua Tahapan dari Limbah
Ampas

Sagu (Metroxylon sagu Rottb)

UNIVERSITAS Maghfirah Jayalaksamana, Dr. Ir. Makhmudun Ainuri, M.Si.; Nanang Masruchin, ST, MT, Ph.D

GADJAH MADA Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

composition and thermal properties. Food  Res. 7:78—
82.d0i:10.26656/1r.2017.7(S2).13.

Yang H, Yan R, Chen H, Lee DH, Zheng C. 2007. Characteristics of hemicellulose,
cellulose and lignin pyrolysis. Fuel. 86(12-13):1781—
1788.d0i:10.1016/j.fuel.2006.12.013.

Yang R, Xie Y, Lombardo SP, Tang J. 2021. Oil protects bacteria from humid heat
in thermal processing. Food Control. 123(July
2020):107690.doi:10.1016/j.foodcont.2020.107690.

Yang X, Berthold F, Berglund LA. 2018. Preserving Cellulose Structure:
Delignified Wood Fibers for Paper Structures of High Strength and
Transparency. Biomacromolecules. 19(7):3020—
3029.doi:10.1021/acs.biomac.8b00585.

Yin D(., Jing Q, AlDajani WW, Duncan S, Tschirner U, Schilling J, Kazlauskas RJ.
2011. Improved pretreatment of lignocellulosic biomass using enzymatically-
generated  peracetic  acid.  Bioresour.  Technol. 102(8):5183—

5192.d0i:10.1016/j.biortech.2011.01.079.

Yong Kang L, Ayu Haslija AB. 2019. Optimization of Alkaline Pulp Extraction
from Napier Grass Using Response Surface Methodology. Di dalam: C.-W.
T, W. C-T, B.S.L. H, editor. /[OP Conference Series: Earth and
Environmental Science. Vol. 268. Department of Chemical Engineering,
Faculty of Engineering, Technology and Built Environment, UCSI
University, Kuala Lumpur, Malaysia: Institute of Physics Publishing.

Yong WS, Yeu YL, Chung PP, Soon KH. 2024. Extraction and Characterization
of Microcrystalline Cellulose (MCC) from Durian Rind for Biocomposite
Application.

Yoosefian SH, Ebrahimi R, Hosseinzadeh Samani B, Maleki A. 2023. Digestion of
lignocellulosic biomass under an innovative pneu-mechanical system and
optimization of process. J. Biotechnol. 374:70—
79.doi:10.1016/j.jbiotec.2023.07.012.

Yu Z, Jameel H, Chang H-M, Park S. 2011. The effect of delignification of forest
biomass on enzymatic hydrolysis. Bioresour. Technol. 102(19):9083—
9089.doi:10.1016/j.biortech.2011.07.001.

Zendrato HM, Masruchin N, Nikmatin S, Kim NH, Lee SH, Wistara NJ. 2025. The
Physicochemical Changes of Cellulose Hydrolyzed with HCI Vapor after
Pretreatment  with  FeCl3. J.  Polym.  Environ.  33(3):1403—
1422.d0i:10.1007/s10924-025-03494-8.

Zendrato HM, Masruchin N, Nikmatin S, Wistara NJ. 2024. Effective cellulose
isolation from torch ginger stem by alkaline hydrogen peroxide — Peracetic
acid system. J. Ind. Eng. Chem. 131(August):376—
387.d0i:10.1016/j.jiec.2023.10.040.



Pengembangan Teknologi Proses Produksi Selulosa Mikrokristalin (MCC) Dua Tahapan dari Limbah
Ampas

Sagu (Metroxylon sagu Rottb)

UNIVERSITAS Maghfirah Jayalaksamana, Dr. Ir. Makhmudun Ainuri, M.Si.; Nanang Masruchin, ST, MT, Ph.D

GADJAH MADA Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

Zewide YT, Yemata TA, Ayalew AA, Kedir HJ, Tadesse AA, Fekad AY, Shibesh
AK, Getie FA, Tessema TD, Wubieneh TA, et al. 2025. Application of
response surface methodology (RSM) for experimental optimization in
biogenic silica extraction from rice husk and straw ash. Sci. Rep. 15(1):1—
17.doi:10.1038/541598-024-83724-6.

Zhang H, Wu J. 2023. Optimization of Alkaline Hydrogen Peroxide Pretreatment
and Enzymatic Hydrolysis of Wheat Straw for Enhancing Sugar Yields.
Fermentation. 9(10).doi:10.3390/fermentation9100871.

Zhang J, Li K, Liu S, Huang S, Xu C. 2022. Alkaline hydrogen peroxide
pretreatment combined with bio-additives to boost high-solids enzymatic
hydrolysis of sugarcane bagasse for succinic acid processing. Bioresour.
Technol. 345.d0i:10.1016/j.biortech.2021.126550.

Zhang L, Fu J, Gao W, Li Y, Fan X. 2024. Revealing the structural variation and
degradation mechanism of cellulose during ozone oxidation treatment. /nd.
Crops Prod. 219(June):119101.d0i:10.1016/j.indcrop.2024.119101.

Zhang MF, Qin YH, Ma JY, Yang L, Wu ZK, Wang TL, Wang WG, Wang CW.
2016. Depolymerization of microcrystalline cellulose by the combination of
ultrasound and Fenton reagent. Ultrason. Sonochem. 31:404—
408.d0i:10.1016/j.ultsonch.2016.01.027 WE - Science Citation Index
Expanded (SCI-EXPANDED).

Zhang X, Jiang F, Torres-Luna C, Nishiyama Y, Briber RM, Wang H. 2021.
Solvent-Assisted Fractionation of Oligomeric Cellulose and Reversible
Transformation of Cellulose Il and IV. ACS Biomater. Sci. Eng. 7(10):4792—
4797.doi:10.1021/acsbiomaterials.1c00885.

Zhao X-B, Wang L, Liu D-H. 2008. Peracetic acid pretreatment of sugarcane
bagasse for enzymatic hydrolysis: A continued work. J. Chem. Technol.
Biotechnol. 83(6):950-956.doi:10.1002/jctb.1889.

Zhao X, Cheng K, Hao J, Liu D. 2008. Preparation of peracetic acid from hydrogen
peroxide, part II: Kinetics for spontaneous decomposition of peracetic acid in
the liquid phase. J Mol Catall A Chem. 284(1-2):58-
68.doi:10.1016/j.molcata.2008.01.003.

Zhao X, Cheng K, Liu D. 2009. Organosolv pretreatment of lignocellulosic biomass
for enzymatic hydrolysis. Appl. Microbiol. Biotechnol. 82(5):815—
827.doi:10.1007/s00253-009-1883-1.

Zhao X, Zhang L, Liu D. 2012. Biomass recalcitrance. Part <scp>II</scp>:
Fundamentals of different pre-treatments to increase the enzymatic
digestibility of lignocellulose. Biofuels, Bioprod. Biorefining. 6(5):561—
579.doi:10.1002/bbb.1350.

Zhou Ziyuan Y, Ouyang DH, Liu DH, Zhao XB. 2023. Oxidative pretreatment of
lignocellulosic biomass for enzymatic hydrolysis: Progress and challenges.



Pengembangan Teknologi Proses Produksi Selulosa Mikrokristalin (MCC) Dua Tahapan dari Limbah
Ampas

Sagu (Metroxylon sagu Rottb)

UNIVERSITAS Maghfirah Jayalaksamana, Dr. Ir. Makhmudun Ainuri, M.Si.; Nanang Masruchin, ST, MT, Ph.D

GADJAH MADA Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

Bioresour. Technol. 367:128208.doi:10.1016/j.biortech.2022.128208.

Zhou Z Y, Ouyang DH, Liu DH, Zhao XB. 2023. Oxidative pretreatment of
lignocellulosic biomass for enzymatic hydrolysis: Progress and challenges.
Bioresour. Technol. 367.doi:10.1016/j.biortech.2022.128208.

Zhuang J, Li M, Pu Y, Ragauskas AJ, Yoo CG. applied sciences Observation of
Potential Contaminants in Processed Biomass Using Fourier Transform
Infrared Spectroscopy. :1-13.

Zicba T, Raszewski B, Kapelko-Zeberska M, Kobryn JH. 2024. A review on
methods for the production of microcapsules and their application in drug and
food technology. Polim. Med. 54(2):117—-125.doi:10.17219/pim/196538.

Zimmermann R, Miiller Y, Freudenberg U, Jehnichen D, Potthast A, Rosenau T,
Werner C. 2016. Oxidation and structural changes in NMMO-regenerated
cellulose films. Cellulose. 23(6):3535-3541.d0i:10.1007/s10570-016-1084-

X.



