BAB V
KESIMPULAN DAN SARAN

5.1 Kesimpulan
Berdasarkan penelitian yang telah dilakukan, dapat disimpulkan bahwa
1. Variasi rasio katalis 0.3 mol/mol AGU menghasilkan nilai DS tertinggi.

2. Waktu reaksi 6 jam menghasilkan banyak network crosslinking menandakan

banyaknya ikatan crosslinking Diels Alder yang terbentuk.

3. Suhu annealing 70 °C menghasilkan produk yang memiliki lebih banyak network

crosslinking.
4. Pati ester memiliki ketahanan suhu rendah dan bersifat amorf.

5. Pati crosslinking lebih tahan terhadap suhu dibandingkan pati ester dan pati sagu,
bersifat kristalin dan granulanya menjadi runcing serta beraglomerasi dan bersifat
thermoreversible berdasarkan uji kelarutan.

5.2 Saran

Selama melakukan penelitian juga ada beberapa saran untuk penelitian

kedepannya. Saran tersebut adalah sebagai berikut:

1. Perlu dilakukan analisa DSC untuk mengetahui thermoreversibilitas dari pati

crosslinking dan glass transition temperature.

2. Perlu dilakukan penelitian lebih lanjut mengenai kinetika reaksi transesterifikasi
antara pati dengan methyl 2-furoate.

3. Untuk membuktikan produk bersifat thermoreversible akan lebih baik bila pada

produk pati crosslinking dicetak kemudian dihancurkan dan dicetak ulang kembali.

4. Perlu dilakukan uji kekuatan mekanis pada pati crosslinking yang dicetak menjadi
T-bone.
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. Perlu dilakukan analisa degree of crosslinking pada pati crosslinking.

. Perlu diuji biodegredabilitas dari produk pati crosslinking.

. Perlu pengujian XRD untuk melihat perubahan kristalinitas pati crosslinking pada

berbagai suhu annealing.



DAFTAR PUSTAKA

Adak, S. dan Rintu Benarjee. 2016. A green approach for starch modification:
Esterification by lipase and novel imidazolium surfactant. Carbohydrate Polymers
Volume 150.Ahmad, Fasihuddin B., Peter A. Williams, Jean Louis Doublier,
Sylvie Durand, and Alain Buleon. 1999. “Physico-Chemical Characterisation of
Sago Starch.” Carbohydrate Polymers 38(4):361-70.

American Society for Testing and Materials. ASTM. 2002. “Designaciéon D 882:
‘Standard Test Method for Tensile Properties of Thin Plastic Sheeting’.” 14:1—
10.

Apriani, I. 2016. Hasil Hutan yang Diabaikan: Sagu Nasibmu Kini. Intip Hutan - Forest
Watch Indonesia, 18-22.

Ayoub, A. S., & Rizvi, S. S. 2009. An Overview on the Technology of Cross-linking
of Starch for Nonfood Applications. Journal of Plastic Film and Sheeting, Vol.
25, 25-45.

Basri, Sri Norleha, dkk. 2016. Preparation and characterization of irradiated
carboxymethyl sagostarch-acid hydrogel and its application as metal scavenger
inaqueous solution. Carbohydrate Polymers 138 (2016) 3440

BeMiller, James, Roy Whistler. 2009. Starch Chemistry and Technology. third. United
States of America: Elsevier Inc.

Birch, G. G. 1983. Food Carbohydrates. Vol. 11.
Billmeyer, F. W. 1963. Textbook of Polymer Science. Vol. 12.

Cai, Jinwen dkk. 2014. Structural and functional properties of C-type starches.
Carbohydrate Polymers 101:289-300.

Carter, G., & Paul, D. 1991. Materials Science & Engineering. Ohio: ASM
International.

Clunies, Phil, (2019), Plastics in the Environment. University of Canterbury
Coles, Richard and Mark Kirwan. 2011. Food and Beverage Packaging Techonology.

Direktorat Jenderal Perkebunan. 2019. Statistik Perkebunan Indonesia, Sagu 2015-
2017. Jakarta: Kementerian Pertanian.

80



81

Duanmu, J., Gamstedt, E. K., & Rosling, A. 2007. Synthesis and Preparation of
Crosslinked Allylglycidyl Ether-Modified Starch-Wood Fibre Composites
Duanmu, Jie; Gamstedt, E. Kristofer; Rosling, Ari. Starch/Starke.

Ehara, Hiroshi, Yukio Toyoda, and Dennis V. Johnson. 2018. Sago Palm: Multiple
Contributions to Food Security and Sustainable Livelihoods.

European Bioplastics. 2016. “Fact Sheet: What Are Bioplastics?” European-
Bioplastics 4.

French, Dexter. 1972. “Lowa State University, Ames Starch Chain Structure; Amylose.
Chemical Branching in Starch; Arnylopectin. It Is Well.” Journal of Animal
Science 37(4):1048-61.

Geyer, R., Jambeck, J. R., & Law, K. L. 2017. Production, use, and fate of all plastics
ever made. American Association of the Advancement of Science.

Gouater Issola, A. G., A. Ngueteu Kamlo, A. M. Cheumani Yona, and M. Kor
Ndikontar. 2018. “Chemical Modification of Cassava Starch by
Transesterification Using Vegetable Oil/Aluminum Chloride.” Journal of
Renewable Materials 6(6):642-50.

Gouda, Moustafa A., dkk. 2011. Chemistry of dibenzobarallene. Turk J Chem 35
(2011) , 663 — 697.

Gunaratne, A. and R. Hoover. 2002. “Effect of Heat-Moisture Treatment on the
Structure and Physicochemical Properties of Tuber and Root Starches.”
Carbohydrate Polymers 49(4):425-37.

Henky, Muljana, dkk. 2017. Transesterification of sago starch and waste palm cooking
oil in densified CO2. IOP Conf. Series: Materials Science and Engineering 223
(2017) 012055.

Henky, Muljana, dkk. 2010. Synthesis of fatty acid starch esters in supercritical carbon
dioxide. Carbohydrate Polymers 82 (2010) 346-354

Hermawan, Erik, dkk. 2015. Transesterification of Sago Starch Using Various Fatty
Acid Methyl Esters in Densified CO.. International Journal of Chemical
Engineering and Applications, Vol. 6, No. 3

Hoydonckx, Hans E., Dirk E. De Vos, Suhas A. Chavan, and Pierre A. Jacobs. 2004.
“Esterification and Transesterification of Renewable Chemicals.” Topics in
Catalysis 27(1-4):83-96.



82

Ito, Daiki & Kimura, Yoshihiko & Takenaka, Mikihito & Ouchi, Makoto & Terashima,
Takaya. 2020. Single-Chain Crosslinked Polymers via the Transesterification of
Folded Polymers: From Efficient Synthesis to Crystallinity Control. Polymer
Chemistry. 11. 10.1039/DOPY00758G.

Jambeck, Jenna R. 2015. Plastic waste inputs from land into the ocean. Science 13 Feb
2015: Vol. 347, Issue 6223, pp. 768-771.

Jerachaimongkol, Sudarat & Chonhenchob, Vanee & Naivikul, Onanong &
Poovarodom, Ngamtip. 2006. Modification of Cassava Starch by Esterification
and Properties of Cassava Starch Ester Films. Kasetsart J. (Nat. Sci.).. 40.

John, M., Schmidt, J., and Kneifel, H. 1983. lodine-Maltosaccharide Complexes:
Relation Between Chain-Length And Color. Carbohydrate Research 119, 254—
257.

Junistia, Laura, Asaf K. Sugih, Robert Manurung, Francesco Picchioni, Leon P. B. M.
Janssen, and Hero J. Heeres. 2009. “Experimental and Modeling Studies on the
Synthesis and Properties of Higher Fatty Esters of Corn Starch.” Starch/Staerke
61(2):69-80.

Kementerian Lingkungan Hidup dan Kehutanan. 2019. Kendalikan Sampah Plastik

Khurana, Jitender & Chauhan, Sushma & Bansal, Geeti. 2004. Facile Hydrolysis of
Esters with KOH-Methanol at Ambient Temperature. Monatshefte Fur Chemie -
MONATSH CHEM. 135. 83-87.

Kou, T., & Gao, Q. 2018. New Insight in Crosslinking Degree Determination For
Crosslinked Starch. Carbohydrate Research, 13-18.

Makhtar, Nurul Shuhada Mohd, dkk. 2013. Thermal Behavior of Tacca
leontopetaloides Starch-Based Biopolymer. Faculty of Chemical Engineering,
Universiti Teknologi MARA, 40450 Shah Alam, Selangor, Malaysia

Nossa, Tamires S., Naceur M. Belgacem, Alessandro Gandini, and Antonio J. F.
Carvalho. 2015. “Thermoreversible Crosslinked Thermoplastic Starch.” Polymer
International 64(10):1366—72.

Oyama, Toshiyuki. 2021. “Encyclopedia of Polymeric Nanomaterials.” Encyclopedia
of Polymeric Nanomaterials 1-11.

Plastic, European. 2017. “Plastics - the Facts 2017-An Analysis of European Plastics
Production, Demand and Waste Data.”



83

PlasticsEurope. 2018. An Analysis of European Plastics Production, Demand and
Waste Data. Plastics — the Facts 2018.

Polnaya, Febby J. 2006. Kegunaan Pati Sagu Alami dan Termodifikasi Serta
Karakteristiknya. Jurnal Agroforestri, Vol. 1, No. 3, 50-56.

Polgar, L.M. 2015. Use of Diels—Alder Chemistry for Thermoreversible Cross-Linking
of Rubbers: The Next Step toward Recycling of Rubber Products?
Macromolecules 2015, 48, 19, 7096—7105

Patel, Yogesh S. 2013. Thermoplastic-thermosetting merged polyimides via furan-
maleimide Diels—Alder polymerization. Arabian Journal of Chemistry (2013),
http://dx.doi.org/10.1016/j.arabjc.2013.04.010

Puradisastra, Michael Wilbert dan Joshua Dicky Pesireron. 2019. Sintesis Pati Ikatan
Silang dengan Reaksi Diels Alder. Skripsi Sarjana Universitas Katholik
Parahyangan.

Purwani, E. .. Y., Widaningrum Widaningrum, R. Thahir, and Muslich Muslich. 2016.
“Effect of Heat Moisture Treatment of Sago Starch on Its Noodle Quality.”
Indonesian Journal of Agricultural Science 7(1):8.

Ritchie, Hannah and Max Roser. 2018. Plastic Pollution. Our World in Data

Sanjel, Narawaj dkk.. 2014. Transesterification Kinetics of Waste Vegetable Qil in
Supercritical Alcohols. Kongju National University: Korea

Santoso, A. D. 2017. Potensi dan Kendala Pengembangan Sagu Sebagai Bahan Pakan,
Pangan, Energi, dan Kelestarian Lingkungan di Indonesia. Jurnal Rekayasa
Lingkungan, Vol. 10, No. 2, 51-57.

Shah, N., Mewada, R., & Mehta, T. 2016. Crosslinking of Starch and Its Effect on
Viscosity Behaviour. Reversible Chemical Engineering, Vol. 32, No. 2, 265-270.

Singh, A. V. & Nath, L. K. 2012. Synthesis and Evaluation of Physicochemical
Properties of Cross-linked Sago Starch. International Journal of Biological
Macromolecules, Vol. 50, 14-18.

Sinatra, Merianawati dan lvana Hasjem. 2020. Kajian Awal Pembuatan Pati Sagu
Ikatan Silang dengan Reaksi Diels Alder. Skripsi Sarjana Universitas Katholik
Parahyangan.

Smith, A. M. 2001. “The Biosynthesis of Starch Granules.” Biomacromolecules
2(2):335-41.



84

Solomons, Graham, Craig Fryhle dan Scott A. Snyder. 2016. “Organic Chemistry
Twelfth Edition”. John Wiley and Sons: United States of America

Song, Jim dkk. 2011. Food and Beverage Packaging Technology. Edisi kedua. editor
Richard Coles and Mark Kirwan.C. Blackwell Publishing Ltd.

Strachota, Beata dkk. 2019. Control of Gelation and Properties of Reversible Diels—
Alder Networks: Design of a Self-Healing Network. Polymers 2019, 11, 930.

Sumardiono, S., Riska, L., Jos, B., and Pudjihastuti, I. 2019 Effect of Esterification on
Cassava Starch: Physicochemical Properties and Expansion Ability, Reaktor,
19(1), 34-41, http://dx.doi.org/10.14710/reaktor.19.01.34-41.

Suwary, Yoga Deswan, Yelmida, & Bahruddin. 2018. Modifikasi Pati Sagu dengan
Metode Asetilasi untuk Peningkatan Sifat Tensile Bioplastik. Jom FTEKNIK,
Vol. 5, Edisi 2.

Taggart, P. and J. R. Mitchell. 2009. “Starch.” Handbook of Hydrocolloids: Second
Edition 108-41.

Tian, S., Chen, Y., Chen, Z.,, Yang, Y., Wang, Y., 2018. Preparation and Characteristics
of Starch Esters and Its Effect on Dough Physicochemical Properties. Journal of
Food Quality Volume 2018

Trejo-Zarraga, Fernando dkk.. 2018. Kinetics of Transesterification Processes for
Biodiesel Production. Intechopen

Turner, Timothy Lawrence. 2005. Modeling and Simulation of Reaction Kinetics for
Biodiesel Production. North Carolina State University.

Vinson, Joe A. 1969. Hydrolysis of latex paint in dimethyl sulfoxide: An organic
laboratory experiment. Journal of Chemical Education, 46(12), 877-.
doi:10.1021/ed046p877

Xiao, Huaxi dkk. 2012. Effect of Cross-Linking and Enzymatic Hydrolysis Composite
Modification on the Properties of Rice Starches.

Xu, Yixiang, Vesselin Miladinov, and Milford A. Hanna. 2004. “Synthesis and
Characterization of Starch Acetates with High Substitution.” Cereal Chemistry
81(6):735-40.

Yu, L. & P.M., V. 2016. Starch-based Blends, Composites and Nanocomposites.
Cambridge: The Royal Society of Chemistry.

Zhang, Y., Dai, Z., Han, J,, Li, T., Xu, J., & Guo, B. 2017. Interplay between



85

crystallization and the Diels—Alder reaction in biobased multiblock copolyesters
possessing dynamic covalent bonds. Polymer Chemistry, 8(29), 4280-4289.

Zhong, Wendy 1996. Degradation Product Analysis Of Bismaleimide Composite.
Western Kentucky University



	2017620063-Bagian 10
	2017620063-Bagian 11

