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In recent, the needs to develop more environmental friendly product is increasing due to 

the accumulating of non-biodegradable waste, particularly the disposable product. 

Hence, various kinds of more environmental friendly materials were developed in order 
to tackle this issue. Biopolymer derived from renewable resources is a promising 

alternative material for petroleum based polymer since it is readily biodegradable and 

thus, more environmental friendly. Among the biopolymer, starch is one of the most 

promising due to the easy availability, low cost, abundant in nature, renewable, and 

biodegradable. Sugar palm is a versatile plant that is regarded as renewable source for 

fibre and starch. However, the inborn deterrent associated with the biopolymer derived 

from sugar palm starch (SPS) such as the poor mechanical properties has limits its 

potential applications. Meanwhile, Eucheuma cottonii seaweed is a resourceful macro 

alga which is massively cultivated for the production of its hydrocolloids, namely 

carrageenan. However, due to the relatively low carrageenan content in the raw seaweed, 

huge amount of solid wastes were produced during processing which is yet to be utilized. 

Hence, characterizations of the seaweed wastes were carried out to analyse its potential 
as reinforcement material. Then, several modification methods were employed to 

enhance the properties of thermoplastic SPS i. e; (1) blending thermoplastic SPS with 

agar polymer (2) reinforcement of thermoplastic SPS/agar (TPSA) blend with seaweed 

wastes, and (3) hybridization of seaweed wastes with sugar palm fibre in the TPSA 

composites. Consequently, thermoplastic SPS/agar blends were successfully developed 

by using melt-mixing and compression moulding method. The findings show that the 

tensile, flexural, and impact properties of the material were improved following the 

incorporation of agar. The thermal properties of the material were slightly improved as 

the agar content increased from 0 to 40 wt%. In terms of physical properties, the addition 

of agar has increased the water affinity characteristics of the polymer blend. Furthermore, 

the influence of seaweed wastes at varying content (0 to 40 wt%) on the mechanical, 
thermal, physical, and biodegradation characteristics of TPSA were investigated. 

Improvement in the tensile, flexural, and impact properties of the composites were 

evidence after incorporation of seaweed waste. It also evident from the 

thermogravimetric analysis (TGA) results that the thermal stability of the composites 

were enhanced with addition of seaweed waste. In terms of the physical properties, 

addition of seaweed has led to higher water affinity of the composites. After soil burial 
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for 2 and 4 weeks, the biodegradation of the composites were enhanced with the 

incorporation of seaweed waste. Lastly, the effects of sugar palm fibre hybridization with 

seaweed/TPSA composites were evaluated. Hybridized seaweed waste/SPF 

reinforcement at weight ratio of 0:100, 25:75, 50:50, 75:25, and 100:0 were prepared by 

using TPSA polymer blend as the matrix. Obtained results indicated that hybrid 

composites display improved tensile and flexural properties accompanied with lower 

impact resistance. Thermal stability of the hybrid composites were enhanced than the 

individual seaweed waste composite. Water absorption, thickness swelling, water 

solubility, and soil burial tests showed higher water and biodegradation resistance of the 

hybrid composites. Overall, the findings from the current study demonstrated that 

thermoplastic SPS modified by agar, seaweed wastes, and hybridization with SPF has 
shown improved functional characteristics than the origin material. In conclusion, the 

TPSA polymer blend reinforced seaweed waste/SPF hybrid composites are potential 

alternative material for biodegradable product i. e disposable tray with enhanced 

properties.  
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Sejak kebelakangan ini, keperluan untuk membangunkan lebih banyak produk mesra 
alam semakin meningkat disebabkan oleh sisa terkumpul yang tidak terbiodegradasi di 

tapak pelupusan sampah. Oleh itu, pelbagai jenis bahan-bahan yang lebih mesra alam 

telah dibangunkan untuk menangani isu ini. Biopolimer yang diperolehi daripada sumber 

yang boleh diperbaharui adalah bahan alternatif yang menarik untuk menggantikan 

polimer berasaskan petroleum kerana ianya mudah terbiodegradasikan dan dengan itu, 

lebih mesra alam berbanding polimer konvensional. Antara biopolimer, kanji adalah 

antara yang paling menarik kerana ianya mudah diperolehi, kos rendah, banyak dalam 

alam semula jadi, boleh diperbaharui dan mesra alam. Pokok enau adalah tumbuhan 

serba boleh yang dianggap sebagai sumber yang boleh diperbaharui untuk gentian dan 

kanji. Walau bagaimanapun, penghalang semula jadi yang berkaitan dengan biopolimer 

yang diperolehi daripada kanji enau (SPS) seperti sifat-sifat mekanikal yang lemah telah 

menghadkan potensi aplikasinya. Sementara itu, rumpai laut Eucheuma cottonii 
merupakan alga makro yang ditanam secara besar-besaran untuk pengeluaran 

hidrosolloid, iaitu karagenan. Walau bagaimanapun, disebabkan kandungan karagenan 

yang rendah dalam rumpai laut, sejumlah besar sisa pepejal telah dihasilkan semasa 

pemprosesan yang masih belum dimanfaatkan. Oleh itu, pencirian sisa rumpai laut telah 

dijalankan untuk menganalisis potensinya sebagai bahan penguat. Seterusnya, beberapa 

kaedah pengubahsuaian telah diambil untuk menambahbaik sifat-sifat termoplastik SPS 

iaitu; (1) pencampuran termoplastik SPS dengan polimer agar (2) pengukuhan 

termoplastik SPS/agar (TPSA) dengan sisa rumpai laut, dan (3) penghibridan sisa rumpai 

laut dengan gentian enau dalam komposit TPSA. Polimer campuran termoplastik 

SPS/agar telah berjaya dibangunkan dengan menggunakan kaedah pencampuran-lebur 

dan kaedah pengacuan mampatan. Dapatan kajian menunjukkan bahawa sifat tegangan, 
lenturan, dan impak bahan telah meningkat susulan daripada penggabungan agar ke 

dalam termoplastik SPS. Sifat termal termoplastik SPS menunjukkan sedikit 

peningkatan apabila kandungan agar meningkat (0 – 40%).  Dari segi sifat fizikal, 

penambahan agar telah meningkatkan sifat pertalian air polimer campuran. Seterusnya, 

pengaruh sisa rumpai laut pada kandungan yang berbeza-beza (0-40% berat) kepada ciri-

ciri mekanikal, termal, fizikal, dan biodegradasi TPSA telah disiasat. Peningkatan dalam 
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sifat tegangan, lenturan, dan impak bagi komposit dapat dilihat selepas diperbadankan 

dengan rumpai laut. Ia juga dapat dilihat daripada keputusan analisis termogravimetri 

(TGA) bahawa kestabilan terma bagi komposit telah dipertingkatkan dengan 

penambahan rumpai laut. Dari segi sifat-sifat fizikal, penambahan rumpai laut telah 

membawa kepada peningkatan sifat pertalian air bagi komposit. Selepas ditanam dalam 

tanah selama 2 dan 4 minggu, biodegradasi bagi komposit telah dipertingkatkan dengan 

penambahan rumpai laut. Akhir sekali, kesan penghibridan gentian enau (SPF) dengan 

komposit rumpai laut/TPSA telah dinilai. Penghibridan rumpai laut/SPF pada nisbah 

berat 25:75, 50:50 dan 75:25 telah disediakan dengan menggunakan TPSA sebagai 

matriks. Sifat-sifat mekanikal, termal dan fizikal komposit hibrid telah dikaji. Keputusan 

yang diperolehi menunjukkan bahawa komposit hibrid memaparkan sifat tegangan dan 
lenturan yang lebih baik disertai dengan rintangan impak yang lebih rendah. Mikrograf 

mikroskop imbasan elektron (SEM) untuk permukaan patah akibat tegangan 

menunjukkan ikatan gentian-matriks yang bagus. Kestabilan terma komposit hibrid telah 

dipertingkatkan berbanding komposit sisa rumpai laut individu. Ujian penyerapan air, 

pengembangan ketebalan, kelarutan air, dan penanaman dalam tanah bagi komposit 

hibrid menunjukkan ketahanan terhadap air dan biodegradasi yang lebih tinggi bagi 

komposit hibrid. Secara keseluruhan, dapatan daripada kajian semasa menunjukkan 

bahawa termoplastik SPS yang diubahsuai oleh agar, sisa rumpai laut, dan penghibridan 

dengan SPF telah menunjukkan ciri-ciri fungsi yang bertambah baik daripada bahan asal. 

Kesimpulannya, komposit hibrid polimer campuran TPSA memperkukuh sisa rumpai 

laut/gentian enau adalah bahan alternatif yang berpotensi untuk produk biodegradasi 
seperti dulang pakai buang dengan ciri-ciri yang dipertingkatkan.  
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CHAPTER 1 

 

INTRODUCTION 

 

 

1.1 Background 

 

 

In recent, the needs to develop more environmental friendly product is increasing due 

to the accumulating of non-biodegradable waste on the land fill. Hence, various kind of 

“green” materials were developed in order to tackle this issue. Biopolymer derived 

from renewable resources is a promising alternative material for petroleum based 

polymer since it is readily biodegradable and thus, more environmental friendly than 

the conventional polymers. Various kind of natural resources were used to develop 

biopolymer ranging from lipid, protein, cellulose, and starch. Among these sources, 

starch is considered as the most promising resource due to several attributes i. e low 

cost, renewable, and totally biodegradable (Sahari et al., 2013a). Under the presence of 

heat and plasticizer, starch can be converted into thermoplastic starch (TPS) which 

possesses similar process ability with the conventional thermoplastic. The 

thermoplasticity of this biopolymer is the main advantages for the processing of this 

material. This enables this biopolymer to be processed by using the conventional 

processing equipment used for synthetic thermoplastic such as extruder, injection 

moulding, and compression moulding. 

 

 

Many varieties of natural material have been used as reinforcement in polymer 

composites. This including both natural fibres (such as kenaf, jute, sisal, and sugar 

palm) and also natural fillers (such as talc, clay, eggshell, and seaweed) (Bootklad & 

Kaewtatip, 2013; Coativy et al., 2014; Hassan et al., 2008; López et al., 2015). 

Incorporation of natural material as the reinforcement in polymer composites has 

created more environmental friendly characteristics to the composites. Moreover, this 

green approaches reduce the dependency of the manufacturing industry to the synthetic 

materials such as glass fibre which often related to high potential of hazard for the 

manufacturing workers. The development of more environmental friendly materials 

gives a new perspective to the manufacturing industry which is often related to the 

environmental pollution for both the production and disposal of the synthetic polymer. 

   

 

1.2  Problem statement 

 

 

High consumption of petroleum-based polymer by the society has created serious 

environmental problems mainly during the disposal stage. These wastes are not readily 

biodegradable when disposed into the environment i. e land or sea which brought 

serious problems to the society, wildlife, and environment as well. Moreover, air 

pollution is another concerning issue following the incineration of this wastes. In 

recent, many countries have banned the usage of plastic bag as an effort for handling 
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this issue. Hence, this study attempts to overcome this problem by developing a 100% 

renewable and biodegradable polymer composite from natural sources. 

 

 

Sugar palm tree is a versatile plant which was reported to be able of producing 50 to 

100 kg of starch from a single tree (Sahari et al., 2013c). Starch extracted from sugar 

palm tree can be transformed into thermoplastic material in the presence of heat and 

plasticizer which results to a rigid material. However, the neat thermoplastic starch 

(TPS) has disadvantage that limit its usage in commercial plastic industry such as the 

poor mechanical strength. The current thermoplastic sugar palm starch has only 2.42 

MPa of tensile strength which is extremely low when compared to the current 

thermoplastic material (Sahari et al., 2013c). This limitation has restricted the potential 

application of this material in the real world. Therefore, proper modifications should be 

employed in order to improve the properties of this material. The potential 

modifications include blending with other polymers and reinforcing with natural filler 

and fibre. 

 

 

Eucheuma cottonii seaweed (also known as Kappaphycus alvarezii) is a macroalgae 

which is largely cultivated in countries like Philippines, Indonesia, and Malaysia. This 

seaweed is mainly used for producing the hydrocolloids namely kappa-carrageenan (k-

carrageenan) which act as thickening agent for food and non-food application as well. 

However, the content of k-carrageenan varies from only 25 to 35% from the whole 

seaweed weight, hence, leaving enormous amount of solid wastes which is yet to be 

utilized (Tan & Lee, 2014). The potential application of this seaweed waste as 

biosorbent material has been investigated in previous studies (Kang et al., 2011; Lee et 

al., 2011). The result shows that this material has great potential as biosorbent material 

for removal of heavy metal element in water namely chromium ion, copper ion, and 

nickel ion. Apart from these studies, there is no work reported on utilization of seaweed 

wastes of Eucheuma cottonii species for other applications. Meanwhile, previous works 

have used various kinds of seaweeds as the potential reinforcement for petroleum 

derived polymer composites. However, the decrease in the mechanical strength was 

shown by the composites due to the incompatibility between the hydrophilic seaweed 

and the hydrophobic polymer matrix (Chitra & Kumari, 2012; Luan et al., 2010). 

Moreover, the combination of natural materials such as seaweed with the petroleum 

based polymer matrix will only results to partially biodegradable material. Therefore it 

is important to utilize seaweed waste as reinforcement in polymer composites which 

use hydrophilic polymer as the matrix. Hence, the motivation of this study are (1) to 

improve the properties of thermoplastic sugar palm starch (2) to widen the potential 

application of seaweed waste (3) to tackle the incompatibility issue of seaweed 

reinforced composites and finally (4) to produce a fully biodegradable material which 

can be safely disposed to the environment.  

 

 

1.3 Research objectives 

 
 

The principal aim of this study is to develop and characterize totally renewable and 

biodegradable materials based on natural resources. The specific objectives are: 
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1. To characterize the thermal, chemical, physical, and morphological properties 

of Eucheuma cottonii seaweed wastes. 

2. To evaluate the effect of agar on the thermal, mechanical, physical, and 

morphological properties of thermoplastic sugar palm starch. 

3. To investigate the effect of Eucheuma cottonii seaweed waste loading on the 

properties of thermoplastic sugar palm starch/agar composites. 

4. To develop and characterize hybrid composites from Eucheuma cottonii 

seaweed wastes and sugar palm fibre by using thermoplastic sugar palm 

starch/agar as polymer matrix.  

 

 

1.4 Significance of study 

 

 

1. The findings from the current study are expected to enrich the knowledge in 

developing biodegradable polymer from thermoplastic sugar palm starch and 

agar. 

2. The development of biodegradable polymer with enhanced properties in this 

study is expected to aid in addressing the environmental problems regarding 

the alternative materials for petroleum based polymer. 

3. The problems associated with petroleum based polymer such as environmental 

pollution during the production and disposal can be alleviated by using a fully 

biodegradable and renewable polymer composites derived from seaweed 

wastes, sugar palm fibre, and thermoplastic sugar palm starch/agar blend. 

4. In terms of waste management, this study has explored a new potential 

application of Eucheuma cottonii seaweed wastes from the carrageenan 

extraction as novel reinforcement for biopolymer composites.  

5. Moreover, this study also utilizes the sugar palm tree for yielding starch and 

fibre for the development of the composites. Hence, added more value for the 

sugar palm tree other than producing the sugar. 

 

 

1.5 Scope of study 

 

 

In this study, Eucheuma cottonii seaweed wastes and the raw seaweed were 

characterized for their thermal, chemical, and physical properties. Later, starch 

extracted from sugar palm tree was used as the based material for the development of 

thermoplastic sugar palm starch. Thermoplastic sugar palm starch was developed by 

using glycerol as the plasticizer and further modified by using agar. Characterizations 

of their thermal, mechanical, and physical properties were performed. For the 

composites, Eucheuma cottonii seaweed wastes were incorporated into the 

thermoplastic sugar palm starch/agar blend and their properties were characterized. 

Hybridization of the composites were carried out by using the combination of sugar 

palm fibre and seaweed wastes as the reinforcement and the thermoplastic sugar palm 

starch/agar polymer blend as matrix. The thermal, mechanical, physical, and 

biodegradation properties of the hybrid composites were carried out. The relevant 

application for the composites developed in this study is a short-life product. Therefore, 

the potential application of the hybrid composites as biodegradable product i. e 
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disposable tray was evaluated through comparison on the primary characteristics 

against the conventional material and the current thermoplastic starch.  

 

 

1.6  Structure of thesis 

 

 

The structure of this thesis is in accordance with the alternative thesis format of 

Universiti Putra Malaysia which is based on the publications of this study. Each 

research chapter represent a separate study that has the introduction, methodology, 

results and discussion, and conclusions. The details of the structure are as follows:  

 

 

Chapter 1 

The problems that initiate this research and the research objectives were clearly 

highlighted in this chapter. The significance of this work and the scope of study were 

also elaborated within the chapter. 

 

 

Chapter 2 

This chapter presents a comprehensive literature review on the areas related to the topic 

of this thesis. In addition, the research gaps obtained from the review were also 

clarified within the chapter. 

 

 

Chapter 3 

This chapter presents the methodology used in this study for the preparation of 

materials, testing procedure, and data collection. 

 

 

Chapter 4 

This chapter presents the first article entitled “Characteristics of Eucheuma cottonii 

waste from East Malaysia: physical, thermal, and chemical composition”. In this 

article, the characteristics of the seaweed wastes and the raw seaweed were 

investigated. 

 

 

Chapter 5 

This chapter presents the second article entitled “Characteristics of thermoplastic 

Sugar Palm starch/agar blend: Thermal, tensile, and physical properties”. The 

effect of agar at different concentrations (0 - 40 wt%) on the thermal, tensile, and 

physical properties (moisture absorption and thickness swelling) of thermoplastic sugar 

palm starch were investigated In this article,. 

 

 

Chapter 6 

This chapter presents the fifth article entitled “Effect of Seaweed on Mechanical, 

Thermal, and Biodegradation Properties of Thermoplastic Sugar Palm 

Starch/Agar Composites”. In this article, the effect of seaweed wastes loading (0 – 40 

wt%) on the mechanical, thermal, and biodegradation properties of thermoplastic sugar 

palm starch/agar composites were investigated. 
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Chapter 7 

This chapter present the seventh article entitled “Thermal, Mechanical, and Physical 

Properties of Seaweed/Sugar Palm Fibre Reinforced Thermoplastic Sugar Palm 

Starch/Agar Hybrid Composites”. In this paper, the effect of sugar palm 

fibre/seaweed hybridization at several ratios (0:100, 25:75, 50:50, 75:25, and 100:0) 

were investigated. 

 

 

Chapter 8 

This chapter present the additional results of this research including the analysis and 

presentation of data, the discussion of results, and the correlation between the findings. 

 

 

Chapter 9 

This chapter presents the overall conclusions from the whole study as well as future 

recommendations for further improvement of this study.  

  



© C
OPYRIG

HT U
PM

174 

 

REFERENCES 

 

 

Abbott, I. A. (1978). The uses of seaweeds as food in Hawaii. Economic Botany, 32(4), 

409–412. 

Abdollahi, M., Alboofetileh, M., Behrooz, R., Rezaei, M., & Miraki, R. (2013). 

Reducing water sensitivity of alginate bio-nanocomposite film using cellulose 

nanoparticles. International Journal of Biological Macromolecules, 54, 166–173.  

Abdou, E. S., & Sorour, M. a. (2014). Preparation and characterization of starch / 

carrageenan edible films. International Food Research Journal, 21(1), 189–193. 

Abirami, R. G., & Kowsalya, S. (2011). Nutrient and nutraceutical potentials of 

seaweed biomass Ulva lactuca and Kappaphycus alvarezii. Agricultural Science 

and Technology, 5(1), 1–7. 

Adhikary, K. B., Pang, S., & Staiger, M. P. (2008). Long-term moisture absorption and 

thickness swelling behaviour of recycled thermoplastics reinforced with Pinus 

radiata sawdust. Chemical Engineering Journal, 142, 190–198.  

Albano, C., Karam, a., Domínguez, N., Sánchez, Y., González, J., Aguirre, O., & 

Cataño, L. (2005). Thermal, mechanical, morphological, thermogravimetric, 

rheological and toxicological behavior of HDPE/seaweed residues composites. 

Composite Structures, 71(3-4), 282–288.  

Alboofetileh, M., Rezaei, M., Hosseini, H., & Abdollahi, M. (2013). Effect of 

montmorillonite clay and biopolymer concentration on the physical and 

mechanical properties of alginate nanocomposite films. Journal of Food 

Engineering, 117(1), 26–33.  

Aldalbahi, A., Chu, J., Feng, P., & Panhuis, M. In Het. (2012). Conducting composite 

materials from the biopolymer kappa-carrageenan and carbon nanotubes. 

Beilstein Journal of Nanotechnology, 3, 415–427.  

Alebiowu, G., & Osinoiki, K. A. (2010). Assessment of Tapioca starches obtained after 

different steeping periods as binders in a paracetamol tablet formulation. 

Farmacia, 58, 341–352. 

Ali, A., Sanuddin, a. B., & Ezzeddin, S. (2010). The effect of aging on Arenga pinnata 

fiber-reinforced epoxy composite. Materials and Design, 31(7), 3550–3554.  

Alkbir, M. F. M., Sapuan, S. M., Nuraini, A. A., & Ishak, M. R. (2016). Fibre 

properties and crashworthiness parameters of natural fibre-reinforced composite 

structure: A literature review. Composite Structures, 148, 59–73.  

Al-oqla, F. M., Salit, M. S., & Ishak, R. (2014). Combined Multi-criteria Evaluation 

Stage Technique as an Agro Waste Evaluation Indicator for Polymeric 

Composites : Date Palm Fibers as a Case Study. BioResources, 9(3), 4608–4621. 

Al-Oqla, F. M., & Sapuan, S. M. (2014). Natural fiber reinforced polymer composites 

in industrial applications: Feasibility of date palm fibers for sustainable 

automotive industry. Journal of Cleaner Production, 66, 347–354.  

Alves, V. D., Castelló, R., Ferreira, A. R., Costa, N., Fonseca, I. M., & Coelhoso, I. M. 

(2011). Barrier properties of carrageenan/pectin biodegradable composite films. 

Procedia Food Science, 1, 240–245.  



© C
OPYRIG

HT U
PM

175 

 

Alves, V. D., Costa, N., & Coelhoso, I. M. (2010). Barrier properties of biodegradable 

composite films based on kappa-carrageenan/pectin blends and mica flakes. 

Carbohydrate Polymers, 79(2), 269–276.  

Arismendi, C., Chillo, S., Conte, A., Del Nobile, M. A., Flores, S., & Gerschenson, L. 

N. (2013). Optimization of physical properties of xanthan gum/tapioca starch 

edible matrices containing potassium sorbate and evaluation of its antimicrobial 

effectiveness. LWT - Food Science and Technology, 53(1), 290–296.  

Armisen, R., & Galatas, F. (1987). Production, Properties, and Uses of Agar. In D. J. 

McHugh (Ed.), Production and utilization of products from commercial 

seaweeds. Va delle Terme di Caracalla, Rome: Food and Agriculture 

Organization of the United Nations. 

Asgari, S., Jahanshahi, M., & Rahimpour, A. (2014). Cost-effective nanoporous Agar-

Agar polymer/Nickel powder composite particle for effective bio-products 

adsorption by expanded bed chromatography. Journal of Chromatography. A, 

1361, 191–202.  

Ashori, A., & Sheshmani, S. (2010). Hybrid composites made from recycled materials: 

Moisture absorption and thickness swelling behavior. Bioresource Technology, 

101(12), 4717–4720.  

ASTM D256-02 2002. Standard Test Methods forDetermining the Izod Pendulum 

Impact Resistance of Plastics. American Society for Testing Materials. 

ASTM D638-00 2001. Standard Test Method for Tensile Properties of Plastics. 

American Society for Testing Materials. 

ASTM D790-00 2001. Standard Test Methods for Flexural Properties of Unreinforced 

and Reinforced Plastics and Electrical Insulating Materials. American Society for 

Testing Materials. 

Atef, M., Rezaei, M., & Behrooz, R. (2014). Preparation and characterization agar-

based nanocomposite film reinforced by nanocrystalline cellulose. International 

Journal of Biological Macromolecules, 70, 537–44.  

Avérous L, B. N. (2004). Biocomposites based on plasticized starch: thermal and 

mechanical behaviour. Carbohydrate Polymers, 56, 111–122.  

Bachtiar, D., Salit, M. S., Zainudin, E., Abdan, K., & Dahlan, K. Z. H. M. (2011). 

Effects of alkaline treatment and a compatibilizing agent on tensile properties of 

sugar palm fibrereinforced high impact polystyrene composites. BioResources, 6, 

4815–4823. 

Bajdik, J., Makai, Z., Berkesi, O., Süvegh, K., Marek, T., Eros, I., & Pintye-Hódi, K. 

(2009). Study of the effect of lactose on the structure of sodium alginate films. 

Carbohydrate Polymers, 77, 530–535.  

Barghini, A., Ivanova, V. I., Imam, S. H., & Chiellini, E. (2010). Poly-(ε-caprolactone) 

(PCL) and poly(hydroxy-butyrate) (PHB) blends containing seaweed fibers: 

Morphology and thermal-mechanical properties. Journal of Polymer Science Part 

A: Polymer Chemistry, 48(23), 5282–5288.  

Beilvert, A., Chaubet, F., Chaunier, L., Guilois, S., Pavon-Djavid, G., Letourneur, D., 

… Lourdin, D. (2014). Shape-memory starch for resorbable biomedical devices. 

Carbohydrate Polymers, 99, 242–8.  



© C
OPYRIG

HT U
PM

176 

 

Belibi, P. C., Daou, T. J., Ndjaka, J. M. B., Nsom, B., Michelin, L., & Durand, B. 

(2014). A Comparative Study of Some Properties of Cassava and Tree Cassava 

Starch Films. Physics Procedia, 55, 220–226.  

Benavides, S., Villalobos-Carvajal, R., & Reyes, J. E. (2012). Physical, mechanical and 

antibacterial properties of alginate film: Effect of the crosslinking degree and 

oregano essential oil concentration. Journal of Food Engineering, 110(2), 232–

239.  

Boateng, J. S., Pawar, H. V, & Tetteh, J. (2013). Polyox and carrageenan based 

composite film dressing containing anti-microbial and anti-inflammatory drugs 

for effective wound healing. International Journal of Pharmaceutics, 441(1-2), 

181–91.  

Bodirlau, R., Teaca, C.-A., & Spiridon, I. (2013). Influence of natural fillers on the 

properties of starch-based biocomposite films. Composites Part B: Engineering, 

44(1), 575–583.  

Bootklad, M., & Kaewtatip, K. (2013). Biodegradation of thermoplastic starch/eggshell 

powder composites. Carbohydrate Polymers, 97(2), 315–320.  

Brindle, L. P., & Krochta, J. M. (2008). Physical properties of whey protein-

hydroxypropylmethylcellulose blend edible films. Journal of Food Science, 

73(9).  

Bulota, M., & Budtova, T. (2015a). PLA/algae composites: Morphology and 

mechanical properties. Composites Part A: Applied Science and Manufacturing, 

73, 109–115.  

Bulota, M., & Budtova, T. (2015b). PLA/algae composites: morphology and 

mechanical properties. Composites Part A: Applied Science and Manufacturing, 

73, 109–115.  

Cai, J., Xiong, Z., Zhou, M., Tan, J., Zeng, F., Meihuma, … Xiong, H. (2014). Thermal 

properties and crystallization behavior of thermoplastic starch/poly(É"-

caprolactone) composites. Carbohydrate Polymers, 102, 746–754.  

Campos, A., Marconcini, J. M., Martins-Franchetti, S. M., & Mattoso, L. H. C. (2012). 

The influence of UV-C irradiation on the properties of thermoplastic starch and 

polycaprolactone biocomposite with sisal bleached fibers. Polymer Degradation 

and Stability, 97(10), 1948–1955.  

Castaño, J., Rodríguez-Llamazares, S., Contreras, K., Carrasco, C., Pozo, C., Bouza, 

R., … Giraldo, D. (2014). Horse chestnut (Aesculus hippocastanum L.) starch: 

Basic physico-chemical characteristics and use as thermoplastic material. 

Carbohydrate Polymers, 112, 677–685.  

Castillo, L. a., López, O. V., Ghilardi, J., Villar, M. a., Barbosa, S. E., & García, M. A. 

(2015). Thermoplastic starch/talc bionanocomposites. Influence of particle 

morphology on final properties. Food Hydrocolloids, 51, 432–440.  

Castillo, L., López, O., López, C., Zaritzky, N., García, M. A., Barbosa, S., & Villar, 

M. (2013). Thermoplastic starch films reinforced with talc nanoparticles. 

Carbohydrate Polymers, 95(2), 664–674.  



© C
OPYRIG

HT U
PM

177 

 

Chalid, M., Rahman, A., Ferdian, R., Nofrijon, & Priyono, B. (2015). On the Tensile 

Properties of Polylactide (PLA)/Arenga Pinnata Ijuk Fibre Composite. 

Macromolecular Symposia, 353, 108–114.  

Chan, S. W., Mirhosseini, H., Taip, F. S., Ling, T. C., & Tan, C. P. (2013). 

Comparative study on the physicochemical properties of κ-carrageenan extracted 

from Kappaphycus alvarezii (doty) doty ex Silva in Tawau, Sabah, Malaysia and 

commercial κ-carrageenans. Food Hydrocolloids, 30(2), 581–588. 

Chang, Y.-J., Choi, H.-W., Kim, H.-S., Lee, H., Kim, W., Kim, D.-O., … Baik, M.-Y. 

(2014). Physicochemical properties of granular and non-granular cationic 

starches prepared under ultra high pressure. Carbohydrate Polymers, 99, 385–93.  

Cheng, J., Zheng, P., Zhao, F., & Ma, X. (2013). The composites based on plasticized 

starch and carbon nanotubes. International Journal of Biological 

Macromolecules, 59, 13–19.  

Chiellini, E., Cinelli, P., Ilieva, V. I., & Martera, M. (2008). Biodegradable 

thermoplastic composites based on polyvinyl alcohol and algae. 

Biomacromolecules, 9(3), 1007–13.  

Chitra, N., & Kumari, R. (2012). Studies on Polypropylene Biocomposite with Sea 

Weeds. Research Journal of Pharmaceutical, Biological and Chemical Sciences, 

3(3), 1165–1170. 

Coativy, G., Gautier, N., Pontoire, B., Buléon, A., Lourdin, D., & Leroy, E. (2014). 

Shape memory starch-clay bionanocomposites. Carbohydrate Polymers, 116, 

307–313.  

Comaposada, J., Gou, P., Marcos, B., & Arnau, J. (2015). Physical properties of 

sodium alginate solutions and edible wet calcium alginate coatings. LWT - Food 

Science and Technology, 64(1), 212–219.  

Cyras, V. P., Manfredi, L. B., Ton-That, M.-T., & Vázquez, A. (2008). Physical and 

mechanical properties of thermoplastic starch/montmorillonite nanocomposite 

films. Carbohydrate Polymers, 73, 55–63.  

Bachtiar, J. P. Siregar, A. S. bin Sulaiman, M. R. bin M. R. (2015). Tensile Properties 

of Hybrid Sugar Palm/Kenaf Fibre Reinforced Polypropylene Composites. 

Applied Mechanics and Materials, 695, 155–158. 

Da Róz, A. L., Ferreira, A. M., Yamaji, F. M., & Carvalho, A. J. F. (2012). Compatible 

blends of thermoplastic starch and hydrolyzed ethylene-vinyl acetate copolymers. 

Carbohydrate Polymers, 90(1), 34–40. 

Dang, K. M., & Yoksan, R. (2015). Development of thermoplastic starch blown film 

by incorporating plasticized chitosan. Carbohydrate Polymers, 115, 575–581. 5 

De Graaf, R. A., Karman, A. P., & Janssen, L. P. B. M. (2003). Material properties and 

glass transition temperatures of different thermoplastic starches after extrusion 

processing. Starch/Staerke, 55, 80–86. 

De Souza, A. C., Dias, A. M. a, Sousa, H. C., & Tadini, C. C. (2014). Impregnation of 

cinnamaldehyde into cassava starch biocomposite films using supercritical fluid 

technology for the development of food active packaging. Carbohydrate 

Polymers, 102, 830–7.  



© C
OPYRIG

HT U
PM

178 

 

Deng, Y., & Catchmark, J. M. (2014). Insoluble starch composite foams produced 

through microwave expansion. Carbohydrate Polymers, 111, 864–9.  

Diaz-Bleis, D., Freile-Pelegrín, Y., Vales-Pinzón, C., Martínez-Torres, P., & Alvarado-

Gil, J. J. (2012). Preparation and Characterization of Algal 

Polysaccharides/Magnetite Microparticles Composite Films. International 

Journal of Thermophysics, 33(10-11), 2125–2131.  

Diaz-Bleis, D., Vales-Pinzón, C., Freile-Pelegrín, Y., & Alvarado-Gil, J. J. (2014). 

Thermal characterization of magnetically aligned carbonyl iron/agar composites. 

Carbohydrate Polymers, 99, 84–90.  

Edhirej, A., Sapuan, S. M., Jawaid, M., & Nur Ismarrubie Zahari. (2015). Cassava: Its 

Polymer, Fiber, Composite, and Application. Polymer Composites, 16, 1–16.  

El-Dash, A. a., Gonzales, R., & Ciol, M. (1983). Response surface methodology in the 

control of thermoplastic extrusion of starch. Journal of Food Engineering, 2, 

129–152. 

El-hefian, E. A., Nasef, M. M., Yahaya, A. H., & Khan, R. A. (2010). PREPARATION 

AND CHARACTERIZATION OF CHITOSAN/AGAR BLENDS. J. Chil. 

Chem. Soc., 55(1), 130–136. 

EPS Technical Data. 2012. Retrieved 17 June 2017 from http://www.insultech-

eps.com/techdata.html 

Esmaeili, C., Ghasemi, M., Heng, L. Y., Hassan, S. H. a, Abdi, M. M., Daud, W. R. 

W., … Ismail, A. F. (2014). Synthesis and application of polypyrrole/carrageenan 

nano-bio composite as a cathode catalyst in microbial fuel cells. Carbohydrate 

Polymers, 114, 253–9. doi:10.1016/j.carbpol.2014.07.072 

Evingür, G. A., & Pekcan, Ö. (2013). Superelastic percolation network of 

polyacrylamide (PAAm)–kappa carrageenan (κC) composite. Cellulose, 20, 

1145–1151. doi:10.1007/s10570-013-9903-9 

Evingür, G. A., & Pekcan, Ö. (2015). Kinetic models for the dynamical behavior of 

polyacrylamide (PAAm)-κ-carrageenan (κC) composite gels. Journal of 

Biological Physics, 41, 37–47. doi:10.1007/s10867-014-9364-x 

Fabra, M. J., Talens, P., & Chiralt, A. (2008). Effect of alginate and λ-carrageenan on 

tensile properties and water vapour permeability of sodium caseinate–lipid based 

film. Carbohydrate Polymers, 74, 419–426.  

Fakharian, M.-H., Tamimi, N., Abbaspour, H., Nafchi, A. M., & Karim, a. a. (2015). 

Effects of κ-Carrageenan on Rheological Properties of Dually Modified Sago 

Starch: Towards Finding Gelatin Alternative for Hard Capsules. Carbohydrate 

Polymers, 132, 156–163.  

Fang, J. M., Fowler, P. a., Tomkinson, J., & Hill, C. a S. (2002). The preparation and 

characterisation of a series of chemically modified potato starches. Carbohydrate 

Polymers, 47, 245–252. doi:10.1016/S0144-8617(01)00187-4 

FAO. (2015). FAO Global Aquaculture Production statistics database updated to 2013: 

Summary information. Food and Agriculture Organization of the United Nations. 

Retrieved from http://www.fao.org/3/a-i4899e.pdf 



© C
OPYRIG

HT U
PM

179 

 

Fiore, V., Valenza, a., & Di Bella, G. (2011). Artichoke (Cynara cardunculus L.) fibres 

as potential reinforcement of composite structures. Composites Science and 

Technology, 71(8), 1138–1144.  

Fleurence, J. (1999). Seaweed proteins: biochemical, nutritional aspects and potential 

uses. Trends in Food Science & Technology, 10, 25–28.  

Flores, A. C., Punzalan, E. R., & Ambangan, N. G. (2015). Effects of Kappa-

Carrageenan on the Physico-Chemical Properties of Thermoplastic Starch. 

Kimika, 26(JANUARY), 11–17.  

Forssell, P. M., Hulleman, S. H. D., Myllärinen A, P. J., Moates, G. K., & Parker, R. 

(1999). Ageing of rubbery thermoplastic barley and oat starches. Carbohydrate 

Polymers, 39, 43–51.  

Fortea, M. I., López-Miranda, S., Serrano-Martínez, a, Hernández-Sánchez, P., Zafrilla, 

M. P., Martínez-Cachá, a, & Núñez-Delicado, E. (2011). Kinetic characterisation 

and thermal inactivation study of red alga (Mastocarpus stellatus) peroxidase. 

Food Chemistry, 127(3), 1091–6.  

Fouda, M. M. G., El-Aassar, M. R., El Fawal, G. F., Hafez, E. E., Masry, S. H. D., & 

Abdel-Megeed, A. (2015). k-Carrageenan/poly vinyl pyrollidone/polyethylene 

glycol/silver nanoparticles film for biomedical application. International Journal 

of Biological Macromolecules, 74, 179–84.  

Freile-Pelegrín, Y., Madera-Santana, T., Robledo, D., Veleva, L., Quintana, P., & 

Azamar, J. a. (2007). Degradation of agar films in a humid tropical climate: 

Thermal, mechanical, morphological and structural changes. Polymer 

Degradation and Stability, 92(2), 244–252.  

Freitas, O. M. M., Martins, R. J. E., Delerue-Matos, C. M., & Boaventura, R. a R. 

(2008). Removal of Cd(II), Zn(II) and Pb(II) from aqueous solutions by brown 

marine macro algae: Kinetic modelling. Journal of Hazardous Materials, 153, 

493–501.  

Gade, R., Tulasi, M. S., & Bhai, V. A. (2013). Seaweeds: A Novel Biomaterial. 

International Journal of Pharmacy and Pharmaceutical Sciences, 5(2), 40–44. 

Gao, Z., & Zhao, L. (2015). Effect of nano-fillers on the thermal conductivity of epoxy 

composites with micro-Al2O3 particles. Materials & Design, 66, 176–182.  

Gashti, M. P., Stir, M., & Hulliger, J. (2013). Synthesis of bone-like micro-porous 

calcium phosphate/iota-carrageenan composites by gel diffusion. Colloids and 

Surfaces. B, Biointerfaces, 110, 426–33.  

Ghosh, S., Kaushik, R., Nagalakshmi, K., Hoti, S. L., Menezes, G. a, Harish, B. N., & 

Vasan, H. N. (2010). Antimicrobial activity of highly stable silver nanoparticles 

embedded in agar-agar matrix as a thin film. Carbohydrate Research, 345(15), 

2220–7.  

Giménez, B., López de Lacey, a., Pérez-Santín, E., López-Caballero, M. E., & 

Montero, P. (2013). Release of active compounds from agar and agar–gelatin 

films with green tea extract. Food Hydrocolloids, 30(1), 264–271.  

Gironès, J., López, J. P., Mutjé, P., Carvalho, a. J. F., Curvelo, a. a S., & Vilaseca, F. 

(2012). Natural fiber-reinforced thermoplastic starch composites obtained by 

melt processing. Composites Science and Technology, 72, 858–863.  



© C
OPYRIG

HT U
PM

180 

 

González, A., & Alvarez Igarzabal, C. I. (2013). Soy protein - Poly (lactic acid) bilayer 

films as biodegradable material for active food packaging. Food Hydrocolloids, 

33(2), 289–296.  

Haciu, D., Saner, S., Türdoğru, O., & Ünal, U. (2013). Study of Antibacterial Effects of 

a Self-Standing Agar Based Film Incorporated with ZnO. Frontiers in Science, 

3(3), 96–101.  

Halley, P., Rutgers, R., Coombs, S., Kettels, J., Gralton, J., Christie, G., … Lonergan, 

G. (2001). Developing biodegradable mulch films from starch-based polymers. 

Starch/Staerke, 53, 362–367.  

Hambleton, A., Voilley, A., & Debeaufort, F. (2011). Transport parameters for aroma 

compounds through i-carrageenan and sodium alginate-based edible films. Food 

Hydrocolloids, 25(5), 1128–1133.  

Harley, C. D. G., Anderson, K. M., Demes, K. W., Jorve, J. P., Kordas, R. L., Coyle, T. 

a., & Graham, M. H. (2012). Effects of Climate Change on Global Seaweed 

Communities. Journal of Phycology, 48(5), 1064–1078. 

Hassan, M. M., Mueller, M., Tartakowska, D. J., & Wagner, M. H. (2011). Mechanical 

Performance of Hybrid Rice Straw / Sea Weed Polypropylene Composites. 

Journal of Applied Polymer Science, 120, 1843–1849.  

Hassan, M. M., Mueller, M., Tartakowska, D. J., Wagner, M. H., & Khan, M. a. 

(2012). Effect of γ-Radiation on the Mechanical Performance of Hybrid Rice 

Straw/Seaweed-Polypropylene Composites. Journal of Adhesion Science and 

Technology, 25(15), 1961–1971.  

Hassan, M. M., Mueller, M., & Wagners, M. H. (2008). Exploratory study on seaweed 

as novel filler in polypropylene composite. Journal of Applied Polymer Science, 

109(2), 1242–1247.  

Hassan, M. M., Wagner, M. H., Zaman, H. U., & Khan, M. a. (2010). Physico-

Mechanical Performance of Hybrid Betel Nut ( Areca catechu ) Short 

Fiber/Seaweed Polypropylene Composite. Journal of Natural Fibers, 7(3), 165–

177. 

He, G., Liu, Q., & Thompson, M. (2013). Characterization of structure and properties 

of thermoplastic potato starch film surface cross‐linked by UV irradiation. Starch 

- Stärke, 65, 304–311.  

Hietala, M., Mathew, A. P., & Oksman, K. (2013). Bionanocomposites of 

thermoplastic starch and cellulose nanofibers manufactured using twin-screw 

extrusion. European Polymer Journal, 49(4), 950–956.  

Hill, D. R. (1996). Thin Agar Film for Enhanced Fungal Growth and Microscopic 

Viewing in a New Sealable Fungal Culture Case. Journal of Clinical 

Microbiology, 34(9), 2140–2142. 

Hong, I. K., Jeon, H., & Lee, S. B. (2014). Comparison of red, brown and green 

seaweeds on enzymatic saccharification process. Journal of Industrial and 

Engineering Chemistry, 20(5), 2687–2691. 

Hosseinzadeh, H. (2011). Preparation and Properties of Carrageenan-g-Poly(Acrylic 

Acid)/Bentonite Superabsorbent Composite. Journal of Biomaterials and 

Nanobiotechnology, 02(July), 311–317.  



© C
OPYRIG

HT U
PM

181 

 

Huang, M., & Yu, J. (2006). Structure and properties of thermoplastic corn 

starch/montmorillonite biodegradable composites. Journal of Applied Polymer 

Science, 99, 170–176.  

Huq, T., Salmieri, S., Khan, A., Khan, R. a., Le Tien, C., Riedl, B., … Lacroix, M. 

(2012). Nanocrystalline cellulose (NCC) reinforced alginate based biodegradable 

nanocomposite film. Carbohydrate Polymers, 90(4), 1757–1763. 

Iannace, S., Nocilla, G., & Nicolais, L. (1999). Biocomposites based on sea algae fibers 

and biodegradable thermoplastic matrices. Journal of Applied Polymer Science, 

73, 583–592.  

Ibrahim, H., Farag, M., Megahed, H., & Mehanny, S. (2014). Characteristics of starch-

based biodegradable composites reinforced with date palm and flax fibers. 

Carbohydrate Polymers, 101, 11–19. 

Ichiura, H., Konishi, T., & Morikawa, M. (2009). Alginate film prepared on 

polyethylene nonwoven sheet and its function for ellagic acid release in response 

to sodium ions. Journal of Materials Science, 44, 992–997. 

Ishak, M. R., Leman, Z., Sapuan, S. M., Salleh, M. Y., & Misri, S. (2009). the Effect of 

Sea Water Treatment on the Impact and Flexural Strength of Sugar Palm Fibre 

Reinforced Epoxy Composites. International Journal of Mechanical and 

Materials Engineering ( IJMME ), 4(3), 316–320. 

Ishak, M. R., Sapuan, S. M., Leman, Z., Rahman, M. Z. a, & Anwar, U. M. K. (2012). 

Characterization of sugar palm (Arenga pinnata) fibres Tensile and thermal 

properties. Journal of Thermal Analysis and Calorimetry, 109, 981–989.  

Ishak, M. R., Sapuan, S. M., Leman, Z., Rahman, M. Z. a, Anwar, U. M. K., & Siregar, 

J. P. (2013a). Sugar palm (Arenga pinnata): Its fibres, polymers and composites. 

Carbohydrate Polymers, 91(2), 699–710.  

Ishak, M. R., Sapuan, S. M., Leman, Z., Rahman, M. Z. a, Anwar, U. M. K., & Siregar, 

J. P. (2013). Sugar palm (Arenga pinnata): Its fibres, polymers and composites. 

Carbohydrate Polymers, 91(2), 699–710. 

Ishak, M. R., Sapuan, S. M., Leman, Z., Rahman, M. Z. A., Anwar, U. M. K., & 

Siregar, J. P. (2013b). Sugar palm (Arenga pinnata): Its fibres, polymers and 

composites. Carbohydrate Polymers, 91(2), 699–710. 

Islam, M. S., Hamdan, S., Rusop, M., Rahman, M. R., Ahmed, A. S., & Idrus, M. A. 

M. M. (2012). Dimensional Stability and Water Repellent Efficiency 

Measurement of Chemically Modified Tropical Light Hardwood. Bioresources, 

7(1), 1221–1231. 

Jamsiah, S., Ramli, N., Daik, R., & Yarmo, M. A. (2013). Determination of the 

functional properties of Kappaphycus alvarezii seaweed powder. The Malaysian 

Journal of Analytical Sciences, 17(2), 236–243. 

Jang, S.-A., Lim, G.-O., & Song, K. Bin. (2010). Original article: Use of nano-clay 

(Cloisite Na+) improves tensile strength and vapour permeability in agar rich red 

algae (Gelidium corneum)-gelatin composite films. International Journal of 

Food Science & Technology, 45(9), 1883–1888.  

Jang, Y. H., Han, S. O., Sim, I. N., & Kim, H.-I. (2013). Pretreatment effects of 

seaweed on the thermal and mechanical properties of seaweed/polypropylene 



© C
OPYRIG

HT U
PM

182 

 

biocomposites. Composites Part A: Applied Science and Manufacturing, 47, 83–

90. 

Jaswir, I., Tawakalit Tope, A.-H., Raus, R. a., Ademola Monsur, H., & Ramli, N. 

(2014). Study on anti-bacterial potentials of some Malaysian brown seaweeds. 

Food Hydrocolloids, 42, 275–279.  

Jawaid, M., Abdul Khalil, H. P. S., & Abu Bakar, a. (2011). Woven hybrid composites: 

Tensile and flexural properties of oil palm-woven jute fibres based epoxy 

composites. Materials Science and Engineering: A, 528(15), 5190–5195.  

Jawaid, M., Abdul Khalil, H. P. S., Noorunnisa Khanam, P., & Abu Bakar, a. (2011). 

Hybrid Composites Made from Oil Palm Empty Fruit Bunches/Jute Fibres: 

Water Absorption, Thickness Swelling and Density Behaviours. Journal of 

Polymers and the Environment, 19, 106–109.  

Jumaidin, R., Sapuan, S. M., Jawaid, M., Ishak, M. R., & Sahari, J. (2016). 

Characteristics of Thermoplastic Sugar Palm Starch/Agar Blend: Thermal, 

Tensile, and Physical Properties. International Journal of Biological 

Macromolecules, 89, 575–581.  

Kahar, a. W. M., Ismail, H., & Abdul Hamid, a. (2016). The correlation between 

crosslink density and thermal properties of high-density polyethylene/natural 

rubber/thermoplastic tapioca starch blends prepared via dynamic vulcanisation 

approach. Journal of Thermal Analysis and Calorimetry, 123(1), 301–308.  

Kang, O. L., Ramli, N., Said, M., Ahmad, M., Yasir, S. M., & Ariff, A. (2011). 

Kappaphycus alvarezii waste biomass: A potential biosorbent for chromium ions 

removal. Journal of Environmental Sciences, 23(6), 918–922.  

Kanmani, P., & Rhim, J.-W. (2014a). Antimicrobial and physical-mechanical 

properties of agar-based films incorporated with grapefruit seed extract. 

Carbohydrate Polymers, 102, 708–16.  

Kanmani, P., & Rhim, J.-W. (2014b). Development and characterization of 

carrageenan/grapefruit seed extract composite films for active packaging. 

International Journal of Biological Macromolecules, 68, 258–66.  

Kanmani, P., & Rhim, J.-W. (2014c). Properties and characterization of 

bionanocomposite films prepared with various biopolymers and ZnO 

nanoparticles. Carbohydrate Polymers, 106, 190–199.  

Kasim, A. N., Selamat, M. Z., Aznan, N., Sahadan, S. N., Daud, M. A. M., Jumaidin, 

R., & Salleh, S. (2015). Effect of Pineapple Leaf Fiber Loading on the 

Mechanical Properties of Pineapple Leaf-Fiber Polypropylene Composite. Jurnal 

Teknologi, 77(21), 117–123. 

Kawatsu, K., Sakata, J., Yonekita, T., & Kumeda, Y. (2015). Evaluation of an 

immunochromatographic assay for direct identification of thermostable direct 

hemolysin-producing Vibrio parahaemolyticus colonies on selective agar plates. 

Journal of Microbiological Methods, 119, 4–6.  

Kebelmann, K., Hornung, A., Karsten, U., & Griffiths, G. (2013). Thermo-chemical 

behaviour and chemical product formation from Polar seaweeds during 

intermediate pyrolysis. Journal of Analytical and Applied Pyrolysis, 104, 131–

138.  



© C
OPYRIG

HT U
PM

183 

 

Khanoonkon, N., Yoksan, R., & Ogale, A. a. (2016). Effect of stearic acid-grafted 

starch compatibilizer on properties of linear low density 

polyethylene/thermoplastic starch blown film. Carbohydrate Polymers, 137, 

165–173.  

Kibar, H., & Esen, B. (2010). The effect of moisture content on physical and 

mechanical properties of rice (. Spanish Journal of Agricultural Research, 8(3), 

741–749. 

Knitter, M., & Dobrzyńska-Mizera, M. (2015). Mechanical properties of isotactic 

polypropylene modified with thermoplastic potato starch. Mechanics of 

Composite Materials, 51(2), 245–252.  

Kofler, M., Lenninger, M., Mayer, G., Neuwirt, H., Grimm, M., & Bechtold, T. (2016). 

Multi-chamber electroosmosis using textile reinforced agar membranes – A 

promising concept for the future of hemodialysis. Carbohydrate Polymers, 136, 

81–86.  

Ku, K.-J., Hong, Y.-H., & Song, K. B. (2008). Mechanical properties of a Gelidium 

corneum edible film containing catechin and its application in sausages. Journal 

of Food Science, 73(3), C217–21.  

Kuciel, S., & Liber-Knec, A. (2009). Biocomposites on the Base of Thermoplastic 

Starch Filled by Wood and Kenaf Fiber. Journal of Biobased Materials and 

Bioenergy, 3(3), 269–274.  

Lafargue, D., Lourdin, D., & Doublier, J. L. (2007). Film-forming properties of a 

modified starch/??-carrageenan mixture in relation to its rheological behaviour. 

Carbohydrate Polymers, 70, 101–111. 

Lawrie, G., Keen, I., Drew, B., Chandler-Temple, A., Rintoul, L., Fredericks, P., & 

Grøndahl, L. (2007). Interactions between alginate and chitosan biopolymers 

characterized using FTIR and XPS. Biomacromolecules, 8, 2533–2541.  

Le Bolay, N., & Molina-Boisseau, S. (2014). Production of PVAc-starch composite 

materials by co-grinding - Influence of the amylopectin to amylose ratio on the 

properties. Powder Technology, 255, 36–43. 

Lee, J. M., Mohd Ishak, Z. a., Mat Taib, R., Law, T. T., & Ahmad Thirmizir, M. Z. 

(2013). Mechanical, Thermal and Water Absorption Properties of Kenaf-Fiber-

Based Polypropylene and Poly(Butylene Succinate) Composites. Journal of 

Polymers and the Environment, 21, 293–302.  

Lee, K. O., Ramli, N., Said, M., Ahmad, M., Yasir, S. M., & Ariff, A. (2011). Copper ( 

II ) and Nickel ( II ) Sorption onto Seaweed ( Kappaphycus alvarezii ) Waste 

Biomass : Equilibrium and Mechanism Studies. Middle-East Journal of Scientific 

Research, 9(1), 84–89. 

Lee, M. W., Han, S. O., & Seo, Y. B. (2008). Red algae fibre/poly(butylene succinate) 

biocomposites: The effect of fibre content on their mechanical and thermal 

properties. Composites Science and Technology, 68(6), 1266–1272. 

Li, D., Chen, L., Zhang, X., Ye, N., & Xing, F. (2011). Pyrolytic characteristics and 

kinetic studies of three kinds of red algae. Biomass and Bioenergy, 35(5), 1765–

1772.  



© C
OPYRIG

HT U
PM

184 

 

Li, J., Luo, X., Lin, X., & Zhou, Y. (2013). Comparative study on the blends of 

PBS/thermoplastic starch prepared from waxy and normal corn starches. 

Starch/Staerke, 65, 831–839.  

Li, L., Ni, R., Shao, Y., & Mao, S. (2014). Carrageenan and its applications in drug 

delivery. Carbohydrate Polymers, 103, 1–11.  

Li, M., Witt, T., Xie, F., Warren, F. J., Halley, P. J., & Gilbert, R. G. (2015). 

Biodegradation of starch films: The roles of molecular and crystalline structure. 

Carbohydrate Polymers, 122, 115–122.  

Liling, G., Di, Z., Jiachao, X., Xin, G., Xiaoting, F., & Qing, Z. (2016). Effects of ionic 

crosslinking on physical and mechanical properties of alginate mulching films. 

Carbohydrate Polymers, 136, 259–265.  

Lim, G.-O., Jang, S.-A., & Song, K. Bin. (2010). Physical and antimicrobial properties 

of Gelidium corneum/nano-clay composite film containing grapefruit seed 

extract or thymol. Journal of Food Engineering, 98(4), 415–420. 

Liu, D., Qi, Z., Zhang, Y., Xu, J., & Guo, B. (2015). Poly(butylene succinate) 

(PBS)/ionic liquid plasticized starch blends: Preparation, characterization, and 

properties. Starch - Stärke, 67, 802–809. 

Liu, J., Zhan, X., Wan, J., Wang, Y., & Wang, C. (2015). Review for carrageenan-

based pharmaceutical biomaterials: favourable physical features versus adverse 

biological effects. Carbohydrate Polymers, 121, 27–36.  

Liu, K., Lin, X., Chen, L., Huang, L., & Cao, S. (2013). Dual-functional chitosan–

methylisothiazolinone/microfibrillated cellulose biocomposites for enhancing 

antibacterial and mechanical properties of agar films. Cellulose, 21(1), 519–528.  

Lomelí Ramírez, M. G., Satyanarayana, K. G., Iwakiri, S., De Muniz, G. B., Tanobe, 

V., & Flores-Sahagun, T. S. (2011). Study of the properties of biocomposites. 

Part I. Cassava starch-green coir fibers from Brazil. Carbohydrate Polymers, 86, 

1712–1722.  

Lomelí Ramírez, M. G., Satyanarayana, K. G., Iwakiri, S., de Muniz, G. B., Tanobe, 

V., & Flores-Sahagun, T. S. (2011). Study of the properties of biocomposites. 

Part I. Cassava starch-green coir fibers from Brazil. Carbohydrate Polymers, 

86(4), 1712–1722.  

Lomelí-Ramírez, M. G., Kestur, S. G., Manríquez-González, R., Iwakiri, S., de Muniz, 

G. B., & Flores-Sahagun, T. S. (2014). Bio-composites of cassava starch-green 

coconut fiber: part II-Structure and properties. Carbohydrate Polymers, 102, 

576–83.  

López, O., Castillo, L., Zaritzky, N., Barbosa, S., Villar, M., & García, M. A. (2015). 

Talc Nanoparticles Influence on Thermoplastic Corn Starch Film Properties. 

Procedia Materials Science, 8, 338–345.  

Lopez, O., Garcia, M. a., Villar, M. a., Gentili, a., Rodriguez, M. S., & Albertengo, L. 

(2014). Thermo-compression of biodegradable thermoplastic corn starch films 

containing chitin and chitosan. LWT - Food Science and Technology, 57(1), 106–

115.  



© C
OPYRIG

HT U
PM

185 

 

López, O. V., Castillo, L. a., García, M. A., Villar, M. a., & Barbosa, S. E. (2014). 

Food packaging bags based on thermoplastic corn starch reinforced with talc 

nanoparticles. Food Hydrocolloids, 43, 18–24.  

Luan, L., Wu, W., Wagner, M. H., & Mueller, M. (2010). Seaweed as novel biofiller in 

polypropylene composites. Journal of Applied Polymer Science, 997–1005. 

Luk, C. M., Tang, L. B., Zhang, W. F., Yu, S. F., Teng, K. S., & Lau, S. P. (2012). An 

efficient and stable fluorescent graphene quantum dot–agar composite as a 

converting material in white light emitting diodes. Journal of Materials 

Chemistry, 22(42), 22378. 

Luzia, A., Róz, D., Veiga-santos, P., & Medeiros, A. (2015). Water Susceptibility and 

Mechanical Properties of Thermoplastic Starch – Pectin Blends Reactively 

Extruded with Edible Citric Acid. Materials Research, (C).  

Ma, X. F., Yu, J. G., & Wan, J. J. (2006). Urea and ethanolamine as a mixed plasticizer 

for thermoplastic starch. Carbohydrate Polymers, 64, 267–273.  

Mabeau, S., & Fleurence, J. (1993). Seaweed in food products: biochemical and 

nutritional aspects. Trends in Food Science & Technology, 4(April), 103–107.  

Madera-Santana, T. J., Robledo, D., & Freile-Pelegrín, Y. (2011). Physicochemical 

properties of biodegradable polyvinyl alcohol-agar films from the red algae 

Hydropuntia cornea. Marine Biotechnology (New York, N.Y.), 13(4), 793–800.  

Magalhães, N. F., & Andrade, C. T. (2009). Thermoplastic corn starch/clay hybrids: 

Effect of clay type and content on physical properties. Carbohydrate Polymers, 

75(4), 712–718.  

Mano, J. F., Koniarova, D., & Reis, R. L. (2003). Thermal properties of thermoplastic 

starch/synthetic polymer blends with potential biomedical applicability. Journal 

of Materials Science: Materials in Medicine, 14(i), 127–135.  

Maran, J. P., Sivakumar, V., Sridhar, R., & Thirugnanasambandham, K. (2013). 

Development of model for barrier and optical properties of tapioca starch based 

edible films. Carbohydrate Polymers, 92(2), 1335–47.  

Maran, J. P., Sivakumar, V., Thirugnanasambandham, K., & Sridhar, R. (2014). 

Degradation behavior of biocomposites based on cassava starch buried under 

indoor soil conditions. Carbohydrate Polymers, 101, 20–8.  

Margarida, A., & Sousa, M. De. (2014). Development and Optimization of an 

Alternative and Environmentally Friendly Agar Extraction Process. PhD Thesis. 

Martínez, D. G., Stading, M., & Hermansson, A. M. (2013). Viscoelasticity and 

microstructure of a hierarchical soft composite based on nano-cellulose and κ-

carrageenan. Rheologica Acta, 52, 823–831.  

Martins, A. B., & Santana, R. M. C. (2016). Effect of carboxylic acids as 

compatibilizer agent on mechanical properties of thermoplastic starch and 

polypropylene blends. Carbohydrate Polymers, 135, 79–85.  

Martins, J. T., Cerqueira, M. a., Bourbon, A. I., Pinheiro, A. C., Souza, B. W. S., & 

Vicente, A. a. (2012). Synergistic effects between κ-carrageenan and locust bean 

gum on physicochemical properties of edible films made thereof. Food 

Hydrocolloids, 29(2), 280–289.  



© C
OPYRIG

HT U
PM

186 

 

Mathew, A. P., & Dufresne, A. (2002). Morphological Investigation of 

Nanocomposites from Sorbitol Plasticized Starch and Tunicin Whiskers. 

Biomacromolecules, 3, 609–617. 

McHugh, D. . (2003). A guide to the seaweed industry. FAO Fisheries Technical Paper 

441. Rome: Food and Agriculture Organisation of the United Nations. 

McHugh, D. J. (1991). Worldwide distribution of commercial resources of seaweeds 

including Gelidium. Hydrobiologia, 221(1), 19–29.  

Mechakra, H., Nour, a., Lecheb, S., & Chellil, a. (2015). Mechanical characterizations 

of composite material with short Alfa fibers reinforcement. Composite 

Structures, 124, 152–162.  

Mendes, J. F., Paschoalin, R. ., Carmona, V. B., Sena Neto, A. R., Marques, a. C. P., 

Marconcini, J. M., … Oliveira, J. E. (2015). Biodegradable Polymer Blends 

Based on Cornstarch and Thermoplastic Chitosan Processed By Extrusion. 

Carbohydrate Polymers, 137, 452–458.  

Misra, M., Drzal, L. T., & Robledo, D. (2009). Preparation and Characterization of 

Biodegradable Agar / Poly ( butylene adipate- co -terephatalate ) Composites. 

Polymer Enginering and Science.  

Miyashita, K., Mikami, N., & Hosokawa, M. (2013). Chemical and nutritional 

characteristics of brown seaweed lipids: A review. Journal of Functional Foods, 

5(4), 1507–1517.  

Mogea, J., Seibert, B., & Smits, W. (1991). Multipurpose palms: the sugar palm 

(Arenga pinnata (Wurmb) Merr.). Agroforestry Systems, 13, 111–129.  

Mohammadi Nafchi, A., Moradpour, M., Saeidi, M., & Alias, A. K. (2013). 

Thermoplastic starches: Properties, challenges, and prospects. Starch - Stärke, 

65, 61–72. 

Mohsenkhani, S., Jahanshahi, M., & Rahimpour, A. (2015). Cross-linked κ-

carrageenan polymer/zinc nanoporous composite matrix for expanded bed 

application: Fabrication and hydrodynamic characterization. Journal of 

Chromatography A, 1408, 178–186.  

Moreira, R., Chenlo, F., Torres, M. D., Silva, C., Prieto, D. M., Sousa, a. M. M., … 

Gonçalves, M. P. (2011). Drying Kinetics of Biofilms Obtained from Chestnut 

Starch and Carrageenan with and without Glycerol. Drying Technology, 29(9), 

1058–1065.  

Mujaheddin, Jagadish, R., Sheshappa, R., & Guru, G. (2012). Miscibility Studies of 

Agar-Agar / Starch blends using Various Techniques. International Journal of 

Research in Pharmacy and Chemistry, 2(4), 1049–1056. 

Mukhtar, I., Leman, Z., Ishak, M. R., & Zainudin, E. S. (2016). Sugar Palm Fibre and 

its Composites: A Review of Recent Developments. BioResources, 11(4), 

10756–10782. 

N. Saheb, D., & Jog, J. P. (1999). Natural fiber polymer composites: A review. 

Advances in Polymer Technology, 18(4), 351–363.  

Nadhari, W. N. A. W., Hashim, R., Hiziroglu, S., Sulaiman, O., Boon, J. G., Salleh, K. 

M., … Sugimoto, T. (2014). Measurement of some properties of binderless 



© C
OPYRIG

HT U
PM

187 

 

composites manufactured from oil palm trunks and Acacia mangium. 

Measurement: Journal of the International Measurement Confederation, 50, 

250–254.  

Nadlene, R., Sapuan, S. M., Jawaid, M., Ishak, M. R., & Yusriah, L. (2016). The 

Effects of Chemical Treatment on the Structural and Thermal, Physical, and 

Mechanical and Morphological Properties of Roselle Fiber-Reinforced Vinyl 

Ester Composites. Polymers and Polymer Composites, 1–14. 

Narkchamnan, S., & Sakdaronnarong, C. (2013). Thermo-molded biocomposite from 

cassava starch, natural fibers and lignin associated by laccase-mediator system. 

Carbohydrate Polymers, 96(1), 109–17.  

Nascimento, T. A., Calado, V., & Carvalho, C. W. P. (2012). Development and 

characterization of flexible film based on starch and passion fruit mesocarp flour 

with nanoparticles. Food Research International, 49(1), 588–595.  

Olivas, G. I., & Barbosa-Cánovas, G. V. (2008). Alginate-calcium films: Water vapor 

permeability and mechanical properties as affected by plasticizer and relative 

humidity. LWT - Food Science and Technology, 41, 359–366.  

Park, H., Lee, W., & Park, C. (2003). Environmentally friendly polymer hybrids. 

Science, 8, 909 – 915.  

Park, S. Y., Lee, B. I., Jung, S. T., & Park, H. J. (2001). Biopolymer composite films 

based on k-carrageenan and chitosan. Materials Research Bulletin, 36, 511–519.  

Patarra, R. F., Paiva, L., Neto, A. I., Lima, E., & Baptista, J. (2011). Nutritional value 

of selected macroalgae. Journal of Applied Phycology, 23, 205–208. 

Peddireddy, S., Longhurst, P. J., & Wagland, S. T. (2015). Characterising the 

composition of waste-derived fuels using a novel image analysis tool. Waste 

Management, 40, 9–13.  

Peinado, I., Girón, J., Koutsidis, G., & Ames, J. M. (2014). Chemical composition, 

antioxidant activity and sensory evaluation of five different species of brown 

edible seaweeds. Food Research International, 66, 36–44.  

Pereira, L., Sousa, A., Coelho, H., Amado, A. M., & Ribeiro-Claro, P. J. a. (2003). Use 

of FTIR, FT-Raman and 13C-NMR spectroscopy for identification of some 

seaweed phycocolloids. Biomolecular Engineering, 20, 223–228.  

Pereira, L., & Van De Velde, F. (2011). Portuguese carrageenophytes: Carrageenan 

composition and geographic distribution of eight species (Gigartinales, 

Rhodophyta). Carbohydrate Polymers, 84(1), 614–623.  

Pérez, S., Baldwin, P. M., & Gallant, D. J. (2009). Structural Features of Starch 

Granules I. Starch (Third Edit., pp. 149–192). Elsevier Inc.  

Phan, D., Debeaufort, F., & Luu, D. (2005). Functional Properties of Edible Agar-

Based and Starch-Based Films for Food Quality Preservation. Journal of 

Agricultural and Food Chemistry, 53, 973–981.  

Phan The, D., Debeaufort, F., Luu, D., & Voilley, a. (2008). Moisture barrier, wetting 

and mechanical properties of shellac/agar or shellac/cassava starch bilayer bio-

membrane for food applications. Journal of Membrane Science, 325(1), 277–283.  



© C
OPYRIG

HT U
PM

188 

 

Phan The, D., Debeaufort, F., Voilley, a., & Luu, D. (2009). Biopolymer interactions 

affect the functional properties of edible films based on agar, cassava starch and 

arabinoxylan blends. Journal of Food Engineering, 90(4), 548–558. 

Polylactic Acid (PLA, Polylactide). 2016. Retrieved 17 June 2017 from 

http://www.makeitfrom.com/material-properties/Polylactic-Acid-PLA-

Polylactide 

Polypropylene. 2017. Retrieved 17 June 2017 from 

https://en.wikipedia.org/wiki/Polypropylene 

Prachayawarakorn, J., Chaiwatyothin, S., Mueangta, S., & Hanchana, A. (2013). Effect 

of jute and kapok fibers on properties of thermoplastic cassava starch composites. 

Materials and Design, 47, 309–315.  

Prachayawarakorn, J., & Hwansanoet, W. (2012). Effect of silk protein fibers on 

properties of thermoplastic rice starch. Fibers and Polymers, 13(5), 606–612.  

Prachayawarakorn, J., Limsiriwong, N., Kongjindamunee, R., & Surakit, S. (2011). 

Effect of Agar and Cotton Fiber on Properties of Thermoplastic Waxy Rice 

Starch Composites. Journal of Polymers and the Environment, 20(1), 88–95.  

Prachayawarakorn, J., & Pomdage, W. (2014). Effect of carrageenan on properties of 

biodegradable thermoplastic cassava starch/low-density polyethylene composites 

reinforced by cotton fibers. Materials & Design, 61, 264–269.  

Prachayawarakorn, J., Ruttanabus, P., & Boonsom, P. (2011). Effect of Cotton Fiber 

Contents and Lengths on Properties of Thermoplastic Starch Composites 

Prepared from Rice and Waxy Rice Starches. Journal of Polymers and the 

Environment, 19, 274–282.  

Prachayawarakorn, J., Sangnitidej, P., & Boonpasith, P. (2010). Properties of 

thermoplastic rice starch composites reinforced by cotton fiber or low-density 

polyethylene. Carbohydrate Polymers, 81(2), 425–433.  

Prajapati, V. D., Maheriya, P. M., Jani, G. K., & Solanki, H. K. (2014). Carrageenan: a 

natural seaweed polysaccharide and its applications. Carbohydrate Polymers, 

105, 97–112.  

Pranoto, Y., Salokhe, V. M., & Rakshit, S. K. (2005). Physical and antibacterial 

properties of alginate-based edible film incorporated with garlic oil. Food 

Research International, 38, 267–272.  

Priya, B., Gupta, V. K., Pathania, D., & Singha, A. S. (2014). Synthesis, 

characterization and antibacterial activity of biodegradable starch/PVA 

composite films reinforced with cellulosic fibre. Carbohydrate Polymers, 109, 

171–9.  

Raabe, J., Fonseca, A. D. S., Bufalino, L., Ribeiro, C., Martins, M. A., Marconcini, J. 

M., … Tonoli, G. H. D. (2015). Biocomposite of Cassava Starch Reinforced with 

Cellulose Pulp Fibers Modified with Deposition of Silica (SiO 2 ) Nanoparticles. 

Journal of Nanomaterials, 2015, 1–9.  

Rahmat, A. R., Rahman, W. A. W. A., Sin, L. T., & Yussuf, A. A. (2009). Approaches 

to improve compatibility of starch filled polymer system: A review. Materials 

Science and Engineering C, 29(8), 2370–2377.  



© C
OPYRIG

HT U
PM

189 

 

Ramanaiah, K., Ratna Prasad, a. V., & Hema Chandra Reddy, K. (2012). Effect of fiber 

loading on mechanical properties of borassus seed shoot fiber reinforced 

polyester composites. Journal of Materials and Environmental Science, 3(3), 

374–378. 

Ramesh, S., Shanti, R., & Morris, E. (2012). Studies on the plasticization efficiency of 

deep eutectic solvent in suppressing the crystallinity of corn starch based polymer 

electrolytes. Carbohydrate Polymers, 87(1), 701–706.  

Raphael, E., Avellaneda, C. O., Manzolli, B., & Pawlicka, A. (2010). Agar-based films 

for application as polymer electrolytes. Electrochimica Acta, 55(4), 1455–1459.  

Rashid, B., Leman, Z., Jawaid, M., Ghazali, M. J., & Ishak, M. R. (2016). 

Physicochemical and thermal properties of lignocellulosic fiber from sugar palm 

fibers: effect of treatment. Cellulose, 1–12. 

Ray, S. S., & Bousmina, M. (2005). Biodegradable polymers and their layered silicate 

nanocomposites: In greening the 21st century materials world. Progress in 

Materials Science, 50, 962–1079.  

Razali, N., Salit, M. S., Jawaid, M., Ishak, M. R., & Lazim, Y. (2015). A Study on 

Chemical Composition, Physical, Tensile, Morphological, and Thermal 

Properties of Roselle Fibre: Effect of Fibre Maturity. Bioresources, 10, 1803–

1823. 

Reddy, J. P., & Rhim, J.-W. (2014). Characterization of bionanocomposite films 

prepared with agar and paper-mulberry pulp nanocellulose. Carbohydrate 

Polymers, 110, 480–8.  

Rhim, J. W., Wang, L. F., & Hong, S. I. (2013). Preparation and characterization of 

agar/silver nanoparticles composite films with antimicrobial activity. Food 

Hydrocolloids, 33(2), 327–335.  

Rhim, J.-W. (2004). Physical and mechanical properties of water resistant sodium 

alginate films. LWT - Food Science and Technology, 37, 323–330.  

Rhim, J.-W. (2011). Effect of clay contents on mechanical and water vapor barrier 

properties of agar-based nanocomposite films. Carbohydrate Polymers, 86(2), 

691–699.  

Rhim, J.-W. (2012). Physical-mechanical properties of agar/κ-carrageenan blend film 

and derived clay nanocomposite film. Journal of Food Science, 77(12), N66–73.  

Rhim, J.-W., Lee, S.-B., & Hong, S.-I. (2011). Preparation and characterization of 

agar/clay nanocomposite films: the effect of clay type. Journal of Food Science, 

76(3), N40–8.  

Rhim, J.-W., & Wang, L.-F. (2013). Mechanical and water barrier properties of agar/κ-

carrageenan/konjac glucomannan ternary blend biohydrogel films. Carbohydrate 

Polymers, 96(1), 71–81.  

Rhim, J.-W., & Wang, L.-F. (2014). Preparation and characterization of carrageenan-

based nanocomposite films reinforced with clay mineral and silver nanoparticles. 

Applied Clay Science, 97-98, 174–181.  



© C
OPYRIG

HT U
PM

190 

 

Rhim, J.-W., Wang, L.-F., Lee, Y., & Hong, S.-I. (2014). Preparation and 

characterization of bio-nanocomposite films of agar and silver nanoparticles: 

laser ablation method. Carbohydrate Polymers, 103, 456–65.  

Rivadeneira, J., Carina Audisio, M., Boccaccini, a R., & Gorustovich, a a. (2013). In 

vitro antistaphylococcal effects of a novel 45S5 bioglass/agar-gelatin 

biocomposite films. Journal of Applied Microbiology, 115(2), 604–12. 

Robledo, D., Azamar, J. A., & Rı, C. R. (2010). Preparation and Characterization of 

Low Density Polyethylene-Agar Biocomposites: Torque-Rheological, 

Mechanical , Thermal and Morphological Properties. Polymer Engineering and 

Science.  

Rosa, R. C. R. S., & Andrade, C. T. (2004). Effect of Chitin Addition on Injection-

Molded Thermoplastic Corn Starch. Journal of Applied Polymer Science, 92, 

2706–2713.  

Ross, A. B., Jones, J. M., Kubacki, M. L., & Bridgeman, T. (2008). Classification of 

macroalgae as fuel and its thermochemical behaviour. Bioresource Technology, 

99, 6494–6504.  

S. M. Sapuan; H. Y. Lok; M. R. Ishak; S. Misri. (2013). Mechanical properties of 

hybrid glass/sugar palm fibre reinforced unsaturated polyester composites. 

Chinese Journal of Polymer Science, 31(10), 1394–1403.  

Sabetzadeh, M., Bagheri, R., & Masoomi, M. (2016). Effect of nanoclay on the 

properties of low density polyethylene/linear low density 

polyethylene/thermoplastic starch blend films. Carbohydrate Polymers, 141, 75–

81.  

Sahari, J., Salit, M. S., Zainudin, E. S., & Maleque, M. A. (2014). Degradation 

Characteristics of SPF / SPS Biocomposites. FIBRES & TEXTILES in Eastern 

Europe, 5(107), 96–98. 

Sahari, J., Sapuan, S. M., Ismarrubie, Z. N., & Rahman, M. Z. a. (2012). Physical and 

chemical properties of different morphological parts of sugar palm fibres. Fibres 

and Textiles in Eastern Europe, 91(91), 21–24. 

Sahari, J., Sapuan, S. M., Zainudin, E. S., & Maleque, M. a. (2013a). Thermo-

mechanical behaviors of thermoplastic starch derived from sugar palm tree (< i> 

Arenga pinnata</i>). Carbohydrate Polymers, 92(2), 1711–1716. 

Sahari, J., Sapuan, S. M., Zainudin, E. S., & Maleque, M. A. (2012). A New Approach 

to Use Arenga pinnata as Sustainable Biopolymer : Effects of Plasticizers on 

Physical Properties. Procedia Chemistry, 4, 254–259.  

Sahari, J., Sapuan, S. M., Zainudin, E. S., & Maleque, M. A. (2013a). Flexural and 

Impact Properties of Biopolymer Derived from Sugar Palm Tree. Advanced 

Materials Research, 701, 225–228.  

Sahari, J., Sapuan, S. M., Zainudin, E. S., & Maleque, M. A. (2013b). Mechanical and 

thermal properties of environmentally friendly composites derived from sugar 

palm tree. Materials and Design, 49, 285–289. 

Sahari, J., Sapuan, S. M., Zainudin, E. S., & Maleque, M. a. (2013b). Mechanical and 

thermal properties of environmentally friendly composites derived from sugar 

palm tree. Materials and Design, 49, 285–289.  



© C
OPYRIG

HT U
PM

191 

 

Sahari, J., Sapuan, S. M., Zainudin, E. S., & Maleque, M. A. (2013c). Thermo-

mechanical behaviors of thermoplastic starch derived from sugar palm tree 

(Arenga pinnata). Carbohydrate Polymers, 92, 1711–1716.  

Sahari, J., Sapuan, S. M., Zainudin, E. S., & Maleque, M. A. (2014). Physico-chemical 

and thermal properties of starch derived from sugar palm tree (Arenga pinnata). 

Asian Journal of Chemistry, 26(4), 955–959.  

Sánchez-García, M. D., Hilliou, L., & Lagarón, J. M. (2010). Morphology and water 

barrier properties of nanobiocomposites of κ/ι-hybrid carrageenan and cellulose 

nanowhiskers. Journal of Agricultural and Food Chemistry, 58, 12847–57.  

Sanchez-Silva, L., López-González, D., Garcia-Minguillan, a. M., & Valverde, J. L. 

(2013). Pyrolysis, combustion and gasification characteristics of Nannochloropsis 

gaditana microalgae. Bioresource Technology, 130, 321–331.  

Santos, G. a. (1989). Carrageenans of species of Eucheuma J. Agardh and 

Kappaphycus Doty (Solieriaceae, Rhodophyta). Aquatic Botany, 36, 55–67.  

Sanyang, M. L., Sapuan, S. M., Jawaid, M., Ishak, M. R., & Sahari, J. (2015). Effect of 

Plasticizer Type and Concentration on Dynamic Mechanical Properties of Sugar 

Palm Starch Based Films. International Journal of Polymer Analysis and 

Characterization, (July), 150622104055002.  

Sanyang, M. L., Sapuan, S. M., Jawaid, M., Ishak, M. R., & Sahari, J. (2015). Effect of 

Plasticizer Type and Concentration on Tensile, Thermal and Barrier Properties of 

Biodegradable Films Based on Sugar Palm (Arenga pinnata) Starch. Polymers, 7, 

1106–1124.  

Sanyang, M. L., Sapuan, S. M., Jawaid, M., Ishak, M. R., & Sahari, J. (2016). 

Development and characterization of sugar palm starch and poly(lactic acid) 

bilayer films. Carbohydrate Polymers, 146, 36–45.  

Sapuan, S. M., & Bachtiar, D. (2012). Mechanical Properties of Sugar Palm Fibre 

Reinforced High Impact Polystyrene Composites. Procedia Chemistry, 4, 101–

106.  

Sapuan, S. M., Lok, H. Y., Ishak, M. R., & Misri, S. (2013). Mechanical properties of 

hybrid glass/sugar palm fibre reinforced unsaturated polyester composites. 

Chinese Journal of Polymer Science, 31(10), 1394–1403. doi:10.1007/s10118-

013-1342-4 

Sarifuddin, N., Ismail, H., & Ahmad, Z. (2012). Effect of fiber loading on properties of 

thermoplastic sago starch/kenaf core fiber biocomposites. BioResources, 7, 

4294–4306. 

Sastra, H. Y., Siregar, J. P., Sapuan, S. M., & Hamdan, M. M. (2006). Tensile 

Properties of Arenga pinnata Fiber-Reinforced Epoxy Composites. Polymer-

Plastics Technology and Engineering, 45(April 2015), 149–155.  

Selamat, M. Z., Razi, M., Kasim, A. N., Dharmalingam, S., Putra, A., Yaakob, M. Y., 

& Mohd Daud, M. A. (2016). Mechanical properties of starch composite 

reinforced by pineapple leaf fiber (PLF) from josapine cultivar. ARPN Journal of 

Engineering and Applied Sciences, 11(16), 9783–9788. 



© C
OPYRIG

HT U
PM

192 

 

Selvakumaran, S., Muhamad, I. I., & Abd Razak, S. I. (2016). Evaluation of kappa 

carrageenan as potential carrier for floating drug delivery system: Effect of pore 

forming agents. Carbohydrate Polymers, 135, 207–214.  

Shamsuri, A., Daik, R., Zainudin, E., & Tahir, P. (2014). Compatibilization of 

HDPE/agar biocomposites with eutectic-based ionic liquid containing surfactant. 

Journal of Reinforced Plastics and Composites, 33(5), 440–453.  

Shankar, S., Reddy, J. P., Rhim, J.-W., & Kim, H.-Y. (2015). Preparation, 

characterization, and antimicrobial activity of chitin nanofibrils reinforced 

carrageenan nanocomposite films. Carbohydrate Polymers, 117, 468–475.  

Siddhanta, A. K., Prasad, K., Meena, R., Prasad, G., Mehta, G. K., Chhatbar, M. U., … 

Sanandiya, N. D. (2009). Profiling of cellulose content in Indian seaweed 

species. Bioresource Technology, 100(24), 6669–73.  

Silva, M. A. Da, Bierhalz, A. C. K., & Kieckbusch, T. G. (2009). Alginate and pectin 

composite films crosslinked with Ca2+ ions: Effect of the plasticizer 

concentration. Carbohydrate Polymers, 77(4), 736–742.  

Sim, K. J., Han, S. O., & Seo, Y. B. (2010). Dynamic mechanical and thermal 

properties of red algae fiber reinforced poly(lactic acid) biocomposites. 

Macromolecular Research, 18(5), 489–495.  

Singh, N., Singh, J., Kaur, L., Sodhi, N. S., & Gill, B. S. (2003). Morphological, 

thermal and rheological properties of starches from different botanical sources. 

Food Chemistry, 81, 219–231.  

Singh, V., Okadome, H., Toyoshima, H., Isobe, S., & Ohtsubo, K. (2000). Thermal and 

physicochemical properties of rice grain, flour and starch. Journal of Agricultural 

and Food Chemistry, 48, 2639–2647.  

Sirviö, J. A., Kolehmainen, A., Liimatainen, H., Niinimäki, J., & Hormi, O. E. O. 

(2014). Biocomposite cellulose-alginate films: promising packaging materials. 

Food Chemistry, 151, 343–51.  

Sousa, A. M. M., & Gonçalves, M. P. (2015). Strategies to improve the mechanical 

strength and water resistance of agar films for food packaging applications. 

Carbohydrate Polymers, 132, 196–204.  

Sousa, A. M. M., Sereno, A. M., Hilliou, L., & Gonçalves, M. P. (2010). 

Biodegradable Agar Extracted from Gracilaria Vermiculophylla: Film Properties 

and Application to Edible Coating. Materials Science Forum, 636-637, 739–744. 

39 

Sousa, A. M. M., Souza, H. K. S., Liu, L., & Gonçalves, M. P. (2015). Alternative 

Plasticizers for the Production of Thermo-compressed Agar Films. International 

Journal of Biological Macromolecules, 76, 138–145.  

Sreenivasan, V. S., Ravindran, D., Manikandan, V., & Narayanasamy, R. (2012). 

Influence of fibre treatments on mechanical properties of short Sansevieria 

cylindrica/polyester composites. Materials and Design, 37, 111–121.  

Stepto, R. F. T. (2003). The Processing of Starch as a Thermoplastic. Macromolecular 

Symposia, 201, 203–212.  



© C
OPYRIG

HT U
PM

193 

 

Syad, A. N., Shunmugiah, K. P., & Kasi, P. D. (2013). Seaweeds as nutritional 

supplements: Analysis of nutritional profile, physicochemical properties and 

proximate composition of G. acerosa and S. wightii. Biomedicine & Preventive 

Nutrition, 3(2), 139–144.  

Talavera, F. J. F., Guzmán, J. a S., Richter, H. G., Dueñas, R. S., & Quirarte, J. R. 

(2007). Effect of production variables on bending properties, water absorption 

and thickness swelling of bagasse/plastic composite boards. Industrial Crops and 

Products, 26, 1–7.  

Tan, I. S., & Lee, K. T. (2014). Enzymatic hydrolysis and fermentation of seaweed 

solid wastes for bioethanol production: An optimization study. Energy. 

doi:10.1016/j.energy.2014.04.080 

Tang, X., & Alavi, S. (2011). Recent advances in starch, polyvinyl alcohol based 

polymer blends, nanocomposites and their biodegradability. Carbohydrate 

Polymers, 85(1), 7–16.  

Teacǎ, C. A., Bodîrlǎu, R., & Spiridon, I. (2013). Effect of cellulose reinforcement on 

the properties of organic acid modified starch microparticles/plasticized starch 

bio-composite films. Carbohydrate Polymers, 93, 307–315. 

Teixeira, E. D. M., Curvelo, A. a S., Corrêa, A. C., Marconcini, J. M., Glenn, G. M., & 

Mattoso, L. H. C. (2012). Properties of thermoplastic starch from cassava 

bagasse and cassava starch and their blends with poly (lactic acid). Industrial 

Crops and Products, 37(1), 61–68.  

Teixeira, E. D. M., Pasquini, D., Curvelo, A. a S., Corradini, E., Belgacem, M. N., & 

Dufresne, A. (2009). Cassava bagasse cellulose nanofibrils reinforced 

thermoplastic cassava starch. Carbohydrate Polymers, 78(3), 422–431.  

Teixeira, E. de M., Lotti, C., Corre, A. C., Teodoro, K. B. R., Marconcini, J. M., & 

Mattoso, L. H. C. (2010). Thermoplastic Corn Starch Reinforced with Cotton 

Cellulose Nanofibers. Journal ofAppliedPolymer Science, 120, 2428–2433.  

Teixeira, E. M., Da Róz, a. L., Carvalho, a. J. F., & Curvelo, a. a S. (2007). The effect 

of glycerol/sugar/water and sugar/water mixtures on the plasticization of 

thermoplastic cassava starch. Carbohydrate Polymers, 69, 619–624. 

Tezcan, F., Günister, E., Ozen, G., & Erim, F. B. (2012). Biocomposite films based on 

alginate and organically modified clay. International Journal of Biological 

Macromolecules, 50(4), 1165–8.  

Thuwall, M., Boldizar, A., & Rigdahl, M. (2006). Extrusion processing of high 

amylose potato starch materials. Carbohydrate Polymers, 65, 441–446.  

Tomé, L. C., Fernandes, S. C. M., Sadocco, P., Causio, J., Silvestre, A. J. D., Neto, P., 

& Freire, C. S. R. (2012). Antibacterial thermoplastic starch-chitosan based 

materials prepared by melt-mixing. BioResources, 7, 3398–3409. 

Truong, M., Zhong, W., Boyko, S., & Alcock, M. (2009). A comparative study on 

natural fibre density measurement. Journal of the Textile Institute, 100(March 

2015), 525–529.  

Utracki, L. A. (1999). Polymer blends: fundamentals. Polypropylene: A - Z Reference, 

(Kluwer Publishers, Dordrecht). 



© C
OPYRIG

HT U
PM

194 

 

Varghese, J. S., Chellappa, N., & Fathima, N. N. (2014). Gelatin–carrageenan 

hydrogels: Role of pore size distribution on drug delivery process. Colloids and 

Surfaces B: Biointerfaces, 113, 346–351.  

Vilaseca, F., Mendez, J. a., Pèlach, a., Llop, M., Cañigueral, N., Gironès, J., … Mutjé, 

P. (2007). Composite materials derived from biodegradable starch polymer and 

jute strands. Process Biochemistry, 42, 329–334.  

Wang, S., Jiang, X. M., Han, X. X., & Wang, H. (2008). Fusion Characteristic Study 

on Seaweed Biomass Ash. Energy & Fuels, 2000(3), 2229–2235. 

Weerapoprasit, C., & Prachayawarakorn, J. (2015). Properties of Biodegradable 

Thermoplastic Cassava Starch/Sodium Alginate Composites Prepared From 

Injection Molding Chayapa. Polymer Composites, 16(M), 1–8.  

Wei, D., Wang, H., Xiao, H., Zheng, A., & Yang, Y. (2015). Morphology and 

mechanical properties of poly(butylene adipate-co-terephthalate)/potato starch 

blends in the presence of synthesized reactive compatibilizer or modified 

poly(butylene adipate-co-terephthalate). Carbohydrate Polymers, 123, 275–282.  

Wu, Y., Geng, F., Chang, P. R., Yu, J., & Ma, X. (2009). Effect of agar on the 

microstructure and performance of potato starch film. Carbohydrate Polymers, 

76(2), 299–304.  

Xie, F., Pollet, E., Halley, P. J., & Avérous, L. (2013). Starch-based nano-

biocomposites. Progress in Polymer Science, 38(10-11), 1590–1628. 

doi:10.1016/j.progpolymsci.2013.05.002 

Xiong, Z., Yang, Y., Feng, J., Zhang, X., Zhang, C., Tang, Z., & Zhu, J. (2013). 

Preparation and characterization of poly(lactic acid)/starch composites toughened 

with epoxidized soybean oil. Carbohydrate Polymers, 92(1), 810–6.  

Yahaya, R., Sapuan, S. M., Jawaid, M., Leman, Z., & Zainudin, E. S. (2015). Effect of 

fibre orientations on the mechanical properties of kenaf–aramid hybrid 

composites for spall-liner application. Defence Technology, 12(1), 52–58.  

Yaich, H., Garna, H., Besbes, S., Paquot, M., Blecker, C., & Attia, H. (2011). Chemical 

composition and functional properties of Ulva lactuca seaweed collected in 

Tunisia. Food Chemistry, 128(4), 895–901.  

Yeh, J., Hou, Y., Cheng, L., Wang, Y.-Z., Yang, L., & Wang, C. (2015). Water proof 

and strength retention properties of thermoplastic starch based biocomposites 

modified with glutaraldehyde. Carbohydrate Polymers, 127, 135–144. 

Yu, L., Dean, K., & Li, L. (2006). Polymer blends and composites from renewable 

resources. Progress in Polymer Science, 31(6), 576–602.  

Z. Leman, S.M. Sapuan, S. S. (2011). Sugar Palm Fibre-Reinforced Unsaturated 

Polyester Composite Interface Characterisation by Pull-Out Test. Key 

Engineering Materials, 471-472, 1034–1039. 

Zactiti, E. M., & Kieckbusch, T. G. (2006). Potassium sorbate permeability in 

biodegradable alginate films: Effect of the antimicrobial agent concentration and 

crosslinking degree. Journal of Food Engineering, 77, 462–467.  



© C
OPYRIG

HT U
PM

195 

 

Zahran, M. K., Ahmed, H. B., & El-Rafie, M. H. (2014). Surface modification of 

cotton fabrics for antibacterial application by coating with AgNPs-alginate 

composite. Carbohydrate Polymers, 108, 145–52.  

Zainuddin, S. Y. Z., Ahmad, I., Kargarzadeh, H., Abdullah, I., & Dufresne, A. (2013). 

Potential of using multiscale kenaf fibers as reinforcing filler in cassava starch-

kenaf biocomposites. Carbohydrate Polymers, 92(2), 2299–305.  

Zasypkin, D. V, Yuryev, V. P., Alexeyev, V. V, & Tolstoguzov, V. B. (1992). 

Mechanical properties of the products obtained by the thermoplastic extrusion of 

potato starch - soybean protein mixtures. Carbohydrate Polymers, 18, 119–124. 

Zeng, Q., Han, Y., Li, H., & Chang, J. (2014). Bioglass/alginate composite hydrogel 

beads as cell carriers for bone regeneration. Journal of Biomedical Materials 

Research - Part B Applied Biomaterials, 102, 42–51.  

Zhai, P., Chen, X. B., & Schreyer, D. J. (2015). PLGA/alginate composite 

microspheres for hydrophilic protein delivery. Materials Science and 

Engineering: C, 56, 251–259.  

Zhang, S. D., Zhang, Y. R., Zhu, J., Wang, X. L., Yang, K. K., & Wang, Y. Z. (2007). 

Modified corn starches with improved comprehensive properties for preparing 

thermoplastics. Starch/Staerke, 59, 258–268.  

Zhang, Y., Ma, Q., Critzer, F., Davidson, P. M., & Zhong, Q. (2015). Physical and 

antibacterial properties of alginate films containing cinnamon bark oil and 

soybean oil. LWT - Food Science and Technology, 64(1), 423–430. 

Zhang, Y. R., Wang, X. L., Zhao, G. M., & Wang, Y. Z. (2013). Influence of oxidized 

starch on the properties of thermoplastic starch. Carbohydrate Polymers, 96(1), 

358–364.  

Zhang, Y., Rempel, C., & Liu, Q. (2014). Thermoplastic starch processing and 

characteristics-a review. Critical Reviews in Food Science and Nutrition, 

54(February), 1353–70.  

Zhang, Y., Ye, L., Cui, M., Yang, B., Li, J., Sun, H., & Yao, F. (2015). Physically 

crosslinked poly(vinyl alcohol)–carrageenan composite hydrogels: pore structure 

stability and cell adhesive ability. RSC Adv., 5, 78180–78191.  

Zhang, Z., Pang, T., Li, Q., Zhang, L., Li, L., & Liu, J. (2015). Transcriptome 

sequencing and characterization for Kappaphycus alvarezii. European Journal of 

Phycology, 50(January), 400–407.  

Zia, K. M., Zia, F., Zuber, M., Rehman, S., & Ahmad, M. N. (2015). Alginate based 

polyurethanes: A review of recent advances and perspective. International 

Journal of Biological Macromolecules, 79, 377–387.  

Zou, W., Yu, L., Liu, X., Chen, L., Zhang, X., Qiao, D., & Zhang, R. (2012). Effects of 

amylose/amylopectin ratio on starch-based superabsorbent polymers. 

Carbohydrate Polymers, 87(2), 1583–1588.  

 

  


	1556 title print
	1556 chapter print



