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Abstract  Background: Growing demand for sustainable materials is driving research into biobased composites. These 

materials combine binders of natural origin, such as polysaccharides (starch, alginate, chitosan...), and reinforcements 

derived from carbonaceous waste, such as plant charcoal powder. The main objectives are to - Reduce the use of 

petroleum-based plastics. - Recycle agricultural and industrial waste. - Develop biodegradable materials with good 

mechanical and thermal properties. Study objectives: - Formulate composites by combining a polysaccharide binder and a 

charcoal powder filler. - Characterize the composites' physicochemical and mechanical properties. - Study the chemical 

interaction between binder and reinforcement. - Assess biodegradability and potential uses (packaging, insulation materials, 

etc.). Methods: a. Preparation of composites - Extraction or commercial use of polysaccharides (starch, chitosan...). - 

Drying and grinding of vegetable charcoal to obtain a fine powder. - Mixing in various proportions (e.g. 10%, 30%, 50% 

powder). - Moulding or hot-pressing to shape. b. Chemical and physical analysis - analysis of chemical bonds and 

interactions between binder and coal powder. - (X-ray diffraction): study of material crystallinity. - thermal analysis (stability, 

degradation point). - observation. Resultats: Polysaccharide extraction yield by source: - Dioscorea sp (1700 g); Extracted 

polysaccharide: Starch; Obtained mass: 133 g; Yield: 7.8%. - Scylla serrata (50 g shell); Extracted polysaccharide: Chitosan; 

Obtained mass: 4.08 g; Yield: 8.16%. - Cassia hypophallus (20 g seeds); Extracted polysaccharide: Galactomannan; Obtained 

mass: 4 g; Yield: 20%. - Hydroclathrus clathrus (54 g seeds); Extracted polysaccharide: Aliginate; Obtained mass: 1.16 g; 

Yield: 2.14%. Details on the chitosan extraction process: Initial quantity of shell powder: 50 g, - After deproteinization: 66% 

(light gray powder) - After demineralization: 10.5% (off-white powder) - After deacetylation: 8.16% (off-white powder). 

Details of the galactomannan extraction process: - Quantity of seed powder: 20 g (brown in color) - Yield after precipitation: 

20% (camel hair-colored powder). Results of combustion tests for polysaccharide briquettes (mass of 19 g each): - Starch; 

Burning time: 85 minutes; Observations: Initial odor, no smoke. - Chitosan; Burning time: 83 minutes; Observations: Initial 

pleasant odor, presence of smoke. - Galactomannan; Burning time: 53 minutes; Observations: Presence of smoke from the 

beginning. - Alginate; Burning time: 133 minutes; Observations: Presence of odor at the beginning of combustion, no smoke. 

Conclusions: - Formulated composites offer a good compromise between durability and eco-compatibility. - Plant charcoal, 

as a reinforcement, improves thermal stability and mechanical properties while maintaining biodegradability. - This type of 

material can be considered for non-structural applications, such as packaging, thermal insulation, or as eco-craft materials. 

Combustion of the starch-bound composite is similar to that of the galactomannan-bound composite, but its extraction yield is 

low. It would therefore be necessary to harvest Dioscorea sensibarensis during its vegetative resting period in order to gain a 

better understanding of its starch content, although its use remains conceivable for the preparation of our biosourced 

composite.  
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1. Introduction 

Energy demand is a fundamental need for every family,  

as all households use it, particularly for cooking. In modern 

countries, households rely on electricity, natural gas, and 

microwaves to meet their domestic needs. 

 

* Corresponding author: 

razafitsiferana78@gmail.com (Théophile Razafitsiferana) 

Received: May 12, 2025; Accepted: Jun. 9, 2025; Published: Jul. 3, 2025 

Published online at http://journal.sapub.org/re 

In Madagascar, whether living in urban or rural areas, 

households primarily rely on firewood, charcoal, and dried 

zebu dung as energy sources. However, this almost exclusive 

reliance on wood energy has led to significant deforestation 

on the island, with environmental consequences already felt 

by current generations. 

In this context, the development of biogas from agricultural 

organic waste, straw, and animal manure appears to be a 

promising alternative. Particular attention is also being paid 

to the production of fuel briquettes from household waste. To 

support these advances, a research topic has been selected: 
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"Chemical study of bio-based composites, binder: polysaccharide, 

reinforcement: carbon powder." 

This study is part of the development of briquette production, 

with the aim of providing biological binders adapted to the 

requirements of fuel briquette manufacturing technology. 

2. Bibliographic Summary 

Activated carbon 

Activated carbon is an adsorbent material made from 

carbon-rich raw materials, such as wood. In principle, any 

organic matter containing carbon can be used to produce 

activated carbon. 

Raw materials 

These come from a wide variety of carbon-containing 

sources, of plant, animal, or mineral origin. 

• Plant origin: 

o  Inedible agricultural waste, such as fruit pits, coconut 

shells, or sugarcane bagasse. 

o  Cereal straw and hulls, such as wheat and rice. o Wood 

in the form of shavings or sawdust, such as birch, oak, 

eucalyptus, or lignite. 

• Animal origin: 

Activated carbon can be obtained from animal bones, but 

also from their blood, or even their flesh. 

• Mineral origin: 

Mainly derived from combustible materials such as coal, 

coke, or peat. It can also come from the recovery of residues 

from the oil industry or the pyrolysis of activated sludge. 

Types of Coal 

Different Types of Coal 

There are two main categories of coal: natural coal and 

charcoal. 

Natural Coals 

The generic term "coal" covers several types of fossil fuels 

whose level of transformation (or maturity) and calorific 

value vary considerably. There are four main types: 

• Peat 

• Lignite 

• Subbituminous coals 

• Anthracite 

Charcoal 

As its name suggests, charcoal is produced by carbonizing 

wood. Its production can be carried out using different 

processes used throughout the world: the traditional method, 

the improved traditional method, and the modern method 

using metal furnaces. 

In Madagascar, the traditional method is the most 

commonly used. 

Polymers 

A polymer is a material made up of macromolecules, 

organic or inorganic, formed by the repetition of a basic unit 

called a "monomer." • Monomer: A simple molecule capable 

of reacting with other monomers to form a polymer. Unlike a 

polymer, a monomer has a low molecular weight. 

•  Polymerization: A chemical reaction during which 

monomers join together to form high-molecular-weight 

polymers. 

Binders 

Binders are substances, natural or synthetic, of mineral or 

organic origin, used to ensure cohesion between different 

materials. 

Classification of binders: 

•  Mineral binders: Finely ground powders obtained by 

processing rocks. 

•  Organic binders: Natural or synthetic resins used to 

bind fillers and fibers in composite materials. 

•  Natural polymers 

Starch is the main source of carbohydrates in plants. It is 

found in large quantities in roots and tubers (25 to 50%), as 

well as in seeds (25 to 50%). • Chemical structure of starch: it 

is a polysaccharide composed of two polymers: amylose and 

amylopectin. Starch appears in the form of grains that can be 

observed under a microscope. 

However, there are few α-(1-6) linkages. Amylopectin, on 

the other hand, is a macromolecule formed by the association 

of glucopyranose residues mainly linked by α (1-4) and α 

(1-6) bonds, which give it its branched structure. These are 

shown in the figure below. 

 

Figure 1.  Simplified diagram of the chemical structure of amylose 

according to Buléon [1] [5], [7] 

• The proportion of amylose varies between 20 and     

30% depending on the botanical origin of the starch. 

Amylopectin, on the other hand, constitutes the majority 

fraction of most starches. The exact composition of 

amylose and amylopectin depends on the original plant 

source. 

 

Figure 2.  Simplified diagram of the chemical structure of amylopectin 

according to Buléon 
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Table 1.  Amylose and amylopectin contents according to different starch 
sources. [3] [4] 

Amylose (%) Sources botanique Amylopectine (%) 

28 Maïs 72 

21 Pomme de terre 79 

28 Blé 72 

0 Mais cireux 100 

50-80 Amylomaîs 50-20 

17 Riz 83 

35 Pois 65 

17 Manioc 83 

 

Chitosan 

Chitosan is a polysaccharide composed of copolymers of 

glucosamine and N-acetylglucosamine. It is obtained by the 

deacetylation of chitin, extracted primarily from crustacean 

shells. 

 

Figure 3.  Chemical structure of chitosan [2], [6] 

Alginate 

Alginate, or alginic acid, is a natural polysaccharide 

produced by certain brown algae and some bacteria. It is a 

polyuronide composed of D-mannuronic acid (M) and 

L-guluronic acid (G). 

 

Figure 4.  Structure of alginates 

Galactomannans 

Galactomannans are used in the food industry as stabilizing 

agents. They serve to thicken preparations (sauces, drinks), 

stabilize suspensions and emulsions (such as chocolate milks), 

retain water and delay crystallization (in deli meat powders 

or ice creams), and form gels (for example, in jams). 

 

Figure 5.  Functional properties of galactomannans [8] [9] [10] 

3. Materials and Methods 

Extraction and Production of Native Starch Powders 

Materials Used 

•  pH paper is used to determine whether the solution is 

acidic, basic, or neutral, while wearing gloves protects 

against toxic substances. 

•  Dioscorea Sansibarensis 

 

Figure 6 

Classification (Burkill & Bathie, 1950) [11] [12] 

Kingdom: Plants 

Phylum: ANGIOSPERMAE 

Subphylum: SPERMATOPHYTES 

Class: ANGIOSPERMOPSIDA 

Subclass: LILIIDAE LILIIDAE 

Order: DISCOREALES 

Family: DIOSCOREACEAE 

Genus: Dioscorea 

Species: sansibarensis 

Scientific name: Dioscorea sansibarensis Pax. 

Common name: “Babanga 

This tuber, rich in starch, presents a high toxicity in its 

aerial part, in particular during the resumption of vegetation. 

It must therefore be the subject of a specific preparation in 

order to eliminate this toxicity before any use. 

Procedure 

The extraction of the various starches was carried out 

following the protocol described by Willinger (1964), 

modified by Alves, Grossmann, and Silva (1999). 

Peeling and Washing 

In the laboratory, the samples were carefully washed with 

tap water, sorted, peeled with a stainless steel knife, and then 

rinsed three times with distilled water to remove any dirt or 

impurities. 

Soaking 

The Dioscorea sansibarensis tubers were first cut into 

cylinders approximately 10 cm long and then macerated in a 

basin for 72 hours to eliminate hydrocyanic acid, a highly 

toxic substance. The pH of the solution was measured every 

24 hours using a pH meter.  
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Grating and Sieving 

The materials were then grated using a grater to obtain a 

paste consisting of fine fragments. These fragments were 

then mixed in equal proportions with distilled water and 

macerated using a spatula. The mixture was filtered through 

a white cotton cloth with a mesh size of approximately 200 

μm. This process was repeated several times, until the 

filtered liquid became clear (approximately four times). The 

resulting liquids together constitute the starch milk. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7.  Soaking Dioscorea slices 

 

 

 

 

 

 

 

 

 

Figure 8.  Dioscorea paste 

 

 

 

 

 

 

 

 

Figure 9.  Starch milk [14] 

 

Figure 10.  Dried starch [13] 

Decanting and Drying 

The mixture was first allowed to stand for 4 hours at 4°C 

to allow sedimentation. The resulting deposit was then 

washed four times with distilled water and placed in a water 

bath at 50°C for 24 hours. Once dried, the starch is ground 

using a mill and sieved to obtain particles of a size less than 

or equal to 50μm. This product constitutes native starch with 

fine particle size. 

Extraction and Production of Chitosan Powders 

Materials, Reagents, and Solvents Used 

Protective gloves were used to handle the toxic products. 

Crab shells (Scylla serrata, Malacostraceae family) were 

ground using a grinder, and the resulting powder was sieved 

through fine-mesh sieves. The mass of the samples was 

determined using an electronic balance. Hazardous 

substances were stored in aluminum foil. 

A flask was used to prepare the solutions. A magnetic 

stirrer was used to homogenize them. The pH of the solutions 

was measured using pH paper. The solid and liquid phases 

were separated using filter paper. 

The mixtures were heated in a water bath, while the 

residues were dried in an oven. Distilled water was used   

as the standard solvent and for rinsing the equipment. 

Deproteinization was performed with a potassium hydroxide 

solution, while demineralization was carried out using a 

hydrochloric acid solution. Finally, the filtrate was 

precipitated by the addition of ethanol. 

Procedure 

After collection, the shells were dried in an oven at 50°C 

for 72 hours. Once dry, they were ground using a mesh 

grinder (Philips Mini Blender), then sieved using sieves with 

mesh sizes of approximately 800 μm and 1000 μm. 
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Figure 11.  (A) Scylla serrata shells, (B) Ground material sieved through a 1000 μm sieve, (C) [15] [16] [17] 

 

PREPARATION OF A POLYSACCHARIDE-BASED 

BINDER 

To ensure good cohesion between the coal particles and 

the strength of the fuel briquettes, the addition of a binder is 

possible. Commonly used binders include starch, gum arabic, 

molasses, and clay. For this study, we selected starch, cassia 

gum, a polysaccharide extracted from brown algae, and 

chitosan as binding agents. 

 Starch-based binder 

Materials used 

Gloves are used to protect against toxic substances. An 

electronic balance is used to measure the mass of the 

products. Aluminum foil is used to contain hazardous 

substances. Boiling temperature is reached using a hot plate. 

The amount of water is measured with a test tube. A flask is 

used to prepare the starch solution, while a pot was used to 

prepare the binder. The mixtures were stirred with a spoon. 

The final product was stored in a tightly sealed jar, then 

placed in the refrigerator. 

Products used and solvents: Dioscorea starch, tap water 

Procedure 

 

Figure 12.  Starch glue [18] 

Sixty grams of starch were dissolved in a little tap water at 

room temperature to obtain a starch milk. At the same time, 

500 mL of water was brought to a boil on a hot plate. As soon 

as the mixture began to boil, the prepared starch milk was 

poured into the pot containing the boiling water, stirring 

constantly, until a viscous liquid was obtained. This mixture 

was then cooled to room temperature before being stored for 

preservation. 

 Chitosan-based binder 

Materials and reagents used 

The mixture was prepared in a glass jar, using a magnetic 

stirrer during agitation. 

 The acetic acid solution was used to reduce viscosity, 

while glycerol was used as a humectant. Distilled water was 

used to prepare the solution. 

 Substrate: Chitosan powder. 

Procedure: 

A mixture containing 1% acetic acid and 2% glycerol was 

prepared, then 2 g of chitosan was dissolved in this solution 

with stirring at room temperature, resulting in a chitosan 

glue. 

 

Figure 13.  Chitosan glue [19] 

 Cassia gum-based binder 

Materials and reagents used 

A beaker was used to dissolve the polysaccharide powder, 

stirring with a magnetic stirrer. 

 An HCl solution was used to reduce the viscosity, with 

distilled water serving as the solvent. 

 Substrate: Galactomannan or Cassia gum. 

Procedure 

To do this, the gum was dissolved in distilled water by 
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adding a few milliliters of HCl solution while stirring with a 

magnetic stirrer, until a paste with slightly reduced viscosity 

was obtained. 

A beaker was used to solubilize the polysaccharide powder, 

stirring with a magnetic stirrer. 

 An HCl solution was used to reduce the viscosity, with 

distilled water serving as the solvent. 

 Substrate: Galactomannan or Cassia gum. 

Procedure 

To do this, the gum was solubilized in distilled water by 

adding a few milliliters of HCl solution while stirring with a 

magnetic stirrer, until a paste with slightly reduced viscosity 

was obtained. 

Two different samples were selected: 

First sample: 2 g of viscous gum were solubilized in 1.5 

mL of distilled water and 1 mL of 0.1 N HCl. 

Second sample: For 2 g of dry gum, 9 mL of 0.1 N HCl 

and 7 mL of distilled water were required. Solubilization was 

achieved by gradually adding distilled water and hydrochloric 

acid until the desired viscosity was obtained. 

Alginate-based binder 

Materials and reagents used 

 A beaker was used to dissolve the alginate powder, with 

stirring performed using a magnetic stirrer. 

 Distilled water was chosen as the solvent. 

 Substrate: dried alginate powder. 

Procedure 

The preparation consisted of a simple mixture of distilled 

water and alginate powder, with stirring until the desired 

consistency was obtained. 

In this operation, 1.16 g of alginate was dissolved in 3 mL 

of distilled water with stirring. 

POLYSACCHARIDE GELLATION TEST 

Materials and Reagents Used 

The required quantities of each polysaccharide and 

reagents were measured using a precision balance. 16 mL of 

distilled water were used to prepare the solutions. Stirring to 

facilitate dissolution was performed using a magnetic stirrer. 

A water bath was used for heating, and freezing was 

performed in a refrigerator at 4°C. In principle, the gelation 

of each polysaccharide x is induced by different metal 

cations (gelation promoters): Na+ and K+. 

Two saline solutions were used in this study: 

 1M potassium chloride (KCl) 

 1M sodium chloride (NaCl) 

Experimental Procedure: 

Solutions of 1M potassium chloride (KCl) and sodium 

chloride (NaCl) were prepared. In each tube, 0.1 g of dry 

polysaccharide extract is dissolved in 4 mL of 1 M saline 

solution. The mixture is then stirred with a magnetic stirrer 

for 5 hours at 60°C. After stirring, the behavior of the mixture is 

observed to determine the physicochemical properties of the 

polysaccharide. Each sample is then stored in a refrigerator 

at 4°C overnight, before being left at room temperature for a 

few minutes to evaluate the characteristics of each sample. 

PREPARATION OF BIO-SOURCED COMPOSITES 

To ensure adhesion between the charcoal particles and the 

strength of the composites, a binder was added. For our study, 

we selected four types of binders: starch, chitosan, alginate, 

and cassia gum. Combining these binders with charcoal powder 

produces a fuel, also called a "bio-sourced composite," given 

that charcoal is an energy source. 

Mixing Binders with Charcoal Powder 

It is important to note that the mixing methods for each 

type of binder with charcoal powder are identical, and the 

dosages were performed empirically. In our laboratory 

experiment, we used a bowl for mixing. The previously 

prepared binders were first poured into the bowl in precise 

quantities, followed by slow stirring with a spatula. The 

charcoal powder was added gradually, depending on the 

homogeneity of the mixture, while increasing the stirring 

speed. It is crucial that the mixture be neither too dry nor too 

wet. The proportions of binders and charcoal powder must be 

balanced to obtain quality briquettes. 

Molding 

Molding consists of pouring the mixture into a mold    

to obtain the desired briquette shape. This step is essential  

for adjusting the texture of the mixture and creating a 

well-defined shape, making the product more aesthetically 

pleasing. In our case, we used a specific mold for each type 

of binder. 

Compaction 

Compaction is a technique aimed at densifying the 

briquette through pressure using specialized tools or 

machinery, making the briquettes stronger. Due to material 

limitations, compaction was performed manually, using a 

bottle lid and a small metal plate. 

Demolding and Drying 

Once compacted, the briquette is removed from the mold. 

Drying is done in the open air, under the sun, by spreading 

the briquettes on a tarpaulin or, more efficiently, on racks. 

CO MBUSTION TESTING OF BIO-SOURCED 

COMPOSITES [20] 

The objective of this study was to analyze the combustion 

of the bio-sourced composites produced. This involved not 

only comparing consumption times, but also visually observing 

the smoke, hardness, and odors released during the test. 

Equipment Used: 

A stove, also called a "fatapera," served as the combustion 

source. An electronic scale was used to measure the initial 

mass of each composite. A match was used to light the fire, 

along with a small piece of pine wood. A stopwatch was used 

to track the combustion time. The data was recorded on a 

sheet. 

Raw materials: 

100% bio-based composite or briquette. 

Procedure: 

Before each test, the fuels were weighed to ensure 
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identical mass. They were then lit and observed until the fire 

was completely extinguished, recording the start and end 

times of combustion, as well as the observed phenomena. 

The "fatapera" had to be empty or clean before each test of 

these bio-based composites. 

4. Results 

Polysaccharide extraction methods produce products in 

powder form. These processes vary depending on the products 

to be extracted. The yields for each polysaccharide are shown 

in the following tables: 

Table 2.  Polysaccharide extraction yield 

Sources de polysaccharide Masse (g) Nom du polysaccharide Masse obtenue(g) Pourcentage (%) 

Dioscorea sp 1700 Amidon 133 7,8 

Scylla serrata 50 Chitosane 4,08 8,16 

Cassia hypophallus 20 Galactomannane 4 20 

l’Hydroclathrus clathratus 54 Alginate 1,16 2,14 

Table 3.  Chitosan extraction yield after demineralization and after deacetylation 

 Poudre de la carapace % Après Déprotéinisation % Après Déminéralisation % Après Désacetylation 

Quantité 50 g 66 10,5 8, 16 

Couleur  Gris claire Blanc cassé Blanc cassé 

Table 4.  Yield of galactomannan after precipitation 

 Poudre graines de Cassia. hypophallus Rendement en % 

Quantité 20 g 20 

Couleur Marron Poil de chameau 

 

The results obtained are summarized in Table 5. 

Table 5.  Results of gelation test of polysaccharide extracts in the presence of ions (Na+; K+) and in the presence of water  

Espèce Ions Solubilité à chaud (60°C) Condition de gélification Texture de gel 

Amidon 

Na+ 

K+ 

Dans l’eau 

Soluble 

Soluble 

Gélatinisation 

- 

Formation de Sel 

- 

- 

- 

Viscoélastique 

Chitosane 

Na+ 

K+ 

Dans l’eau 

Insoluble 

Soluble 

 

- 

- 

- 

- 

- 

- 

Galactomannane 

Na+ 

K+ 

Dans l’eau 

Soluble 

Soluble 

Soluble 

- 

En présence de K+ 

- 

- 

Gel mou 

- 

Alginate 

Na+ 

K+ 

Dans l’eau 

 
- 

- 

- 

- 

 

 

 

 

 

 

 

Figure 14.  (A): Bio-based composite based on starch; (B) Bio-based composite based on chitosan, (C): Bio-based composite based on alginate, (D): 

Bio-based composite based on Cassia gum (Hervéa, 2019 
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Combustion Test 

Table 6.  Combustion test results 

Polysaccharide 
Masse de 

briquette (g) 

Durée de 

combustion (mn) 
Observations 

Amidon 19 85 
Dégagement d’odeur au début, pas de fumée, facile à 

allumer, ne se casse pas au moment de la combustion 

Chitosane 19 83 

Dégagement d’odeur agréable au début, présence de 

fumée permanente jusqu’à la mise à feu totale de la 

briquette, se casse au moment de la combustion. 

Galactomannane 19 53 

Présence de fumée au début mais ne dure pas, ne se 

casse pas durant la combustion, un peu difficile à 

allumer 

Alginate 19 133 
Présence d’odeur au début de la combustion, pas de 

fumée, se casse au moment de la combustion 

 

5. Discussion 

In the starch extraction study, we used a simple artisanal 

method. The tubers used Were highly toxic, so we first 

removed the hydrocyanic acid to avoid the risks associated 

with their use. At this stage, we obtained a starch fraction 

from Dioscorea sensibarensis with a yield of 7.8%, similar to 

that observed by Brunnschweiler et al. (2005) during yam 

starch extraction. According to this study, extraction yields 

for different yam species range between 8 and 15% relative 

to fresh material. 

Regarding chitosan extraction, more complex methods 

were required. Chitosan was extracted from Scylla serrata 

shell powder, previously treated with a basic solution for 

deproteinization. We obtained a polysaccharide fraction with 

a yield of 8.16% based on 50 g of fresh material. After 

demineralization and deacetylation, the respective yields 

were 10.5% and 8.16%. 

During deproteinization, a decrease in the powder's mass 

was observed, as all the proteins were removed during the 

basic treatment. The deproteinized powder was then treated 

with an acid solution for demineralization, which generated a 

foam due to the production of carbon dioxide, linked to the 

presence of calcium carbonate (CaCO3) in the crab by-products. 

This step explains the absorption of the acid solution by   

the different layers of the powder. The filtrate was then 

precipitated with ethanol at room temperature, using three 

times its volume to obtain chitin, which was then deacetylated 

using a concentrated base treatment, thus producing chitosan. 

Galactomannan was extracted by precipitation from the 

filtrate, with yields reaching up to 20%. To remove lipids, 

colored constituents, and small molecular impurities, the 

powder was soaked in a dichloromethane/ethanol solution 

overnight. 

For Hydroclathrus clathratus, the extraction was carried 

out under heat conditions, yielding a polysaccharide fraction 

with a yield of 1.16% from 54 g of dry leaves. In comparison, 

the species Ascophyllum nodosum and Laminaria digitata 

show yields of 15–30% and 20–45% per 100 g of dry matter, 

respectively (Indegaard, 1991). Thus, our yield is lower than 

that of other species, demonstrating that the extraction yield 

depends on the specific conditions used.  

Gelation Test 

A study of the physicochemical characteristics was 

conducted to determine the properties of the polysaccharides, 

including a gelation test in the presence of different ions (K+, 

Na+). According to Bouffar (1986), alginate gelation occurs 

through the formation of physical bonds with calcium ions. 

Vecino X. et al. (2014) also observed gel formation in the 

presence of calcium, by stacking the chains according to the 

egg-box model. Thus, alginate does not gel in the presence  

of either sodium or potassium. According to Braccini et al. 

(1999), the strength of the gel formed from alginate depends 

on the M/G ratio, with a lower ratio resulting in a stronger 

gel. 

The gelation test for chitosan showed that it does not gel in 

the presence of these ions. However, according to Chenite  

et al. (2001), certain anionic salts such as glycerol, sorbitol, 

fructose, or glucose-phosphate can induce chitosan gelation. 

Furthermore, they studied the thermoreversible gelation of 

chitosan at neutral pH in β-glycerophosphate buffers, where 

the solution gels upon heating and liquefies upon cooling. 

Finally, galactomannan gels only in the presence of 

potassium chloride, forming a soft gel. 

Physical Appearance of Bio-Based Composites 

Comparing these four types of composites, we see that  

the starch-based one is very hard, while the softest is the  

one made with alginate. The other two composites have an 

intermediate hardness. Unlike the charcoal we frequently use, 

these bio-based composites do not leave black marks on   

the hands. Analysis of extraction rates reveals that the tuber 

of Dioscorea sensibarensis and the shell of Scylla serrata 

contain similar amounts of polysaccharides. The seed of Cassia 

hypophallus contains three times more, while Hydroclathrus 

clathratus contains four times less. This could suggest that 

the tuber of Dioscorea sensibarensis contains little starch, 

which seems surprising given that tubers are generally rich  

in starch. Indeed, the starch content of starchy plants, Like 

Dioscorea, the plant's starch content varies with the seasons. 

During the sap rise, the starch is converted to feed the young 

shoots, and this period coincides with September, harvest 
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time. To obtain optimal starch levels, it would be best to 

collect samples just before this phase, during the dormant 

period. This would allow for the true starch content of the 

plant to be obtained. 

For now, Cassia hypophallus appears to be the most 

interesting material for the production of burning briquettes. 

As for the Galactomannan-based briquette, although difficult 

to light, it produces no smoke, which explains its hardness. 

Furthermore, it does not fragment during combustion, and  

its burn time is satisfactory. In contrast, the alginate briquette 

burns slowly but becomes brittle upon combustion. Its interest 

lies in the amount of energy released during combustion, 

although this value has not yet been defined. In conclusion, 

among the materials studied, Cassia hypophallus appears  

to be the best option as a binder for the production of our 

bio-based composite. 

6. Conclusions 

Our study aimed to identify the most  reliable composite 

by combining a polysaccharide with charcoal powder, taking 

into account their physicochemical properties. We selected 

four polysaccharide sources: Dioscorea sensibarensis, Scylla 

serrata shell, Cassia hypophallus, and Hydroclathrus clathratus. 

First, we extracted the polysaccharides from their respective 

sources and then prepared their binder by performing 

gelation tests. All polysaccharides gel, albeit under different 

conditions. Next, we assembled our bio-based composite,  

or briquette, and performed a combustion test. It was at this 

point that we observed that the one bound to galactomannan, 

based on its observed behavior, was the most resistant. This 

conclusion is also based on its extraction rate, which is the 

highest compared to others. The combustion of the starch- 

bound composite is similar to that of the galactomannan- 

bound composite, but its extraction yield is low. It would 

therefore be necessary to harvest Dioscorea sensibarensis 

during its dormant period to better understand its starch 

content, although its use remains possible for the preparation 

of our bio-based composite. 

The production of our bio-based composite can be 

industrialized by recovering all organic waste, whether 

industrial, agricultural, or household, to create a new energy 

source, with galactomannan as the binder. Thus, humans 

would adopt a role similar to that of plants, which, through 

their self-cleaning ecological properties, absorb CO2 from 

the atmosphere and transform their own waste, thanks to 

microorganisms, into essential minerals for the production of 

their substance and their fruits. Similarly, by transforming 

waste into briquettes, humans create a new source of energy 

for cooking their food, while eliminating polluting effluents. 

This productive activity also creates a growing need for 

galactomannan, thus stimulating the development of Cassia 

hypophallus cultivation, a new agricultural activity beneficial 

for rural populations. 
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