
LABORATORY PRACTICE TO TEACH THE DIFFERENT VARIABLES 
IN DEVELOPING A NOVEL USE OF AN EDIBLE POLISACARIDE, 

AGAR-AGAR 

C. Rius-Alonso, Y. González-Quezada, G. Cruz-Martinez 
Facultad de Química, UNAM (MEXICO) 

Abstract  
Chemistry is taught now at the Faculty of Chemistry (Universidad Nacional Autónoma de México), with 
a large component of environmental concern. We have developed a new laboratory practice to teach 
students the importance of taking care of their surroundings, to find different alternatives in the use of 
natural products as a raw materials in order to increase the responsibility of the students. 

One of the main pollution problems we are facing, is the amount of plastic material that is dumped in 
the land-fields, it takes years for degrade. Replacing the plastic for natural polymers is a real 
alternative. 

In México at the Cortés Gulf (Between México Mainland and the Baja Peninsula de California) a red 
algae (Rodoficeae) grow wild; it is very rich in an edible polysaccharides, Agar-Agar. 

The main challenge was to find a new application for the polysaccharides to replace non-degrading 
plastic's items. 
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1 INTRODUCTION 
The accelerated population growth, environmental pollution and energy are critical global issues lead 
into the development and application of renewable and environmentally friendly energy materials. 

Attention has been focused upon the application of natural macromolecules because of their 
biodegradability, low production cost as well as good physical and chemical properties. Over the last 
few years, commercial agar has been extensively tested in order to apply it in different applications. 

Agar is referred as a gel-forming substance obtainable through red seaweeds called “agarophytes”. 
Agar is a biodegradable, hydrophilic, cheap, non-toxic, and chemically stable natural polymer. Agar is 
a polysaccharides which consists of agarose and agaropectin. Agarose is thought to play a major role 
in the mechanical behaviour of agar, and agaropectin also affects the behaviour slightly.  

 
Fig. 1 

Agarose is a linear polymer, of molecular weight about 120,000, based on the -(1   3)-β-D-
galactopyranose-(1   4)-3,6-anhydro-α-L-galactopyranose unit;  Agaropectin is a heterogeneous 
mixture of smaller molecules that occur in lesser amounts. Their structures are similar but slightly 
branched and sulfated, and they may have methyl and pyruvic acid ketal substituents. They gel poorly 
and may be simply removed from the excellent gelling agarose molecules by using their charge. The 
quality of agar is improved by alkaline treatment that converts of any L-galactose-6-sulfate to 3,6-
anhydro-L-galactose.  
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Fig. 2  AGAROSE (4 units) 

 
Fig. 3 Agarose (12 units) 
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Fig. 4  Galactose-6-sulphate. 

1.1 Gelification 
The gelling fraction of the agar-agar possesses a structure of double helix. This structure meets to 
form this way a three-dimensional structure that retains the molecules of water in its interstices and 
form, thermo-reversible gel. 

The property of gelification of the agar-agar is due to the three atoms of equatorial hydrogen in the 
residuals of 3,6-anhydrous-L-galactose that limit the molecule to form a helix. The interaction of the 
helix cause the formation of the gel.  

The agar-agar gel can be obtained in very diluted solutions that they contain so only a fraction of 0,5% 
to 1,0 agar-agar%. The gel is rigid, it possesses very defined forms and coalition points and of precise 
gelification. Also, it demonstrates the interesting synerisis (spontaneous extrusion of water through the 
surface of the gel in rest) phenomena and hysteresis (interval of temperature between the coalition 
temperatures and gelification) clearly. The gelification happens to very inferior temperatures to the 
coalition temperature. A solution of 1,5 agar-agar% forms a gel to the being cooled for a temperature 
from 32º to 45º C and the coalition of such a gel doesn't happen to inferior temperatures to 85º C. This 
hysteresis interval is a modern property of the agar-agar that he/she finds a variety of uses in 
alimentary applications.  

The force of gel of the agar-agar is influenced by the factors concentration, time, pH and content of 
sugar. The pH affects the force of gel of the agar-agar notably: the decrease of the pH diminishes the 
force of gel. The content of sugar also has a considerable effect on the agar-agar gel, because its 
increase is in a gel with more hardness but with smaller cohesion.   

The glycerine has liquid consistency and the capacity of attracting water of the environment, either in 
its liquid form or in form of vapor; it is also completely transparent, it has a sweet flavor and has a high 
viscosity coefficient. 

It is soluble in water and other alcohols, but not soluble in non polar solvents.  Glycerine is found in 
fatts and oils of animals and vegetables linked to the fatty acid to  forming a triglyceride. There is also 
presence of glycerine in the animal cells and vegetables being part of the cellular membrane. 

2 OBJECTIVE 
The main objective of the course is to teach students how it is possible to obtain valuable information 
from the literature and other types of documents to find different alternatives to use natural products 
as a raw materials and produce ready to use items that are friendly to the environment. 
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3 METHODOLOGY 
The first challenge was to obtain the right formulation for a product with a cup shape. A silicon mold 
was used to get the shape. If the amount of agar was low the product has a gelling texture and the 
shape was unable to stand. Increasing the amount of agar a stiffer product was obtained but very 
brittle, using glycerin as a plasticizers, the right texture was obtained. 

 
Fig. 5  Methodology. 

4 RESULTS 
Several samples were produced with different amounts of  water, glycerine and agar. 

From very soft to hard texture. In Table 1 the best formulation is presented 

Table 1.   

Formulation Water 
(mL) 

Glycerin 
(mL) 

Agar-agar 
 (g) 

Agar 
(%m/v) 

Observations 

A 35 35 7 10.0 Brittle, hard, dull  
B 35 35 4 5.7 Semi-rigid, translucent 

C 35 35 3 4.3 Brittle, transparent 
D 35 35 2 2.9 Fragile, transparent 

   
Fig 6 
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Fig. 7 

 
Fig. 8 

 
Fig. 9 

Also a film was produced pouring the hot agar solution to the top of a glass, and after cooling  a film 
with good transparency and properties was obtained. 
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Fig. 10   Agar film. 

5 CONCLUSIONS 
The use of a natural polymer is possible as replacement of plastics. The aims of the project were 
fulfilled obtaining a biodegradable and editable product. Students were highly motivated by the project. 
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