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Abstract 

In this paper, the formation of microstructure by a food polysaccharide, sodium alginate, is investigated. 
Optical microscopy is used to analyse the microstructural changes under the influence of concentration, 
temperature and storage time. The results reveal the formation of structure after a “bottom-up” strategy, in 
three phases, from small clusters to elongated aggregates and to biofilms. The structure formation is 
strongly influenced by the polysaccharide concentration, temperature and storage time. 
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1. Introduction 

Biopolymers are industrially used in the 
food industry as thickeners, stabilisers, fat 
substitutes, carriers of nutritional and taste 
compounds, structural components (Loren 
and Hermansson, 2003). Examples from 
such biopolymers are polysaccharides from 
vegetal, algal or microbial origin, as starch, 
alginates or xanthan, which are used in 
various food products as thickening, 
stabilising and gel-forming agents (Linden 
and Lorient, 1999) (Belitz and Grosch, 
1999). These characteristics are due to the 
abilities of biopolymers to form specific 
structures under certain conditions.  

Structure formation in food can be 
approached in two ways: “top-down” and 
“bottom-up” (Leser et al., 2003). The first 
structuring approach refers to the broken-
down of large (infinite) structures into 
smaller ones mostly on the micrometer 
length scale.The “bottom-up” strategy 
refers to the spontaneous formation of self-
assembly nanostructures or higher 
hierarchy structures; this approach was 
adopted from biological systems by non-
food materials fabrication and recently by 

  
the food nano-technologists (Leser et al., 
2003).The main process that occurs in the 
“bottom-up” process is the colloidal 
aggregation. Aggregation is the generic 
term describing the process whereby two or 
more colloidal particles become joined 
together under the influence of interparticle 
colloidal interaction (Dickinson, 2003) in 
the presence of ions — like pectin and 
alginates (Braccini and Perez, 2001) or 
gellan  (Morris, 1991) — or at the thermal 
treatment (Lee and Brant, 2002). 

In this paper the “bottom-up” mechanism 
for the structure formation in samples with 
different concentrations during heating and 
in time is studied. The polysaccharide 
chosen for this analysis was sodium alginate 
(NAA). NAA is obtained from algae and 
forms gels normally in the presence of 
divalent ions (Braccini and Perez, 2001). 
Because not all food products contain 
calcium or magnesium to form gels with 
alginates, it was considered important to 
analyse the structure formation and the 
structural changes during the thermal 
treatment of aqueous solutions of NAA 
without ions. 
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2. Materials and methods 
 
For the analysis of the influence of heating 
on structure formation, aqueous solutions 
of NAA with three concentrations (0.25%, 
0.5% and 1%) were used. The samples 
were heated in flasks under continuous 
agitation using a heating rate of 2°C/min. 

The structure formation in various 
conditions was analysed through optical 
microscopy using basic fuxine for staining. 
The digital images obtained were 
processed with the image manipulation 
program GIMP 2, as presented elsewhere 
(Mironescu and Mironescu, 2006). 

 
3. Results and discussions 
 
The structures obtained at the thermal 
treatment of NAA solutions with three 
concentrations are presented in Figure 1.  

The results show both the influence of 
temperature and concentration on the 
microstructure formation. At room 
temperature (20°C), NAA is found mostly 
in solubilised form. It can be observed that 
with the increase of alginate concentration, 
some small aggregates are formed. It is 
also possible that the aggregates existence 
to be due to the inefficient solubilisation of 
biopolymer in water. 

The “bottom-up” mechanism is proven 
during the thermal treatment of NAA. In 
aqueous solutions of NAA, the 
polysaccharide passes from the soluble 
state in a solid state.  

The increase of temperature gives the NAA 
particles the possibility to interact and to 
form clusters (or aggregates). The 
formation of colloidal aggregates is 
probably due to the decrease of viscosity at 
the increase of temperature, combined with 
continuous agitation. 
 

 The aqueous solutions with 0.25% NAA 
give linear clusters which aggregate at the 
increase of temperature. In the samples with 
higher polysaccharide concentration (0.5%), 
a fibrillar structure which includes 
aggregates is obtained, whereas the aqueous 
solutions with 1% NAA heated at 70°C 
gives a stable biofilm. 

Every collision between two clusters results 
in the formation of a new aggregate. The 
number and the size of aggregates increase 
during the resting time, which offer to the 
aggregates enough time to form bounds. 

As Figure 1 shows, NAA particles go 
through three phases: 

- In the first phase small clusters are 
formed; 

- In the second phase clusters interact 
to form elongated aggregates; 

- In the third phase the elongated 
aggregates are connected to form 
biofilms. 

Figure 2 presents the evolution of the 
microstructure in time in samples with 0.5% 
NAA. The maintenance of samples favours 
the connection of aggregates produced at 
the thermal treatment and the obtaining of 
bigger aggregates.  

 
4. Conclusions 
 
Sodium alginate forms structure using the 
“bottom-up” mechanism during the thermal 
treatment, with the formation of colloidal 
aggregates with different shapes and 
dimensions, depending on all the analysed 
parameters. The aqueous solutions with 
0.25% NAA form clusters which form 
aggregates at the increase of temperature. In 
the samples with higher polysaccharide 
concentration (0.5%), a fibrillar structure 
which includes aggregates is obtained, 
whereas the aqueous solutions with 1% 
NAA heated at 70°C give biofilms. 
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(a) 20°C, 0.25%  (b) 20°C, 0.5%  (c) 20°C, 1% 

 

 

 

 

 
 

(d) 40°C, 0.25%  (e) 40°C, 0.5%  (f) 40°C, 1% 

 

 

 

 

 
 

(g) 50°C, 0.25%  (h) 50°C, 0.5%  (i) 50°C, 1% 

 

 

 

 

 
 

(j) 60°C, 0.25%  (k) 60°C, 0.5%  (l) 60°C, 1% 

 

 

 

 

 
 

(m) 70°C, 0.25%  (n) 70°C, 0.5%  (o) 70°C, 1% 
 
 

Figure 1: Structure formation in an aqueous NAA solution with three concentrations during heating 
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80°C, initial  80°C, after 24 h 

 
70°C, initial  70°C, after 24 h 

  
60°C, initial  60°C, after 24 h 

  
50°C, initial  50°C, after 24 h 

 
20°C, initial 

  

20°C, after 24 h 

 
 
 

Figure 2. Structure formation at the thermal treatment of 0.5% NAA solutions and after rest for 
24 hours 
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