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ABSTRACT

Tapioca starch (TS) is used in the food industry as a thickening agent because of
high viscosity and clear appearance of its gelatinized paste. Blending of TS with
xyloglucan (XG) is a technique to maintain desirable texture and improve the stability to
shear during storage. Sucrose and salts are major ingredients in the food formulations.
Mixed systems of sucrose or salts, hydrocolloids and starch were interested to characterize
for further food application. The objectives of this study are to investigate effect of XG,
sucrose and salts on the rheological and thermal properties of the tapioca starch.

The first part of this study was to investigate TS/XG rheological and thermal
properties. Dynamic and steady shear rheometry and differential scanning calorimetry
(DSC) were used to investigate effects of xyloglucan (XG) on gelatinization and
retrogradation of tapioca starch (TS). The viscosity of TS/XG pastes immediately after
gelatinization increased with increasing XG content at the total polysaccharide
concentration of 3.5%. Gelatinized TS alone showed pseudoplastic flow at low shear rates
and dilatant behavior at higher shear rates (about >1 s™), while mixtures with XG did not
show dilatancy. Mechanical spectra of TS pastes containing XG were more liquid-like than
those of TS pastes without XG. XG provides shear stability to the TS during storage.
Increases in dynamic moduli during storage at 5°C were suppressed in the presence of XG.
In contrast, the retrogradation ratio determined based on DSC increased more rapidly in the
presence of XG. These results suggest that XG forms a continuous liquid phase in a
mixture to impart better mechanical stability during storage but to accelerate reordering of
starch polysaccharides by effectively reducing the amount of water available for starch.

Effects of xyloglucan (XG) on heat-induced gelatinization of tapioca starch (TS)
were investigated using a Rapid Visco-Analyzer (RVA) and steady and dynamic shear
rheometer. RVA pasting tests were conducted at the total polysaccharide concentration of
5% (w/w) and revealed that peak and final viscosities increased with increasing XG
concentration. In steady shear experiments, viscosity values of gelatinized TS/XG mixtures
were generally higher than those of gelatinized individual TS pastes, while both samples
showed shear thinning behavior. When gelatinized samples were reheated, the apparent
viscosities at 50 s decreased with increasing temperature. Arrhenius plotting of the
apparent viscosities at 50 s™ resulted in a lower activation energy (E,) value of a TS/XG
mixture compared to that of TS alone, suggesting improved heat-stability of the mixtures.
The mechanical loss tangent (G"/G’) of the TS/XG mixtures increased with increasing XG
concentration. The present results confirmed that XG imparted more viscous, heat-stable,
and liquid-like rheological properties to the gelatinized mixtures.

The effect of sucrose on the physical properties of TS and TS/XG dispersions was
investigated to improve the physical property of starch-based products. TS dispersions at
total polysaccharide concentration of 25% containing xyloglucan (0 and 2.5 % w/w) and
sucrose (0 to 20 % w/w) and were prepared. Gelatinization behavior was monitored using a
differential scanning calorimeter. Gelatinized pastes containing 25% w/w polysaccharides
and 0, 10, or 20% w/w sucrose were prepared in plastic cases to form cylindrical gels with
22 mm in diameter. The gels were kept at 5 °C for 24 h and cut into 20 mm in height for
texture profile analysis (TPA). Gelatinization temperatures (To, Tp, Tc) at both TS/XG
mixing ratios (10/0 and 9/1) increased with increasing sucrose concentration. The onset



and peak temperatures slightly shifted to higher temperatures in the presence of XG. The
gelatinization enthalpy of pastes containing 20 % w/w sucrose showed a higher value for
both mixing ratios of TS and XG. Sucrose increased the hardness and stiffness of the gels
prepared from both TS alone and TS/XG. Incorporation of XG into TS decreased the
hardness and stiffness but increased the cohesiveness of the gels compared with those of
TS alone, suggesting that XG can decrease network rigidity by reducing the structure
formation of the amylose in TS and sucrose strengthens the gels and delays the
gelatinization of TS.

The effect of salts on the physical properties of TS and TS/XG dispersions was
investigated. For RVA measurement, pasting temperatures of 5% TS and TS/XG (9/1)
dispersions increased with increasing salts (NaCl, KCI, or CaCl,). The gelatinization
temperatures determined from dynamic viscoelastic measurement also increased with
increasing salt content. G’ of TS and TS/XG pastes containing different concentrations of
NaCl and CacCl,. at 5°C showed almost identical during cooling. DSC curves gave the
higher gelatinization temperatures with increasing NaCl concentration but gelatinization
enthalpy of 25% TS and TS/XG dispersions showed a trend of slightly increase with
increasing the NaCl concentration

The results from this study were used to improve the food system for better stability
and texture in product and process development.
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