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ABSTRACT

This study evaluated the effects of high pressure on the physical structure of
tofu. The ‘filled’ (packed) tofu gels were prepared from whole soymilk with an added
coagulant, Glucono-6-lactone (GDL), calcium sulphate (CaS04.2H,0), or calcium
chloride (CaCl,.2H,0), followed by heat or high pressure treatment.

The heat induced (Ht) tofu gels were prepared by preheating (97-100°C for 7

min.) soymilk with added coagulant, they were then subjected to heat treatment (70°C

for 60 min).

The high pressure induced tofu gels were produced in two separated
experiments. The first experiment used raw soymilk to prepare tofu with added
coagulant, which was subsequently subjected to high pressure (HP tofu). The second
experiment was conducted similarly to the first experiment but used preheated (97-

100°C for 7 min) soymilk instead of raw soymilk (htHP tofu).

The heated and pressurised tofus were examined for their rheological
properties by the application of oscillatory testing.  Other physicochemical
determinations on their microstructure were made using confocal scanning laser
microscopy (CSLM) and scanning electron microscopy (SEM), the water holding

capacity (as water released per gram of sample) as well as the electrophoretic analysis



using native PAGE were also studied. The hydrophobicity of the proteins and activity

of trypsin inhibitors of the soymilks were also analysed.

To compare the nature of the materials made by both high pressure
processing (with raw soymilk, HP tofu) and heat induced gels, results from
rheological measurements were examined. The results indicated that storage (G’) and
loss (G”’) moduli and their associated loss tangent (tan 0) values of the HP induced
tofu gels with added GDL and CaS04.2H,0 (0.26-0.29) were higher than those for the
equivalent heat treated gels (0.20-0.21), indicating less ‘solid like’ structure for the HP
induced tofu gels. However the plots of storage and loss moduli of both HP and Ht
induced gels displayed a similar slight frequency dependence of the moduli, indicating
both types of tofu had the underlying structures of weak viscoelastic gels. Although
high pressure could produce tofu gels using raw soymilk, their texture appeared
different from those of the Ht tofu gels. They showed a greater tendency to syneresis
and a more ‘open’ structure which could be observed using CSLM. The high pressure
treated sample appeared more ‘open’ structures whereas those heated samples
displayed more uniformity structure. In order to overcome this difference consistency

a subsequent reworking or moulding might be required.

To compare the experiment of high pressure (with preheated soymilk, htHP
tofu) and heat induced gels, results from rheological measurement indicated that htHP
tofu gel with added GDL and CaS04.2H,0 gave storage and loss moduli higher than
those produced by Ht alone, whereas for the gel with added CaCl,.2H,0 the moduli of
Ht set gels were higher than those of the equivalent htHP set gels. Since the loss
tangent of both htHP and Ht set gels laid in the range of 0.20-0.22, indicating similar
solid like structure of the both htHP and Ht set gels. Compare with the HP tofu set
gels, both htHP and Ht set gels displayed less syneresis after treatment condition.

The SEM images of the Ht and htHP induced tofu appeared similar with
uniformity of structure containing only small holes or voids. When considering the
function of three coagulants used in making these gels, CaCl, seemed to set gels with

bigger and course networks with a less uniform texture than other two coagulant set

gels. The htHP tofu gels with added GDL and CaS04.2H,0 had thicker strand in



vi

structure and displayed poorer water holding capacities than those observed for the Ht

gels.

An investigation of the protein electrophoregrams using native PAGE on the
HP and Ht set gels, showed that, heat processing induced more protein denaturation
than those gels set by pressure alone (HP). However subsequent investigations showed
that htHP set gels had similar levels of protein denaturation as those observed for the
heat set gels. It has been suggested that the denaturation of the protein under any of
the treatment conditions may be due to breaking of hydrophobic interaction as

indicated by hydrophobicity changes studied of observed in the soymilk.

Regarding the aspects of food safety due to residual effects of enzymic
trypsin inhibitors in raw soymilk, it was observed that the preheating of the soymilk
(97-100°C for 7 min) had essentially inactivated activity these enzymes. Studies
showed a more than 90% deactivation of the enzyme. Subsequently treatment of the
preheated soymilk either by pressure or heat subsequently showed no further
significant destruction of this enzyme. Thus the tofu products using any of the
processing conditions used for this study (except those without passing through the

preheated process) were safe to consume.
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