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Both projects included in this thesis focused on the effects of Ca%* on texture of the plant-based
foods, i.e. French fries and corn starches, and these effects were investigated to provide insights
into further development and improvement of the plant-based foods.

Chapter 2

The objective of the study in Chapter 2 was to investigate whether calcium absorbed by potato
tuber concomitantly increases calcium concentration in cell wall and how calcium concentration
influences on the formation of cross-linking of pectin via Ca?*. Thus, for the purpose of this
study, each tuber was individually analyzed. Their properties were compared between the
low-calcium and high-calcium tubers on the three harvest dates, from immature to mature stages.
The results indicated that an increased absorption of calcium by a potato tuber concomitantly
increased the calcium concentration in the cell wall on 99 days after planting or later, and that
there were linear correlations between the calcium concentration in the cell wall and the
formation of cross-links between pectin molecules via Ca®* throughout tuber bulking and
maturation stages. The degree of methylation was not found to be a limiting factor on the
formation of cross-links between pectin molecules. Furthermore, a higher calcium concentration
‘of a mature potato tuber contributed to the enhancement of resistance of pectin-calcium networks
in the parenchyma cell wall against water and HEPES buffer washing.

Chapter 3

The study in Chapter 3 was conducted to evaluate the effect of calcium fertilization on the tuber,
starch and pectin properties of three different varieties of processing-type potatoes, and their
influence on the processing properties and storability of frozen French fries. For this purpose,
three processing varieties of potatoes, namely Toyoshiro, Kitahime and Snowden, were cultivated
either with or without calcium fertilizer application. Harvested tubers were subjected for French
fry preparation and isolation of starch and cell wall. The results showed that considerable
improvement of the hardness of French fries prepared from three processing-types of potatoes, as
a result of calcium fertilizer application. French fries prepared from Toyoshiro and Kitahime
grown with calcium fertilization showed significantly greater hardness as compared with
non-calcium treated counterparts even after frozen storage (p < 0.05). In addition, the significant
effect of calcium fertilization in hardness of French fries was confirmed by two-way ANOVA.
Calcium fertilization significantly increased the calcium contents of cell wall materials of all

varieties, while a significant increase in chelating-agent soluble pectin content was observed in




Toyoshiro (p < 0.05). The oil content of French fries was not significantly affected by calcium
fertilization. Therefore, results of this study suggest that calcium fertilization may be an effective
method to improve the processing properties and storability of French fries made from
processing-type potato varieties.

Chapter 4

A combined use of calcium fertilization and low-temperature blanching may be the promising
way to control the texture of plant-based foods by effectively utilizing endogenous calcium
absorbed naturally during cultivation as well as pectin methylesterase in the cell wall. Thus, in
Chapter 4, the objective was to evaluate effects of calcium fertilization and low-temperature
blanching on hardness of French fries with possible modification in cell wall pectin
characteristics. In order to achieve this, potato samples were cultivated under the fertilizer
application with or without calcium during tuber bulking period, and two different blanching
methods of low-temperature longer time and high-temperature shorter time was employed during
French fry preparation with comparing with control condition as without blanching treatment.
Calcium fertilization enhanced Ca?* availability within pectin chains for formation of the
cross-links, while low-temperature blanching increased Ca?* affinity of pectin chains for the
cross-links by facilitating demethylesterification of pectin molecules. Combination of calcium
fertilization and low-temperature blanching showed the highest increase in the hardness as
compared with French fries prepared from potato tuber cultivated under the an ordinary
fertilization without blanching treatment. The significant changes in the pectic polysaccharides as
well as the cell wall were confirmed by pectin methylesterase activity measurement, pectin
composition analysis and atomic force microscopy for complementing the hardening effect of
calcium fertilization and low-temperature blanching in French fries. Thus, controlling texture of
French fries through effective use of endogenous Ca?* and pectin methylesterase in potato tuber
improves the final product quality.

Chapter 5

In Chapter 5, the effects of calcium salts addition were examined for two major types of corn
starches with and without hydroxypropylation to further evaluate starchy foods with desirable
characteristics of physicochemical properties. The starches subjected in this study were different
in botanical source such as normal and waxy corns, and chemical modification such as native and
hydroxypropylated. For pasting properties, the effects of the calcium salt additions depended on
the type of the salt as well as hydroxypropylated or not. On the other hand, T,, Tp, Tc and AH
were increased by the calcium salts additions regardless the salt type, starch botanical source and
chemical modification.
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