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Effect of hydrophobized starch granules on cereal foods - 
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Ancient people wanted white powder
Wheat has a harder skin than rice and adheres strongly to the 

endosperm, making it difficult to remove. For this reason, the grains are 
crushed to remove the hard rind and made into flour. Humans wanted 
white flour and advanced the milling technology to remove wheat 
husks, resulting in fairly white flour. However, it did not turn white any 
more. This is a story from ancient Egypt, Greece, and Roman times. 
Ancient people wanted to eat white bread and white cake. Since ancient 
times, how to make flour white has been a big problem. Furthermore, 
the bleaching effect by the drug was performed, and more specifically, 
the bleaching (chlorination) effect by chlorine gas. Degradation of 
the carotenoid pigment lutein in wheat flour. Bleaching with flour 
chlorination was effective. For more than 97 years, the effect of chlorine 
gas on soft wheat flour has been improved in the United States [1]. In 
addition to bleaching effects, chlorination was also found to improve 
cake quality. The cake volume was improved, the texture was uniform, 
the cake was white in color, the cake shape was uniform, and the texture 
was good [2-6]. Fruit holding in the cake also occurred [7]. The effects 
of chlorination on wheat flour are diverse, and studies have been 
conducted on wheat protein [8], starch [9] lipids [10,11], pentosan [12], 
water absorption [13], and lipophilicity [14]. The effect on all flours was 
shown by chlorination [15].

Birth of hot cake (a kind of pancake)
About 60 years ago, when hot cakes were born, the Japanese diet 

was still the same, and it was a low-calorie, low-calorie Japanese food 
such as rice, pickled radish, pickled plums, and dried fish. It's no wonder 
that mothers want to see foreign movies and want their children to eat 
cakes that have just been baked in the oven. But in Japan, the oven is 
not in the kitchen. One is a frying pan. At that time, a hot cake that was 
quickly baked using this frying pan and eaten while hot was invented. 
But this hot cake was poor in cake suitability and immediately became 
a dumpling in the oral cavity and lost its tissue elasticity. At that time, 
flour was chlorinated overseas. The introduction of this method was 
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Abstract
While investigating the flour chlorination that started to whiten the flour, hydrophobicization of wheat starch granules was found by colloidal observation, and the 
same hydrophobization was found even after dry heat treatment (120°C, 2 hours) of wheat flour and left at room temperature for a long time. It was speculated that 
the cause of the high quality of castella by aging wheat flour, which had been unknown so far, was probably the hydrophobicization of wheat starch granules, and the 
involvement of proteins on the surface of wheat starch granules was significant.

By improving the elasticity of the hot cake structure, producing high-quality castella, and, in the case of rice/wheat flour bread, by reducing the wheat glutenin SS 
bond due to its hydrophobicity, the rice/wheat flour bread is dry heat treating the wheat flour or left to stand at room temperature for a long time. It was found that 
this affected the deterioration of the bread making properties. 

very effective for improving Japanese hot cakes. When baked with 
chlorination flour, the tissue elasticity of the pancake was retained in 
the oral cavity (Figure 1).

Thus, chlorination flour came to be used as flour for hot cakes. 
However, it was soon discontinued in Japan due to the danger of using 
chlorine gas in the factory and the danger of chlorine gas coming from 
the cake to the human body. This improved method is still widely 
used in the United States. We stopped chlorination, but there was no 
alternative. It was unclear why the chlorination of flour caused the 
pancake to have strong tissue elasticity. It was clear that the chlorination 
treatment of wheat flour caused some important chemical changes and 
was involved in the improvement of the texture of the hot cake, but 
the cause was unknown. However, hygiene of chlorination treatment of 
wheat flour is not good, and there is a strong demand around the world 
to avoid this improvement method. If we do not know what this effect 
is when mixing chlorine gas with flour, we cannot avoid this method 
and obtain a safer method. The chlorination treatment method [16] is 
a method in which a certain amount of wheat flour (about 14% water 
content) is placed in a box that rotates at room temperature and chlorine 
gas is blown directly into it. In a moment, the flour turns white and the 
chlorine odor disappears. After taking a part of the wheat flour and 
suspending it in water, the pH is measured to measure the treatment 
level. The tissue elasticity of hot cakes was improved at extremely low 
treatment levels (approximately chlorine 0.3 g/kg flour).

On the improving effect of chlorination flour
A full-scale study of flour chlorination was carried out by Solars 

[17,18]. First, wheat flour is divided into water-soluble (WS), gluten 
(G), prime starch (PS), and tailings (T) categories, and then mixed at 
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the original ratio to prepare a reconstituted flour, and cake baking is 
carried out accordingly. Using this method, the research on chlorination 
flour was promoted while the interchange between flour fractions was 
performed. We are investigating which category of cake flour changes 
due to chlorination. And it was shown that the effect of chlorination 
flour on the cake was due to PS classification. Later, similar results 
were obtained by other researchers [19-21]. We [19] use the untreated 
chlorinated flour and the treated flour. Fractionation of each section 
(WS, G, PS, T) and replacement between each section, proceeded hot 
cake baking experiment with reconstituted flour (eg, WS, G, T from 
untreated flour + PS from treated wheat), It was clarified that PS 
classification of chlorination flour showed the effect of improving the 
tissue elasticity of hot cake. It was. Fractionation of flour for hot cakes 
[22] was performed as follows (Figure 2). Water is added to the flour, 
and the mixture is stirred with a Waring blender and then centrifuged 
to separate water-soluble (WS) fraction (water-soluble polysaccharides, 
proteins, amino acids, peptides, sugars, etc.) in the flour first, and 
the precipitate is separated. Suspended in an acetic acid solution (pH 
3.5) and dissolved in this was classified as gluten (G). The pH of the 
insoluble matter is returned to 5.0, and the precipitate is separated 
into two layers by stirring and centrifuging. The yellow, sticky one in 
the upper layer is the tailings (T) fraction (meaning water-insoluble 
proteins, polysaccharides, smaller starch granules, waste such as lipids), 
and the pure white section in the bottom is the prime starch (PS) 
fraction. It consisted of larger starch granules. Wheat starch granules 
consist of larger granules (20 μm on average) and small granules (2 μm 
on average) with different biosynthetic mechanisms. In this way, the 
wheat flour was fractionated into 4 fractions and the recovery rate was 
almost 100% (WS fraction 10%, G fraction 10%, T fraction 40%, PS 
fraction 40%). A hot cake was produced with good reproducibility by 
baking according to the stirring time, the liquid/solid ratio, and the pH 
of the original flour. It was found that the hot cakes had tissue elasticity 
when only the PS fraction obtained from chlorination flour were 
replaced [19] (Table 1). Then, what kind of change occurred in wheat 
starch granule (PS fraction) in chlorination flour and what is related to 
the tissue elasticity of this hot cake? Whistler et al. [23-25] studied the 
effect of chlorination on wheat starch. They reported a unique oxidative 
depolymerization reaction of starch molecules by chlorination under 
low water content. When hot cake baking was performed with the 
reconstituted flour consisting of wheat flour WS fraction, G fraction, PS 
fraction, and T fraction, when only the PS fraction was replaced with 

the category from chlorination flour, the hot cake became elastic. When 
the sucrose fatty acid ester (SFAE=Sucrose Fatty Acid Ester) was placed 
in this batter, the result was that the tissue elasticity disappeared [19] 
(Table 1). Around that time, Tomie et al. [26] investigated the formation 
of egg gel nest formation by a method in which air bubbles were trapped 
by a nylon filament. Regarding the air bubble trapping behavior, high 
air bubble adhesion was found in the order of strong hydrophobicity: 
cotton=hemp <acrylic=polyvinyl chloride <silk<wool<nylon. They 
studied the adhesion of bubbles by paying attention to the difference 
in hydrophilicity and hydrophobicity of those fibers. In other words, 
the property of hydrophobicity stabilizes the bubbles by attaching 
bubbles (originally bubbles are hydrophobic on the surface) to the 
fiber surface. We got the hint from this experiment and proceeded the 
following experiments. The hole slide glass used for the microorganism 
experiment was used. A drop of an aqueous starch granule suspension 
(so that several dozen starch granules down on the hollow of a whole 
slide glass. The starch granules in the water droplet sinked in just a few 
seconds due to gravity, which was observed under a microscope. Using 
this method, the behavior of starch granules from chlorinated wheat Figure 1. Effect of chlorination on hot cake (pan cake) volume and springiness

Figure 2. Acetic acid fractionation of wheat flour

Cl2 Rate (g/kg) Volume (cm3) Gumminess Springiness
0.0 331 4.0 0.0
0.4 345 3.5 (3.5)b 1.0 (1.5)
0.8 360 2.0 (4.0) 2.5 (1.0)
1.2 355 0.5 (4.0) 3.5 (1.5)
1.6 355 0.5 (4.0) 3.5 (1.5)
2.0 328 0.0 (3.0) 4.0 (3.0)

Table 1. Baking results of reconstituted, unchlorinated wheat flour replacing the prime 
starch fraction only from chlorinated flour

bA number in parentheses indicates the value when sucrose fatty acid ester is added.
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flour and untreated wheat flour in water was compared. In the former, 
when the grains were close to each other in water, strong adsorption 
was observed as if there was a magnetic force at a certain position on 
the starch grain surface. This behavior was never seen in the latter. It 
was found that the starch grains of chlorination wheat flour were close 
to each other and adsorbed one after another at convenient positions. 
That is, it seems that some reactive groups were generated on the grain 
surface. At this time, when the sucrose fatty acid ester aqueous solution 
was put into this, the property of the cluster disappeared in an instant. 
From this, it was speculated that this property of aggregation might 
be due to the formation of hydrophobic groups on the starch granule 
surface by chlorination (Figure 3). Corresponding to the addition of 
sucrose fatty acid ester to the cake batter, the elasticity gain of the hot 
cake disappeared, and it may be directly related to the disappearance of 
the agglomeration property of starch granules by sucrose fatty acid ester 
under the microscope. It was inferred that the hydrophobization of PS 
fraction (starch granules) in chlorination flour was related to the tissue 
elasticity of hot cakes [27]. Sucrose fatty acid ester (SFAE) is an ester 
bond of a hydrophilic substance (sucrose) and a hydrophobic substance 
(fatty acid). It is speculated that chlorination caused some changes in 
the surface of starch granules to make them hydrophobic, which was 
responsible for improving the tissue elasticity of the hot cake. 

Hydrophobization of starch granules by chlorination
As a result of the reconstitution experiment of wheat flour, it 

was inferred that the acquisition of tissue elasticity of hot cakes by 
chlorination wheat flour was a change in the PS fraction, which 
contained approximately 40% in weak wheat flour. Hydrophobization 
of the starch granules in the PS section was caused by chlorination, 
and it was necessary to quantify this hydrophobicity, so its lipophilicity 
was investigated. This is an experiment in which starch granules from 
chlorinated wheat flour and starch granules from non-chlorinated 
wheat flour are placed in a test tube and stirred vigorously with oil 
(any liquid may be used) in water. The chlorinated one showed a strong 
lipophilicity. 

In water, oil is lighter than water and floats above the water layer, 
but when the starch granules adhere to the oil, the oil sinks in the 
water due to the weight of the starch granules (Figure 4). When the 
chlorination level was increased, the amount of precipitation increased 
accordingly, and the amount of hydrophobization could be quantified 
[28-30] (Figure 5). Under the microscope, it was observed that the 
starch granules from this chlorination flour were adsorbed to the oil 
[28], but the starch granules were tightly clogged on the surface of the 
oil droplets in the form of dumplings. Furthermore, it was observed 
that the starch granules were tightly packed in it (Figure 6).

No such properties are observed in untreated starch granules. It 
was found that lipophilization by chlorination occurs not only from 
chlorinated wheat flour, but also by chlorination directly on the surface 
of wheat starch granules, and starch granules other than wheat starch 
granules include potato, barley, rice, corn, and litter starch. It was 
found that any starch granules such as granules became lipophilic by 
chlorination treatment to each powder [31]. Furthermore, when starch 
granules were subjected to various solvents and enzyme treatments, 
and a lipophilicity disappearance test was conducted, it was found 
that the starch granules disappeared by treatment with protease such 
as pepsin, and a chlorination reaction occurred on the protein on the 
starch granule surface. It was speculated that this caused hydrophobicity 
[28] (Table 2). The same was observed with various kind of starch 
granules [31]. Direct chlorination into powders of 20 amino acids and 

Figure 3. Cluster formation of chlorinated starch granules in water (A) and change after 
addition of sucrose fatty acid ester (B)

Figure 4. Mixtures of (A) Chlorinated starch (2.0 g of Cl2 gas/kg of wheat flour) or (B) 
Nonchlorinated starch with oil in water. O-oil, S=starch

Figure 5. Effect of chlorination on oil adsorption of wheat starch
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observation by paper chromatography revealed spots with different Rf 
in amino acids such as tyrosine and lysine (Figure 7). It was inferred that 
the chlorine atom entered amino acids such as tyrosine and lysine, and 
the Rf value resulted in hydrophobicity. The position where the chlorine 
atom enters was also inferred from the chlorination of commercially 
available monoiodotyrosine and diiodotyrosine. It was also confirmed 
that proteins such as BSA (bovine serum albumin), which are extremely 
soluble in water, are dried and then chlorinated to make them insoluble 
even when water is added again [32]. There is a lot of debate about 
whether there is protein on the surface of wheat starch granules. Wheat 
starch granules were stained with protein dyes such as Coomassie 
brilliant blue, eosin Y, amido black 10B. No stain is observed under the 
microscope on the surface of the starch granules that are lightly stained 
with each dye. The fluorescent dye Fluorescamine [33] was reacted with 
the surface of wheat starch granules. If protein is present, it reacts with 
Fluorescamine and fluoresces. As a result, they all fluoresced neatly and 
glowed green (Figure 8). Unstained ones did not fluoresce [34]. The 
starch granule surface proteins in PS fraction from chlorinated wheat 
flour were extracted and compared with those from unchlorinated 
wheat flour, and an increase in the amount of protein attached was 
observed [35]. Just as the lipophilicity of PS fraction in chlorination-
treated wheat flour disappeared by protease treatment, lipophilicity also 
disappeared in the dry heat-treated wheat flour and the PS fraction in 
wheat flour treated at room temperature for a long time as described 
below. The PS fraction in the wheat flour that had been left to stand 

at room temperature for a long time was also considered to have been 
hydrophobized due to changes in starch granule surface proteins [36]. 
The protein on the surface of wheat starch granules was quantified 
by the dye binding method. The protein contained in starch granules 
was stained with amido black 10B [37], solubilized in a weak alkaline 
solution, and the amount of amido black 10B was measured by OD630 
to measure the amount of bound protein [38,39]. Furthermore, wheat 
starch granules were stained with starch dye, Remazol brilliant blue, 
and the higher-order structure inside the granules was observed by 
SEM (scanning electron microscope) [40]. The internal structure of 
wheat starch grains could be observed without gelatinization (Figure 
9). At that time, a British research group was studying the hardness 
of wheat grains. The hardness of wheat grains on wheat milling was 
an important issue. They were investigating the relationship between 
starch granule surface proteins and wheat grain firmness [41-49]. As a 

Oil-binding capacity

Treatment Percent Milliliters 
per gramb

None 100 1.4
Pepsin
50 mg 0 0.0
5 mg 7 0.1
0.5 mg 20 0.3
Heat-denatured pepsin,c 50 mg 79 1.1
Trypsin, 50 mg 0 0.0
α-Chymotrypsin, 50 mg 29 0.4
α-Amylase, 5 mg 20 0.3
β-Amylase, 8.25 mg 20 0.3
Chloroform-methanol 150 2.1
Water-saturated l-butanol 100 1.4
Sodium dodecylsulfate 130 1.8
7% HCl at room temperature 0 0.0

Table 2. Oil-binding capacity of chlorinated prime starch following treatment with various 
enzymes and certain solvents

Figure 6. Photomicrograph of chlorinated prime starch granules adhering to an oil droplet

Figure 7. Paper chromatograms of A, tyrosine (1) and chlorinated tyrosine (2), 
monoiodotyrosine (3) and chlorinated monoiodotyrosine (4), diiodotyrosine (5) and 
chlorinated diiodotyrosine (6); B, lysine (1) and chlorinated lysine (2)

Figure 8. Fluorescence microphotograph of fluorescamine-treated wheat prime starch
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result, it led to the discovery of friabilin. The presence of protein on the 
surface of wheat starch granules became less questionable.

Dry heat treatment of wheat flour
The method of obtaining cake aptitude by chlorination is not a 

hygienic method. I searched for a safer method than chlorination. Until 
now, a dry heat treatment method has been reported as a flour flour 
cake replacement method to replace chlorination [50-55]. If dry-heat-
treated wheat flour has the same improvement effect as chlorination 
wheat flour, it should have the effect of improving the tissue elasticity of 
hot cake by dry-heat treatment and hydrophobizing the PS fraction in 
the flour. Dry heat treatment of wheat flour was performed in an open 
oven at 120°C for 0, 1, 2, 3, 5 hours, or 110-140°C for 2 hours. The tissue 
elasticity of the hot cake was examined from the recovery of the cake 
bulge after pressurization (Table 3). After all, the improvement effect 
was recognized in the hot cake [56].

Furthermore, the dry heat treatment of wheat flour is 120°C for 
up to 8 hours, 110°C for up to 8 hours, 100°C for up to 8 hours, 90°C 
for up to 144 hours (6 days), and 80°C for up to 144 hours. The dry 
heat treatment wheat flour samples were prepared by changing the 
treatment conditions up to 240 hours at 70°C (10 days) and up to 540 
hours at 60°C (22.5 days) (54 samples in total). The tissue elasticity and 
hydrophobization of hot cakes were investigated. It was confirmed that 
similar tissue elasticity was obtained in a short time at high temperature 
and in a long time at low temperature, and that hydrophobicity was 
obtained [57]. In the acetic acid fractionation method of wheat flour, 
the stirring method was changed from the conventional method using a 
Waring blender to the stirring method using an automatic mortar. It was 
possible to obtain PS fractions from wheat flour with weaker stirring than 
with Waring blender. In the dry heat treatment and the fractionation of 
wheat flour that had been left to stand at room temperature for a long 
time, non-separation from the T fraction due to the hydrophobization 
of the PS fraction in the four fractions (WS, G, PS, T fractions) was 

confirmed by this method. There was a significant correlation between 
the decrease in PS classification recovery and the tissue elasticity of 
hot cake [58]. We collected PS fraction from dry heat-treated wheat 
flour and observed lipophilicity. As a result, as with chlorinated wheat 
flour, the starch granule surface in PS fractionobtained from dry heat 
treated flour also showed strong lipophilicity [59-63]. Lipophilicity 
was also found in chlorination and dry heat treatment experiments 
using microbial polysaccharide curdlan particles [64]. The dry heat-
treated wheat flour were fractionated with acetic acid, synthetic flours 
were prepared using them, and hot cake baking test was carried out 
by a replacement experiment. As a result, it was confirmed that tissue 
elasticity was obtained by dry heat treatment in PS and T fractions, and 
the same effect as chlorination was confirmed [65]. Thus, it was found 
that the starch granule surface in PS fraction was made hydrophobic by 
controlling the treatment time and temperature of wheat flour, and the 
properties were greatly changed. The interaction between the PS and 
T fractions, which account for 70 to 80% of the dry heat-treated wheat 
flour, contributed to the formation of a firm structure in the hot cake 
structure, so it could not be collapsed even with a slight pressurization. 
After that, it was confirmed that the T fraction was also lipophilic [66]. 
Why don't you lower the temperature further and extend the time? This 
idea uses the temperature coefficient (the reaction rate becomes 1/2 
to 1/3 times as the reaction time decreases by 10°C). If it is lowered 
to 120°C → 110 → 100°C →→→ room temperature, it should become 
hydrophobic even at room temperature by extending the time. From 
the previous experiments, it was found that the PS fraction of wheat 
flour was hydrophobized even at room temperature when left for a long 
time. Wheat flour left at room temperature (15 to 20°C, 12 months) 
was subjected to acetic acid fractionation one after another to collect 
WS, G, PS and T fractions, which extended the standing time and 
increased the elasticity of the hot cake. As it gradually became stronger, 
the interaction between the PS and T fractions due to hydrophobicity 
became stronger and it became difficult to separate them. There was a 
strong correlation between the magnitude of the interaction between 
the PS and T fractions and the tissue elasticity of the hot cake [67]. At 
first glance, it looks like nochange flour also changes from hydrophilic 
to hydrophobic in it. Proteins in wheat flour played an important role in 
the interaction between PS and T fractions [36]. Hydrophobization of the 
surface of chlorinated wheat starch granules is the hydrophobicization 
of starch granule surface proteins. Chlorine was introduced into amino 
acids such as tyrosine and lysine to show hydrophobicity. The same 
hydrophobization was shown in dry heat treatment, but chlorine was 
not involved in the hydrophobization. Hydrophilic groups of protein 
macromolecules that had been exposed to the surface by dry heat 
treatment were buried inside, and hydrophobic groups that had been 

Conditions
Specific volumeb (ml/g) Thickness after 

releasingc (mm)
Springinessd 

(%)Original After pressing 
0 hr (9.9)e 2.03 1.55 37.8 76.2
0.5 (6.3 1.97 1.57 40.8 79.9
1.0 3.6 1.96 1.61 41.3 82.4
2.0 0.0 1.95 1.69 48.5 86.7
3.0 0.0 1.91 1.71 50.5 89.6
4.0 0.0 1.89 1.83 56.0 96.9
5.0 0.0 1.73 1.68 57.0 97.4

Table 3. Effect of time of heating

aAt 120°C.
bSD ± 0.014.
cSD ± 0.5.
dSD ± 1.1.
ePercentage of moisture of heat-treated flour. 
Experiments were replicated twice.

Figure 9. Scanning electron microscopy observations of wheat starch stained with 
Remazolbrilliant blue (RBB)dye and extracted five times with sodium dodecyl sulfate 
and 2-mercaptoethanol (SDS-ME) solution. A, Extracted starch with slightly hollowed 
equatorial groove; B, split bivalve halves of starch; C, interior of starch; and D, slippage 
plane of two halves of granule. Bar=10 μm.
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buried so far were exposed to the surface, which occurred on the surface 
of starch granules, and the PS fraction was hydrophobized [68-72].

Contribution to foam stability
It was shown that PS fraction in chlorination, dry heat treatment, 

or wheat flour that had been left to stand at room temperature for a 
long time was hydrophobized. How the hydrophobization relates to 
the bubbles in the cake batter and the hot cake texture elasticity, it 
was unclear if it led to the improvement. Bubbles are formed in the 
cake batter by decomposition of sodium bicarbonate and mechanical 
stirring, but the bubble film is formed by protein denaturation and 
the bubble film is hydrophobic. If the PS fraction in the treated flour 
becomes hydrophobic, the starch granules will become adsorbed on 
the surface of the bubbles. The ore flotation method is a similar use 
example. Even here, bubbles are generated by stirring, but if there is 
nothing that stabilizes, the bubbles will disappear immediately. Amyl 
alcohol is used in the flotation process as a foaming agent. Metals are 
often hydrophobic. It is known that the powder of galena or chalcopyrite 
adheres to the surface of the foam and the foam has a long life. Utilizing 
this, each ore powder is beneficiated. An experiment was conducted 
to confirm whether air bubbles were stabilized when the surface of 
wheat starch granules was hydrophobized. A confirmation experiment 
was conducted to confirm whether or not the bubbles were stabilized. 
Water, 500 mg of chlorinated wheat starch granules, and 2% isoamyl 
alcohol were placed in a test tube and stirred vigorously with a vertical 
shaker for 30 minutes. Isoamyl alcohol was used as the foaming agent. 
When the stirring was stopped, the bubbles disappeared in only a few 
tens of seconds, but this was photographed every few seconds. From 
the photograph, it was found that the starch granules of chlorination 
wheat flour tended to stabilize air bubbles [30]. Dry-heat-treated wheat 
starch granules (120°C, 1, 2, 5 hours) 500 mg were similarly tested. The 
foam stability was compared between starch granules from wheat flour 
that had not been dry heat treated at all and starch granules of wheat 
flour that had been dry heat treated at 120°C for 1, 2, 5 hours. Starch 
granules of dry-heat treated wheat flour stabilized the foam [73]. Even 
in the hot cake structure, the bubbles in the cake batter are stabilized by 
hydrophobizing the starch granules of the processed wheat flour, which 
contributes to the tissue elasticity of the hot cake. I thought it was done.

Hydrophobized castella on castella processing
Castella is produced by sufficiently forming egg foam, adding 

flour to it, and roasting it in an oven at 220°C. If you put enough egg 
bubbles into the oven and then put them in a 220°C oven, the bubbles 
will disappear immediately after heating and become rubbery. If 
flour is added before heating, a castella structure will form. Flour is 
hydrophobic in nature and stabilizes the foam of eggs. Since ancient 
times, wheat flour for castella has been aged (room temperature for a 
long time) at room temperature immediately after milling. The cause 
was unknown, but it was known that good castella could not be made 
without aging. Nakamura et al. reported that the aging of wheat flour, 
which had been unknown for a long time in the production of castella, 
was due to the hydrophobicity of the PS fraction. After standing at 
room temperature (15 to 25°C, 2, 4, 6, 8, 10, 12 months), baking was 
performed on the castella and the increase in the specific volume of 
the castella was observed. At the same time, they were looking at the 
correlation with the increase in interaction between T fraction due to 
the hydrophobicization of PS fraction. Hydrophobization occurred in 
the PS fraction of wheat flour that had been left at room temperature for 
a long time, stabilizing the castella batter [74] (Figure 10). The specific 
volume of castella also increased when hydrophobization was applied to 
the PS fraction of wheat flour by short-time dry heat treatment (120°C, 

10, 20, 30,60, 120 minutes) instead of leaving it at room temperature 
for a long time. In all cases, the stabilization of the PS fraction of each 
treated wheat flour into the air bubbles of eggs was stabilized by the 
hydrophobicity [75].

Determination of hydrophobicity on the surface of 
wheat starch granules

The hydrophobicity of wheat starch granules has been qualitatively 
and quantitatively determined by its binding property to oil, but SFAE 
(sucrose fatty acid ester) was used for more accurate determination. 
After water-soluble (HLB=about 13) SFAE was bound to the surface of 
the hydrophobic starch granules, excess SFAE was removed by washing 
with water, and then SFAE was removed from the starch granules with 
ethyl ether using a Soxhlet. Sucrose in SFAE was quantified by the 
phenol-sulfuric acid method. Hydrophobicity can be quantified using 
SFAE with high correlation with the results of lipophilicity so far [76] 
(Table 4).

Rice/wheat flour bread improvement using SFAE
Rice/wheat flour bread is made using rice flour (85%) and wheat 

gluten (15%). It was known that the baking quality (bread height, 
specific volume) deteriorates as rice flour ages. Rice flour was subjected 
to room temperature (15°C, 9 months, 35°C, 14 days) or dry heat 
treatment (120°C, 2 hours) to increase the lipophilicity of rice flour 
[77] and bread-making property. We confirmed the correlation of 
the decrease. The deterioration of bread-making property was due to 
the change of starch granule surface protein in rice flour. When the 
protein was removed with a weak alkaline aqueous solution, old rice 
flour lost lipophilicity and the bread-making property was restored 
[78] (Figure 11). It was revealed by the method of Morton [79] that the 

Figure 10. Effects of storage of wheat flour on the volume (cm3) and moisture content of 
Kasutera cake, and changes of Kasutera cake after 180 min at room temperature

Heated time 
(min)

SFAE (sucrose µg in 
SFAE/g starch)

Oil-blinding
capacity (oil mL/g)

0 159 a (40.5) 0.31 a (0.12)
10 359 b (14.3) 0.93 b (0.03)
20 508 c (49.1) 1.53 c (0.15)
40 545 c (26.8) 1.79 d (0.07)
60 661 d (46.8) 1.90 d (0.03)
120 712 d (20.5) 1.96 d (0.01)

Table 4. Adsorption of SFAE and oil-binding to dry-heated (120℃) wheat starch granules

Notes: Values represent means of three replicates with the standard deviation in parenthesis.
Means followed by different letters in columns are significantly different at p<0.05 
according to Bonferroni’s multiple range test.
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hydrophobicity of old rice flour on the surface of starch granules was 
due to the surface exposure of SH groups of rice starch granule surface 
proteins. It was speculated that the SH groups of the exposed rice 
protein reduced the SS bond of mixed wheat gluten, of which glutenin, 
and reduced its tensile strength to reduce the bread-making property of 
rice flour bread [78]. When SFAE was added to the surface of aged rice 
starch granules, the hydrophobic groups disappeared and the baking 
quality was restored [80].

Conclusions
While investigating the wheat chlorination that started to whiten 

the wheat flour, we found that the wheat starch granules were 
hydrophobized from colloidal observations. Furthermore, the same 
effect was obtained when the wheat flour was dry heat treated (120°C, 
2 hours) and left for a long time at room temperature. It was speculated 
that the cause of the high quality of 

castella by aging wheat flour, which had been unknown so far, was 
probably the hydrophobicization of wheat starch granules, and the 
involvement of proteins on the surface of wheat starch granules was 
significant. One had forgotten to use the precious wheat flour and left 
it at room temperature for a long time and would like to throw it away, 
but there is an old story that when he baked a biscuit on a sick child, 
he made a wonderful one. This may also be the hydrophobization of 
flour. Furthermore, the study of rice/wheat flours bread revealed 
that even the old rice flour had hydrophobicity on the starch granule 
surface proteins. Stability of tissue (improvement of elasticity of hot 
cake texture), stability of foam (production of high quality castella), 
hydrophobicity of rice due to hydrophobicity caused by dry heat 
treatment of wheat flour or left at room temperature for a long time. 
It was found that the reduction of the wheat glutenin SS bond caused 
by the influence of glutenin on the bread making property of rice flour 
bread. This paper is a call for more attention to the processing of foods 
such that grains should be left at room temperature for a long time, 
and that hydrophobic treatment by dry heat treatment should be given 
more attention.
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