[R

=

B-7I5—E - TNIF—EBLVa-VNVady—EEHNE

72T OWHLEEREY: (BAP-AG i)'

Method for Determining the Degree of Gelatinization of Starch Dispersion Using

Enzyme System Consisting of 8-Amylase, Pullulanase and @-Glucosidase

2
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Yuji HOSHI

A mixture of B-amylase and pullulanase was added to a corn starch dispersion, and the resulting
maltose was converted to glucose by @-glucosidase (BAP-AG method). After conversion, the gelatini-
zation degree was evaluated by quantifying the generated glucose using a commercially available glu-
cose quantification kit (Glucose CII-Test Wako). As a result, it was considered that the optimal reaction
conditions were six units of 3-amylase and pullulanase, respectively, with a reaction time of 60 min-
utes at 37°C, and four units of @ -glucosidase with a reaction time of 120 minutes at 37°C.

Compared to the conventional gelatinization measurement method using glucoamylase (GA method),
the BAP-AG method, although slightly more cumbersome in procedure, yielded gelatinization degrees
closer to the theoretical values and showed higher reproducibility.

The gelatinization degree of rice cooked as usual and stored for three days in a refrigerator (5°C) or
a freezer (—18°C) was measured using the BAP-AG method. It was found that the gelatinization de-
gree decreased to around 52% when stored in the refrigerator, whereas freezing did not significantly
progress retrogradation. It was confirmed that the BAP-AG method could be utilized for the practical

measurement of gelatinization degree in starchy foods.
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Table 1. Composition of dispersion mixed with raw

starch and fully gelatinized corn starch.

Assumed gelatinization Raw starch  Fully gelatinized

degree of starch dispersion dispersion starch dispersion
(%) (mL) (mL)
0 5 0
20 4 1
40 3 2
60 2 3
80 1 4
100 0 5

Corn starch (0.1 g) was transferred into a glass
homogenizer, to which 10 mL of water was added. The
contents were ground and diluted with water to a 10-fold
dilution. Hereinafter, this dispersion was referred to as “raw
starch dispersion”.

Corn starch (10 g) was transferred into an Erlenmeyer
flask, to which 100 mL of water was added. The suspension
was kept at 70°C for 30 min, followed by addition of 200 mL
of ethanol. The mixture was stirred and allowed to stand for
a while. After removing the supernatant, 200 mL of ethanol
was newly added to the residue and mixed. Subsequently,
the supernatant was removed and the residue was
transferred to a Biichner funnel. 200 mL of acetone was
poured into the funnel, and dehydration and drying were
carried out, while suctioning with an aspirator. The obtained
powder was henceforth referred to as “partially gelatinized
corn starch powder”.

The partially gelatinized corn starch powder (0.1 g) was
transferred into a glass homogenizer, to which 10 mL of
water was added, and the mixture was ground. After
grinding, the obtained dispersion was diluted 10 times with
water, and referred to as “partially gelatinized corn starch
dispersion”.

The partially gelatinized corn starch powder (0.1 g) was
transferred into a glass homogenizer, to which 10 mL of
water was added, and the mixture was ground. After
grinding, 0.5 mL of 10 M sodium hydroxide solution was
added to 5 mL of the mixture and allowed to stand at 37 °C
for 30 min. Subsequently, it was neutralized with 2.5 mL of
2 M acetic acid solution. The neutralized dispersion was
diluted with water to a 10-fold, and referred to as “fully
gelatinized corn starch dispersion”.
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Fig. 1.

Effect of the amount of maltose on the glucose converted by a-glucosidase and recovery rate.

Three units of @-glucosidase was added to 1 mL of maltose solution and the reaction mixture was kept at 37°C for
90 min. After incubation, the mixture was allowed to stand at 60°C for 10 min to stop the reaction, and the amount of
glucose generated from maltose was determined using the “Glucose CII-Test Wako (FUJIFILM Wako Chemicals)”

according to the product manual.
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Fig. 2. Effect of reaction time on the recovery rate of glucose generated from maltose by @-glucosidase.
Maltose solution (0.0125 M) was reacted with various units of a-glucosidase at 37°C for 180 min. A 0.05 mL aliquots
were removed from the reaction mixture every 30 min and kept at 60°C for 10 min to stop the reaction. The amount of
glucose converted from the maltose by @-glucosidase was determined as depicted in Fig. 1.
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Fig. 3. Effect of reaction time on the amount of glucose produced from fully gelatinized corn starch by S-amylase.
A specified number of units of 3-amylase were added to 4 mL of fully gelatinized corn starch dispersion and kept at
37°C for 180 min. Every 30 min, 0.5 mL aliquots were taken out and heated at 95°C for 10 min to stop the reaction.

Subsequently, 2 units of @-glucosidase were added to

this solution and allowed to react at 37°C for 120 min. After

standing, the mixture was stood at 60°C for 10 min to stop the reaction, and the amount of glucose converted from
maltose by a-glucosidase was determined as depicted in Fig. 1. In this experiment, the number of pullulanase units was

set to 6.
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Fig. 4. Effect of reaction time on the amount of glucose produced from fully gelatinized corn starch by pullulanase.

A specified number of units of pullulanase were added to 4 mL of fully gelatinized corn starch dispersion and kept at
37°C for 180 min. Every 30 min, 0.5 mL aliquots were taken out and heated at 95°C for 10 min to stop the reaction.
Subsequently, 2 units of a-glucosidase were added to this solution and allowed to react at 37°C for 120 min. After
standing, the mixture was stood at 60°C for 10 min to stop the reaction, and the amount of glucose converted from
maltose by @-glucosidase was determined as depicted in Fig. 1. In this experiment, the number of S-amylase units was
set to 6.
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Fig. 5. Effect of reaction time on the amount of glucose produced from fully gelatinized corn starch by glucoamylase
(GA method).
A specified number of units of glucoamylase were added to 4 mL of fully gelatinized corn starch dispersion and kept at
37°C for 180 min. Every 30 min, 0.1 mL aliquots were taken out and heated at 95°C for 10 min to stop the reaction. The

measurement of amount of generated glucose was carried out using the “Glucose CII-Test Wako (FUJIFILM Wako
Chemicals)”.
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Table 2. Gelatinization degrees of dispersions containing a specified amount of fully gelatinized starch.

GA method*

BAP-AG method*

Fully gelatinized corn starch
dispersion (%)

average standard deviation average standard deviation
0 19.0 3.3 6.2 1.3
20 31.3 3.1 26.3 0.7
40 47.3 2.2 45.4 1.3
60 67.7 6.0 64.7 1.8
80 85.4 6.8 84.5 1.7
100 100.0 — 100.0 —

*n=2
Mixtures of the raw corn starch dispersion and fully gelatinized corn starch dispersion were prepared to obtain

the dispersions containing a specified amount of fully gelatinized starch as shown in Table 1. The gelatinization

degree of each dispersion was measured using the GA and the BAP-AG method, respectively. The degree of

gelatinization was calculated from the following formula:

absorbance of partially gelatinaized starch dispersion
absorebance of fully gelatinized strach dispersion

Gelatinization degree (%)= X100

100
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Degree of Gelatinization (%)

Oﬂ.ﬁgl||||||||||||||||||||

20 40

60 80 100

Amount of fully gelatinaized corn starch (%)

Fig. 6. Relationship between the degree of gelatinization and the amount of fully gelatinized corn starch, determined by

enzymatic methods (GA and BAP-AG method).
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Table 3. Gelatinization degree of cooked rice (Hitomebore)

stored in refrigerator or freezer for 3 days.

Storage condition Gelatinization degree® (%)

52.4+34
97.6£3.0

refrigerated at 5°C
frozen at —18°C

* Average +standard deviation (#=2)

One hundred grams of rice cooked as usual were stored
for 3 days at 5°C or —18°C . After storage, the cooked rice
was mixed with 100 mL of water and ground with a pestle
and mortar until it reached a congee-like consistency.

Subsequently, 200 mL of ethanol was added to the
congee-like rice and left to stand, after which the
supernatant was removed. This process was repeated
several times, and after removing moisture, aliquots of
acetone were added to the sample and dried while vacuum
filtering with a Biichner funnel. The obtained dried powder
was stored at room temperature.

Samples for measuring the degree of gelatinization by the
BAP-AG method were prepared in the same manner as in
the procedure described in the explanatory of Table 1.
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