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Changes in Inner Contents of New Savory Wild Radish
during Some Soaking Processes

Ban Takuya*'®, HonTani Hiroshi* and KoBavashr Nobuo*
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Faculty of Life and Environmental Science, Shimane University,
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In this study, we made pickles from new savory wild radish and determined the changes in the

endogenous contents of the roots during the soaking processes.
endogenous contents of the roots, such as total soluble solids ;

The changes in weight and
total phenol concentrations; and

reduced ascorbic acid, varied according to the soaking methods. The concentration of isothiocyanate in
the roots increased during the pickle curing process. On the basis of these results, we concluded that
the roots of new savory wild radish can be used as raw materials for making pickles.

(Received Feb. 24, 2010 ; Accepted Oct. 21, 2010)
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Effect of Shock on the Damage Occurrence of Strawberry Packaged
by Foam Fruit Tray

Krrazawa Hiroaki®™®, Sato Tatsuo®™, Ismikawa Yutaka™',
NakAMURA Nobutaka™ and Sunna Takeo™

* 1 National Food Research Institute, National Agriculture and Food Research Organization,
2—-1-12, Kannondai, Tsukuba-shi, Ibaraki 305-8642
% 2 Field Science Center, Collage of Agriculture, Ibaraki University,
4668—1, Ami, Ami-cho, Inashiki-gun, Ibaraki 300-0331

We investigated damage caused by shock in ‘Tochiotome’ strawberries by considering fruits with
using two types of firmnesses (approximately 5.1 and 6.1 N). Two types of fruits were harvested at
different times and were packaged by using a conventional form fruit tray. The fruit were dropped
from heights of 0.10, 0.15, 0.20, and 0.25m, and the relationship between shock acceleration and
damage occurrence and between shock frequency and damage occurrence were determined ; the
relationships were observed to be well described by power approximate curve. For the fruit with a
firmness of 5.1 N, shock frequencies required to damage the fruit were approximately 34% lesser
than those required in the case of 6.1 N for each shock acceleration value. Simulation of damage
occurrence during transportation by a home delivery service indicated that such differences in the
fruit firmness significantly influence the shipping quality of fruits. Therefore, more effective or
improved packaging methods should be developed for transporting strawberries with a low firmness.

(Received Jul. 21, 2010 ; Accepted Oct. 31, 2010)

Key words : cushioning packaging, fruit firmness, shock, strawberry, transportation
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Purification and Characterization of a-Amylase
from Potato Tuber

*1§
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In this study, e-amylase from potato tuber was purified and characterized for the analysis of potato
processing. One subunit (42 kDa, pI 5.8) of purified e-amylase showed high homology with known
glycosidases. This enzyme exhibited optimum activities at pH 6.0 and 50C. In addition, @-amylase
showed 40% activity at 60C. The adhesiveness was increased by 70% after treatment with purified «
-amylase. These results suggested that o-amylase was active during cooking.
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Potato ( Solanum tuberosum ) is nextimportant
agricultural product after rice, wheat, and corn. The
production of potatoes in Japanis approximately 3
In addition, 60% of the

domestic consumption is in the form of processed

million tons per year.

food and fresh produce.

SATO et al. reported that the collapse of potatoes
during cooking is due to cell separation, which was
also influenced by the characteristics of pectin.” The
pectin degradation during cooking occurred mainly
by the key enzyme polygalacturonase.”

However, the main component of potato, except
for water, is starch (17.6% ; w/w), not pectin.
Therefore, changes in the amount and quality of
starch were thought to have an effect on the
quality of potato products. There are many reports
field? For
characters of starch among potato cultivars were
studied to
properties of potato starch as a starch material

about starch in various example,

elucidate thermal and viscoelastic
However, there are few studies about starch during
potato cooking.

SATO et al. reported that starch in potatoes was
degraded by steaming.” Gelatinization and swelling
of starch involved during steaming is responsible for
the changes in the texture of potatoes. Therefore,

this factor of degradation of potato starch during

cooking should be clarified for a better understanding
of potato processing.

a-Amylase (endo-1, 4-a-d-glucan glucohydrolase, EC
3.2.1.1) plays a significant role in the degradation
of raw starch granules” For example, the quality of
a-amylase

wheat was assessed by measuring

activity” because of its relationship with low
viscosity. Witt and Sauter inferred that e-amylase
participates at the start of starch degradation in

' However, the role of e-amylase with

potato tuber.
regard to food processing has not been reported or
discussed. The correlation between the activity of a-
amylase and the reduction of viscosity after cooking
In addition,

affects the texture of soba (buck wheat noodle) and

was reported.” endogenous amylase
physical property of bread? ?

In this study, we purified and characterized o-
clarified the
relationship between e-amylase and food processing

amylase from potato tuber and

property.
Materials and Methods

The potato (Solanum tuberosum L.) cultivar Toyoshiro
was used as an experimental sample because this
cultivar is mainly used for processed food in Japan
and 300,000 t of this cultivar are produced per

year."”

§ Corresponding author, E-mail : muchino@nodai.ac.jp
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The specific gravity of each tuber was measured
using a potato gage (DPG-0.3 K; Asahikawa Keiryo,
Asahikawa ) .
classified on the basis of specific gravity ; low
1.075 ~1.084 and high specific
gravity . 1.095~. Potatoes with low specific gravity

Subsequently, the potatoes were

specific gravity -

were used in this study, because potatoes with low

specific gravity have high e-amylase activity."

1. Extraction of the crude enzyme and enzyme
assay

Potato tubers were peeled and cut to small cubes
(1cm, dice). The pieces were homogenized in 0.1
M Mecllvaine buffer (pH 6.0) containing 10 mM CaCl,
using a food processor (MK-K 60-W ; Panasonic,
Japan). Subsequently, homogenates were centrifuged
at 18,000 g for 30 min and the supernatant was
collected (F-1). The extract was treated with rivanol
(6, 9-diamino-2-ethoxyacridine lactate, Sigma) and
acid clay for removal of polyphenols. Next, ammonium
sulfate was added to 50% saturation. The precipitate
obtained was dissolved in 14 of 20 mM Mcllvaine
buffer (pH 6.0) and dialyzed with the same buffer
overnight (F-2). Unless otherwise specified, all steps
were conducted at 4 C.

The activity of @-amylase was measured with the
Blue value method modified by Fuwa.” One unit of
a-amylase activity was defined as reduction by 10%
of the optical intensity of the starch-iodine complex
color in 1 min at 50C. The protein amount was
determined according to the method of Lowry et al
using BSA as a standard.”

2. Enzyme purification

The crude enzyme was loaded on a-cyclodextrin
(a-CD) -linked sepharose 6B-epoxy-activated column
(¢2x30cm) (Amersham Biosciences Co.), previously
equilibrated with 10 mM Mecllvaine buffer (pH 6.0),
and eluted with the same buffer containing 0.25%
B-CD. After affinity chromatography, the concentrated
samples were then applied to chromatography on a
TSKgel G3000SWy. column (TOSHO Corp., ¢ 0.78 X
30cm) and eluted with 20 mM Mcllvaine buffer (pH
6.0).

3. Analysis of a-amylase by electrophoresis
Native-polyacrylamide gel electrophoresis (PAGE)
was performed according to Ornstein and Davis,
using 7.5% (w/v) acrylamide gels containing 1.0%
starch.'"””  After
separation, the gel was incubated at 40C for 3 h in
0.2 M Mcllvaine buffer (pH 6.0). The gel was
stained with Coomassie Brilliant Blue R-250 (CBB R-

(w/v) soluble electrophoretic

250) for protein detection or with L/KI for active
staining of amylase. A protein standard molecular
weight marker (Pharmacia Biotech) was used for
native PAGE. Sodium dodecyl sulfate (SDS)-PAGE
was performed according to the procedure of King
and LaemmrL' Precision Plus Protein™ Standards
(Bio-Rad Co.) were used as molecular weight
standard proteins. Gels were stained for protein
detection with CBB R-250.
4. Determination of N-terminal amino acid
sequence

The purified enzyme was separated by two-
dimensional electrophoresis (2-D; ATTO Co) according
to the manufacturer’s instructions. The first dimension
was based on isoelectric focusing (pH 3.0~10) using
a tube gel system (ATTO Co.), and the second
dimension was based on SDS-PAGE using a 5 ~
20% gradient polyacrylamide gel (ATTO Co.).

Gels were stained for protein detection with CBB
R-250. Precision Plus Protein™ Standards (Bio-Rad
Co.) were used as molecular weight standard
proteins. The electrophoresed gel of the purified
electroblotted

polyvinylidene fluoride (PVDF) membrane. The N-

native amylasewas onto a
terminal amino acid sequence of the enzyme was
determined by Edman sequencing on a pulsed liquid
-phase protein sequencer following the manufacturer’s
manual (PPSQ-20 ; SHIMADZU).

5. Enzyme characterization"”

The enzyme activity as a function of pH was
tested at 50C with 0.1 M Mcllvaine buffer for
values of pH 3.0 to 9.0. The effect of temperature
on the enzymatic activity was determined at pH
6.0, in the range from 20C to 70C.

The effects of various inhibitors and metal ions
on enzyme activity were determined. The enzyme
was adjusted to 1.0 mM as final concentration in
the presence of 2-mercaptoethanol (2-Me), dithiothreitol
(DTT), iodoacetic acid, p-chloromercuribenzoate (p-
CMB), or ethylenediaminetetraacetic acid (EDTA)
and left overnight. Then, the enzyme was examined
for survival activity. The effects of metal ions was
in the
assay buffer at 4 C for 1 h in the presence of
Na’, K', Mg**, Ca*", Cu*", AI’", Co*", Zn*", Fe''", Ag’,
or Hg**. Residual enzyme activity was assayed at
50T after addition of the substrate.

6. Texture after a-amylase treatment

determined by preincubating the enzyme

The tuber was cut cylindrically (¢ 1 cmx1cm), and
treated with/without e-amylase (0.5 U) in 20 mM
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Mcllvaine buffer (pH 6.0) at 50C for 1 h. After
boiled in
distilled water for 30 min and their adhesiveness

treatment, the cylindrical tuber was

adhesiveness (]J/m’) was
(RE 2 - 33005 ;

was measured. The

determined wusing a Rheoner

Yamadwen, Tokyo).
Results and Discussion

1. Enzyme purification

Purified @-amylase had a maximum activity of
2.835 U/mgprotein, increase of 10*fold (Table 1).
These results imply that e-Amylase was purified at
high level. e-Amylase was purified for the purpose
of production of monosaccharides by use of a-
amylase. There are many reports on the purification
of e-amylase by affinity chromatography using a-CD.
The specific activity and purification rate in these
reports ranged from 0.1 to 2.0 U/mg protein and 10
to 200 -fold,
these ranges. Therefore, this method was supported

respectively. Our results are within
for purification of @-amylase.

Analysis by native-PAGE revealed a single band
stained by CBB at 140 kDa. In addition, the band of
active staining with iodine was almost at the same
position of that of the CBB staining (Fig.1-a). After
purified @-amylase was applied on SDS-PAGE, 2
protein bands were confirmed and their molecular
weights  were  approximately 42 and 48 kD,
respectively (Fig. 1-b). The concentration of the
smaller molecular weight band was twice the
concentration of the bigger molecular weight band.
These results show that e-amylase consists of a
heterotrimer that is linked by a disulfide bond. The
molecular weight of e-amylase in various organisms
was reported to be mainly in the range from 40 to
50 kDa'”

enzyme was having amylase activity.

Therefore, only one subunit of this

Table 1 Summary of purification of e-amylase from
potato
Purification Tota.l T(.)t.j:ll Spe%a.flc eld Purification
Step protein activity activity (%) rate
(mg) (units) (units/mg) (-fold)
F-1 563.0 15.6 0.028 100 1
F-2 155.8 5.8 0.038 38 1
F-3 6.9 7.6 1.100 49 40
(0-CD
Sepharose 6B)
F4 1.4 4.0 2.835 25 103

(G3000 SWxL)

(Potato tuber/100 g)

Next, to 2-D
electrophoresis and 3 spots, ie., spot I (48 kDa, pI
5.8), II (42 kDa, pI 5.8), and III (42 kDa, pl 6.1),
were observed (data not shown).

purified enzyme was applied

On the basis of the partial N-terminal amino
acid sequence, spot II (42 kDa, pl 5.8 ;
QLFSFAPDAASITYMYRGFA) shows 92% homology
with the N-terminal region of the starch phosphorylase
subunit L (AN. Q 9 XH 53) from S. tuberosum using
the FASTA program with Swiss Prot. Confirmation
of the
phosphorylase, the

possibility that purified protein was

phosphorylase activity was

measured according to the method of HELEN er al.

kDa M 1 2
690 [y
440 © ¢

232 |

140 | == -

Fig.1-a Native-polyacrylamide gel electrophoresis of

purified e-amylase from potato tuber

Abbreviations . 1, Stained by Coomassie Brilliant Blue R-250 ;
2, Stained by I,/KI; M, Molecular Weight Marker

kDa M 1
250

150

100
75

50 =

37

25
20

15

Fig.1-b Separation by  sodium dodecyl  sulfate-
polyacrylamide gel electrophoresis of purified e-amylase

from potato tuber

Abbreviations . 1, purified a-amylase ;
M, Molecular Weight Marker
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Table 2 Characteristics of e-amylase from potato

Molecular weight

(kDa) pl OptimumpPH

Stability TEMP.
(C)

OptimumTEMP.

(©) StabilityPH

Potato 42 5.8 6.0
Rice 90 9.6 5.0
Barley 45 4.7 5.5
Pea 45 - 5.5
Yam 48 - 5.8

50 5.0~8.5 <50
60 3.5~6.0 <50
37 - -

60 - -

Abbreviation: pl: isoelectric point

However, no activity was detected for the purified
In addition,

different from the known phosphorylase with regard

enzyme. the purified enzyme was

to its biochemical characteristics (molecular weight
and pI). The pl value was within the range

described for plant amylases (4.7 to 9.6) (Table 2).

However, the amino acid sequence of spot I showed
low homology with the protein described. The
concentration of spot III was very small compared
with that of spot I and II. Therefore, this spot is
not important for amylase activity. These results
show that the main active unit has a molecular
weight of 42 kDa and a pl of 5.8.
2. Enzyme characterization (Table 2)

a-Amylase of potato showed maximum activity at
pH 6.0 and 50C and maximum stability at pH 5.0
~8.5 and 50T or less. The activity of this enzyme
remained 40% at 60C. The range of pH stability of
this enzyme is small compared with others.
the thermal

lower than that of other vegetables and the pH

However, conductivity of potato is
during boiling of potatoes is usually neutral or

slightly acidic. Therefore, the enzyme could be
active during cooking.
inhibited by

approximately 50% by Hg** and Ag'. The sulfhydryl

The enzymatic activity was
binding reagents iodoacetamide or p-CMB inhibited
amylase activity. This result shows that the enzyme
These

characteristics of e-amylase were similar to those

has a cysteine residue in its active site.
reported previously."

Witt and SAUTER reported that e-amylase from
potato tuber shows maximum activity at pH 7.2~
8.0 and has a molecular weight of 44 kDa.”These
results were similar to our data. However, some
characteristics of e-amylase were different. These
differences may depend on the isozyme or
cultivar.® Therefore, characteristics of isozymes of «
-amylase from various potato cultivars should be
determined in future.

3. Effect of treatment

a-amylase on potato

Stickiness (J/m?)

Control a -Amylase

Fig.2 Effect of e-amylase treatment on texture of potato

The texture of cooked potato was measured by the Rheoner
(Yamaden Co.) Values are expressed as mean (standard error),
n=7. Differences with a p value<0. 05 were considered significant
with Scheffe’s test, and a and b indicate significance.

processing

The adhesiveness following amylase treatment
was 3.69 J/m® and that without treatment was 2.17
J/m®. Thus, the adhesiveness was increased by 70%
by ae-amylase (Fig.2). The increase in adhesiveness
by a-amylase treatment suggests that the action of
a-amylase during boiling prevents the collapse of
potatoes. a-Amylase shows stability at pH 5.0~8.5
below 50C . In addition,
potatoes are usually cooked at a slightly acidic pH

and at temperatures
and it takes 10~20 min until the center of the
tuber reaches a temperature required to inactivate
a-amylase”’ Therefore, these data support the effect
of a-amylase on the collapse of potato.

There are many reports that show the effects of
a-amylase on the properties of food during
processing.” CHAMBERLAIN et al. reported that o-
amylase affects the properties of bread because
internal e-amylase reacts during fermentation and

)

baking® The amount of reducing sugar in rice

increased 2 -fold during boiling by a-amylase?”
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According to these report, e-amylase is active

during Dboiling potatoes. The report on rice
supported this possibility.* * In addition, NAKANO et
al. reported that on the report, the product with
the wuse of low specific gravity potato occur
defective  the soft””  Those

phenomena show similar to raw potato. In contrast

reason why too

to retort, a high degree of specific gravity was
shown soft hardness in boiling. By consideration of
those phenomena, it was postulated that property of
potato processing was affected with difference in
behavior of heat between retort and boiling.

In conclusion, we purified and characterized a-
amylase of potato. The enzyme consisted of one 48-
kDa unit and two 42-kDa units. The small molecular
weight unit is the main component of e-amylase
based on the amino acid sequences. The enzymatic
property is almost similar to that of amylases of
other organisms, which supports its effects on the
physical property of food during cooking. On the
basis of physical experimental data, we concluded
that e-amylase affected the structure and changed
the physical property of potatoes during cooking.
This is the first report that clarifies the relationship
activity and the physical

between a@-amylase

property of potato.
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