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Effect of Low-Temperature Storage on Some
Properties of Potato Starch
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This study was conducted to determine the effect of storage on the properties of potato starch.
Starch was prepared from three varieties of potato, namely ; Benimaru, Toyoshire and Konafubuki,
after storage at 5°C for § months. The average granule size, phosphorus content, Brabender peak
viscosity and breakdown of the starches from the stored tubers for each variety were lower than those
from the unstored tubers. The initial pasting temperaiure did not have a considerable change. The
temperature at peak viscosity of Benimaru starch increased, while it decreased for both Toyoshiro and
Konafubuki starches after storage. The viscosity and rigidity of 1% starch pastes also decreased
during storage while the blue value increased. The decrease in Brabender peak viscosity and

breakdown were closely correlated with phosphorus content (r=0.96" and 0.93**, respectively).

In Japan, potato starch is utilized in a large
number of various products such as noodles,
kamaboke and jellies. The usefulness of
starch in these products depends on its chemi-
cal composition and physicochemical pro-
perties, which are in turn dependent on a
number of factors. These include genetic,
climatic, soil, meteorological and technological
factors which vary in every country and in a
particular period ~of time. Technological
factors include post-harvest handling and the
method of starch preparation.

Reports in the literature prior to this study
indicated that starch properties change during
potato storage. Changes were noted in gran-
ule size and appearance, amylose content, vis-
cosity, reducing power, as well as in phospho-
rus, potassium and calcium contents®~®,
However, this subject had not bheen studied
extensively in Japan. This study was there-
fore, initiated to determine the effect of storage
on the properties of starches from potatoes
produced in Hokkaido, Japan.

Materials and Methods

Samples and storage condition
The potatoes (Benimaru, Toyoshiro and
Konafubuki varieties) were obtained from
Kawanishi Agricultural Cooperatives, Obihiro,
in October 19%91. Each variety was divided
into two lots, one for the control {unstored) and
the other for storage at 5°C for 6 months,
Starch preparation
Starch was prepared from the tubers ac-
cording to the method of Yamamorc® as shown
in Fig. 1. Purified starches were kept in air-
tight polvethylene bottles until analyses.
Chemical composition and physicochemical
properties
Starches from unstored tubers were
analyzed for moisture, crude protein and ash
contents according to standard methods'®.
The crude fat content was determined follow-
ing the method of Tsursumr'. Granular size
distribution was determined by a light trans-
mission method using a particle size analyzer
(Seishin Kogyo, SKN 500}.
Blue value was measured as the absorbance
at 680 nm of 4 mg starch in 100 m{ dilute I-KI
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solution according to Kopavasar'®. Phospho-
rus content was determined using the
vanado-molybdate method of Taxacr'?.

The behavior of starch during heating was
determined using a Brabender Viscograph
AM-3 (Brabender OHG, Duisberg, Germany).
The bowl speed was 75 rpm with the 700 cmg
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Fig. 1 Starch preparation from potato

torsion spring ; 4% starch solution was used.
The starch suspension was heated at the rate of
1.5°C per min until 92.5°C and held at that tem-
perature for 30 min.

The viscosity and rigidity of starch pastes (I,
2,3 and 4%) were also determined at 20°C using
a coaxial cylindrical rheometer as described by
Higonaka ef al'. However, the instrument
was found to be applicable only to 1% starch
paste solutions since at higher concentrations
unreproducible data were obtained.

All determinations were done in duplicate
except for the granular size distribution.

Results and Piscussion

Chemical composition

The chemical compositions of the starches
from the three potato varieties (Table 1)
showed no distinct differences in terms of
crude protein, crude fat and ash contents.

Effect of storage on granule sizge of starch

The granular size distributions of the
starches are shown in Table 2. Benimaru has
the biggest average granule size at 35.75 pgm,
followed by Konafubuki at 3500 pm and
Toyoshiro was the smallest at 32.50 gm. Stor-
age at 5°C for 6 months caused a little decrease
in the average size of the granules - Benimaru
(2.1%) ; Toyoshiro (1.54%) and Konafubuki
{1.29%). Granules less than 20 ym in of the
three varieties increased after storage while
larger granules (>50 ym) decreased. Changes
in the granule sizes between 20 and 50 gm were
different for each variety.

Mica® reported that during storage at lower
temperatures, larger granule were degraded to
smaller ones, thereby, increasing the latter’s
share. GoLacuowsky® found that granules >
35 ym decreased and granules <20-30 gm in

Table 1 Chemical composition of starch from different potato varieties
Composition (d.b.) Benimaru Toyoshiro Konafubuki
Crude protein (%) 0.012+0.001 0.015+0.001 0.013%0.002
Crude fat (%} 0.060£0.010 0.064%0.001 0.0604-0,004
Ash (%) 0.24070.010 0.280%0.015 0.28020.000

Mean value * standard deviation for 2 replications.
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Table 2 Distribulion percentages of granular sizes of potato starches stored at 5°C for 6 months

Storage Range of granular size (pm) A .
Sample period A\{ell_.’r%ge
{months) <20 20-30 30-40 40-50 50 H
B 0 7.70 28.63 23.46 17.59 22.62 35.75
6 13.31 23.30 28.28 16.78 18.33 35.00
T 0 15.10 31.78 20.53 17.60 14.99 32.50
8 16,61 28.30 25.11 16.14 13.69 32.00
K 0 7.12 29.82 27.01 15.79 20.70 35.00
6 10.31 20.58 24.70 28.32 20.59 34.55

B=Benimaru ; T=Tovoshiro ; K=Konafubuki.

diameter, increased after storage for 12 weeks
at various temperatures {(—15 to+20°C). How-
ever, JounsToN et al® found no significant
difference in the granule size distribution
during potato storage at 2°C. The present
results agreed approximately with the findings
of Mica® and GoLacHowsKyY®.
Changes in blue value

In Table 3, it can he observed that Kona-
fubuki had the lowest blue value {0.379) com-
pared with Benimaru (0.423) and Toyoshiro
{0.414). After storage at 5°C for 6 months, the
blue value of the starches from each variety
increased. There is no data on the literature
regarding changes in the blue value of potato
starches during storage. However, blue value
and amylose contents have an excellent linear
correlation, such that it can be considered to be
a measure of amylose. GoLacHowsky® reported
that amylose content did not change during
potato storage at 4°C but decreased during
storage at 8, 20 and 0°C. On the other hand,
JornsTON ef al¥ reported that the amylose-
amylopectin ratio of potatoes increased during
storage at 2°C.

Changes in phosphorus content

As shown in Table 4, Konafubuki had the
highest phosphorus content (814.92 ppm),
followed by Toyoshiro (779.44 ppm} and lastly
by Benimaru (66246 ppm). After 6 months
storage at 5°C, the phosphorus content of
starches from each variety decreased. The
same result was observed by GoLacHOwskY®
during potato storage from —15 to +20°C.

Table 3 Blue value of starches from potate
tubers stored at 5°C {or 6 months

Blue value
Variety
Unstored Stored
Benimaru 0.42310.015 0.54040,050
Toyoshiro 0.414+0.065 0.4374:0.010
Konafubuki 0_.379+0.080 0.423+0.075

Mean valuetstandard deviation for 2 replica-
tions.

Table 4 Phosphorus contents of starches from
potato tubers stored at 5°C for 6

months
Phosphorus content {ppm}
Variety
Unstored Stored
Benimaru 662.461£3.27 564.25% 1.06
Toyoshiro T779.44+4.72 673.921+20.93
Konafubuki 814.924+3.64  717.50+12.96

Mean valuetstandard deviation for 2 replica-
tions.

However, Mica® found an increase in the phos-
phorus content of starch from tubers stored for
6 months at 10°C while ScHWIMMER ef al'® did
not find any change during storage at 44 and
10°C for 18 weeks.
Viscoamylographic properiies

The Brabender amylograms of the starches
are shown in Figure 2. There was no consider-
able change in the initial pasting temperature
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Fig. 2 Brabender viscoamylograms of starches
from three varieties of potato a)
Benimaru, b) Toyoshire and ¢} Konafu-
buki stored at 5°C for 8 months

of the starches from the stored tubers for each
variety. The temperature at peak viscosity of
Benimaru starch increased after storage at 5°C
for 6 months. However, for Konafubuki and
TFoyoshiro starches the temperature at peak
viscosity decreased. The same irend was ob-
served by GoLacHowsky® for potatoes stored at
8°C and by Yamamoro'” during storage of
Konafubuki for 6 months at 6°C. The peak
viscosity of starches from all varieties consid-
erably decreased during storage but no distinct
decrease was observed for the final viscosity
except for Konafubuki variety.

Phosphorus content was positively cor-
related with the viscosity of starch pastes?®.
This relationship is due to the close orientation

of phosphate ions in petato starch which gives
rise to the electrostatic repulsion that helps
expand the amvlopectin molecules, promoting
their hydration and the conseguent high
viscosity!®. Thus, the decrease in viscosity of
the starches from stored tubers found in this
study can be explained by the decrease in phos-
phorus content. WmstLEr and Pascoann'®
also mentioned that potato starch undergoes a
very rapid and exceptionally high swelling at
relatively low temperatures indicating weak
internal bonding which is partly due io the
presence of ionizable esterified phosphate
groups, In this study, a high correlation of
peak viscosity and breakdown with the phos-
phorus content was also found (r=096*" and
0.93**, respectively).
Viscoelasticity of starch pastes

The viscosity and rigidity of 1% starch
pastes were also measured using a coaxial cy-
lindrical rheometer. It can be observed from
Tables 5 and 6 that the viscosity and rigidity of

Table 5 Viscosity of 1% starch pastes from
potato tubers storsd at 5°C for 6

months
Viscosiiy (poise)
Variety
Unstored Stored
Benimaru 44,0514 .13 11.324+0.01
Toyoshire 53.98£2.30 28.43+0.22
Konafubuki 36.26+2.90 24 36+0.37

Mean valueztstandard deviatio_n for 2 replica-
tions.

Table 6 Rigidity of 1% starch pastes from
potato tubers stored at 5°C for 6

months
Rigidity (dyn/cm?
Variety
Unstored Stored
Benimaru 21.46:41.175 J.68t0.14
Toyoshiro 31.856+1.10 5.76%=0.10
Konafubuki 13.17%0.015 5.2741.13

Mean valuetstandard deviation for 2 replica-
tions.
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the starch pastes from stored tubers of each
variety were lower compared with the un-
stored tubers. This result further supports
the data obtained by Brabender amylography.
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