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Unequal distribution of sugar and starch contents within Japanese
processing potatoes during storage

HiroNAKA Kazunori®, IsmBasar Ken-ichi*, Mmvamt Mochihumi® and KoazE Hiroshi®
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Two potato cultivars, Toyoshire and Norin-chigo, which are commonly used in Japan for
processing, were stored at 7 C for 3 months, and the sugar (glucose, fructose and sucrose) and starch
contents within the potatoes were measured at intervals during storage. The aim of this study was
to examine sugar distribution within the potatoes. Regarding reducing sugar (glucose + fructose) or
starch contents, a linear relationship was found between that in stem and bud areas of both
processing potatoes; the significant (p<<0.01) relations indicated that the stem end of both cultivars
had 2.5 and 1.1 times higher reducing sugar and starch contents, respectively than the bud end

during storage.

Potato tubers are often stored for several months
at temperatures between 4.4 and 7.2C to extend
the processing season”. Reducing sugar content
increases during this storage period. The magnitude
of increase is dependent upon the variety of potato
and the storage temperature. To make acceptable
light-colored French fries or chips, the reducing
sugar content must be lowered prior to frying. This
holding
(reconditioning) the cold-stored tubers at 21°C for

periods of 1 ~ 3 weeks™”.

can usually be accomplished by

French fries and chips are produced mainty from
Toyoshiro and Norin-ichigo potatoes in Japan®. The
potato processors point out that there are some
parts within these potato tubers where sugars are
net easily reduced during reconditioning. Thus, they
want to better understand the changes in sugar
content and distribution within Japanese processing
during subsequent
reconditioning in order to produce uniferm light-

tubers storage and
colored products.

Several studies have been conducted on sugar
change of Japanese potatoes for fresh consumption
during storage. MURATA et al” reported increase in
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sugar contents of ‘Danshaku’ and ‘May Queen’
potatoes stored atland5T. KEVIN er el and
MURATA et al*® found the increase of ‘Danshaku’
tubers stored at 0 C. However, for the processing
potatoes, relatively little research has been
conducted®!®, In addition, no reports were found
on the sugar distribution of Japanese potatoes
during storage. Thus, this study was initiated to
investigate changes in sugar content and its
distribution within Toyoshiro and Nerin-ichigo

potatoes during storage.
Materials and methods

1. Source and tuber storage

Tubers of mid-early (Toyoshiro) and late (Norin-
ichigo) cultivars grown in Hokkaido, Japan were
harvested on Sep.17, 1996, and Oct.9, 1996,
respectively. After harvesting, these potatoes were
cured for two weeks at 15C and 90~95% RH, and
then stored at 7 C and 90~95% RH. Both cultivars
approximately 150g in size were used for the
experiment.
2. Sample preparation

Eight potatoes were selected at random from each
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cultivar, washed, and four pieces were cut from
stem end to bud end of the tuber for analysis
{Fig.1). Then the potatoes were peeled and diced
into approximately 5 mn cubes.
3. Moisture content

The moisture content was measured by placing
approximately 10g of potato cubes in an oven at 70
T for 24 hours and then drying them at 70T for 2
hours in a vacuum oven'".
4. Sugars

Sugars was extracted from tubers using the
method described by WILSON e al.' ; 50g of potato
cubes were homogenized in a waring blender in 50
né of distilled water for 150sec. The homogenate was
centrifuged at 1,710%Xg for 5 min at 4C. The
supernatant was filtered through Toyo No.5 filter
paper and then analyzed using high-performance
liquid chromatography (HPLC) (Model BIP- 1, Nihon

S MS = MB B
1

S: stem end, MS: middle toward the stem end,
MB: middle toward the bud end, B: bud end.

Fig.1 The four potato tuber areas

" Bunko Ce.) as described previously™.

13)

5. Starch

The dehydrated samples after the measurement
of moisture content were used'’. The tissues were
ground to 40—mesh size, and starch concentiration in
the desiccated tuber powder was determined as
previously described by Sasaxm®. This procedure
utilized : (a)DMSO (dimethyl sulfoxide) extraction of
starch from 80% ethanol washed precipates ; (a)
a digestion with glucoamylase and o—amylase
enzymes: and {¢) the determination of glucose by
the Somogyi method'®. A factor of 0.9 was used to
convert glucose to starch equivalents'™. '

All analyses were performed eight times.
6. Data analysis

The results were averaged to obtain mean values.
The data was processed using analysis of variance
(ANOVA). Duncan’s multiple range test of SPSS™®
was used to determine differences between area
means over storage time.

Results and discussion

As shown in Table 1, moisture contents of Norin-
ichigo and Toyoshiro potatoes varted between 71—~
76 and Y2~76, during
However, the mean moisture contents over storage
time were not different among pieces from the same
tuber. '

Fig. 2~ 4 show changes in sugar content of the

respectively, storage.

cultivars during storage. As shown in these figures,

Table 1 Moisture content (%) of two processing potatoes during storage
Storage time (days) Mean over
Cultivar Area*
14 28 42 70 84 98 112 123 storage
S 71.60 73.56 74.28  72.19 75.12 74,20 T71.42 71.12  70.63 72.68a%
Norin-ichizo MS 71,56 74,91 75.46 72.03 74.32 75,07 71.3¢ 72.72 70.59 73.33a
& MB 73.92 706 76.25 75,36 72.60 73.84 F2.53 73.17  72.83 73.78a
B 73.70 76.18 75. 67 75,06 75.45 73.02 73.76 73.08 74.09 74.04a
5 73,72 73.12 73.91 73.17 74.62 76.46 73.86 75.35 73.32 76.62 74.17a"
T b MS 74.55 74.15 73.22 73.16 73.71 77.52 74.5 75.68 73.52 72.75 74.29a
OYOSRIO MB 75,26 75,30 73.44 74,03 7451 76.64 73.53 74.85 7265 73.22  74.09a
B 75.19 74,98 73.20 73.96 74.53 76.70 75.03 73.56 73.56 74,21 74.1%a

% Area codes are presented in Fig. 1.

% % Means in each column with same letter are not significantly different (p>>0.05).
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the glucose, fructose and reducing sugar (glucose+
fructose) contenis of both potatoes increased,
followed by a slight decrease. IRITANI et al.”
reported that at a low storage temperature (6 C)
the flush of sugar accumulation occurred within the
first month after storage, and that after
approximately that first month, the amount of
sugars gradually decreased with storage. Thus,
these results were in agreement with those of
IRITANI e al®. However, KOWATA ef al.” found the
consistent increase in reducing sugar contents of
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Fig.2 Changes in giucose content of potatoes during
storage at 7C (tuber area codes are presented in
Fig.1)

Japanese cultivars, ‘Danshakw, ‘Kita-akari’, ‘May
Queen’, ‘Hokkai-kogane’ and ‘Konahubuki’, at
storage of 2 C for 8 months. Thus, the difference in
increase behavior may be atiributed to variety of
potato and storage temperature™. With respect to
the reducing sugar comtent of potatoes to have
acceptable color for processed products, SMITH™™
found that potatoes with less than 0.25% reducing
sugar on fresh weight gave acceptable color for
chips. In Fig.4a, “Norin-ichigo” potatoes exceeded
the level of reducing sugar content during storage
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Fig.3 Changes in fructose content of potatoes during
storage at 7 C {tuber area codes are presented in

Fig.1)
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except the initial samples. For “Toyoshire” cultivar
(Fig.4b), the amount of reducing sugar content of
samples exceeded the acceptability level after 14
days of storage. Therefor, stored tubers for both
cultivars need reconditioning in order to obtain
acceptable color for processed products. For French
fries, the upper limit is reported to be as high as
0.5% (BurTON and Wison®. Hence, the stored
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Fig.4 Changes in reducing sugar content of potatoes
during storage at 7 C (tuber area codes are presented
in Fig. 1)

tubers for both cultivars when processed into
French f{ries still need reconditioning to have
acceptable color products. In Fig. 5. sucrose contents
gradually increased during storage. CHRISTOPHER
and REES* also reported a gradual increase in
sucrose content at 2 T storage. MURATA er ol ¥ also
found that the sucrose content of ‘Danshaku’ tubers
rapidly increased at 0T storage although the
content was almost constant at 10C. In contrast to
the sugar starch contents

increase, gradually

decreased during storage (Fig.6). SOWOKINOS et
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Fig.5 Changes in sucrose content of potatoes during
. storage at 7C (tuber area codes are presented in
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al® found starch content reductions of from 14 to
12% at 10T for 8 months, and OHAD et ol also
reported starch reductions of from 17 to 11% at4 C
storage for 10 weeks. MURATA et al ¥ also reported
starch reductions of ‘Danshaku’ cultivar at 0T
storage. In potato chipping industry, potatoes with
high starch content are desirable because they . (3)
have good cooked texture, (blhave relative less
water to be driven off - thus potentially reducing
energy costs, and (¢) absorb less cooking oil-a cost
item®™, Hence, research concerning the mechanism
of starch degradation and sugar increases is
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Fig.6 Changes in starch content of potatoes during
storage at 7 C {(tuber area codes are presented in
Fig. 1)

important, but the mechanism is not evident from
the present study. However, it is possible that starch
degradation and sugar increases are induced by a
break in the amyloplast membrane®” or the elevated

' and other enzymes™.

enzyme activity of invertase®
Thus, continued work on the above enzymes and on
morphological changes in the membrane is required
to further understand these events.

Tables 2 ~ 5 show differences in sugar and starch
contents among tuber areas. These tables revealed
that, except for sucrose content, the stem area had a
higher sugar and starch content than the bud end
Then, we attempted to determine a relationship
between reducing sugar contents in stem and bud
areas of two processing cultivars. Fig. 7 indicates the
significant {p < 0.01l) linear relationship. The
relationshin was described by the equation :

Y=2.48x; r=0.907*"

Where Y = reducing sugar content in the stem
area and x = that in bud one.

Fig.% also shows a significant (p<0.01) linear
relationship between starch contents in the stem
and bud areas:

Y=1.08x; r=0.618"*"
Where Y = starch content in the stem area and x

Table 2 Mean glucose content (mg/100g fr.wt) of
{wo processing potatoes over storage period

Area’
Cultivar
S MS MB B
Norin-ichigo 807a" 553bd 425cd 307c
Toyoshire 619a 447bd 330cd 228c

% Area codes are presented in Fig. 1.
* % Means in each row with same letter are not significantly
different (p>0.05).

Table 3 Mean fructose content (mg/100g fr.wt) of
two processing potatoes over storage period

Area’
Cultivar
S MS MB B
Norin-ichigo 655a* 466bd 347cd 256¢
Tovoshirg 509a 387al 284bc 190¢

% Area codes are presented in Fig. 1.
# *Means in each row with same letter are not significantly
different (p>0.05).
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= that in bud one.

These equations indicate stem area of both
cultivars have 2.5 and 1.1 times higher reducing
sugar and starch contents, respectively, throughout
storage time than bud one.

There are two methods to reduce the content of
reducing sugars: reconditioning room temperature
(20C) over 1~ 3 wk/ or water blanching to leach

Table 4 Mean sucrose content (mg/100g frwt) of
two processing potatoes over storage period

Area"
Cultivar
S MS MB B
Norin-ichigo 660a™ 705a 691a 731a
Toyoshire 14182 1241a 1461a 1277a

# Area codes are presented in Fig. 1.
% % Means in each row with same letter are not significantty
different (p>>0.05). .

Table 5 Mean starch content (g100g frwt) of two
processing potatoes over storage period

. Area®
Cultivar
S MS MB B
Norin-ichigo 18,37a" 18.46a 17.20b  16.68b
Toyoshiro 18.74a 18.43b  18.06b 17.57b

#* Area codes are presented in Fig. 1.
% % Means in each row with same letier are not significantly
different {p>0.05).

2500

& .

2000 -]

S

o

E 1500

g

w

£ 1000

=

=

@

& =

£ 500 Y=248x

2 (r=0.807*%)

5
17—
0 200 400 600 800 1000 1200

Reducing sugar in bud {mg/100g fr. wt))

Fig.7 Relation between reducing suger contents in
stem and bud areas of potatoes including two cultivars
storedat 7T

out soluble solids of potatoes  without
reconditioning®. Thus, the equation of reducing
sugar may be of practical value for Japanese
processors to determine blanching time and slice
thickness of French fry or chips in blanching
operation. Blanching time™ and slice thickness™®
depend on reducing sugar content, since as reducing
sugar content increases, slice thickness needs to
decrease, or  Dblanching time to increase.
Consequently, the thickness of stern area is needed
to be thinner than that of bud one. In addition,
followed by the blanching, frying operation is
performed. Frying time of potato chip varies with
potato starch content®. As the starch content
decrease, frying time needs to be longer. Thus, the
equation of starch content also may be useful to
determine frying time of chips. Developments during
subsequent reconditioning will be reported in a
future paper.
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