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Abstract Starch was separated from tubers of four potato
(Solanum tuberosum L.) cultivars, viz. ‘Kufri Jyoti’, ‘Kufri
Sindhuri’, ‘Kufri Chipsona-1’ and ‘Kufri Chipsona-2’ be-
fore and after 90 days of storage at 4, 8, 12 and 16°C and,
morphological, physico-chemical and pasting properties
were studied. Scanning electron microscopy showed oval
and irregular shaped starch granules with average diameter
of 15 um, and the granule diameter increased after storage.
Peak viscosity was lower after storage at 8°C and higher
at 16°C. Hot paste viscosity decreased while breakdown
viscosity and set back viscosity increased after storage, and
there was no significant change in cold paste viscosity. A
significant decrease in pasting time and increase in pasting
temperature was observed after storage. Phosphorus content
showed significant positive correlation with peak viscosity
(r = 0.452, p <0.05) and breakdown viscosity (r = 0.685,
p <0.01), and a negative correlation with amylose content
(r=-0.674, p <0.01). ‘Kufri Sindhuri’ starch showed sig-
nificantly (p <0.05) higher peak, hot paste, breakdown and
cold paste viscosity. The X-ray diffraction pattern of starch
showed a distinctive maximum peak at around 17°, 2 6 and
it was not affected by the cultivar or storage temperature.
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Introduction

Starch is the major component of dry matter in potato (So-
lanum tuberosum L.) tubers and its content is influenced
by a number of cultural and environmental factors (Smith
1987). Fresh potatoes are available only for a few months in
a year and potatoes need to be stored properly to make them
available to the starch processing industry throughout the
year. During storage starch is converted into sugars (Smith
1987) and this conversion is more at lower temperatures
of 4°C or less (Van Es and Hartmans 1987, Burton 1989)
resulting in quantitative loss of starch in stored potatoes.
Storage temperature affects not only the quantity but also
the quality of potato starch (Leszczynski 1989). Jhonston
et al. (1968) observed an increase in amylose content after
storage while Golachowski (1985) reported a decrease.
There are conflicting reports about the effect of storage on
the viscosity of starch. Golachowski (1985) reported an in-
crease in viscosity of starch separated from potatoes stored
for 12 weeks at 8 and 12°C whereas, Ridley and Hogan
(1976) observed a decrease in viscosity of starch separated
from potatoes stored for 3 months at 1.7 and 7.2°C. P, K and
Ca contents of starch are also affected by storage conditions
(Mica 1976). The results of many of these studies are not
comparable because of the differences in materials used and
storage conditions (Golachowski 1985). Brabender visco-
amylograph and rapid visco-analyzer have been used ex-
tensively for measuring starch paste viscosity (Wiesenborn
et al. 1994) and starch exhibits unique viscosity behaviour
with change of temperature (Nurul et al. 1989). Starch has a
definite crystalline nature due to the well ordered structure
of amylopectin molecules inside the granules. Starches
show characteristic X-ray diffraction patterns and potato
starch shows B-type pattern (Leszczynski 1989). The aim
of this investigation was to determine physico-chemical
and pasting properties of starch separated from 2 old and
2 new Indian potato cultivars stored for 90 days at 4, 8, 12
and 16°C.
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Materials and methods

Tubers of 2 old potato cultivars viz. ‘Kufri Sindhuri’ and
‘Kufri Jyoti’, released in 1967 and 1968, respectively, and
2 new potato cultivars viz. ‘Kufri Chipsona-1’ and ‘Kufri
Chipsona-2’, released in 1998, were used in this experi-
ment. ‘Kufri Jyoti’, ‘Kufri Chipsona-1" and ‘Kufri Chip-
sona-2’ are medium (90-110 days) duration cultivars, while
‘Kufri Sindhuri’ (more than 110 days) is a late duration
cultivar. The crop was raised at the Central Potato Research
Institute Campus, Modipuram, India (29° 4’N, 77° 46’E,
237M above MSL) during 2004-05 following recom-
mended package of practices. Planting was done in October
2004. Haulms were cut after full maturity had been reached
and the crop was harvested 15 days later. The harvested
tubers were brought to Central Potato Research Institute,
Shimla, India, cured at room temperature for 3 weeks
and 500 kg of tubers of each variety were stored in
walk-in-chambers at 4, 8, 12 and 16°C for 90 days. The
temperature was brought down by 0.5°C/day until the
desired temperature was reached. The relative humid-
ity was maintained at 90-95% at 4°C and at 85-90% at
other temperatures. Normally potatoes are stored at 4°C
in cold stores in India, therefore, 4°C was taken as one of
the treatments. But potatoes stored at 4°C are not suitable
for processing, therefore, higher storage temperatures of 8,
12 and 16°C were used in this experiment. When stored at
these temperatures, potato tubers sprout and to check sprout
growth a chemical sprout suppressant was used. Isopropyl
N-(3 chlorophenyl) carbamate (CIPC) commonly known as
chlorpropham was applied as a fog, using a fogger (Dyna-
Fog, Curtis Dyna-Fog, Westfield IN, USA). A commercial
preparation of CIPC called ‘Oorja’ (United Phosphorus,
Mumbai, India) which contains 50% a.i. was applied at
35 ml/1000 kg of potatoes, which resulted in a final con-
centration of 17.5 ppm. After CIPC application, the walk-
in-chamber was kept airtight for 48 h, and then ventilated.
There were 2 applications of CIPC, the first application at
the first sign of sprouting and the second at 45 days after the
first application.

Starch isolation: Tubers were selected from each
variety before and after 90 days of storage. There were
3 samples (representing 3 replications) for each variety
at each observation and each sample consisted of 5 kg of
tubers (individual tuber weight 75-125 g) taken randomly
from a lot of 500 kg. The tubers were washed thoroughly,
peeled and sliced into 2 mm thick slices using a rotary slicer
and the slices were kept immersed in water containing 0.5%
potassium metabisulphite to avoid browning. Defective
slices were removed. The slices were ground thoroughly in
a laboratory scale grinder (Lumix, Ambala, India) at 12,000
rpm, 450 W, to get a fine slurry. The slurry was filtered
through a muslin cloth and the residue washed repeatedly
to recover maximum amount of starch. The filtrate was col-
lected in a tub and left overnight for the starch to settle. The
supernatant liquid was decanted and the starch layer was
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washed repeatedly (45 times) with distilled water until the
supernatant became transparent. The starch cake was dried
in a hot-air oven at 40°C until it was dry. The dried starch
was ground to a fine powder and kept in an airtight con-
tainer at room temperature (16-24°C) for further analysis.
Physicochemical and pasting properties were determined in
all the cultivars. For X-ray diffraction studies, ‘Kufti Jyoti’
and ‘Kufri Chipsona-2,” and for electron microscopy, ‘Kufri
Jyoti’ were used.

Morphological properties: Scanning electron mi-
crographs of starch samples isolated from tubers of
potato cultivar ‘Kufri Jyoti’ before and after 90 days
storage at 4, 8, 12 and 16°C were taken with a scanning
electron microscope (Jeol JSM-6100, Jeol Ltd., Tokyo,
Japan). Starch suspension (1%) in ethanol was prepared
and one drop of the suspension was taken on an aluminium
stub and the starch was coated with gold palladium (60:
40). An accelerating potential of 10 kV was used during
micrography.

Physicochemical properties of starch: Swelling vol-
ume using 2% (w/v) aqueous suspension of starch following
the method of Schoch (1964) and amylose content of starch
samples by the method given by Williams et al. (1970) were
determined. Optical density was measured for determining
clarity of starch following the procedure described in Eze-
kiel et al. (2007). Phosphorus content was determined by
the method of Smith and Caruso (1964).

Pasting properties: The pasting properties of starch
samples were determined with Rapid Visco Analyzer
(RVA-4, Newport Scientific, Warriewood, Australia). Vis-
cosity profiles of starch samples were recorded using starch
suspensions (6% w/w; 28 g total weight). A programmed
heating and cooling cycle was used where the samples
were held at 50°C for 1 min, heated to 95°C at 6°C/min,
held at 95°C for 2.7 min, before cooling from 95 to 50°C
at 6°C/min and holding at 50°C for 2 min. Parameters re-
corded were pasting temperature, peak viscosity, hot paste
viscosity (minimum viscosity at 95°C), cold paste viscos-
ity (viscosity at 50°C), breakdown viscosity (peak viscos-
ity — hot-paste viscosity) and setback viscosity (cold-paste
viscosity — hot-paste viscosity). All measurements were
replicated thrice.

X-ray diffraction: X-ray diffraction pattern of starch
samples separated from ‘Kufti Jyoti’ and ‘Kufri Chipsona-
2’ before and after 90 days storage at 4, 8, 12 and 16°C was
taken using a Philips PW 1710 diffractometer (Eindhoven,
The Netherlands) equipped with a Cu anode. The samples
were scanned from 5° to 60° (2 0) with a step width of 0.05
nm. The generator current was 20 mA, divergence slit was
1° and receiving slit was 0.1 mm (Gebre — Mariam and
Schmidt 1996) .

Statistical analysis:  All determinations were done in
triplicate and a completely randomized design was fol-
lowed. The data were analysed using MSTAT (4.0 C) soft-
ware with LSD at significance level of 5%.
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Results and discussion

Morphological properties:  The starch granules were oval
and irregular shaped and the granule surface generally
appeared smooth (Fig. 1). The mean granule diameter of
starch before storage was 15 um. After 90 days of storage at
4,8,12 and 16°C, it was 19, 22, 25 and 24 um, respectively.
We observed a decrease in the number of small granules and
increase in large granules after storage. But Golachowski
(1985) observed a decrease in the proportion of granules
with more than 35 pm diameter and an increase in smaller
granules (20-30 pm and less than 20 pm) after storage at 4,
8 and 20°C.

Physicochemical properties of starch: Amylose con-
tent was higher in starch from ‘Kufri Jyoti’ and was least in
the starch from ‘Kufri Sindhuri’ (Table 1). Higher amylose
content in ‘Kufri Jyoti’ starch has been observed in freshly
harvested potatoes (Singh and Singh 2003). A significant
decrease in amylose content was observed in starch from
tubers stored for 90 days at 8, 12, and 16°C but not at 4°C.
Golachowski (1985) also observed less amylose content
in starch from potato stored at 8 or 20°C for 12 weeks
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but observed no significant change at 4°C. Similar results
were obtained by Schwimmer et al. (1954) and Ezekiel et
al. (2007). After 90 days, significant decrease in swelling
volume was observed in starch from tubers stored at 4°C,
but not at 8, 12 and 16°C (Table 1). Potato starch is known
to have higher swelling volume compared to other starches
and a high swelling power, which is 10-100 times higher
than that of starches of cereal grains (Leszczynski 1989).
The amylopectin fraction of starch is believed to be primar-
ily responsible for swelling (Tester and Morrison 1990) and
the higher swelling power of potato starch could also be
due to a higher content of phosphate groups on amylopectin
(Galliard and Bowler 1987). After 90 days, there was no
significant difference in P content of starch from tubers
stored at 4 or 8°C but was higher (p <0.05) in starch from
tubers stored at 12 or 16°C, compared to that before storage
(Table 1). Among the cultivars, the P content of starch was
higher (p <0.05) in ‘Kufri Sindhuri’ and ‘Kufri Chipsona-
1’, and lower in ‘Kufri Jyoti’. The P content varied from
0.07 to 0.13% and these values are closer to the values of
0.063 to 0.115% reported by Veselovsky (1940) for starch

WD37

Fig. 1 Scanning electron micrographs (SEM) of starch separated from tubers of ‘Kufri Jyoti’ before storage (A) and after 90 days of

storage at 4°C (B), 8°C (C), 12°C (D) and 16°C (E)
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Table 1 Physicochemical and pasting properties of starch from potato cultivars (C) stored for 90 days at different temperatures (T)

Temp,°C Amylose Swelling  Phos- Optical Peak Hot Break Cold Setback  Pasting  Pasting
content, volume, phorus  density visco paste down paste viscosity,  time, temp,
% ml/g content, sity, cP visco visco  viscosity, cP min °C
% sity, P sity, cP cP
Kufri Chipsona-1
BS 20.0 35 0.09 1.538 3661 2689 972 2985 296 5.23 64.6
18.0 39 0.09 1.570 3768 2567 1201 3018 451 5.07 68.4
18.6 40 0.08 1.594 3151 2436 715 2922 486 5.13 68.6
12 19.0 35 0.11 1.636 3636 2474 1162 2854 380 493 67.0
16 19.0 46 0.12 1.274 4612 2425 2187 2706 281 4.60 67.9
Kufri Chipsona-2
BS 19.6 42 0.07 1.415 3672 2879 793 3271 392 5.53 66.1
18.7 40 0.08 1.538 4007 2680 1327 3102 422 5.20 67.7
18.8 40 0.10 1.587 3293 2156 1137 2568 412 4.80 67.1
12 18.6 45 0.10 1.621 3504 2418 1086 2865 447 5.07 68.5
16 17.9 40 0.10 1.419 3790 2467 1323 2725 258 4.87 68.5
Kufri Jyoti
BS 22.0 43 0.07 1.621 3847 2643 1204 3021 378 5.00 67.7
222 36 0.07 1.613 3331 2293 1038 2628 335 5.07 69.4
20.9 39 0.08 1.654 3368 2483 885 2939 456 4.80 68.4
12 19.7 41 0.08 1.683 3577 2584 993 3000 416 5.07 67.8
16 21.0 39 0.08 1.466 3843 2589 1254 3094 505 493 67.0
Kufri Sindhuri
BS 19.1 43 0.09 1.559 4341 2976 1365 3307 331 5.20 67.0
18.0 38 0.11 1.596 4231 2661 1570 3234 573 5.00 66.9
17.2 41 0.10 1.684 4379 2588 1791 2931 343 4.60 68.5
12 18.0 42 0.11 1.624 3972 2580 1392 3007 427 4.87 67.7
16 17.8 40 0.10 1.333 4372 2860 1512 3230 370 5.07 68.5
LSD (p<0.05)
T 1.1 1.5 0.008 0.026 270 147 160 NS 41 0.13 1.4
C 0.9 1.2 0.007 0.021 250 203 248 225 NS NS NS
TxC 2.2 3.0 0.022 0.052 579 421 547 NS NS NS NS

BS: Before storage, NS: Not significant

in European and North American potato varieties. Starch
from potato tubers stored at 4 or 8°C contained less P than
starch from tubers before storage (Golachowski 1985). But
in the present study there was no significant difference in
P content before and after storage at 4 or 8°C. However,
an increase was observed in the P content of starch from
tubers stored at 12 or 16°C, when compared to starch from
tubers before storage. The optical density of starch from
tubers of ‘Kufri Jyoti’ was higher indicating that starch of
this cultivar was less clear compared to ‘Kufri Chipsona-
2> and ‘Kufri Chipsona-1’. The optical density of starch
from tubers before storage varied from 1.415 to 1.621 and
it increased (p <0.05) after 90 days of storage at 4, 8 and
12°C and decreased significantly (p <0.05) at 16°C (Table
1). Generally the starch clarity was lower after storage at
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lower temperatures of 4 or 8°C and increased after stor-
age at higher temperature of 16°C. Potato starch which is
of B — type is known to have higher clarity than A — type
starches from cassava and sweet potato (Moorthy 2002) and
the higher transmittance of potato starch has been attributed
to the higher phosphate monoester content (Singh et al.
2002). Swelling volume showed a non-significant, negative
correlation (r = —0.392) with amylose content (Table 2).
Collado et al. (1999) also did not observe a significant cor-
relation between amylose content and swelling volume.
Higher swelling of potato starch has been attributed to the
presence of phosphate groups which are responsible for the
swelling of starch granules (Swinkels 1985, Galliard and
Bowler 1987). In this study, a positive but non-significant
correlation (r = 0.282) was observed between swelling
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volume and P content. Amylose content showed a sig-
nificant (p <0.01) negative correlation with P content
(r=-0.674) (Table 2).

Pasting properties: Pasting temperature of starch sepa-
rated from potato varied from 64.6 to 67.7°C before storage
and, it varied from 66.9 to 69.4°C after 90 days storage at
different temperatures (Table 1). Pasting temperature rang-
ing from 66.7 to 70.3°C has been reported for different
potato cultivars (Noda et al. 2004). ‘Kufri Sindhuri’ starch
showed higher (p <0.05) peak, hot paste, and break down
and cold paste viscosity, while there was no significant
cultivar differences in set back viscosity, pasting time and
temperature. Compared to that before storage, peak viscosity
was lower (p <0.05) after 90 days of storage at 8°C and
higher (p<0.05) at 16°C, with no significant difference
at 4 or 12°C. Sugimoto et al. (1988) observed a decrease
in viscosity after storage. Hot paste viscosity decreased
(p<0.05) after storage and the decrease was maximum at
8°C. Significant increase (p<0.05) in breakdown viscosity
was observed after storage at 4 or 16°C but not at the other
2 temperatures. Cold paste viscosity increased upon cool-
ing, which may be due to aggregation of amylose molecules
(Miles et al. 1985). It decreased after storage but the dif-
ferences were non-significant. Setback viscosity increased
(p<0.05) after storage at 4, 8 and 12°C but not at 16°C.
There was a decrease (p<0.05) in pasting time and increase
in pasting temperature in starch from tubers after storage.
Golachowski (1985) did not observe significant difference
in the viscosity of starch from tubers stored at 4°C com-
pared to that before storage. However, he observed a higher
viscosity at 8°C and it was attributed to changes in chemical
composition and starch granularity. He also observed an in-
crease in viscosity at 20°C but the increase was lower than
the increase at 8°C and this difference was attributed to the
decreased quantity of amylose, decreased reducing power
and increased contribution of small granules during potato
storage. P content showed, positive correlation with peak
viscosity (r = 0.452, p < 0.05) and breakdown viscosity
(r=0.685, p <0.01) (Table 2). There was a highly positive
correlation between peak viscosity and breakdown viscosity
(r=0.831,p<0.01).

X-ray diffraction:  X- ray diffraction analysis of starch
samples revealed B-type pattern, which is characteristic of
potato starch (Leszczynski 1989). X-ray diffraction pattern
of starch separated from tubers of ‘Kufri Jyoti’ and ‘Kufri
Chipsona-2’, before and after storage showed a distinctive
maximum peak at around 17°, 2 6 (Fig. 2). Gebre — Mariam
and Schmidt (1996) also reported B-type X-ray diffrac-
tion pattern for potato starch with a major peak at 17°.
There was little difference in X-ray diffraction pattern
of starches of ‘Kufri Jyoti’ and ‘Kufri Chipsona-2’. Bar-
ichello et al. (1990) and Hoover and Sosulski (1985) also
did not observe any difference in the X-ray diffraction
pattern of potato and common bean (Phaseolus vulgaris
L.) genotypes, respectively. The major peak in starch from
tubers before storage was at 17.3° in ‘Kuftri Jyoti’ and 17°
in ‘Kufri Chipsona-2°, which corresponded to interplanar
spacings of 5.12 and 5.20 A, respectively. In starch from
tubers after 90 days of storage at 4, 8, 12 and 16°C, the ma-
jor peak was observed at 17°, 16.8°, 16.9°, and 17°, respec-
tively in ‘Kufri Jyoti’, which corresponded, respectively,
to interplanar spacings of 5.20, 5.27, 5.24 and 5.20 A. In
‘Kufri Chipsona-2’, the major peak was at 17°, 16.9°, 17.3°
and 17°, respectively, which corresponded to interplanar
spacings of 5.20, 5.24, 5.12 and 5.20 A, respectively (Fig.
2). The above results indicate that storage temperature did
not alter the X-ray diffraction pattern of starch from stored
potato tubers.

Conclusion

Changes in physico-chemical and pasting properties of
potato starch varied with the storage temperature. Past-
ing time decreased while pasting temperature increased.
Among the cultivars, ‘Kufri Sindhuri’ starch showed
significantly higher peak, hot paste, breakdown and cold
paste viscosity, while there was no significant cultivar
differences in setback viscosity, pasting time and tem-
perature. The results indicated that cultivar and storage
temperature had significant effects on physicochemical
and pasting properties of potato starch but not on the X-ray
diffraction pattern.

Table 2 Pearson’s correlation coefficients for the physicochemical and pasting properties of starch separated from four potato

cultivars stored for 90 days at four temperatures

AC SV PC PV HPV CPV BDV
SV —0.392
PC —0.674** 0.282
PV —0.423 0.374 0.452%*
HPV —0.125 0.264 —0.167 0.606
CPV —0.000 —0.030 —0.044 0.140 0.505
BDV —0.405 0.322 0.685%* 0.831%x* 0.079 -0.123
SBV —0.019 0.001 -0.121 —0.220 -0.019 —0.013 -0.312

AC=Amylose content, SV= Swelling volume, PC= Phosphorus content, PV= Peak viscosity, HPV=Hot paste viscosity, CPV=Cold
paste viscosity, BDV=Breakdown viscosity, SBV= Setback viscosity, *=p <0.05, ** =p <0.01
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Fig. 2 X-ray diffraction patterns of potato starch extracted from tubers of ‘Kufri Jyoti’ and ‘Kufri Chipsona-2’ after 90 days of storage

at4, 8, 12 and 16°C
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