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Abstract

In this study dry matter and starch were isolated from three potato cultivars (AC Stempede Russet, Russet Burbank and Karnico)
grown at two locations (Fredericton and Benton) in New Brunswick, Canada. The chemical composition including total starch, dietary
fibre, free glucose and protein content in potato dry matter and apparent amylose and total phosphorus content in potato starch were
determined. Differential scanning calorimetry (DSC) was used to determine the thermal properties of gelatinization and retrogradation of
potato dry matter and starch. The pasting properties of potato dry matter and starch were investigated by rapid visco analyzer (RVA).
The resistant starch measurement method was employed to evaluate the digestibility in vitro of native and gelatinized potato starch.
Molecular characteristics including chain length and chain length distribution of potato starch were also analyzed using high perfor-
mance anion exchange chromatography (HPAEC). The analytical results suggest that differences in chemical composition and molecular
chain length of potato starch may contribute to different functional properties of potato dry matter and starch of individual cultivars.
� 2007 Elsevier Ltd. All rights reserved.

Keywords: Physicochemical properties; Potato dry matter; Potato starch; Chemical compositions; Morphology; Resistant starch in vitro; Gelatinization;
Retrogradation; Pasting; Chain length
1. Introduction

Potato is a staple food in western countries including
Canada. The potato tuber contains carbohydrates, pro-
teins, ash, ascorbic acid and other vitamins, phenolic sub-
stances, and nucleic acids. The composition of potato
varies with the cultivar, growing area, and fertilization
regime. Starch content in potatoes varies with cultivar
and plant growth stage, and ranges between 66% and
80% on a dry weight basis (Li, Scanlon, Liu, & Coleman,
2006). Year to year variation in content and functional
properties of the starch of the same cultivar have also been
reported (Svegmark et al., 2002; Weisenborn, Orr, Casper,
& Tacke, 1994). Potato starch is a polysaccharide com-
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posed of a mixture of two biopolymers, amylose, a linear
fraction, and amylopectin, a highly branched fraction.
Potato starch also contains a higher phosphorus content
than other plant starches (�0.08% in potato starch,
�0.02% in corn starch, �0.01% in waxy maize starch,
and �0.01% in Tapioca starch) (Li et al., 2006). There is
an absence of internal lipids and proteins in potato starch
granules. Native potato starch shows a B-type X-ray dif-
fraction pattern with about 28% crystallinity (Zobel,
1988). The granular structure of the starch is essentially
determined by genetic factors that govern starch biosynthe-
sis (Guilbot & Mercier, 1985).

In recent years, the glycemic index (GI) (Jenkins et al.,
1981) has been transformed from a potentially useful tool
in planning diets for diabetic patients, to a promising strategy
for the prevention of diabetes, dyslipidemia, cardiovascular
disease, and even certain cancers in the general population.
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Decreasing sugar and/or digestible starch as well as lipid
intake and increasing dietary fibre intake are widely accepted
dietary strategies for the prevention of these diseases.

Raw potato starch is an enzyme-resistant starch which is
associated with the large granule size, higher phosphate
content, B-type crystalline, different chain length, and chain
length distribution, as well as different molecular weight
and weight distribution, as compared to cereal and other
starches (Jane, Wong, & McPherson, 1997). However, when
potatoes are cooked for consumption, starch is gelatinized
and becomes susceptible to hydrolysis by a-amylase (Eng-
lyst & Cummings, 1987). Starch can be divided into three
categories based on nutritional classification: rapidly digest-
ible starch, slowly digestible starch, and resistant starch
(Englyst & Kingman, 1990). Resistant starch is not hydro-
lysed in the small intestine and enters the colon for fermen-
tation (Englyst & Kingman, 1990). In general, starch in a
cooked potato is rapidly digested and only a small residue
remains undigested. However, linear starch molecules such
as amylose in the gelatinized starch system are able to retro-
grade to form a single or double helical structure that is
highly resistant to hydrolysis by a-amylase (Englyst &
Cummings, 1987; Miles, Morris, Orford, & Ring, 1985;
Ring, Gee, Whittam, Orford, & Johnson, 1988). Thus, it
is very important to understand this characteristic of potato
starch since it plays a key role in the digestibility of potato
products and the glycemic response in human subjects. The
degree of starch digestion in potato products depends on
potato composition as well as different processing and stor-
age conditions. The carbohydrate content of potato varies
widely between cultivars (Burton, 1966). In recent GI stud-
ies for potato, Soh and Brand-Miller (1999) found no signif-
icant difference in GI between three cultivars (Desiree,
Pontiac and Sebago) prepared by boiling, boiling and mash-
ing, micro-waved, and baked.

The purposes of this study were (1) to investigate the
chemical compositions, physicochemical and structural
properties of potato dry matter and starch isolated from
Canadian-grown potatoes and (2) to further understand
the relationship between chemical composition, molecular
characteristics, and digestibility in vitro of potato starch.
In this study, the physicochemical properties of potato
dry matter and starch were characterized using various
analytical techniques such as differential scanning calorim-
etry (DSC), rapid visco-analyzer (RVA), and high perfor-
mance anion exchange chromatography (HPAEC). These
physicochemical properties include gelatinization, retrogra-
dation, pasting properties and morphology, molecular
chain length, and digestibility in vitro.

2. Materials and methods

2.1. Potato

Potato varieties used in this project were grown in the
region of New Brunswick (Fredericton and Benton), Can-
ada in 2003.
1. AC Stampede Russet (Fredericton 8 and Fredericton
23): AAFC variety (Lynch et al., 1999).

2. Russet Burbank (Benton 8 and Fredericton 19): most
widely grown Northern American variety with high
dry matter content.

3. Karnico (Fredericton 15 and Fredericton 27): AVEBE
starch variety.

Potatoes were received from the Potato Research
Centre, AAFC (Fredericton, New Brunswick). They were
stored for 48 h (Food Research Program, AAFC, Guelph,
Ontario) prior to isolating potato dry matter and
starch.

All the chemicals and pancreatin (P-1625) were pur-
chased from Sigma Chemical (Sigma Chemical CO., St.
Louis, MO, USA). Thermostable a-amylase and amyloglu-
cosidase were purchased from Megazyme (Megazyme E-
AMGDF, Megazyme International Ireland Ltd., Bray,
Ireland). Isoamylase (EN102, 68,000 U/mg protein) was
obtained from Hayashibara Biochemical Laboratories,
Inc. (Okayama, Japan).

2.2. Potato dry matter

Potato dry matter was obtained according to the
method of Liu, Yada, and Arul (2002). After peeling and
freeze-drying, the dry matter was ground and passed
through a 250 lm sieve. The dry matter samples were kept
in air-tight plastic bags at room temperature until further
use.
2.3. Potato starch

Starch isolation was followed according to Liu, Weber,
Currie, and Yada (2003). Dried starch was passed through
a 125 lm sieve and packed in air-tight plastic bags at room
temperature until further use.
2.4. Total starch content of potato dry matter

Total starch content of potato dry matter was deter-
mined based on AACC method 76.13 (AACC, 2000) with
modification. Following the incubation period, the tubes
were centrifuged. The supernatant (1 mL) was diluted with
2 mL of distilled water and the glucose content was subse-
quently measured using the YSI 2700 Biochemistry Ana-
lyzer (Yellow Springs, OH, USA). Control samples,
which were not treated with the enzymes, were also
included in the procedure to determine free glucose con-
tent. A regular maize starch was used as a standard in
the experiment to ensure enzyme activity.

Starch content of potato dry matter was calculated as
follows:

Starch content = 0.9 � (glucose content after incuba-
tion � blank’s glucose content). The reported values are
means of duplicate measurements.
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2.5. Total free glucose content of potato dry matter

Free glucose content in potato dry matter was measured
during the procedure of total starch content determination
(see above) for the blank samples without enzyme
hydrolysis. The reported values are means of duplicate
measurements.

2.6. Total protein content of potato dry matter

Protein content of dry matter was determined using
Thermoquest CE Instrument (NA 2100 Protein, Thermo-
Quest Italia S.P.A., Ann Arbor, MI, USA). The instrument
determines the nitrogen content of the sample. Dry matter
sample (30 mg) first underwent a controlled combustion
then was energetically oxidized and reduced, producing a
gas mixture that was subsequently passed through a chro-
matographic column. Pure eluted combustion gas passed
through a thermoconductivity detector which generates
an electrical output signal that was proportional to the
amount of eluted gas. The nitrogen content was determined
using software (Eager 200 for WindowsTM, Version 1.02,
ThermoQuest Italia S.P.A., Ann Arbor, MI, USA). Protein
content was calculated by multiplying the nitrogen content
by a factor of 6.25. Atropine (4.84% N), DL-methionine
(9.39% N), acetanilide (10.36% N), and nicotinamide
(22.956% N) were used as standards to produce a stan-
dard curve. The reported values are means of duplicate
measurements.

2.7. Total dietary fibre content of potato dry matter

Total dietary fibre content of potato dry matter was
determined according to the AACC (2000) method 32-05
following the total dietary fibre assay procedure (Mega-
zyme k-TDFR 01/05). The reported values are means of
duplicate measurements.

2.8. Apparent amylose content of potato starch

Apparent amylose contents in potato starch were deter-
mined by iodine colorimetry according to Williams, Kuz-
ina, and Hlynka (1970). The reported values are means
of duplicate measurements.

2.9. Total phosphorous content of potato starch

Total phosphorous content of starch granules was mea-
sured according to the method of Thomas, Sheard, and
Moyer (1967). The reported values are the means of dupli-
cate measurements.

2.10. Scanning electron microscopy (SEM) of potato starch

SEM was performed on a Hitachi S-4500 filed emission
scanning electron microscope (Hitachi Ltd., Tokyo, Japan)
equipped with Quartz PCI digital image acquisition soft-
ware (Quartz Imaging Corp., Vancouver, BC, Canada).
The starch samples were sprayed on a metal plate previ-
ously covered with double-sided adhesive, and gold:palla-
dium (60:40) coated using a Polaron SC500 sputter
coater (Quorum Technologies, East Sussex, UK). The sam-
ples were examined at 5.0 kV accelerating voltage. Repre-
sentative micrographs were taken for each sample at
magnifications of 500�.

2.11. Differential scanning calorimetry (DSC)

Thermal analyses were performed using a differential
scanning calorimeter (2920 modulated DSC; TA Instru-
ments, New Castle, DE, USA) equipped with a refrigerated
cooling system (RCS) for gelatinization and retrogradation
of starch and dry matter.

Gelatinization: sample of potato starch and dry matter
was weighed into high-volume pans. Distilled water was
added using a micropipette to make suspensions with
70% moisture content. Sample weight was about 12 mg.
Pan was sealed and equilibrated at least 4 h at room tem-
perature before heating in the DSC. The measurements
were carried out at a heating rate of 10 �C/min from 5 to
180 �C. The instrument was calibrated using indium and
an empty pan as reference. The enthalpy (DH) of phase
transitions was measured from the endotherm of DSC ther-
mograms using software (Universal Analysis, Version
2.6D, TA Instruments, New Castle, DE, USA) based on
the mass of dry solid. Peak temperature (Tp) of endotherms
was also measured from DSC thermograms. These charac-
teristics were used to compare gelatinization properties of
potato dry matter and starch.

Retrogradation: after heating to 180 �C, samples were
cooled to 5 �C. Once the temperature reached 5 �C, the
sample was immediately removed from the DSC and stored
at 5 �C. After 14 days, stored sample was heated from 5 to
180 �C at 10 �C/min. The enthalpy (DH) and peak temper-
ature (Tp) of the endotherm were measured from DSC
thermograms based on dry solid mass. The integration
was performed using the same temperature range for
potato starch and dry matter. These characteristics were
used to compare retrogradation property of potato dry
matter and starch. The reported values are the means of
duplicate measurements.

2.12. Rapid viscoTM analyzer (RVA)

Pasting properties of potato starch and dry matter were
determined using a rapid viscoTM analyzer RVA-4 (Newport
Scientific Pty. Ltd, Warriewood, NSW, Australia). Sample
concentration was 6% based on the mass of dry solid.
Experiments were performed using the STD 2 profile
(AACC, 2000), in which the sample was equilibrated at
50 �C for 1 min, heated at 6 �C/min to 95 �C, held at
95 �C for 5 min, cooled at 6 �C/min to 50 �C, and held at
50 �C for 2 min. The speed was 960 rpm for the first 10 s,
then 160 rpm for the remainder of the experiment. Peak
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viscosity, final viscosity, and pasting temperature of
starches were obtained from pasting curves. The reported
values are the means of duplicate measurements.

2.13. Resistant starch content in vitro

Native starch: isolated potato starch samples were trea-
ted with pancreatic a-amylase and amyloglucosidase
(AMG) and then placed in a shaking water bath at 37 �C
for 16 h incubation time. The resistant starch and non-
resistant starch were measured based on Megazyme
method with modification (AACC, 2000). The reported
values are the means of duplicate measurements.

Gelatinized starch: gelatinized potato starches were
obtained from the RVA samples. After RVA experiment,
the gel was removed from the aluminum canister and
dried overnight at 40 �C. The dry gel was ground using
a ball mill and passed through a 125 lm sieve. The resis-
tant starch content of gelatinized potato starch was deter-
mined by treatment with pancreatic a-amylase and
amyloglucosidase (AMG) with incubation times of 20
and 120 min. The reported values are the means of dupli-
cate measurements.

2.14. High performance anion exchange chromatography-

pulsed amperometric detection (HPAEC-PAD)

Isoamylase debranched starch: selected potato starch was
dispersed in 2 mL of 90% DMSO (5 mg/mL) by stirring in
a boiling water bath for 20 min. After cooling, methanol
(6 mL) was added with vortexing, and the tube placed in
an ice bath for 30 min. The pellet, which was recovered
by centrifugation (1000g for 12 min), was dispersed in
2 mL of 50 mM sodium acetate buffer (pH 3.5) by stirring
in a boiling water bath for 20 min. Following equilibration
of the tube at 37 �C, isoamylase (5 lL) was added. The
sample was incubated at 37 �C with slow stirring for
22 h. The enzyme was inactivated by boiling for 10 min.
An aliquot (200 lL) of the cooled debranched sample
was diluted with 2 mL of 150 mM NaOH. The sample
was filtered (0.45 lm nylon syringe filter) and injected into
the HPAEC-PAD system (50 lL sample loop) (Dionex
Corporation, Sunnyvale, CA, USA).

The HPAEC-PAD system consisted of a Dionex DX
600 equipped with an ED50 electrochemical detector with
a gold working electrode, GP50 gradient pump, LC30
chromatography oven, and AS40 automated sampler (Dio-
nex Corporation, Sunnyvale, CA, USA). The standard tri-
ple potential waveform was employed, with the following
periods and pulse potentials: T1 = 0.40 s, with 0.20 s sam-
pling time, E1 = 0.05 V; T2 = 0.20 s, E2 = 0.75 V;
T3 = 0.40 s, E3 = � 0.15 V. Eluents were prepared in dis-
tilled deionized water with helium sparging; eluent A was
500 mM sodium acetate in 150 mM NaOH, and eluent B
was 150 mM NaOH. Linear components were separated
on a Dionex CarboPacTM PA1 column with gradient elution
(�5 min to 0 min, 40% A; 5 min, 60% A; 45 min, 80% A) at
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a column temperature of 26 �C and a flow rate of 1 mL/
min. A CarboPacTM PA1 guard column was installed in
front of the analytical column. Data were collected using
Chromeleon software, version 6.50 (Dionex Corporation,
Sunnyvale, CA). The weight fraction of DP 6–12, 13–24,
25–36 and 37–58 was measured based on the area of peaks.
The reported values are the means of duplicate
measurements.
Fig. 1. Scanning electron microsc
3. Results and discussion

3.1. Chemical composition of potato dry matter

From Table 1, total starch, dietary fibre, protein, and
free sugar content of AC Stampede Russet potato dry mat-
ter were 70.5%, 5.2%, 9.7%, and 3.3%, respectively (based
on mean value from two potatoes with same variety). Total
opy (SEM) of potato starch.
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AC Stampede Russet potato after 2 weeks storage.
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starch, dietary fibre, protein, and total free sugar content of
Russet Burbank potato dry matter were 71.6%, 5.3%, 9.0%,
and 6.0%, respectively. Total starch, dietary fibre, protein,
and total free sugar content of Karnico potato dry matter
were 72.4%, 5.6%, 7.1%, and 5.2%, respectively. It seems
that the protein content of AC Stampede Russet is not
much different from that of Russet Burbank. The difference
of total dietary fibre content among the samples is small.
However, total starch content and free glucose was lower
in AC Stampede Russet dry matter than in that of Russet
Burbank.

3.2. Chemical composition of potato starch

From Table 1, apparent amylose content was 29.7%,
33.3%, and 32.5% for starch isolated from AC Stampede
Russet, Karnico and Russet Burbank potato, respectively.
Total phosphorus content was 8.5, 4.6, and 7.1 � 10�2%
for starch isolated from AC Stampede Russet, Karnico,
and Russet Burbank potato, respectively. Starch from
AC Stampede Russet had slightly lower apparent amylose
content and higher phosphorus content than that from
Russet Burbank. However, starch from Karnico contained
a much lower phosphorus content than starch from the
other two cultivars.

3.3. Scanning electron microscopy (SEM) of potato starch

Scanning electron micrographs of selected potato starch
are shown in Fig. 1. Potato starch exists in the form of
granules, which differ in size and shape in the three culti-
vars (Fig. 1). They are generally voluminous and oval
shaped. Some potato starch also showed a polygonal
shape. Although the overall morphology is similar for the
potato starch of the three cultivars, the size and size distri-
bution appear to be unique. However, differences in mor-
phology were observed in the starch isolated from tubers
of same cultivar (images not shown). Since enzyme hydro-
lysis took place first on the surface of starch granules, the
morphology of starch could be one of important factors
influencing starch functionality such as digestibility
in vitro. Further investigation is planned to determine the
size and size distribution of starch as a function of cultivar.

3.4. Gelatinization of potato dry matter and starch

When dry matter and starch were heated in the presence
of excess water, starch gelatinization occurred as shown in
Fig. 2a. All the dry matter and starch samples had similar
DSC profile. The endothermic peak represents the phase
transition of starch from ordered granular structure (e.g.
double helices) to random coil state during starch gelatini-
zation. Table 2 presents the gelatinization properties of
potato dry matter and starch.

As shown in Fig. 2a, the endothermic peak of potato dry
matter mainly reflected starch gelatinization. For dry mat-
ter the peak temperature of gelatinization was 69.1, 68.9,
and 68.5 �C and the enthalpy was 13.2, 13.3, and 11.9 J/g
for AC Stampede Russet, Karnico, and Russet Burbank
potato, respectively. For starch the peak temperature of
gelatinization was 66.6, 66.8, and 65.7 �C and the enthalpy
was 17.9, 18.4, and 17.4 J/g for AC Stampede Russet, Kar-
nico, and Russet Burbank potato, respectively. The peak
temperature of starch gelatinization in potato dry matter
was about 3 �C higher than pure starch. It could be inter-
preted that water availability to starch was reduced in the
dry matter–water system by the existence of other compo-
nents (e.g. proteins and fibres), partially inhibition of water
migration, and interaction between water and other com-
ponents. Thus, it resulted in increasing peak temperature
in order to gelatinize starch. In addition, the range (onset
to end temperature) of phase transition (endothermic peak)
in potato dry matter was also wider than that of pure
starch (data not shown). Gelatinization enthalpy of starch
in potato dry matter was much lower than for pure starch.
This could be due to smaller interaction between starch and
water in dry matter water system than in pure starch water
system.

Overall, AC stampede Russet had similar gelatinization
property to Russet Burbank and Karnico for both dry



Table 2
The gelatinization properties of potato dry matter and starch

Potato variety Potato sample Tp
a (�C) Meanb Tp (�C) DHa (J/g) Meanb DH (J/g)

Dry matter Starch Dry matter Starch Dry matter Starch Dry matter Starch

AC Stampede Russet Fredericton 8 68.8 ± 0.0 66.9 ± 0.5 69.1 ± 0.4 66.6 ± 0.4 13.0 ± 0.0 18.3 ± 0.4 13.2 ± 0.2 17.9 ± 0.6
Fredericton 23 69.3 ± 0.2 66.3 ± 0.2 13.3 ± 0.4 17.4 ± 1.6

Karnico Fredericton 15 68.9 ± 0.2 66.5 ± 0.2 68.9 ± 0.0 66.8 ± 0.4 13.8 ± 0.2 17.9 ± 0.1 13.3 ± 0.7 18.4 ± 0.7
Fredericton 27 68.9 ± 0.5 67.0 ± 0.2 12.8 ± 0.9 18.9 ± 1.0

Russet Burbank Benton 8 67.5 ± 0.0 64.9 ± 0.1 68.5 ± 1.4 65.7 ± 1.1 12.2 ± 2.2 17.1 ± 0.4 11.9 ± 0.5 17.4 ± 0.4
Fredericton 19 69.5 ± 1.1 66.5 ± 0.4 11.5 ± 1.3 17.7 ± 0.4

a Value denotes means ± standard derivation.
b Obtained from the mean value of two dry matter samples or two starch samples with same potato variety.
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matter and starch. Only slightly lower enthalpy was
observed for dry matter of Russet Burbank potato. Starch
gelatinization is dependent on the molecular structure,
crystalline structure, moisture content, foreign components
other than starch and water, and processing conditions.
The similar gelatinization property indicates these potato
starches had similar molecular structure, double helix con-
tent, and crystalline structure (Cooke & Gidley, 1992). Dif-
ferent chemical compositions in potato dry matter and
starch (Table 1) seem to have less impact on starch gelati-
nization temperature and enthalpy.

3.5. Thermal properties of retrograded potato dry matter and

starch

Starch retrogradation has been used to describe changes
in physical behavior following gelatinization. It is the pro-
cess that occurs when starch molecules reassociate and
form an ordered structure during storage. In an initial step,
two chains may associate. Ultimately, under favourable
conditions, a crystalline order appears and physical phase
separation occurs (Atwell, Hood, Lineback, Varriano-mar-
ston, & Zobel, 1988). New ordered structure of retrograded
starch contributes to enzyme resistance of starch (Englyst,
Kingman, & Cummings, 1992). Fig. 2b shows the thermo-
grams of retrograded AC Stampede Russet potato dry
matter and starch after 2 week storage. All the retrograded
dry matter and starch samples had similar DSC profile as
Fig. 2b. The thermal transition took place at high temper-
Table 3
The thermal properties of retrograded potato dry matter and potato starch

Potato variety Potato sample Tp
a (�C) Meanb

Dry matter Starch Dry ma

AC Stampede Russet Fredericton 8 66.5 ± 1.7 61.8 ± 1.6 65.3 ±
Fredericton 23 64.1 ± 1.3 62.2 ± 1.2

Karnico Fredericton 15 65.9 ± 0.8 62.1 ± 0.6 64.9 ±
Fredericton 27 63.9 ± 0.5 61.6 ± 0.4

Russet Burbank Benton 8 63.9 ± 0.7 61.8 ± 0.7 63.3 ±
Fredericton 19 62.7 ± 1.1 60.7 ± 3.5

a Value denotes means ± standard derivation.
b Obtained from the mean value of two dry matter samples or two starch sa
ature with narrow temperature range for retrograded
potato dry matter compared to retrograded potato starch.
The peak temperature and enthalpy of retrograded potato
dry matter and starch from DSC thermogram are pre-
sented in Table 3. AC Stampede Russet potato shows sim-
ilar thermal properties of retrogradation to Russet
Burbank and Karnico potatoes. The peak temperature
was 65.3 and 62.0 �C and the enthalpy was 7.7 and
10.1 J/g solid content for retrograded AC Stampede Russet
dry matter and starch, respectively. The peak temperature
was 63.3 and 61.3 �C, and the enthalpy was 7.9 and 8.7 J/
g solid content for retrograded Russet Burbank dry matter
and starch, respectively. The peak temperature was 64.9
and 61.9 �C, and the enthalpy was 7.9 and 9.9 J/g solid
content for retrograded Karnico dry matter and starch,
respectively. Again, similar thermal properties of retro-
graded potato dry matter and starch indicate these potato
starches have similar structure. However, as presented in
Table 3, the variation (standard derivation) of Tp and
DH for potato dry matter between the samples is larger
than that of potato starch. This indicates that other com-
ponents in the potato dry matter interfere with starch ret-
rogradation differently in potato dry matter water system.

3.6. Pasting properties of potato dry matter and starch

Fig. 3 shows the RVA profiles of AC Stampede Russet
potato dry matter and starch. The pasting properties of
dry matter and starch are shown in Table 4.
Tp (�C) DHa (J/g) Meanb DH (J/g)

tter Starch Dry matter Starch Dry matter Starch

1.7 62.0 ± 0.3 6.6 ± 0.4 10.7 ± 1.1 7.7 ± 1.5 10.1 ± 0.8
8.7 ± 0.6 9.5 ± 0.2

1.4 61.9 ± 0.4 7.7 ± 0.2 10.0 ± 0.1 7.9 ± 0.2 9.9 ± 0.2
8.0 ± 0.5 9.7 ± 0.1

0.8 61.3 ± 0.8 7.8 ± 0.6 9.5 ± 0.8 7.9 ± 0.1 8.7 ± 1.1
8.0 ± 0.1 7.9 ± 0.7

mples with same potato variety.
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Fig. 3. RVA profiles of AC Stampede Russet potato dry matter and
starch.
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All potato starches and potato dry matters showed sim-
ilar RVA profiles as Fig. 3. From Table 4, the pasting tem-
perature was between 62.4 and 63.5 �C for the dry matter
of the three cultivars and between 60.8 and 62.0 �C for
the starch. Peak viscosity of dry matter paste was 1131,
1301 and 1218 cP for AC Stampede Russet, Karnico, and
Russet Burbank, respectively. Large difference between
840 and 1314 cP in the final viscosity was observed for
potato dry matter paste in three different potato varieties
(Table 4). The lowest of peak viscosity and the lowest final
viscosity of potato dry matter paste were observed for AC
Stampede Russet.

For starch paste, the highest peak viscosity was 5835 cP
from Russet Burbank and the lowest peak viscosity of
potato starch paste was 4635 cP from Karnico. The much
lower peak viscosity of potato starch from Karnico potato
could be due to the presence of the lowest phosphorus con-
tent in this starch granule (Table 1). However, the effect of
phosphorus content in final viscosity is different compared
to peak viscosity. The highest final viscosity of potato
starch paste was 1950 cP from Karnico and the lowest final
viscosity of potato starch paste was 1689 cP for AC Stam-
pede Russet. This is due to the highest apparent amylose
content in Karnico potato starch and the lowest apparent
amylose content in AC Stampede potato starch (Table 1).
In a starch gel system, the higher amylose content increases
retrogradation. As the system is subsequently cooled, re-
association between starch molecules, especially amylose,
occurs to various degrees.

From the result in Table 4, the difference was very small
for peak and final viscosity of potato starch paste between
AC Stampede Russet and Russet Burbank. However, a
slightly high standard deviation was obtained for potato
starch isolated from the same cultivar but with different
growing environments (Table 4). Although the overall
pasting properties of AC Stampede Russet potato starch
are similar to that of Russet Burbank, the pasting profiles
and properties of potato dry matter were different from
that of starch. Since potato dry matter contained starch,
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non-starch polysaccharides, proteins, free sugars, and other
minor components, those non-starch components inter-
acted with water and limited starch swelling in the dry mat-
ter water system. Therefore, it resulted in higher pasting
temperature, much lower peak viscosity and final viscosity
in dry matter pastes compared to potato starch paste. We
also observed that the impact of phosphorus content of
starch granule on peak viscosity was small in the dry mat-
ter paste compared to pure starch paste. As to the large dif-
ference in final viscosity between AC Stampede Russet and
Russet Burbank dry matter (Table 4), the lower starch con-
tent in AC Stampede Russet dry matter could result in dif-
ference in final viscosity of dry matter paste.

3.7. Starch digestibility (resistant starch in vitro)

Resistant starch contents in native and gelatinized starch
are shown in Table 5. From Table 5, native potato starch
from AC Stampede Russet showed slightly lower resistant
starch content compared to other starches, although the
difference was small. It may due to its slightly lower appar-
ent amylose content in potato starch granules from AC
Stampede Russet. It appears that lower phosphorus con-
tent in starch granules resulted in higher resistant starch
among these potato starches.

From Table 5, after 20 min enzymatic hydrolysis, gelati-
nized potato starch from AC Stampede Russet showed
slightly higher resistant starch than that of Russet Bur-
bank. In other words, AC Stampede Russet potato had a
lower amount of rapidly digestible starch than that of Rus-
set Burbank. Rapidly digestible starch is starch that is rap-
idly and completely digested in the small intestine. It can be
determined after 20 min enzymatic hydrolysis in vitro (Eng-
lyst et al., 1992). Rapidly digestible starch is associated
with greater and more rapid elevation of postprandial
plasma glucose and insulin, and is linked to diabetes, cor-
onary heart disease, and with the aging process (Englyst
et al., 1992).

After 2 h incubation, potato starch from AC Stampede
Russet also had higher resistant starch than that of Rus-
Table 5
Resistant starch (RS) of native potato starch and gelatinized potato starch aft
amyloglucosidase)

Potato variety Starch sample RSa of native
potato starch
(%, w/w)

Meanb RS
(%, w/w)

RSa (%)
starch af
incubatio

AC Stampede
Russet

Fredericton 8 68.4 ± 0.9 67.9 ± 0.7 5.0 ± 0.1
Fredericton 23 67.4 ± 1.9 4.8 ± 0.1

Karnico Fredericton 15 72.3 ± 0.0 72.6 ± 0.4 5.2 ± 1.9
Fredericton 27 72.9 ± 1.3 5.9 ± 0.2

Russet Burbank Benton 8 69.1 ± 0.9 69.8 ± 0.9 3.4 ± 0.1
Fredericton 19 70.4 ± 0.5 4.5 ± 0.0

a Value denotes means ± standard derivation.
b Obtained from the mean value of two native starch samples or two gelatin
set Burbank. Those digestible starches between 20 min
and 2 h incubation time are considered as slowly digest-
ible starch. It can be determined after 120 min enzymatic
hydrolysis in vitro (Englyst et al., 1992). Slowly digestible
starch is starch that is completely but more slowly
digested in the small intestine. Slowly digestible starch
has an attenuated influence on postprandial plasma glu-
cose and insulin levels, and is nutritionally the more desir-
able form of starch (Jenkins et al., 1981). In this study,
data showed that gelatinized potato starch from AC
Stampede Russet had lower amount of digestible starch
(higher amount of resistant starch) than that of Russet
Burbank.

3.8. Chain length profile of potato starch

Table 6 shows the weight fraction of chain length in
selected potato starch. Potato starch from AC Stampede
Russet had a lower weight fraction of short chains (DP
6–12) than that of Russet Burbank and Karnico. However,
it contained higher intermediate chains (DP 13–24) than
that of Russet Burbank and Karnico. The difference in
chain length and chain length distribution between AC
Stampede Russet and Russet Burbank potato starches
could contribute to their difference in resistant starch con-
tent after cooking. The longer chain length and higher
amount of longer chain fractions in the starch molecule
play a role in starch retrogradation. The higher degree of
starch retrogradation could reduce the degree of enzymatic
hydrolysis of starch (Englyst et al., 1992). Since Karnico
potato starch contained higher apparent amylose content
and the higher amount of long chain (DP > 37), it resulted
in the highest resistant starch content in its granular and
gelatinized forms.

It is evident that starch functionality such as pasting
properties and digestibility in vitro is greatly influenced
by chemical composition, and the granular structure and
molecular chain length of potato starch. The ratio of amy-
lose and amylopectin, and chain length of starch molecules
are considered the key factors in developing resistant starch
er 20 min and 2 h incubation time by enzymes (pancreatic a-amylase and

of gelatinized
ter 20 min
n

Meanb RS
after 20 min

RSa (%) of gelatinized
starch after 120 min
incubation

Meanb RS
(%) after
120 min

4.9 ± 0.1 3.7 ± 0.1 3.3 ± 0.6
2.9 ± 0.0

5.6 ± 0.5 3.3 ± 0.0 3.6 ± 0.4
3.8 ± 0.3

4.0 ± 0.8 2.5 ± 0.0 2.7 ± 0.2
2.8 ± 0.3

ized starch samples with same potato variety.



Table 6
The chain length and its weight fraction in potato starch

Potato variety Starch sample DP 6–12 (%) DP 13–24 (%) DP 25–36 (%) DP 37–54 (%)

AC Stampede Russet Fredericton 23 26.8 ± 0.8 56.2 ± 0.1 12.8 ± 0.1 4.3 ± 0.6
Fredericton 8 N/A N/A N/A N/A

Karnico Fredericton 15 28.5 ± 0.6 53.5 ± 0.2 12.9 ± 0.5 5.2 ± 0.3
Fredericton 27 N/A N/A N/A N/A

Russet Burbank Fredericton 19 29.0 ± 1.5 53.4 ± 1.4 13.1 ± 1.1 4.5 ± 1.2
Benton 8 N/A N/A N/A N/A

N/A: not analyzed.
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and slowly digestible starch. Resistant starch and slowly
digestible starch could result in low glycemic indices of
food products. Although the glycemic index differ between
potato cultivars and can be modified by the processing
methods of food products; many other factors such as
the other components of the meal and a previously eaten
meal could also influence the glycemic index (Lynch
et al., in press). Future research should be focused on the
identification of the genotypes/germplasm with high amy-
lose content and special branch structure of amylopectin
in potato starch in order to develop low glycemic index
potato cultivars, and to understand the new starch in the
cultivar.
4. Conclusions

The physicochemical properties of potato dry matter
and starch vary with cultivar as well as with individual
tubers of the same cultivar grown in Canada. Lower free
glucose content and slightly lower starch content and sim-
ilar protein content were found in dry matter of AC
Stampede Russet compared to Russet Burbank. The low-
est peak viscosity and the lowest final viscosity of potato
dry matter paste were obtained from AC Stampede Rus-
set potato. However, starch from AC Stampede Russet
potato had a higher total phosphorus content, lower
apparent amylose content, and a lower weight fraction
of short chain lengths as well as a higher weight fraction
of intermediate chain lengths. Starch from AC Stampede
Russet potato showed lower slowly digestible and quickly
digestible starch content in gelatinized starch compared to
that from Russet Burbank. Differences in amylose con-
tent, phosphorus content, and weight fractions of chain
lengths as well as morphology in the starch, were the fac-
tors for different starch digestibility (resistant starch
in vitro). They also contribute to different functional prop-
erties such as gelatinization, retrogradation and pasting of
potato dry matter, and starch.
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