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ABSTRACT 
The chemical composition, gelatinization, retrogradation, pasting, and in vitro starch digestibility of starch and dry matter obtained from 
Goldrush, Norland and Yukon Gold potatoes grown under organic and conventional conditions were investigated. The crystalline structure 
of potato starch was also examined using wide-angle X-ray diffraction. Total protein content of potato dry matter was significantly higher 
in organically grown potatoes. The free glucose levels were significantly higher in dry matter obtained from conventionally grown tubers. 
Phosphorus content of starch isolated from organic potatoes was significantly lower than that found in starch from conventionally grown 
potatoes. From rapid visco analysis (RVA), peak viscosity was significantly higher for all starches and dry matter from conventionally 
produced potatoes. Significant differences were found in peak time of starch and final viscosity of dry matter with respect to production 
method. Differential scanning calorimetry (DSC) showed some significant differences between production methods in onset temperature, 
peak temperature, conclusion temperature and enthalpy of gelatinization of starch. Retrograded potato starch and dry matter from 
conventionally produced potatoes had significantly larger enthalpy values than organic. Comparing digestibility in vitro, slowly digestible 
starch content of raw organic potato starch was significantly greater than that of raw conventional starch, while resistant starch content of 
raw organic starch was significantly lower than that of raw conventional starch. Rapidly digestible starch content of cooked conventional 
dry matter was significantly higher than that of cooked organic dry matter, yet resistant starch content was significantly lower than that 
found in the cooked organic dry matter. 
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INTRODUCTION 
 
Organic food has increased in popularity in recent years, 
owing to its perceived nutritional benefits, reduced environ-
mental impact, and because of safety concerns surrounding 
pesticide residues in food and water. In Canada, the number 
of farms producing certified organic products increased 
from 2230 in 2001, to 3555 in 2006, while there were 
11937 farms in 2006 growing organic (uncertified) products 
(Kendrick 2008). In 2005, certified organic potatoes were 
grown on 497 ha in Canada; the largest area was in British 
Columbia (185 ha), followed by Prince Edward Island (84 
ha) and Saskatchewan (74 ha) (Macey 2006). Canadian 
retail consumers spent $2.7 million on organic potatoes in 
2006 (Macey 2007). 

Organic potato production relies on many of the same 
methods used in conventional production but specific tech-
niques are set under national legislation (Canadian General 
Standards Board 2006a). Permitted substances that can be 
used in organic potato production are quite different from 
conventional (Canadian General Standards Board 2006b). 
Organic producers cannot use any manufactured fertilizer 
blends and the major fertility elements, nitrogen, phos-
phorus and potassium, are provided by use of many natural, 
organic products, manures and composts, or from mined, 
crushed sources, and by crop rotation. The differences in 
soil management practices, fertility sources, pest and weed 
management, crop rotations and other inputs may affect 
quality aspects of the tuber grown. 

Studies have been undertaken to examine different qua-
lities of organic potatoes, such as yield, ascorbic acid and 
mineral content (Warman and Havard 1998), sensory qua-
lity (Thybo et al. 2001), glycoalkaloid levels (Wszelaki et 

al. 2005), protein profiles (Lehesranta et al. 2007), trace-
ability markers (Camin et al. 2007), and metabolic profiles 
(Maggio et al. 2008). There is little information on the pro-
perties of starch and dry matter isolated from organic pota-
toes. Starch comprises between 66 and 80% of the potato 
dry matter, and therefore has a significant impact on the 
nutritional, cooking and textural qualities of potatoes (Li et 
al. 2006). Potato starch is used in papermaking, as sizing 
agents for textiles, and in the development of biodegradable 
plastics, in addition to its use in food products (Li et al. 
2006). If organic production of potatoes alters the structure 
and properties of starch, the end use of the starch could be 
affected. The nutritional quality and taste of organic potato 
developed in Canada could be different compared to con-
ventional potatoes. 

Three potato cultivars Goldrush, Norland and Yukon 
Gold grown under organic and conventional conditions 
were selected for this study. Goldrush has medium to high 
dry matter, white flesh, with excellent boiling and baking 
quality. Norland has medium dry matter, white flesh, with 
fair boiling and baking quality, and Yukon Gold has high 
dry matter, light yellow flesh, with very good boiling and 
baking quality (PEI Agriculture, Fisheries and Aquaculture 
2007). The efforts through research to produce high quality 
potato should focus on understanding the structure and 
functional properties of potato starch. Thus, the objective of 
this study was to evaluate the chemical composition, pas-
ting, gelatinization and retrogradation properties, and in 
vitro starch digestibility of starch and dry matter obtained 
from different varieties of potato grown under organic and 
conventional conditions in Canada. 
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MATERIALS AND METHODS 
 
Materials 
 
Three potato varieties, Goldrush, Norland and Yukon Gold, were 
grown under conventional and organic conditions in Prince 
Edward Island, Canada, in 2007, as outlined below. Pancreatin 
from porcine pancreas (P-7545, activity 8×USP/g), invertase (I-
4504) and other chemicals were purchased from Sigma Chemical 
Company (St. Louis, MO, USA). Thermostable �-amylase (E-
BLAAM), amyloglucosidase (E-AMGDF) and glucose oxidase-
peroxidase assay kit were purchased from Megazyme (Megazyme 
International Ireland Ltd., Bray, Ireland). 
 
Potato production 
 
Separate experiments using either conventional inputs or allow-
able organic inputs were conducted at Agriculture & Agri-Food 
Canada Research Centre’s Harrington Farm, Harrington, PEI, in 
2007. The soil in each experiment was a fine sandy clay loam with 
a pH of 6.5 and a slight slope. Plots grown conventionally were 
included in a barley-ryegrass-potato crop sequence. Fertilizer 15-
15-15- 0.2B was banded at the rate of 1120 kg/ha. The herbicide 
metribuzin (Sencor) applied pre-emergence provided weed control, 
and imidacloprid (Admire) applied in-furrow at planting provided 
adequate control of the Colorado beetle. Blight was controlled by 
use of chlorothalonil (Bravo) applied as needed based on provin-
cial blight forecasts. Plots grown organically were in a similar 
crop rotation managed in an organic system without synthetic 
inputs for several years. Commercial composted chicken manure 
(�4-4-4% N-P-K) was applied broadcast at 5 t/ha before planting. 
Weeds were controlled by flaming emerged weeds at ground crack 
before potato emergence, followed by between the row cultivation 
and hilling. Spinosad (Entrust) prevented significant damage from 
the Colorado potato beetle and copper sulphate (Kocide) was ap-
plied to manage late blight infection. All plots were planted using 
a modified 2-row potato planter. Plots were 7.6 m in length with 4 
replications, and were planted May 30. 

Each experiment contained the potato cultivars Goldrush, 
Norland and Yukon Gold which are all mid-season cultivars of 
comparable maturity level. 
 
Starch isolation 
 
Potato starch was obtained following the method of Liu et al. 
(2003). Dry starch was ground with a mortar and pestle, passed 
through a 125 μm sieve and stored in plastic bags at room tem-
perature until use. Moisture content was calculated as the ratio of 
the mass lost upon drying to the original sample mass, multiplied 
by 100. Drying of 1 g duplicate samples took place in a forced air 
oven (105°C) for 3 h. 
 
Dry matter 
 
Potato dry matter was obtained by freeze-drying, following the 
method of Liu et al. (2002). Tuber dry matter contents ranged 
from 21.3 ± 0.6% to 25.7 ± 1.2%. Lyophilized samples were 
ground to powder with a mortar and pestle, passed through a 250 
μm sieve and stored in plastic bags at room temperature until use. 
Moisture content was determined as described for starch. 
 
Proximate analysis 
 
Total starch and free glucose contents of dry matter were measured 
using AACC method 76.13 (AACC, 2000). Free glucose content 
was obtained from blank samples (no enzyme added). Total pro-
tein content of dry matter (N×6.25) was determined by combus-
tion using a nitrogen analyzer (ThermoQuest CE Instrument, NA 
2100, ThermoQuest Italia S.P.A., Ann Arbor, MI). Apparent amy-
lose content of starch was determined by iodine colorimetry 
according to Williams et al. (1970). Phosphorus content of starch 
was obtained using a modified kjeldahl digest, according to the 
method of Thomas et al. (1967). All analyses were conducted in 
duplicate. 
 

Wide angle X-ray diffraction 
 
X-ray diffractograms were obtained with a Rigaku RPT 300 PC X-
ray diffractometer (Rigaku-Denki Co., Tokyo, Japan) at 40 kV and 
100 mA. The scanning range was 3-50°, and scan speed was 
2.0°/min. The starch samples were prepared in thin-walled (0.01 
mm) glass capillary tubes (1.0 mm in diameter). Moisture content 
of starch ranged from 7.7 ± 0.0% to 8.9 ± 0.0%. 
 
Amylose leaching 
 
Amylose leaching was determined according to the method of 
Chung et al. (2008). Starches (20 mg, db) in water (10 mL) were 
heated at 60, 75, and 90°C in sealed tubes for 30 min. The tubes 
were then cooled to room temperature and centrifuged at 2000 × g 
for 10 min. Supernatant was withdrawn and its amylose content 
was determined as described above. Amylose leaching was ex-
pressed as the mass of leached amylose divided by starch mass, 
multiplied by 100. Analysis was performed in duplicate. 
 
Rapid visco analysis (RVA) 
 
Pasting properties of starch and potato dry matter were determined 
using a Rapid ViscoTM Analyzer RVA-4 (Newport Scientific Pty. 
Ltd., Warriewood, NSW, Australia) with the STD 2 profile. The 
standard 2 profile consisted of a 1 min hold at 50°C, a temperature 
ramp of 6°C/min to 95°C, a 5 min hold at 95°C, and a temperature 
ramp of 6°C/min to 50°C, followed by a 2 min hold at 50°C. The 
paddle speed was 960 rpm for the first 10 s of the experiment, and 
then 160 rpm for the remainder of the experiment. A 2.00 g sample 
size was used, with distilled water added to give a final mass of 27 
g (6.4% dry starch basis). Pasting temperature, peak time, peak 
viscosity and final viscosity were measured from the pasting 
curves of potato starch and dry matter. The reported values are the 
means of duplicate measurements. 
 
Differential scanning calorimetry (DSC) 
 
Thermal analyses were done with a differential scanning calori-
meter (TA Instruments 2920 Modulated DSC, New Castle, DE, 
USA) equipped with a refrigerated cooling system (RCS). Potato 
starch and dry matter were evaluated for gelatinization and retro-
gradation properties. 

Gelatinization: Starch and dry matter (12 mg, dry weight) 
were added to high volume pans, and distilled water was added to 
give a moisture content of 70%. Pans were sealed and equilibrated 
16 h at room temperature prior to heating in the DSC. Pans were 
heated from 5 to 190°C at a rate of 10°C/min. The DSC was 
calibrated with indium and an empty pan was used as a reference. 
The enthalpy (�H) of phase transitions was measured from endo-
therms in the DSC thermograms using software (Universal Ana-
lysis ver. 4.1D, TA Instruments) based on the mass of dry solid. 
Onset, peak and conclusion temperatures of endotherms were 
measured from the thermograms using Universal Analysis soft-
ware. 

Retrogradation: After heating to 190°C, samples were cooled 
to 5°C and stored at 5°C for 14 days. The sample was re-heated to 
190°C at 10°C/min. The enthalpy (�H) of phase transitions was 
measured from endotherms in the DSC thermograms using soft-
ware (Universal Analysis ver. 4.1D, TA Instruments) based on the 
mass of dry solid. Onset, peak and conclusion temperatures of 
endotherms were measured from the thermograms using Universal 
Analysis software. 

The reported values are means of duplicate measurements. 
 
In vitro starch digestibility 
 
Starch hydrolysis was determined following the method described 
by Englyst et al. (1992) with modifications. Porcine pancreatic �-
amylase (0.45 g) was dispersed in water (4 mL), and centrifuged at 
1500 × g for 12 min. The supernatant (2.7 mL) was transferred to 
a beaker, and amyloglucosidase (0.3 mL) and invertase (2 mg in 
0.2 mL) were added to the solution. This enzyme solution was 
freshly prepared for each digestion analysis. 

Native and cooked potato starch and dry matter were used in 
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this experiment. Immediately following RVA analysis, cooked 
starch and dry matter samples were removed from the aluminum 
canister, dried overnight in a forced air oven at 40°C, ground to 
powder with a Tekmar analytical mill A-10 (Tekmar, Cincinnati, 
OH), and passed through a 150 μm sieve. Samples were stored at 
room temperature in sealed containers until analysis. 

The starch or dry matter (100 mg) and 4 mL of 0.5 M sodium 
acetate buffer (pH 5.2) were added to test tubes. Enzyme solution 
(1 mL) and 15 glass beads (2 mm diameter) were added to each 
tube and incubated in a shaking water bath (37°C, 200 strokes/ 
min). Aliquots (0.1 mL) were taken at intervals and mixed with 1 
mL of 50% ethanol. Glucose content of the hydrolysates was mea-
sured by the glucose oxidase-peroxidase reagent. 

According to the Englyst method, rapidly digestible starch 
(RDS) was defined as starch that was digested within 20 min, 
slowly digestible starch (SDS) was defined as starch digested 
during the period between 20 min and 120 min, and resistant 
starch (RS) was defined as the starch undigested within 120 min. 
The reported values are means of duplicate measurements. 
 
Statistics 
 
All statistical results were obtained using Minitab® 14 (Minitab 
Inc., State College, PA). Normality of data was assessed with the 
Anderson-Darling test. Two-sample t-test was performed on nor-
mally distributed data, and significant differences between means 
of conventional and organic samples were evaluated based on p < 
0.05. For non-normally distributed data, Levene’s test was used to 
ensure equality of variances, followed by the Mann-Whitney test 
for significant differences between medians (p < 0.05). Mean 
values and standard deviations of duplicate samples are reported 
for each variety. 
 
RESULTS AND DISCUSSION 
 
Proximate analysis of potato dry matter and starch 
 
Total starch content of dry matter ranged from 69.3% for 
Yukon Gold, to 74.1% for organic Yukon Gold (Table 1). 
Starch content followed the order: organic Yukon Gold > 
Goldrush = Norland > organic Goldrush > organic Norland 
> Yukon Gold. No clear trend was observed between 
organic and conventionally produced potatoes with respect 
to total starch content, which is in agreement with the fin-
dings of Maggio et al. (2008). This indicates that the pro-
duction regime is not a major factor in starch yield. 

Free glucose values were low in the dry matter (Table 
1). Values ranged between 0.5% (organic Yukon Gold) and 
1.2% (Goldrush). Free glucose content was significantly 
lower in the dry matter obtained from organic potatoes by 
approximately 50% (p < 0.05). Maggio et al. (2008) found 
no significant difference in glucose content of potatoes 
grown under organic and conventional farming practices, 
although they reported a significant decrease in glucose 
content in tubers fertilized with greater amounts of nitrogen. 
In our study, fertilization of the organic and conventional 
tubers was different, which could have led to changes in 
glucose content of the dry matter. 

Total protein content of potato dry matter ranged from 
10.6% in Goldrush to 14.6% in organic Goldrush (Table 1). 

Protein content followed the order: organic Goldrush > 
organic Norland > Norland > organic Yukon Gold > Yukon 
Gold > Goldrush. Dry matter from organic potatoes had 
significantly greater protein content (p < 0.05). Recent 
studies have also found an increased protein content in or-
ganically grown potatoes compared to conventional (Camin 
et al. 2007; Maggio et al. 2008). Profiling of proteins in 
tubers grown under conventional and organic fertilization 
suggested an increase in proteins involved in the stress 
response in organic potatoes (Lehesranta et al. 2007). 

Apparent amylose content of starch is reported in Table 
1. It ranged from 30.8% in organic Norland starch to 33.1% 
for Yukon Gold. Amylose content seemed to be slightly 
lower in the organic starches, with a 1.7% difference 
between Goldrush and organic Goldrush, a 2.0% difference 
between Norland and organic Norland, and a 4.0% dif-
ference between Yukon Gold and organic Yukon Gold. This 
same trend was seen in the amylose content measured 
potentiometrically (data not shown). 

Total phosphorus content of potato starch ranged from 
5.7 × 10-2 % in organic Yukon Gold, to 9.5 × 10-2 % for 
conventionally grown Goldrush and Norland (Table 1). 
Phosphorus content was significantly lower in starch ob-
tained from organically grown potatoes (p < 0.05). Resear-
chers have reported higher levels of phosphorus in the tis-
sue of organically grown potatoes compared to conven-
tionally grown tubers (Warman and Havard 1998; Wszelaki 
et al. 2005), while others have reported lower levels of 
phosphorus in organic potatoes (Lehesranta et al. 2007). 
Different types of fertilizers and fertilization regimes could 
lead to these variations. 
 
X-ray diffraction 
 
Fig. 1 shows the X-ray diffraction patterns of starches ob-
tained from conventionally and organically grown potatoes. 
The patterns were B-type, exhibiting the characteristic 
peaks at reflection angles (2�) of 5.5, 17.2, and 22.1°, con-
sistent with a typical potato starch pattern (Zobel 1988). 
These similar results indicate that the semi-crystalline struc-
ture of starch was not altered by the potato production 
method used. 
 
Amylose leaching of potato starch 
 
Amylose leaching values at 60, 75 and 90°C are shown in 
Table 2. Amylose leaching increased with temperature, 
with the rapid increase at 75 and 90°C a result of granular 
swelling, melting of crystallites and starch gelatinization. 
Values ranged from 5.2 to 16.1% (Norland), 6.5 to 16.5% 
(Goldrush), and 6.9 to 16.3% (Yukon Gold) for the conven-
tionally grown potatoes, and 4.3 to 14.5% (organic Nor-
land), 5.3 to 15.4% (organic Goldrush), and 5.7 to 15.2% 
(organic Yukon Gold) for the organic potatoes. The lower 
amylose leaching values for the organic potato starch could 
be a result of the lower (not significantly) amylose content 
of these starches (Table 1), although amylose leaching 
values were only significantly different at 90°C (p < 0.05). 
 
 

Table 1 Proximate analysis of potato starch and dry matter a. 
Variety Production type Apparent 

amylose in starch
(%, w/w) 

Phosphorus in 
starch 
(%, w/w) × 10-2 

Total starch in 
dry matter 
(%, w/w) 

Free glucose in 
dry matter 
(%, w/w) 

Total protein in 
dry matter 
(%, w/w) 

Conventional 33.0 ± 0.0 9.5 ± 0.2 73.6 ± 0.1 1.2 ± 0.0 10.6 ± 0.5 Goldrush 
Organic 32.5 ± 0.3 6.7 ± 0.4 73.2 ± 2.2 0.7 ± 0.0 14.6 ± 1.3 
Conventional 31.4 ± 0.0 9.5 ± 0.2 73.6 ± 3.2 1.1 ± 0.0 12.8 ± 0.8 Norland 
Organic 30.8 ± 0.3 7.0 ± 0.2 70.3 ± 2.4 0.6 ± 0.0 13.1 ± 0.3 
Conventional 33.1 ± 0.2 8.0 ± 0.1 69.3 ± 1.6 0.9 ± 0.1 11.2 ± 0.1 Yukon Gold 
Organic 31.7 ± 0.0 5.7 ± 0.2 74.1 ± 0.8 0.5 ± 0.0 12.2 ± 0.3 

p-value, t-test (Conventional versus Organic)  p = 0.000 p = 0.800 p = 0.000 p = 0.028 
p-value, Mann-Whitney p = 0.128     

a values represent means ± standard deviation, n = 2 
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Pasting properties of potato starch and dry matter 
 
A comparison between Rapid Visco Analysis (RVA) pasting 
curves of conventional and organic Norland and Goldrush 
potato starch is shown in Fig. 2. The difference in peak 
viscosity between organic and conventional potato starch 
can be seen. Yukon Gold potato starches exhibited similar 
pasting curves (data not shown in Fig. 2). 

Pasting temperature, peak time, peak viscosity and final 
viscosity of potato starch and dry matter are shown in Table 
3. Pasting temperature of starch ranged from 64.0°C for 
Yukon Gold to 66.2°C for organic Norland, while the pas-
ting temperature of dry matter was slightly higher, between 
65.7°C (Goldrush) and 67.8°C (organic Norland). 

Peak time for starch pasting ranged from 4.2 min 
(Yukon Gold) to 5.7 min (organic Norland) (Table 3). Peak 
time for pasting of the dry matter samples was higher, 

between 7.2 min (Yukon Gold) and 8.8 min (Goldrush). Or-
ganic starch exhibited a higher peak time than conventional 
starch (p < 0.05). 

Peak viscosity of potato starch followed the order: 
Goldrush > Norland > Yukon Gold > organic Goldrush > 
organic Yukon Gold > organic Norland (Table 3). Starch 
from conventionally grown potatoes showed a significantly 
higher peak viscosity, by 1567 cP (Norland), 1219 cP 
(Goldrush), and 707 cP (Yukon Gold) (p < 0.05). This could 
reflect the higher phosphorus content in the starches of 
conventionally grown potatoes (Table 1). In fact, regression 
analysis showed a linear relationship between phosphorus 
content and starch RVA peak viscosity, with an r2 value of 
0.80 (data not shown), which is in agreement with the 
observations of Hemar et al. (2007). The phosphate esters 
in potato amylopectin impart a negative charge to potato 
starch, which results in repulsion between starch chains, 
leading to rapid swelling and high peak viscosity (BeMiller 
2007); a larger amount of phosphate esters would result in 
even higher peak viscosity. Peak viscosity of dry matter was 
lower than that of starch, reflecting the lower starch content 
of dry matter, and the presence of other components, such 
as proteins, free sugars and fibres, which competed for 
water, causing a reduction in starch granule swelling. A 
higher peak viscosity was recorded for dry matter from 
conventionally grown potatoes (p < 0.05), likely due to the 
effect of phosphorus content of potato starch. 

Final viscosity values were higher for potato starch 
compared to dry matter, and generally, were higher in sam-
ples from conventionally grown potatoes (Table 3). Values 
ranged from 1629 cP (organic Yukon Gold) to 2091 cP (or-
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Fig. 1 X-ray diffractograms of starch isolated from conventionally and organically grown potatoes. 

Table 2 Amylose leaching of potato starch a. 
Amylose leaching (%, w/w) Variety Production Type 

60°C 75°C 90°C 
Conventional 6.5 ± 0.9 10.5 ± 0.5 16.5 ± 0.1Goldrush 
Organic 5.3 ± 0.3 10.5 ± 0.5 15.4 ± 0.2
Conventional 5.2 ± 0.3 9.8 ± 0.7 16.1 ± 0.6Norland 
Organic 4.3 ± 0.9 7.5 ± 0.3 14.5 ± 0.4
Conventional 6.9 ± 1.2 10.3 ± 0.2 16.3 ± 1.3Yukon Gold 
Organic 5.7 ± 0.2 9.1 ± 1.0 15.2 ± 0.2

p-value, t-test 
(Conventional versus Organic) 

p = 0.069 p = 0.115 p = 0.005

a values represent means ± standard deviation, n = 2 

Table 3 Rapid Visco Analysis (RVA) pasting properties of potato starch and dry matter a. 
Pasting Temperature (°C) Peak Time (min) Peak Viscosity (cP) Final Viscosity (cP) Variety Type b 

Starch Dry matter Starch Dry matter Starch Dry matter Starch Dry matter
C 64.3 ± 0.4 65.7 ± 0.1 4.7 ± 0.1 8.8 ± 1.6 7634 ± 25 1381 ±15 2062 ± 11 1535 ± 33 Goldrush 
O 64.2 ± 0.3 66.4 ± 0.6 4.8 ± 0.0 7.9 ± 0.1 6415 ± 43 1295 ± 5 1815 ± 1 1140 ± 11 
C 66.0 ± 0.0 67.6 ± 0.0 4.5 ± 0.0 7.9 ± 0.2 7355 ± 37 1380 ± 9 1966 ± 1 1345 ± 9 Norland 
O 66.2 ± 0.4 67.8 ± 0.3 5.7 ± 0.0 8.7 ± 0.3 5788 ± 5 1347 ± 30 2091 ± 40 1100 ± 5 
C 64.0 ± 0.0 66.0 ± 0.0 4.2 ± 0.0 7.2 ± 0.1 6853 ± 47 1462 ± 52 1752 ± 29 1388 ± 44 Yukon Gold 
O 64.4 ± 0.0 67.2 ± 0.0 4.6 ± 0.0 8.2 ± 0.2 6146 ± 28 1283 ± 5 1629 ± 9 1271 ± 3 

p-value, t-test (C versus O)   p = 0.049 p = 0.403 p = 0.000 p = 0.001 p = 0.454 p = 0.001 
p-value, Mann-Whitney p = 0.575 p = 0.262       

a values represent means ± standard deviation, n = 2 
b type refers to production type: Conventional (C) and Organic (O) 
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ganic Norland) for starches, and 1100 cP (organic Norland) 
to 1535 cP (Goldrush) for dry matter. In the case of starch 
and dry matter, the trend towards greater apparent amylose 
content of conventional starch (Table 1) could result in 
more entanglement of linear chains upon cooling in the 
RVA, leading to a higher final viscosity (Batey 2007). This 
greater association of amylose chains on cooling may 
indicate the formation of a more stable retrograded structure 
in cooked conventional potato starch and dry matter. Ad-
ditionally, the higher protein content of organic potato dry 
matter (Table 1) would inhibit entanglement of amylose 
chains, leading to a lower final viscosity. 
 
Gelatinization of potato starch and dry matter 
 
Starch and dry matter were heated in excess water to 
gelatinize starch, which resulted in a typical endotherm in 
the Differential Scanning Calorimetry (DSC) thermograms 
(Liu et al. 2007). Onset temperature (To), peak temperature 
(Tp), conclusion temperature (Tc) and enthalpy (�H) of 
gelatinization are shown in Table 4. Gelatinization onset 
temperature (To) for isolated starch ranged from 61.9°C for 
organic Goldrush starch, to 64.5°C for Norland and Yukon 
Gold starches, and was significantly higher for conventional 
starch (p < 0.05). Onset temperature for gelatinization of 
starch in the potato dry matter was higher than that for 
isolated starch, likely due to the presence of protein and 
fibre, the competition of other components for water, and 
reduced water migration (Liu et al. 2007). The onset tem-
perature for the dry matter varied from 63.6°C (Goldrush) 
to 67.4°C (organic Norland). To for organic dry matter was 
slightly higher than that for conventional dry matter, which 
could reflect the higher protein content of the organic dry 
matter (Table 1). 

Peak temperature (Tp) for isolated starch ranged be-
tween 66.6°C (organic Goldrush) and 69.5°C (Yukon Gold), 
with a significantly lower Tp for starch obtained from or-
ganic potatoes compared to conventional (p < 0.05) (Table 
4). Dry matter peak temperatures showed similar variation, 
ranging between 69.0°C (Goldrush) and 72.1°C (organic 
Norland). The peak temperature of gelatinization of starch 
in the dry matter tended to be higher in the organic samples, 
similar to the trend seen in the onset temperature. 

Conclusion temperature (Tc) of the gelatinization endo-
therm of isolated starch varied from 79.8°C (organic Gold-
rush) to 82.8°C (Yukon Gold), with the Tc for starch ob-
tained from organic potatoes significantly lower than that of 
the conventional tubers (p < 0.05) (Table 4). Tc for gela-
tinization of starch in dry matter ranged from 80.0°C 
(organic Goldrush) to 82.2°C (conventional and organic 
Norland). There was no apparent trend in gelatinization 
conclusion temperature between organic and conventional 
potato dry matter. 

Gelatinization enthalpy for isolated starch followed the 
order: organic Goldrush > organic Norland > Norland > or-
ganic Yukon Gold > Goldrush > Yukon Gold (Table 4). 
Enthalpy of starch obtained from organic potatoes was 
significantly higher than that of conventional (p < 0.05). �H 
of starch gelatinization in dry matter followed the order: 
organic Norland > Goldrush > Yukon Gold > organic Yukon 
Gold > Norland > organic Goldrush. There was no clear 
trend in enthalpy between organic and conventional potato 
dry matter. 

Overall, organic starch appeared to gelatinize at a 
slightly lower temperature than conventional starch, pos-
sibly due to the lower apparent amylose content of organic 
starch. Organic starch exhibited a greater enthalpy of gelati-
nization, possibly a reflection of a greater double helix con-
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Table 4 Differential Scanning Calorimetry (DSC) gelatinization properties of potato starch and dry matter a. 
Onset temperature 

To (°C) 
Peak temperature 

Tp (°C) 
Conclusion temperature 

Tc (°C) 
Enthalpy 
�H (J/g) 

Variety Type b 

Starch  Dry matter Starch Dry matter Starch Dry matter Starch Dry matter
C 63.5 ± 1.0 63.6 ± 0.4 68.8 ± 1.1 69.0 ± 0.5 82.5 ± 1.3 81.3 ± 1.0 17.3 ± 1.3 12.9 ± 0.2 Goldrush 
O 61.9 ± 0.1 65.5 ± 0.6 66.6 ± 0.1 70.8 ± 0.1 79.8 ± 0.3 80.0 ± 2.7 20.1 ± 0.1 12.0 ± 1.5 
C 64.5 ± 0.1 66.7 ± 0.0 69.2 ± 0.0 71.8 ± 0.0 81.8 ± 0.1 82.2 ± 0.9 18.6 ± 0.0 12.3 ± 0.2 Norland 
O 64.1 ± 0.1 67.4 ± 0.0 68.3 ± 0.2 72.1 ± 0.2 80.2 ± 0.6 82.2 ± 0.5 19.4 ± 0.3 13.6 ± 0.5 
C 64.5 ± 0.1 65.0 ± 0.0 69.5 ± 0.3 69.8 ± 0.1 82.8 ± 0.0 81.1 ± 0.3 15.5 ± 0.2 12.6 ± 0.2 Yukon Gold 
O 63.3 ± 0.0 65.6 ± 0.4 68.3 ± 0.1 70.8 ± 0.3 80.5 ± 0.5 81.4 ± 0.5 17.8 ± 0.2 12.4 ± 0.0 

p-value, t-test (C versus O)  p = 0.175  p = 0.137 p = 0.000  p = 0.028 p = 0.949 
p-value, Mann-Whitney p = 0.045  p = 0.031   p = 0.936   

a values represent means ± standard deviation, n = 2 
b type refers to production type: Conventional (C) and Organic (O) 
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tent and crystalline order in the organic starch (Cooke and 
Gidley 1992). Dry matter from organic potatoes exhibited a 
slight increase in onset and peak temperatures than dry 
matter from conventional potatoes, likely due to higher 
protein content in organic dry matter, which would compete 
with starch for water (Table 1). 
 
Thermal properties of retrograded starch and dry 
matter 
 
Gelatinized potato starch and dry matter were stored for 14 
days at a temperature of 5°C, to study changes occurring 
upon retrogradation. Onset temperature (To), peak tempera-
ture (Tp), conclusion temperature (Tc) and enthalpy (�H) of 
melting the retrograded structures in starch and dry matter 
are shown in Table 5. Onset temperatures were quite simi-
lar for both retrograded starch and dry matter, with an ave-
rage To of 46.1°C and 46.5°C for dry matter and starch, 
respectively. 

Peak temperature for melting the retrograded starch 
ranged between 64.0°C (organic Norland, organic and con-
ventional Yukon Gold) and 66.3°C (Norland), while Tp for 
the retrograded dry matter was found at a slightly higher 
temperature, between 65.8°C (Yukon Gold) and 68.1°C 
(Norland) (Table 5). No clear trend was observed in the 
peak temperatures of retrograded organic and conventional 
samples. 

Conclusion temperature for melting of the retrograded 
starch was found between 83.6°C (organic Norland) and 
86.0°C (Goldrush), while Tc for the retrograded dry matter 
ranged from 83.1°C (Yukon Gold and organic Yukon Gold) 
to 85.4°C (Norland) (Table 5). No clear trend was observed 
in the conclusion temperatures of retrograded organic and 
conventional samples. 

Enthalpy of melting the retrograded isolated starch 
ranged between 8.1 J/g and 9.3 J/g, for organic Yukon Gold 
and Yukon Gold starches, respectively (Table 5). The retro-
graded dry matter had a lower melting enthalpy, from 5.8 
J/g to 7.0 J/g, reflecting the lower starch content of dry 
matter, as well as the interference of other components on 
starch retrogradation. Enthalpy values were significantly 
lower for the retrograded organic starch and dry matter, the 
opposite of the trend seen in gelatinization enthalpy of 

starch. It appears that retrograded starch from conventio-
nally produced potatoes has greater molecular order com-
pared to that from organically produced potatoes, possibly a 
result of higher (not significantly) apparent amylose content, 
leading to an increase in enthalpy (Gidley et al. 1995). This 
result provides further evidence for the formation of a more 
stable retrograded structure in cooked conventional potato 
starch and dry matter, as seen in the higher RVA final 
viscosity of these samples. 
 
In vitro starch hydrolysis of raw and cooked 
starch 
 
Both raw and cooked dried starch were subjected to in vitro 
hydrolysis for 120 min, with aliquots removed at 20 min 
and 120 min to evaluate the quantity of rapidly digestible 
starch (RDS) and slowly digestible starch (SDS), res-
pectively. Raw potato starch had low levels of RDS (0.9 to 
2.8%), as shown in Table 6. Cooked starch, which was 
obtained from the RVA analysis, showed much higher levels 
of RDS, ranging from 68.9% to 74.1%. In the cooked starch, 
granules have already swelled, gelatinized and ruptured, 
allowing the hydrolytic enzymes quick access to glycosidic 
bonds, resulting in a rapid rise in glucose. There was no 
apparent difference between RDS values obtained for raw 
and cooked organic and conventional starch (p > 0.05). 

Slowly digestible starch (SDS), or starch that was 
hydrolyzed to glucose after 20 min and before 120 min, was 
higher in the raw potato starch (Table 6). Values ranged 
from 12.8% (Norland) to 19.1% (organic Yukon Gold) in 
the raw starch, compared with 4.0% (Norland) to 5.1% 
(organic Norland) in the cooked starch. SDS content of raw 
organic starch was significantly greater than that of raw 
conventional starch (p < 0.05), while no clear pattern was 
seen in the SDS content of cooked starch. 

Resistant starch (RS) levels, as shown in Table 6, were 
much higher in raw potato starch than in cooked. Raw 
potato starches contained between 80.0% (organic Yukon 
Gold) and 85.5% (Norland) resistant starch, or starch that 
was remaining after 120 min of hydrolysis. These values are 
somewhat higher than that reported by Englyst et al. (1992), 
who found an in vitro RS content of 75% in raw potato 
starch. This discrepancy could be a result of differences in 

Table 5 Thermal properties of retrograded potato starch and dry matter a. 
Onset temperature 

To (°C) 
Peak temperature 

Tp (°C) 
Conclusion temperature Tc 

(°C) 
Enthalpy 
�H (J/g) 

Variety Type b 

Starch Dry matter Starch Dry matter Starch Dry matter Starch Dry matter
C 46.5 ± 0.0 46.4 ± 0.1 64.5 ± 1.0 65.9 ± 0.5 86.0 ± 2.5 83.7 ± 1.3 9.2 ± 0.3 6.1 ± 0.4 Goldrush 
O 46.5 ± 0.1 46.3 ± 0.0 64.3 ± 0.7 66.8 ± 0.3 84.7 ± 0.6 83.7 ± 0.7 8.4 ± 0.4 5.8 ± 0.1 
C 46.7 c 46.3 ± 0.0 66.3 ± 2.7 68.1 ± 0.7 85.7 ± 0.3 85.4 ± 0.5 8.6 ± 1.2 6.5 ± 0.1 Norland 
O 46.3 ± 0.1 46.3 ± 0.0 64.0 ± 0.2 67.9 ± 0.0 83.6 ± 0.8 83.7 ± 0.2 8.2 ± 0.5 5.8 ± 0.0 
C 46.6 ± 0.1 44.7 ± 0.0 64.0 ± 0.1 65.8 ± 0.3 84.0 ± 0.1 83.1 ± 0.3 9.3 ± 0.1 7.0 ± 0.0 Yukon Gold 
O 46.4 ± 0.1 46.3 ± 0.0 64.0 ± 0.6 67.0 ± 0.6 85.3 ± 0.2 83.1 ± 0.3 8.1 ± 0.5 5.8 ± 0.3 

p-value, t-test (C versus O) p = 0.005   p = 0.297 p = 0.340 p = 0.373  p = 0.010 
p-value, Mann-Whitney  p = 0.749 p = 0.471    p = 0.045  

a values represent means ± standard deviation, n = 2 
b type refers to production type: Conventional (C) and Organic (O) 
c one value of To obtained for this sample 
 

Table 6 Starch nutritional fractions of raw and cooked potato starch a. 
RDS c (%) SDS d (%) RS e (%) Variety Type b 

Raw Cooked Raw Cooked Raw Cooked 
C 1.7 ± 0.3 68.9 ± 0.5 15.0 ± 0.9 4.8 ± 1.1 83.4 ± 0.7 26.3 ± 0.9 Goldrush 
O 2.8 ± 0.7 73.4 ± 1.3 16.0 ± 1.2 4.3 ± 1.6 81.3 ± 1.0 22.4 ± 0.8 
C 1.7 ± 0.1 72.0 ± 1.6 12.8 ± 0.8 4.0 ± 2.1 85.5 ± 0.8 23.9 ± 0.7 Norland 
O 2.5 ± 0.6 69.4 ± 1.6 15.9 ± 0.8 5.1 ± 2.1 81.5 ± 0.3 25.4 ± 0.5 
C 2.2 ± 0.3 73.2 ± 1.8 15.8 ± 0.2 4.8 ± 1.2 82.1 ± 0.4 22.0 ± 1.2 Yukon Gold 
O 0.9 ± 0.1 74.1 ± 1.6 19.1 ± 0.3 4.7 ± 1.3 80.0 ± 0.4 21.2 ± 0.8 

p-value, t-test (C versus O) p = 0.447 p = 0.345 p = 0.001 p = 0.809 p = 0.000 p = 0.192 
a values represent means ± standard deviation, n = 2 
b type refers to production type: Conventional (C) and Organic (O) 
c rapidly digestible starch 
d slowly digestible starch 
e resistant starch 
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potato varieties, and enzyme source and activity. The low 
digestibility of raw potato starch granules has been attrib-
uted to their large granule size, B-type crystalline structure, 
and the presence of phosphate esters (Noda et al. 2008). 
Cooked starches contained 21.2% (organic Yukon Gold) to 
26.3% (Goldrush) resistant starch. RS values were signifi-
cantly greater in the raw conventional starch compared to 
the raw organic starch (p < 0.05); however, no trend was 
seen in the RS content of cooked starches (p > 0.05). 
 
In vitro starch hydrolysis in raw and cooked 
potato dry matter 
 
Both raw and cooked (dried) dry matter were subjected to 
in vitro hydrolysis for 120 min, with aliquots removed at 20 
min and 120 min to evaluate the quantity of rapidly diges-
tible starch (RDS) and slowly digestible starch (SDS), res-
pectively. Generally, RDS content was low in the raw 
potato dry matter (0.2-1.4%) and much higher in the cooked 
dry matter (52.0-56.4%) (Table 7). RDS content was sig-
nificantly higher in the cooked conventional dry matter 
compared to cooked organic dry matter (p < 0.05). 

Slowly digestible starch content of the raw potato dry 
matter (14.6-19.9%) (Table 7) was similar to that of the raw 
potato starch (Table 6). As seen in the starch, SDS values 
tended to be higher in the raw organic dry matter compared 
to the raw conventional dry matter, yet no clear pattern was 
observed in the cooked dry matter. SDS content of the 
cooked potato dry matter (4.3-5.7%) was similar to that of 
the cooked potato starch (4.0-5.1%, Table 6). 

Resistant starch content of raw potato dry matter was 
much higher than that of cooked dry matter, as presented in 
Table 7. Raw dry matter had resistant starch contents of 
49.5% (Yukon Gold) up to 57.3% (Norland), while RS 
content of cooked dry matter ranged from 9.3% (Yukon 
Gold) to 15.8% (organic Goldrush). No apparent differen-
ces were seen in RS content of raw potato dry matter. How-
ever, RS content of cooked potato dry matter from organic 
potatoes was significantly higher than that of cooked con-
ventional dry matter (p < 0.05), indicating the potential for 
reduced starch digestibility, which could have a positive 
impact on human health. 
 
CONCLUSIONS 
 
Potato production method influences the chemical compo-
sition of potato starch and dry matter, pasting and thermal 
properties, and digestibility, which could directly affect 
cooking quality, sensory attributes and nutritional quality of 
potato products. Phosphorus content of starch isolated from 
organic potatoes was significantly lower than that found in 
starch from conventionally grown potatoes, while free glu-
cose levels were significantly higher in dry matter obtained 
from conventionally grown tubers. Total protein content of 
potato dry matter was significantly higher in organically 
grown potatoes. RVA peak viscosity was higher for starch 
and dry matter from conventionally grown potatoes, likely a 
reflection of the higher phosphorus content of the starch. 

Some thermal properties were significantly different for 
conventional and organic samples, indicating possible dif-
ferences in starch molecular order. Slowly digestible starch 
(SDS) content of raw organic starch was significantly 
higher than conventional, while RS content was signifi-
cantly lower than conventional. Rapidly digestible starch 
(RDS) content was significantly higher in cooked dry 
matter from conventional potatoes, while RS content was 
significantly higher in cooked dry matter from organic 
potatoes. 
 
ACKNOWLEDGEMENTS 
 
The authors thank Ms. Kristina Humphreys for excellent technical 
support. 
 
REFERENCES 
 
AACC (2000) Approved Methods of the AACC (10th Edn), American Associa-

tion of Cereal Chemists, St. Paul, MN 
Batey IL (2007) Interpretation of RVA curves. In: Crosbie GB, Ross AS (Eds) 

The RVA Handbook, AACC International, St. Paul, MN, pp 19-29 
BeMiller JN (2007) Starches, modified food starches, and other products from 

starches. In: BeMiller JN (Ed) Carbohydrate Chemistry for Food Scientists 
(2nd Edn), AACC International, Inc., St. Paul, MN, pp 173-223 

Camin F, Moschella A, Miselli F, Parisi B, Versini G, Ranalli P, Bagnaresi P 
(2007) Evaluation of markers for the traceability of potato tubers grown in an 
organic versus conventional regime. Journal of the Science of Food and Agri-
culture 87, 1330-1336 

Canadian General Standards Board (2006a) Organic Production Systems – 
General Principles and Management Standards (CAN/CGSB-32.310-2006), 
Canadian General Standards Board, Gatineau, QC, 40 pp 

Canadian General Standards Board (2006b) Organic Production Systems - 
Permitted Substances Lists (CAN/CGSB-32.311-2006), Canadian General 
Standards Board, Gatineau, QC, 31 pp 

Chung H–J, Liu Q, Hoover R, Warkentin TD, Vandenberg B (2008) In vitro 
starch digestibility, expected glycemic index, and thermal and pasting pro-
perties of flours from yellow pea, lentil and chickpea cultivars. Food Chemis-
try 111, 316-321 

Cooke D, Gidley MJ (1992) Loss of crystalline and molecular order during 
starch gelatinisation: origin of the enthalpic transition. Carbohydrate Re-
search 227, 103-112 

Englyst HN, Kingman SM, Cummings JH (1992) Classification and measure-
ment of nutritionally important starch fractions. European Journal of Clinical 
Nutrition 46, S33-S50 

Gidley MJ, Cooke D, Darke AH, Hoffmann RA, Russell AL, Greenwell P 
(1995) Molecular order and structure in enzyme-resistant retrograded starch. 
Carbohydrate Polymers 28, 23-31 

Hemar Y, Hardacre A, Hedderley DI, Clark S, Illingworth D, Harper JW, 
Boland M (2007) Relationship between the pasting behaviour and the 
phosphorus content of different potato starches. Starch/Stärke 59, 149-155 

Kendrick J (2008) Organic: from niche to mainstream. Canadian Agriculture at 
a Glance, catalogue number 96-325-XIE. Statistics Canada, Ottawa, ON, 11 
pp 

Lehesranta SJ, Koistinen KM, Massat N, Davies HV, Shepherd LVT, 
McNicol JW, Cakmak I, Cooper J, Luck L, Karenlampi SO, Leifert C 
(2007) Effects of agricultural production systems and their components on 
protein profiles of potato tubers. Proteomics 7, 597-604 

Li X-Q, Scanlon MG, Liu Q, Coleman WK (2006) Processing and value 
addition. In: Gopal J, Khurana SMP (Eds) Handbook of Potato Production, 
Improvement, and Postharvest Management, Food Products Press, New York, 
pp 523-555 

Liu Q, Yada R, Arul J (2002) Characterization of thermal properties of potato 

Table 7 Starch nutritional fractions of raw and cooked potato dry matter a. 
RDS c (%) SDS d (%) RS e (%) Variety Type b 

Raw Cooked Raw Cooked Raw Cooked 
C 0.2 ± 0.3 56.4 ± 1.8 17.9 ± 0.3 5.3 ± 2.3 55.5 ± 0.1 12.0 ± 0.8 Goldrush 
O 1.2 ± 0.9 52.5 ± 0.7 19.9 ± 1.4 4.9 ± 1.3 52.2 ± 1.8 15.8 ± 0.8 
C 1.2 ± 0.2 54.2 ± 1.0 15.1 ± 1.0 4.8 ± 1.4 57.3 ± 0.9 14.6 ± 0.4 Norland 
O 0.4 ± 0.6 52.0 ± 0.6 14.6 ± 0.7 4.3 ± 1.5 55.3 ± 0.2 14.0 ± 1.4 
C 1.4 ± 0.2 55.6 ± 0.8 18.4 ± 0.4 4.3 ± 0.8 49.5 ± 0.4 9.3 ± 0.3 Yukon Gold 
O 1.1 ± 0.3 54.1 ± 0.7 19.1 ± 1.1 5.7 ± 1.1 53.9 ± 1.0 14.3 ± 0.5 

p-value, t-test (C versus O) p = 0.864 p = 0.000  p = 0.773  p = 0.002 
p-value, Mann-Whitney   p = 0.260  p = 0.237  

a values represent means ± standard deviation, n = 2 
b type refers to production type: Conventional (C) and Organic (O) 
c rapidly digestible starch 
d slowly digestible starch 
e resistant starch 

 

37



Food 3 (Special Issue 1), 31-38 ©2009 Global Science Books 

 

dry matter-water and starch-water systems. Journal of Food Science 67, 560-
566 

Liu Q, Weber E, Currie V, Yada R (2003) Physicochemical properties of 
starches during potato growth. Carbohydrate Polymers 51, 213-221 

Liu Q, Tarn R, Lynch D, Skjodt NM (2007) Physicochemical properties of 
dry matter and starch from potatoes grown in Canada. Food Chemistry 105, 
897-907 

Macey A (2006) Certified organic production in Canada 2005. Canadian Or-
ganic Growers Inc., Ottawa, ON, 34 pp 

Macey A (2007) Retail sales of certified organic food products, in Canada, in 
2006. Organic Agriculture Centre of Canada (OACC), Truro, NS, 13 pp 

Maggio A, Carillo P, Bulmetti GS, Fuggi A, Barbieri G, De Pascale S (2008) 
Potato yield and metabolic profiling under conventional and organic farming. 
European Journal of Agronomy 28, 343-350 

Noda T, Takigawa S, Matsuura-Endo C, Suzuki T, Hashimoto N, Kottea-
rachchi NS, Yamauchi H, Zaidul ISM (2008) Factors affecting the digesti-
bility of raw and gelatinized potato starches. Food Chemistry 110, 465-470 

PEI Agriculture, Fisheries and Aquaculture (2007) 2007 Potato Crop – Vari-
ety, weed, and pest control guide, Publication 1300A. PEI Department of 

Agriculture, Fisheries and Aquaculture, Charlottetown, PEI, 33 pp 
Thomas RL, Sheard RW, Moyer JR (1967) Comparison of conventional and 

automated procedures for N, P and K analysis of plant material using a single 
digestion. Agronomy Journal 59, 240-243 

Thybo AK, Mølgaard JP, Kidmose U (2001) Effect of different organic 
growing conditions on quality of cooked potatoes. Journal of the Science of 
Food and Agriculture 82, 12-18 

Warman PR, Havard KA (1998) Yield, vitamin and mineral contents of orga-
nically and conventionally grown potatoes and sweet corn. Agriculture, Eco-
systems and Environment 68, 207-216 

Williams PC, Kuzina FD, Hlynka I (1970) A rapid colorimetric procedure for 
estimating the amylose content of starches and flours. Cereal Chemistry 47, 
411-420 

Wszelaki AL, Delwiche JF, Walker SD, Ligget RE, Scheerens JC, Klein-
henz MD (2005) Sensory quality and mineral and glycoalkaloid concentra-
tions in organically and conventionally grown redskin potatoes (Solanum 
tuberosum). Journal of the Science of Food and Agriculture 85, 720-726 

Zobel HF (1988) Starch crystal transformations and their industrial importance. 
Starch/Stärke 40, 1-7 

 
 

38


