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Abstract
This study evaluated the effect of nitrogen fertilization rates on the characteristics of potato starch. The experimental design was
-1
randomized block with four replications. The treatments were composed of four rates of N (0, 80, 120 and 160 kg ha ). After 117
days of planting the harvested tubers were sanitized and the starch extracted. The starches of the different treatments were
analyzed for the shape and distribution of size, X-ray pattern, crystallinity, amylose, minerals, pasting and thermal properties.
Results showed that the fertilization did not cause alteration in the shape of the starch granules but the sizes of granules increased
with the application of higher rates of nitrogen fertilizer. All potato starches had X-ray pattern B-type and crystallinity decreased
-1
when nitrogen fertilizer rates increased up to 120 kg ha . Fertilization did not interfere in content of amylose. Nitrogen rates
promoted a decrease in the phosphorus, calcium and magnesium contents in the starches. The starches had their initial and peak
temperatures of gelatinization decreased with increasing fertilizer rates, but there was no interference of this practice in the
enthalpy. The highest peaks of viscosity and breakdown were observed in starch extracted from potatoes grown with the
-1
application of 80 kg ha of Entec® 26 fertilizer. These results indicated important modifications in potato starch properties grown at
different rates of nitrogen fertilization and can provide information for starch applications in the food and non-food industries.
Keywords: Solanun tuberosum; nitrogen; starch, minerals; thermal properties.
Abbreviations: P_phosphorus; T0_onset temperature; Tp_peak temperature; Tf_final temperature; ∆T_range of temperature; ∆H_
enthalpy change

Introduction
-

Potato is a tuber that is widely distributed and highly
cultivated worldwide, with the largest harvest areas
concentrated in Asia and Europe (FAO, 2017). In Brazil, the
oleracea variant has the highest production and is cultivated
not only in the Southeast and South regions but also in the
Central-West and Northeast regions. The states with the
highest potato production include Minas Gerais, Paraná, São
Paulo, and Rio Grande do Sul.
The yield and quality of potatoes are influenced by the
plant variety, environmental conditions, and cultivation
practices. The potato cultivation cycle in tropical and
subtropical conditions varies from 90 to 110 days depending
on the cultivar. Considering its high productivity and
relatively short cultivation cycle, potato consumes large
amounts of nutrients that exist in a form readily available in
soil.
Fertilizer application has important effects on potato
quality and yield. Potatoes can absorb large quantities of
nutrients from the soil during the cultivation period,
especially nitrogen (N), phosphorus (P), and potassium (K)
(Westermann, 2005; White et al., 2007; Öztürk et al., 2010).
Nitrogen (N) is the most abundant macronutrient in plants
+
that can be absorbed in the form of ammonium (NH4 ) or

nitrate (NO3 ). In potato, nitrogen availability influences the
development of the aerial parts of the plant, tuber growth
and differentiation, and the chemical composition of tubers
(Long et al., 2004; Goffart et al.; 2008; Michalska et al.,
2016).
In the past decades, various research efforts have been
directed towards optimizing the efficiency of nutrient
utilization by plants, with the goal of reducing production
costs, preventing the destruction of environmental
resources, and increasing crop yields (Zebarth et al., 2009).
Approximately 40% to 60% of the total nitrogen applied
using fertilizers is utilized by the potato plant, and a large
percentage of the residual nitrogen is incorporated into the
soil organic matter, which in turn has a high risk of being
leached (Zebarth et al., 2007; Goffart et al., 2008). Nitrogen
losses are more pronounced in regions with high rainfall
indices, because these conditions produce plants with
shallow and undeveloped root systems (Heckman, 2002).
The percentage of accumulated nitrogen in Ágata potato
was determined to be 13% in the vegetative growth phase,
8% in the tuberization phase, 43% in the initial stage of tuber
filling, 34% in the second half of the tuber filling stage, and
2% in the maturation stage. Therefore, the use of fertilizers
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that contain NH4 and NO3 and additionally some types of
nitrification inhibitors represent a good strategy for
satisfying the high nitrogen demand by potato plants during
the growth cycle (Arregui and Quemada, 2008; Fernandes et
al., 2011; Migliorati et al., 2014).
Potatoes are one of the most important crops that act as
food sources for the global population. Potatoes also serve
as important materials for various industrial processes and
for starch production (Šimková et al., 2013).
Approximately 60 million tons of starch is extracted
annually worldwide from various cultures. Starches obtained
from different sources are used to produce food products,
pharmaceuticals, and non-edible products, such as
fertilizers, seed coatings, and paper. Starch properties
influence the texture of food and have various applications
as thickeners, colloidal stabilizers, gelling agents, bulking
agents, water retention agents, and adhesives (Hermansson
and Svegmark, 1996; Singh et al., 2003).
The properties of starch depend on its physical and
chemical characteristics. Starch has been demonstrated to
be considerably influenced by the type of cultivar, as well as
the environmental conditions and cultivation practices
applied during cultivation (Šimková et al., 2013; Leonel et al.,
2016).
In Brazil, potato is commercialized mainly in natura and
does not undergo further processing to produce starch.
However, advances in the starch industry have provided
information on the characteristics of the starches as a
function of the cultivars planted in the country and have
contributed knowledge on the influence of cultivation
conditions on the characteristics of the applicability of the
produced starches (Leonel et al., 2016; Santos et al., 2016).
Brazil is the largest country in South America and the fifth
largest in the world, and it has the potential to expand its
agricultural capacity. The GDP of the Brazilian agribusiness
has continued to increase in recent years and emphasis has
been placed on the agricultural sector, thereby justifying
research investments that integrate with the industrial and
production sectors, such as starch companies.
Thus, considering the importance of potato in the
agribusiness and the hypothesis that nitrogen fertilization
could affect the characteristics of starch, the present study
aimed to evaluate the effect of nitrogen fertilization rates
during potato cultivation on the shapes and sizes of
granules, X-ray diffraction pattern, crystallinity, amylose
content, and mineral contents, as well as the pasting and
thermal properties of the starches.

ranging from 21 to 50 μm, and larger granules with
diameters ranging from 51 to 75 μm. Medium-sized granules
were predominant in all treatments with nitrogen
fertilization. Higher amounts of nitrogen fertilizers applied
during potato cultivation were associated with larger sizes of
the starch granules and a decreased proportion of small
granules, which indicated that the growth conditions of
potato influence the important characteristics of starch
(Fig.1).
Effect of nitrogen on X-ray diffraction pattern and
cristallinity
Starch macromolecules are organized as amorphous and
semi-crystalline granular rings. A starch molecule is formed
by two macromolecules, the amylose and amylopectin.
Amylose is a linear polymer with few branches (4%-6%),
while amylopectin is the major polymer comprising starch
and is highly branched with a high molecular weight. The
short lateral chains of amylopectin are known to form
double helices that associate into clusters. These structures
are highly compact that originate from the crystalline
regions and alternate with regions that are amorphous, less
branched, and compact regions (Perez et al., 2009; Kozlov et
al., 2007; Bello-Pérez et al., 2006).
Non-modified starches can be divided into types A, B, and
C according to their X-ray patterns. In this study, the X-ray
diffraction patterns of examined starches were not altered
by the N levels. However, the starches obtained from
potatoes cultivated with higher nitrogen levels had lower
peak intensities. All samples had peaks located at 5.6, 15, 17,
18, and 23° at 2Ɵ, with the peak at 5.6° having a medium
intensity and the peak at 17° having a strong intensity. Based
on these peaks, the potato starches were classified under
the B-type (Fig.2). This pattern also was observed by Zobel
(1964, 1988), Jane et al. (1999), Buléon et al. (1998) and
Protserov et al. (2000).
The relative crystallinity of the starches ranged from
16.59% to 22.16%. Higher nitrogen fertilization rates during
potato cultivation were associated with lower relative
crystallinities of the starches (Fig. 2), thereby demonstrating
the effects of growth conditions on the structure of the
starch granules.
Effect of nitrogen on amylose and minerals contents
Amylose is a naturally occurring linear polysaccharide
composed of α-1,4-D-glucose units. The amylose content of
starch is a crucial factor that influences the characteristics of
starch, such as pasting properties and enzymatic
susceptibility. In humans and other monogastric animals,
amylose is more slowly digested than amylopectin (Stawski,
2008). In addition, amylose is anhydrous and can be used to
produce films for use in various industrial applications.
In the present study, the starches had amylose contents
ranging from 28.79% to 31.91%. Nitrogen content was not
found to influence amylose content. Phosphorus is an
important component of potato starch that primarily exists
as monoester phosphate (Kasemsuwan and Jane 1996).
Phosphorus, when covalently bound to the starch granules,
facilitates the incorporation of water molecules into the
starch granules because of its ionic nature, thereby altering
the functional properties of the starch, such as gelatinization

Results
Effect of nitrogen on shape and size of starch granules
Based on microscopic analysis, the potato starches exhibited
cylindrical and oval shapes and comprised mixtures of small,
medium, and large granules. The observed differences in
granule shapes were attributed to differences in nitrogen
fertilization rates. The observed shapes of the potato
starches were consistent with previous results found in the
literature (Liu et al., 2007; Wang et al., 2016) (Fig.1).
Analysis of the starch granules from the different
treatments showed that starch granules produced the
following three main size distribution bands: granules with
diameter smaller than 20 μm, granules with diameters
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Table 1. Characteristics of experimental area.
Characteristics
GPS

23° 02’ 27” S
48° 47’ 57” W
744
Oxisol clayey loam

Above sea level (m)
Soil classification
Clay Soil characteristics (0-0,20m of depth)
-1
pH (1:2.5 soil/CaCl2 suspension 0.01 mol L )
-3
Organic matter (g dm )
-3
Presin-extractable (mg dm )
-3
K (mmolc dm )
-3
Ca (mmolc dm )
-3
Mg (mmolc dm )
-3
H+Al (mmolc dm )
-3
Cation exchange capacity (mmolc dm )
Base saturation (%)
-1
Sand (g kg )
-1
Silt (g kg )
-1
Clay (g kg )

5.8
23.3
64.4
1.9
20.6
5.8
18.6
46.8
28.2
864
10
126

Fig 1. Shapes of potato granule starch observed in optical microscopy (40x) (A) and effect of nitrogen rates on granule size
distribution of potato starch (B).

Fig 2. Effects of nitrogen rates on X-ray diffraction patterns (A) and crystallinity indexes of potato starches (B).
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Fig 3. Effects of nitrogen rates on amylose (A) and minerals (B,C,D and E) contents in potato starches.

Fig 4. Effects of nitrogen rates on DSC thermograms of potato starch (A) and onset temperature (To) of starches (B).
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Fig 5. Pasting properties of potato starches on different nitrogen application rate. (A) Paste temperature; (B) Peak viscosity; (C)
Breakdown; (D) Final viscosity; (E) Seatback.
retrogradation, and swelling power (Hoover 2001; Blennow
et al., 2000; Noda et al., 2007; Leonel et al., 2016). In
addition to phosphorus, potato starch also naturally contains
metal cations that are attached to the phosphate ester
groups through ionic interactions (Kainuma et al., 1976;
Zaidul et al., 2007; Noda et al., 2014).
The phosphorus levels in the potato starches ranged from
943 to 1090 ppm. We observed a negative linear
relationship between the nitrogen fertilization rates and the
phosphorus contents in the starch. The phosphorus levels
obtained in this study were lower than those reported by
Leonel et al. (2016) and Noda et al. (1998), who reported
average phosphorus contents of 576 and 774 ppm,
respectively. However, our results were similar to those
reported by Noda et al. (2006) (1129 ppm), demonstrating
the high variability in phosphorus contents of potato
starches depending on cultivation conditions and cultivars
used. Analysis revealed that the potato starches had high
potassium contents, with the highest values observed in the
-1
starch extracted from potatoes grown with 120 kg·ha
nitrogen (Fig.3). Noda et al. (2014) also reported high
potassium contents in commercial potato starches, with the
obtained phosphorus, potassium, calcium, and magnesium
contents of 801, 663, 99, and 89 ppm, respectively.

all potato starches examined ranged from 64.37 to 65.87 ºC,
67.19 to 68.03 ºC, and 70.79 to 71.98 ºC, respectively (Fig.4).
Nitrogen application rates did not influence Tc and enthalpy
for gelatinization (∆Hgel). To and Tp were only slightly higher
under lower nitrogen fertilization rates.
The effects of nitrogen fertilization rates on the thermal
properties of starch were also reported by Zhu et al. (2017),
who observed that high nitrogen levels resulted in
considerably higher enthalpy (∆Hgel) and lower gelatinization
temperature. The different gelatinization temperatures at
the different N fertilization rates may be related to the
observed differences in granule sizes, as well as crystallinity.
The changes that occur in starch granules during
gelatinization and retrogradation substantially influence
their pasting behaviors, which were primarily determined
based on changes in viscosity during heating and cooling of
the starch dispersions. Analysis of the pasting properties of
the potato starches showed that they have pasting
temperatures ranging from 67.94 to 68.38 ºC, peak
viscosities ranging from 794.63 to 827.46 RVU, breakdowns
ranging from 565.99 to 653.28 RVU, final viscosities ranging
from 236.28 to 294.25 RVU, and seatbacks ranging from
65.76 to 67.51 RVU.
Our findings demonstrated the effects of nitrogen
fertilization on peak viscosity, breakdown, and final viscosity.
Nitrogen fertilization was not found to influence seatback.
Under high nitrogen levels, potato starches showed lower
peak viscosity and breakdown and higher final viscosity
(Fig.5).

Effect of nitrogen on thermal and pasting properties
When heated in excess of water, starches showed a single
symmetrical endothermic transition. Initial temperature (To),
peak temperature (Tp), and conclusion temperature (Tc) of

367
369

Discussion

driven by ionic forces and that these bonds may affect the
rheological properties of the starches.
Some studies have described that higher levels of calcium
and magnesium in native starches are highly desired for
industrial production because increased calcium and
magnesium intake may contribute to reduced risk of
developing type 2 diabetes and osteoporosis (Liu et al.,
2006; Villegas et al., 2009; Noda et al., 2014).
Gelatinization temperature has been known to depend on
the stability of amorphous and crystalline regions of starch.
Interestingly, nitrogen fertilization rates influenced the
gelatinization temperatures (To and Tp) of the starches,
suggesting that nitrogen levels influence the formation of
crystalline and amorphous regions in starch. Higher
gelatinization temperatures may produce more stable
amorphous regions and more ordered crystalline structures
in starch. However, the effects of cultivation practices on
granules sizes and consequently on gelatinization
temperatures should also be noted.
Analysis of pasting properties showed that nitrogen
application rates influenced peak viscosity and breakdown.
Peak viscosity leads to hot water swelling of the starch
granules, which reflect the ability of the ordered starch to
hydrate and swell. Breakdown is a measure of the stability of
the product at high temperatures under mechanical
agitation. Final viscosity is an important parameter in food
production because it influences the viscosity of the food
product.
The observed effects nitrogen fertilization during potato
cultivation on these properties can be related to the
minerals in the starch. In a previous study, Lu et al. (2011)
reported that potato starches with high phosphorus
contents tend to exhibit high peak viscosity and breakdown
in their pasting profiles. Zaidul et al. (2007) also discussed
the influences of calcium and magnesium on the pasting
properties of starch.

The sizes of the starch granules may reflect their
biosynthetic age. Termination of starch synthesis at different
growth stages is known to cause higher variability in particle
structure and properties of the starch granules (Wang et al.,
2016). The effect of nitrogen rates on granule size
distribution was also demonstrated in rice cultivated with
varying levels of nitrogen (Zhu et al., 2017). In this study,
our findings also revealed that N rate significantly influenced
the volume distribution of rice starch granules. However, a
previous study showed that higher N levels led to an
increase in the proportion of medium and small granules.
The sizes of starch granules are major determinants of starch
properties. Singh and Kaur (2004) reported that the large
granules of potato starch had slightly higher amylose
content and greater swelling power than those of smaller
granules. In addition, small granules showed a more
heterogeneous distribution of the acetyl group (Chen et al.,
2004). On the other hand, Wang et al. (2016) showed that
the fraction containing smaller granules exhibited spherical
shapes and A-type patterns, while the fraction containing
large granules exhibited ellipsoidal shapes and B-type
patterns.
Results showed that all potato starches had B-type
crystallinity regardless of nitrogen fertilization rate. In the Btype structure, the double helices are arranged into a
hexagonal structure, and the internal part of the structure
contains a cylindrical region filled with water molecules
coordinated to the hydroxyl groups of the carbohydrate
residues. The B-type structure is typically formed in starch
granules containing amylopectin with long chains (Hizukuri
1985, Jane and Shen 1993, Jane et al., 1997). Thus, the Btype starch has the most number of branch points clustered
in the amorphous region, making them more susceptible to
acid hydrolysis and hydrothermal treatment (Jane et al.,
1997; Jyothi et al., 2010).
The effect of nitrogen fertilization on crystallinity (Fig. 2)
may be related to granule formation, which was observed
based on the effects of N levels on granule size distribution
(Fig. 1).
Our results showed that the amylose content of starch in
Ágata differed from that reported by Santos et al. (2016)
(17.50%) for the same cultivar, but was very close to that
reported by Leonel et al. (2015), who also analyzed starch
produced from the same cultivar and grown in the same
region as in the current experiment (29.8%). The observed
differences in the amylose content for the same cultivar may
be because of differences in the developmental stage of the
plant, as well as local growth conditions. While evaluating
the characteristics of starch extracted from 16 potato
cultivars grown in five localizations, Šimková et al. (2013)
observed a variation in the amylose content ranging from
18.79% to 22.95%, and reported that the cultivar used and
the local growing conditions affect the amylose content.
Starch extracted from potatoes without nitrogen fertilization
showed higher levels of phosphorus, calcium, and
magnesium, demonstrating the interaction of these minerals
in starch (Fig. 3). Zaidul et al. (2007) reported that calcium,
magnesium, and other cations form crosslinks with
phosphate ester groups of adjacent amylopectin chains

Materials and Methods
Experimental conditions
Our experiments were conducted under field conditions in
areas where potato is commercially produced in Avaré city,
São Paulo state, Brazil. Prior to the experiments, a total of 20
subsamples were collected from the top layer of the soil at a
depth of 0–20 cm for determination of soil chemical
properties.
The preparation of the soil in the experimental area was
performed using the following steps: desiccation, two heavy
harrows, scarification, plowing, and third harrowing on the
-1
eve of planting. Fertilization was done using 384 kg·ha of
-1
P2O5 and 100 kg·ha of K2O in the planting grooves. After
fertilization, the furrows were mechanically created and the
planting was performed manually with a spacing pattern of
0.80 m in between rows and 0.35 m in between plants.
Certified Ágata type III seeds, with a mean mass of 40 g were
-1
used. At 25 days after planting, 150 kg·ha of K2O was
applied. The experimental design was a randomized block
with four replications. Nitrogen was applied at four
concentrations in fertilization treatments (0, 80, 120, and
-1
160 kg·ha ) in the form of the Entec® 26 fertilizer. Nitrogen
-1
was applied at a dose of 80 kg·ha in the planting grooves.
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Nitrogen rates of 120 and 160 kg·ha were distributed with
-1
the application of 40 kg·ha of N in the planting and the
remaining in coverage before heaping. Irrigation and
phytosanitary management of the crop were performed
according to the technical recommendations. Plants were
-1
desiccated using Diquat (331 g i.a. ha ) at around 100 days
after planting, and starch extraction was performed at 17
days after the tubers were harvested.

1.542 Å. Analyses were conducted between 5º and 50º in 2θ
-1
with the scanning speed of 1º·min . Intensity was expressed
in peak counts per second (cps). Relative crystallinity was
quantitatively estimated based on the relationship between
the area under the peaks and the total area of the
diffractograms following the method of Nara and Komiya
(1983) using the software Origin version 7.5 (Microcal Inc.,
USA).

Starch extraction

Amylose

Samples (4 kg) of potato tubers from each treatment
replicate were washed and cut into ~3-cm sections. Starches
were obtained via physical extraction in cold water. Potatoes
were disintegrated with water at a 1:1 (v/v) ratio using a
stainless steel industrial blender for 2 min. The suspension
was filtered through sieves with apertures of 60 Tyler (0.250
mm) and 170 Tyler (0.088 mm). The bagasse remaining in
the sieves was milled again in a blender under the same
conditions to remove residual starch. The starch suspension
recovered from the bagasse was mixed into the first
suspension and placed in a cold room at 5 °C for 6 h for
decantation of the starch. The supernatant was discarded,
and the starch was washed with water until the supernatant
was clear. After discarding the supernatant, the starch was
dried at 38 ºC in an air circulation oven.

Starch samples were defatted by dispersing in 90% DMSO
solution, and the resulting mixtures were boiled and stirred
for 1 h (Franco et al., 2002). Iodine affinities of defatted
whole starches were determined according to the methods
described by Kasemsuwan et al. (1995) using a
potentiometric autotitrator (716SM Titrino, Brinkmann
Instrument, Westbury, NY). Amylose contents were
calculated by dividing the iodine affinity of starch by 20.0%
(Takeda and Hizukuri, 1987).
The minerals phosphorus, potassium, calcium, and
magnesium were analyzed as previously described by
Malavolta et al. (1997). Extracts were prepared and
subjected to determination of the mineral contents. Samples
(500 mg) were weighed and placed in a digestion tube,
followed by the addition of 6 ml of HNO3 and HClO4 (2:1 v/v).
The nitric-perchloric digestion was conducted in a digestor
block by gradually increasing the temperature to 160 ºC and
incubating at this final temperature for 40 min.
Subsequently, the temperature was raised to 210 °C for 20
min until the extract became colorless. The extract was then
transferred to a 50-ml volumetric flask, and the volume was
adjusted with deionized water.
Phosphorus was detected based on the formation of a
yellow complex of the vanadomolybdophosphoric system in
acidic medium. To obtain the primary reactant, 5%
ammonium molybdate [(NH4)6Mo7O24)] solution and 0.25%
ammonium metavanadate (NH4VO3) solution were
prepared, mixed in equal parts, and stored in a refrigerator.
For determination of the phosphorus content in the
samples, 1.0 ml of nitric-perchloric extract was dispensed to
a spectrophotometer tube. Subsequently, 4 ml of deionized
water and 2 ml of the primary reactant were added, and the
sample was homogenized. The sample was allowed to stand
for 5 min, and the absorbance value was detected at λ = 420
nm. Phosphorus levels were calculated based on the
standard curve. Samples were analyzed in triplicate.
Standard solutions were prepared, and potassium,
calcium, and magnesium levels were measured using an
atomic absorption spectrophotometer (Analyst 800, Perkin
Elmer-USA) based on the displacement of electrons to
higher energy levels. Samples were analyzed in triplicate.

Starches analysis
Starches extracted from the potatoes harvested from the
different nitrogen fertilization treatments were analyzed for
shape and size distribution of granules, X-ray diffraction
pattern, crystallinity, amylose content, phosphorus,
potassium, calcium and magnesium contents, pasting
properties, and thermal properties.
Shape and size
The shape and size distribution of the starch granules were
analyzed using an Optical Microscope (Axioskop 2 Plus
model, Zeiss), and captured images were analyzed using Axio
Vision Rel. 4.8.2 - SP2 (Zeiss). Ten microscopy slides were
prepared for each sample, and 2 to 3 drops of 50% (v/v)
glycerin solution were added on each slide and mixed with a
small amount of starch using a platinum wire. A cover slip
was on the suspension while taking care to avoid
entrapment of air bubbles. Representative fields of the
sample were selected and observed under 10 to 40×
magnification. A total of 100 major diameter measurements
of the starch granules per microscopy slide were analyzed
(Vigneau et al., 2000; Leonel, 2007).
X-ray diffraction

Pasting properties
The moisture of the starch samples was equilibrated in a
desiccator containing saturated solution of BaCl2 for 10 days
(25 °C, aw = 0.9). Starch samples were compacted on
aluminum support and analyzed at 25ºC using a wide-angle
goniometer unit (RINT2000, Rigaku, Tokyo, Japan) operated
with the following settings: a monochromatic filter; copper
Ka radiation; 0.8 kW, power; 100 mA, current; 50 kV,
voltage; and rotational anode. The wavelength used was

The pasting properties of the starches were analyzed using a
Rapid Visco Analyzer (RVA), series 4 (Newport Scientific)
equipped with Thermocline software for Windows. Starch
samples (2.5 g) were dispersed in 25 ml of distilled water,
and moisture levels were adjusted to 14%. The following
temperature profile was used for the analysis: 50 ºC for 1
-1
min; 50 ºC to 95 ºC at a rate of 6 ºC·min ; 95 °C for 5 min;
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and cooling down to 50 ºC, at a rate of 6 ºC·min . Based on
the resulting graph, we evaluated the pasting temperature,
peak viscosity, breakdown, final viscosity and tendency to
retrogradation (seatback). Analysis was performed in
triplicate.
Thermal properties
Potato starch samples were weighed using aluminum pans
(approximately 2.5 mg, dry basis) and mixed with distilled
water (7.5 μL). Pans were sealed and equilibrated for 2–4 h
at 25ºCefore heating in the DSC. Measurements were
-1
carried out at a heating rate of 10 ºC·min from 25 to 100
ºC. The instrument was calibrated using an empty pan as
reference. After running the DSC program, samples were
refrigerated at 4 °C for 14 days and analyzed again under the
same conditions to determine the thermal properties of
retrograded starches. Gelatinization temperature (onset,
peak, and conclusion) and enthalpy changes of starches
were determined using the Pyris 1 software from Perkin
Elmer, USA. Data were reported as the means of triplicate
measurements.
Statistical analysis
The data were subjected to analysis of variance. The effects
of N fertilization rates were evaluated by conducting
regression analysis. Regression coefficients were considered
significant at the 5% probability level.

Conclusion
Our findings demonstrated that the cultivation practices
adopted by rural producers of potato significantly influence
the characteristics of starch, the main carbohydrate
component of potato. Nitrogen fertilization rates were
found to induce significant changes in the characteristics of
the starch in Ágata. The use of nitrogen fertilizer caused an
increase in the size of starch granules, decrease in mineral
contents (P, Ca, and Mg), and changes in pasting and
thermal properties, including a decrease in the initial
gelatinization temperature and peak viscosity, increase in
the resistance against heat and agitation, and increase in the
final viscosity.
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