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Abstract

The aim of this research was to evaluate the functional properties of the native potato (Solanum phureja Juz.
& Bukasov) starch in the food and non-food industry for which a thermal analysis was conducted, including
thermogravimetric (TGA) analysis, differential scanning calorimetry (DSC) analysis, X-ray diffraction (XRD)
analysis, morphologic analysis via scanning electron microscopy (SEM), and rapid viscoamylograph analysis
(RVA). The RVA analysis showed that gelatinization temperature was 63.95 °C, the maximum viscosity was
1087 cP and ease of cooking was 7 min. The thermogravimetric (TGA) analysis revealed three stages: in the first,
the product had weight loss of 9.51%; in the second, a weight loss of 53.88%; and in the third, a weight loss of
37.91%. The differential scanning calorimetry (DSC) analysis found that heat flux initiates at 50.97 °C, where
the starch gelatinization transition starts, ending at 71.25 °C with enthalpy of 2.11 J.g'. Evaluation of the native
potato starch demonstrated that this product is an excellent alternative in the elaboration of different products
which need a thickener in cooking processes, given that its behavior at high temperatures, which have allowed
to maintain its structure.

Keywords: Functional properties, gelatinization, native potato, starch gelatinization transition, thermal
characteristics.

Resumen

El objetivo de esta investigacion fue evaluar las propiedades funcionales del almidén de papa nativa (Solanum
phureja Juz. & Bukasov) en la industria alimentaria y no alimentaria para la cual se realiz6é un analisis térmico,
incluyendo analisis termo gravimétrico (TGA), analisis de calorimetria diferencial de barrido (DSC), Analisis de
difraccion de rayos X (XRD), analisis morfolégico a través de microscopia electronica de barrido (SEM) y analisis
rapido de viscoamilografia (RVA). El analisis RVA mostr6 que la temperatura de gelatinizaciéon era de 63.95°C;
La viscosidad maxima fue de 1087 cP y la facilidad de coccién fue de 7 min. El analisis termo gravimétrico (TGA)
revel6 tres etapas: En la primera, el producto tenia una pérdida de peso del 9.51%; En la segunda, una pérdida de
peso del 53.88%; y en la tercera, una pérdida de peso del 37.91%. El analisis de calorimetria diferencial de barrido
(DSC) encontré que el flujo de calor comienza a 50.97 ° C, donde inicia la transicion de gelatinizacion del almidén,
terminando a 71.25 ° C con entalpia de 2.11J.g!. La evaluacion del almidén de papa nativa, demostré que este
producto es una excelente alternativa en la elaboracion de diferentes productos que necesitan un espesante en los
procesos de coccion, dado que su comportamiento a altas temperaturas han permitido mantener su estructura.

Palabras clave: Caracteristicas térmicas, gelatinizacion, papa nativa, propiedades funcionales, transicion de
gelatinizacion de almidén.
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Introduction

Currently, diverse products are found in the
market that use flour and starch from as raw
material. It is common to find a large amount of
products elaborated from wheat and corn flour,
given that their characteristics and behavior are
known, while flours from other non-conventional
sources are not as well known. Flours and
starches existing in the market are used to
elaborate bakery products, instant soups, meal,
and are used as thickeners, for breading, frying,
and in confectionery, among others (Lucas et
al, 2013).

Corn starch is used most widely at industrial
and household levels, given its high extraction
yield and because of many hybrids exist and
permit obtaining starches with different thermal
and functional characteristics. In recent years,
much research has been conducted to produce
information about the behavior of starches
extracted from non-commercialized sources
(Chao-Q, et al., 2015).

The native potato (Solanum Phureja Juz. &
Bukasov ) is a diploid tuber, meaning it has two
equal or homologous chromosomes and that it
can reproduce sexually, whose advantages are
that if a parental has flaws in its DNA, the other
can compensate. This plant tends to perpetuate
because of the support from said diploid is
cultivated in Colombia, mainly in the departments
of Narino, Boyaca, and Cundinamarca. It
corresponds to 10% of the potatoes cultivated
in Colombia. It is commonly used in the soups
preparation, fried products, and purees due to
its high starch content, ranging between 70 and
85% in dry weight. Compared to cereals, potato
has a higher amount of protein (2.8 -14.6% in
dry matter), with high content of essential amino
acids (lysine, methionine, tryptophan). It also
has a high content of micronutrients, such as
vitamins (C and B complex), minerals (potassium,
magnesium, calcium, phosphorus, and iron),
colorants (anthocyanin and carotenoids), and
phenolic antioxidants (Eun-Jung Kim & Hyun-
Seok Kim, 2015).

A study conducted by the Colombian
Federation of Potato Producers (Giraldo, 2009),
shows for 2006, the production of native potato in
the Cundinamarca and Boyaca plateau was 13 t
per ha. In Narifo, it was 15 t and in Antioquia, 13
t. For 2007, the production in the Cundinamarca
and Boyaca plateau, dropped to 12 t per ha, while
in Narifo department increased to 18 t and in
Antioquia department maintained the production
at 13 t.

Starch from other potatoes, like that extracted
from Solanum tuberosum L., has been reported
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by other authors (Rajarathnam, 2011) due to its
functional and physical-chemical characteristics,
like low gelatinization temperature, low tendency
to retrograde, low in waxy solids, slight cereal
flavor, high viscosity, high swelling ability and
high solubility.

The aim of this research was to evaluate
thermal and functional characteristics of the flour
and starch from native potato (Solanum phureja
Juz. & Bukasov).

Materials and methods

Raw material preparation

The native potato was obtained at a local market
in the city of Armenia-Quindio, Colombia,
which is located at 1640 m. a. s. 1. The material
was washed, weighed, peeled and sliced into
1-mm thick portions. The slices were weighed
before drying them and then placed in an air
recirculation-drying oven (Memmert UL40) at
45 °C during 48 h. For starch extraction, the
traditional method was used, which consisted in
adding water to the banana slices in a 1:1 ratio,
prior to blending at 6000 rpm during 1 min and
passed through a 100-um mesh, with addition
of abundant distilled water. The mixture was
centrifuged at 10000 rpm during 1 min at 25 °C.
The precipitate was filtered through a membrane
with 100-um pore size and the filtrate containing
the starch was dried in a recirculation stove
(Memmert UL40, Germany) at 40 °C for 48 h
(Dufour et al., 2009).

Proximal Analysis

Humidity content was determined via Official
Method AOAC 925.10 (2005); ash content was
obtained by following Official Method AOAC
923.03 (2005); fiber for the flour was determined
through Official Method AOAC 991.42 (2005) and
Official Method AOAC 985.29 (2005), was used
for starch. Fat was quantified throughout Official
Method AOAC 922.06 (2005), and proteins
amount via Official Method AOAC 960.52 (2005)
(Lucas et al., 2013).

Physical and Thermal Characterization

Differential scanning calorimetry (DSC).
Temperature determination [Tp(°C)] and
gelatinization enthalpy [AHp(J.g'l)] was carried
out in TA Instruments DSC-Q100 equipment in
samples of 10.00 £ 0.50 mg with 80% humidity
content for a heating rate of 5°C.min"!, from room
temperature to 100°C, in nitrogen atmosphere
(Pineda-Goémez et al., 2011).



Thermogravimetric analysis (TGA). This
analysis was performed on TA Instruments
TGA Q500 equipment in presence of nitrogen
atmosphere for a range from ambient temperature
to 800 °C, with a heating rate of 5°C.min"! in
samples of 6 £ 0.50 mg (Pineda-Gémez et al.,
2011).

X-ray diffraction. The samples were reduced
to a fine dust and passed throughout a mesh
with pore size of 150 um. Thereafter, they were
densely packed in an aluminum container. X-ray
diffraction patterns were obtained using a Bruker
D8 advance diffractometer, with radiation line Cu
Ka (I=1.5 5418 A), with a potential difference of
30 kV and current density of 20 mA. The samples
were placed in the equipment with a 0.050
angular step between 5 and 40 degrees (26) and
15s count time per angular step. The material was
placed on a 30-mm X 30-mm aluminum sample
kept at room temperature and low humidity
(Pineda-Gomez et al., 2011).

Scanning electron microscopy (SEM).
Morphology was determined with a scanning
electron microscope (JEOL, Model JSM-6060LV,
Japan) with high vacuum and 5-nm resolution in
high-voltage mode. Analyses were performed at
20 kV accelerated electron voltage and 12-20 Pa
chamber pressure on samples, obtaining images
on fracture surfaces with the secondary electron
signal (Lucas et al., 2013).

Rapid viscosity analysis (RVA). A solution
was prepared at 7% starch without a amylase
inhibitor. An RVA-4 rapid visco-analyzer (Newport,
Australia) was used. The solution was heated
from 50 to 90°C with constant agitation and a
heating rate of 6 °C/min, after this, temperature
was maintained at 90 °C during 5 min and,
finally, it was cooled to 50°C at a rate of 6°C.
min*(Lucas et al, 2013).

All the procedures were conducted in triplicate and
unilateral variance analysis at 95% confidence to
process the obtained data.

Results and discussion

Proximal Analysis

Table 1, shows the physical-chemical composition
of the native potato starch.

Upon comparing the proximal analysis results of
the native potato starch to results from a research
of cassava starch conducted by Alvis et al. (2008),
differences were found in all the tests performed,
with significant differences in humidity, fat, and
protein tests. The values reported by the authors
(humidity 8.47; fat 0.31; protein 0.60) are lower
than those found in this research.
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Table 1. Physicochemical properties of potato starch (Solanum phureja)

Standard Coefficient of

Component %

deviation variation
Fat 5.48 0.21 0.04
Ash 0.29 0.13 0.45
Moisture 18.81 0.05 0.00
Fibre 0.16 0.01 0.04
Protein 2.38
Carbohydrates 72.88

Another study conducted by Alvis et al. (2009), in
wheat starch, which was compared to the native
potato starch, found that differences exist in the
humidity, protein, and fat percentages, but said
differences are not as big as those of the cassava
starch.

Morphologic analysis

The SEM micrographs of the native potato
starch (Figure 1), show granule agglomeration
by sections, similar to the starch structure.
These micrographs were taken from two different
locations. Those on the left column are equatorial
perspective micrographs, while those on the right
column are of transversal perspective, which
permits observing the starch granules from
different points to have a clearer idea of their
morphology in general

et
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Figure 1. Potato (Solanum phureja) starch micrographs
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The granule shape of the native potato starch
and its distribution are quite different with res-
pect to that reported for amaranth starch (Yadav
et al., 2006), which has an irregular granule
shape but with a spherical shaped distribution.
In another study, arracacha (Arracacia xanthorr-
hiza Bancr.) starch (Rodriguez et al., 2005), being
another tuber, differs in all its morphology from
the native potato starch.

In studies on starches where SEM analysis is
used, great similarity can be seen in the starch
granules from native potato with respect to the
native potato starch in which the morphologic
characteristics reported by Yadav (2006), and
Lee (2015), indicate this big similarity for these
two tubers.

Previous studies, evaluating the behavior of
flours throughout X-ray diffraction analysis,
show the results difference of this analysis
applied to flours from cereals, like wheat, reported
by Saiah et al. (2009). Note that the behavior of
diffractogram is type A, with different peaks and
intensity with respect to the results for native
potato, thus, elucidating the differences they have
with respect to compounds between the tubers
and cereals.

X-ray diffraction analysis

Figure 2, presents the native potato starch
diffractogram, which shows type B shape. The
diffractogram (Figure 2), shows a semi-crystalline
structure with peaks at 17°, 19°, and 22°
approximately, according to Dindar et al. (2009),
and Lee (2015), who report a diffractogram for potato
starch (Solanum tuberosumL.), revealing important
similarities with respect to the native potato starch,
thus, establishing the same properties could be
present in these two starches.

Potato starch

in(Caurts)

2-Theta - Scale

Figure 2. Potato starch diffractogram

A study conducted by Konishi et al. (2006), on
amaranth starch reports a diffractogram which
presents an approximation of potato starch re-
sults. Thus, by comparing the XRD results for

326

a starch from a tuber, like native potato, with
another tuber, like potato (Solanum tuberosumL.),
and a cereal, like amaranth (Amaranthus man-
tegazzianus Pass.), which show great similarity
in their crystallinity, it could be said the starch
obtained from these three elements could have
equal properties.

In addition, by comparing the flour and native
potato starch diffractograms, which have peaks in
nearby positions, varying only the peak intensity,
which is why similarity is observed between the
flour and starch samples. This could be explained
as the majority presence of starch in the flour
sample, given the other elements which comprise
it do not have these marked crystalline characte-
ristics (Konishi et al.,, 2006; Dtindar et al., 2009).

Rapid viscoamylograph analysis (RVA)

Table 2, shows the results for the RVA test (Figure
3) performed on native potato starch. For the
starch, time and temperature of gelatinization
start was 2.76 min and 60.59°C; the maximum
viscosity was 3963 cP, at 70.35°C, reached
at approximately 4.39 min, with this being a
big opposing force of the starch paste, which
corroborates the thickening sample capacity, as
previously mentioned.

Table 2. RVA analysis data of potato starch (S. phureja).

. instabili stability of Trend
Points Temp. Ease of iy Consistency iy Chiller paste
) 43 cookin of the paste @ thepaste  retrogress stabity (P)
Sin ca o @ @ Y
maximum
) 7035 393
viscosity (A)
163
viscosity
8990 397 1472
90/5(8)
112 1480
Viscosity
89,95 2491
hollow (C)
360
Viscosi
O
50°C(D)
Final 9
Viscosity to 50,05 284
50°C(E)
4450 100
3950 %0
3450 -
1 70
29%
60
2450
so —e— Viscosty
19% * - Temperature
S0
1450 ?
30
950 ] 20
- J 10
=, :

-] 5
Figure 3. RVA graphics



A study of different starches conducted by
Alvis et al. (2008), reports very low values of di-
fferent starches from tubers compared to those
obtained for native potato starch, thus, yielding
the idea of the great thickening capacity of the
native potato starch.

Paste viscosity was 3971 cP, at 89.90°C and
time close to 8 min, thereby, necessitating very
little time between phases, losing a bit of its vis-
cosity, which translates into free swelling of its
granules in the paste by being composed mainly
of starch.

With relation to ease of cooking, with 1.63 min
in said parameter, it does not permit industrial
use in foods that need to be sterilized, without
it losing its characteristics, given that its starch
granules can solubilize more rapidly and alter
their consistency.

Instability of the gel for the starch is quite high
due to the large amount of amylose molecules,
which make its leaching process and most of the
granules break, thus, lowering its viscosity. For
the native potato starch the value was 1472 cP,
which translates into major swelling ability of the
granule and high fragility when breaking when
its viscosity drops.

A research conducted by Messager & Despre
(2004), on wheat starch reports that when com-
pared to native potato starch it presents very low
results in all the RVA analysis phases, differences
due to the sample nature, understanding their
different uses. The native potato starch showed
that viscosity at the end of the first maintenance
period was 2491 cP, at 89.95°C, in 12.70 min.
The drop in viscosity is due to the rupture of the
starch granules, because of their swelling, per-
mitting their solubilization after the rupture due
to release of water in the paste.

Stability of the paste during cooking was
1480 cP due to the solubility of the granules in
the paste, given that after its rupture, its water
permits the granules to be oriented in the same
direction the paste is being agitated, demonstrat-
ing its fragility to mechanical action and to the
applied thermal action. Viscosity of the paste of
the native potato starch cooked and cooled was
2851 cP, at 50.30 °C, in 19 min, approximately.
The low viscosity is because the starch granules,
although their retrogression capacity was at
360 cP, are not all capable of returning to their
natural state due to their rapid destruction. Also
noted is the high consistency at 1112 cP, which
represents loss, during the cooking and cooling
process, of viscosity that starch granules do not
manage to recover.

Viscosity at the end of the second maintenance
period was at 2845 cP at 50.05 °C in 21 min,

Physical-chemical characteristics determination of potato
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showing another slight decrease in viscosity.
By evaluating the stability of the paste during
this maintenance period, which was at 9 cP, it
indicates that after all the analysis phases starch
is more stable after cooking when maintained
at 50 °C. Comparing the results obtained for
the flour and native potato starch samples, the
difference can be observed between the viscosities
given for each sample (Table 3), representing the
freedom of the starch granules, given that they
are not found with other compounds and can
swell freely.

Table 3. Comparison of the results of the RVA analysis for flour and potato
starch (S. phureja)

Parameter Potato flour  Potato starch
Maximum viscosity (cP) 1087 3963
Viscosity 90/5 (cP) 1091 3971
Viscosity hollow (cP) 1078 2491
Viscosity 50°C (cP) 1310 2851
Viscosity of the cooked and cooled paste 1395 2842
(cP)

Facility of cooking (min) 7 1,63
instability of the paste (cP) 9 1472
Consistency (cP) 223 1112
Stability of the paste (cP) 13 1480
Trend retrogress (cP) 232 360
Chiller paste stability (cP) 85 9

The tendency for flour to retrograde with respect
to starch is quite low, but considering that in flour
there is little separation of the granules, it has a
large capacity for said granules to return to their
natural state. In starch, most of these granules do
not have the capacity to re-associate due to their
rupture after water absorption (Yadav, 2006).

The times and temperatures of gelatinization
initiation are similar (63.95 °C and 3.33 min for
flour and 60.59°C and 2.76 min for starch), in-
dicating that the starch present in the flour has
the same behavior as the isolate.

Thermogravimetric analysis

Figure 4, is the thermogram for the native potato
starch, which shows a more stable degradation
behavior than the native potato flour. Starch
behaves similar to the analysis performed for the
native potato flour (Figure 4).
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Sample: AMDPA N2 5Cmin
Size: 4.9790 mg TGA
Method: Ramp Run Date: 2010-01-22 09.06
Comment: AMDPA N2 5Cmin 22-01-2010 Instrument: TGA Q500 V6.3 Build 189
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Figure 4. TGA graphics

The first stage, shows elimination of water
contained by sample, which is 9.46% (0.47 mg)
increased at room temperature of the sample to
231.78°C. The second stage, shows the degrada-
tion of a large percentage of the sample, 68.40%
(3.41 mg), between the temperature interval from
231.78 to 393.90°C, an interval in which most of
the starch is degraded. The third stage, is where
combustion of the other components, 21.13%
(1.05 mg), takes place recombined with the inor-
ganic part (fat, protein), in increased temperature
from 393.90 to 611.98 °C. The residue at 0.72%
(0.04 mg) indicates sample purity, which means
that it is mostly starch.

Studies on corn starch by Dries et al. (2014),
present a thermogram which evidences the big
similarity in loss percentage, discerning con-
siderably from the rate of loss, with the native
potato starch being higher than the rate of loss
of corn starch.

Another study conducted on potato starch by
Hongjia et al. (2013), reports a thermogram with
a similar behavior with respect to the loss per-
centages and a rate of loss lower than the native
potato starch. A study shows a cassava starch
thermogram (Yaoqi, 2011) in which the difference
between the loss percentages and the rate of loss
are not significant to those of the native potato.
Hence, we may say they behave similarly.

By comparing the thermograms of the differ-
ent starches, agreement is noticed based on the
starch components, given that the percentages of
loss are quite similar. Therefore, it could be said
that they would have similar behaviors for their
use in the different uses of the starches. (Dries et
al., 2014; Hongjia et al.,, 2013; Yaoqi et al., 2011).
In addition, with these being so similar with re-
spect to their components, the same cannot be
said for their stability, given that the loss rates
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are quite different except for the starches from
cassava and native potato, which would limit
the use of some of these starches, depending on
the temperature to which they will be subjected
during their utilization process.

Comparison of the flour and native potato
starch (Table 4), shows similarity in water reten-
tion capacity of starch and native potato flour,
the difference between carbohydrate degradation
—given its higher presence in starch, which trans-
lates into a higher loss percentage in starch than
in flour, and the purity of the native potato starch
sample, compared to that of native potato flour
— given that the starch residue is less than 1%.

Table 4. Mass loss percentages for flour and potato starch, calculated by TGA

Product First Second Third stage Residue
stage (%) Stage (%) (%) (%)

Potato flour 9.51 53.88 32.18 3.55

Potato starch 9.46 68.40 21.13 0.72

Figure 4, also presents the rate of weight loss,
with that of starch (15%/min) being three times
faster than that of flour (4.80%.min!) due to the
presence of a higher amount of carbohydrates
which degrade during the second stage of the
analysis, although flour shows another peak of
high rate of loss of 2.50%.min™, where other types
of compounds (inorganic) present in the sample
would be eliminated.

Differential scanning calorimetry analysis

Figure 5, shows the thermogram of differential
scanning calorimetry test for the native potato
starch.

Sample: Amd papac SCmin 12032010
Sze' 10,0000 pbsc
Method: MOSC - heat anly Run Date: 2010.03.12 1501

Comment Amd papac_SCmin 12032010 Instrument. DSC G100 V0.0 Buikd 275

Heat Flow (Wig)
s
Al
\

o8 —_— e
20 4o £ 80 100 120

b Temperature (*C) Universal Va1 TA instruments

Figure 5. DSC thermogram for potato starch (S. phureja)

This thermogram reveals the behavior of the
sample receiving heat, evidencing an endothermic
peak with a minimum at 51.96 °C and enthalpy
0f45.20 J.g’!, which occurred in the temperature
interval of 28.69°C. The mean temperature



where the gelatinization transition starts is at
46.62°C. Starch purity can be seen through these
results, given that much energy was needed for
the gelatinization process. In studies by Sandhu
& Singh (2007), of different types of corn starch
temperatures are significantly above those in this
research, while the obtained enthalpy for native
potato is nearly four times above those reported
for corn starch from different varieties.

The maximum peak index is similar to that re-
ported by Sandhu & Singh (2007), given that the
differences among the related data enthalpy and
the temperature interval are big, thus, equating
the differences and giving a similar PHI within
a gelatinization temperature range of 39.68°C,
while the ranges reported in the prior study are
almost four times lower.

A study on amaranth starch (Konishi et al.,
2006), reports temperatures above those obtained
for native potato starch, but enthalpy is much
lower; hence, the maximum peak index for am-
aranth starch is much lower than native potato
starch in a significantly lower temperature range.

Another study conducted by Le Corre et al
(2012), reports the DSC results for cassava
starch; the peak temperature (118°C) and enthal-
py (488.90 J.g'!) are higher than those obtained
for native potato starch, thus, the cassava starch
had higher ease of gelatinization.

Comparison of the results of the DSC analysis
of the flour and native potato starch amongst
each other, bearing in mind that the starch
gelatinization transition depends on time and
temperature to which the sample is subjected,
responds to the amount of starch present in the
sample. This is why the native potato flour needs
more time and temperature for starch gelatiniza-
tion, requiring much lower energy for this process
and, thereby, a lower starch gelatinization index
than the native potato starch (Table 5). (Dufour
et al., 2009).

Table 5. Comparison of DSC results flour and starch potato (Solanum phureja)

Product T, (°C) T,(°C) T,(°C) AH,(Jg) PHI

Potato flour 50,97 71,25 61,26 2.11 0,19

Potato starch 38,28 66,97 51,96 45,20 3,30
Conclusion

Evaluation of the native potato starch
demonstrated that this product is an excellent
alternative in the elaboration of different products
that need a thickener in cooking processes
because its behavior at high temperatures allows
it to maintain its structure. This is confirmed by
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viscosity analyses (RVA), TGA, and DSC, given its
low water absorption during heating processes,
important water retention capacity, and knowing
that it needs more time and temperature to
undergo the phase change of the native potato
starch. The native potato starch, according to
data obtained in this research, could be used as
an additive in different industries, like the meat
industry, given its semi-crystalline structure with
a diffraction pattern similar to soluble starches,
corroborated via the high water retention capacity
of this starch. In addition, this starch may be
used as a biodegradable polymer for packing,
given its low water absorption.
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