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Introduction. Starch has been modified to overcome
industrial limitations present in its native form. Heat-moisture
treatment (HMT) is essentially a physical and thermal method
applied to modify starch. It can be combined with some chemicals
to provide unique technological characteristics to these
biopolymers.

Materials and methods. In this study, the potato starch was
modified by conventional HMT using water and with 0.2 mol L™
solutions of the organic acids lactic and citric up to 22% ratio. The
influence on pasting and thermal properties of the potato starch
was investigated. With the action of HMT, with water and acid, it
was possible to observe structural changes in the starch.

Results and discussion. The commercial potato starch shown
BC pattern type (B type with characteristics of C type). The
treated starches have a C pattern type, with main diffraction peaks
20 at 5.6°, 15.3° 17.3° and 23.5°, respectively. A decrease in
intensity peaks at 5.6° according each treatment was observed.
The relative crystallinity (RC) of each starch was calculated being
27.2% from commercial potato starch which decrease to 19.9% to
the treated with citric acid. Through pasting properties analysis
(RVA) it was possible to observe that the viscosity peak presented
a notable reduction from 7,824.00 mPa/s (native), to 90.00 mPa/s
(HMT + citric acid). The Differential Scanning Calorimetry
(DSC) was used to determine the values of onset (T,), peak (Ty)
and endset (T¢) temperatures of gelatinization as well as the
enthalpy (AHge). The native (commercial) starch + HMT and the
one treated with 22% water + HMT shown enthalpy 14.5 and 9,9
J g%, respectively. The others, treated with 22% solution of lactic
acid + HMT and 22% solution of citric acid + HMT showed an
enlargement between T, and T, with drastic reduction of viscosity.

Conclusions. The main application of this modified starch is
in foods that require low viscosity, such baby food, soups and as
an ingredient for baked products like cookies.
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Introduction

Starch is a biodegradable polysaccharide, from a renewable source. It is composed mainly
by amylose and amylopectin molecules. The amylose in which each unit of glucose is linked
by a- (1 — 4) glycosidic bonds, and the amylopectin, which molecule is highly branched by
glycosidic portions of both a- (1 — 4) and a- (1 — 6) glycosidic bond (Yassaroh et al., 2019).
This biopolymer is the main storage carbohydrate produced by plants. It is widely processed
and consumed by human as an energy source (Leonel et al., 2011). The source of starch can be
very broad. The most used sources for human consumption regards to starches from cereals and
tubers such as corn, wheat, potato and cassava starch (Zaman et al., 2016). The World Health
Organization (WHQO) recommends that more than 55% of the energy ingested by humans
should be from carbohydrates, which means that studies on starches and their health benefits
are highlighted (Pereira,2017). As ingredient starch is responsible for technological properties
that characterize most products, contributing with texture, thickeness, colloidal stabilization,
gelling, volume, adhesiveness, water retention, and many others (Jiranuntakul et al., 2011).

Potato (Solanum tuberosum L.) is the third most important food crop on the planet; it is
the first non-grain commaodity (dos Santos et al., 2016). This tuber has a significant importance
when we talk about starch, because although most of its production is destined for fresh
consumption. Potato starch, has been gaining market with thermal and thickening application
in the food industry (Noda et al., 2006). Potato starch is composed of approximately 80%
amylopectin and 20% amylose. In comparison with cereal starches, potato starch, gel forms
with high viscosity, good consistency and clarity. Due to the presence of phosphate, gelatinized
material shows high transparency (Noda et al., 2006; Shin et al., 2007). All these characteristics
make it interesting to be used as thickeners for dehydrated soups and sauces, binding agents in
sausages, puddings and desserts (dos Santos et al., 2016).

Despite having value in the industry, use of native or untreated starch present several
problems such as handling, tendency to retrogradate, low freeze-thaw stability, and poor
tolerance to many technological processes such as poor thermal resistance and low shear
resistance (Barreti et al., 2020). To improve this limitation, starch granules can be modified by
several methods, such as chemical, physical, biological and even combined processes
(Schafranski et al., 2021). Among the most used starch modification methods in the industry, the
most well-known are heat-moisture, dry heat, annealing, pre-gelatinization, high pressure,
radiation, ultrasound, cross-linking, substitution, acid hydrolysis and oxidation treatments
(Noda et al., 2006). The starch modification extent is affected by botanical source, composition,
proportion of amylose to amylopectin, as well as by the disposition of the chains within the
amorphous and crystalline regions of the starch granules (Schafranski et al., 2021).

HMT is essentially a physical modification comprises of heat-treating starch with low
moisture content (10-30%), and high temperatures above starch gelatinisation (90-120 °C).
This type of method modifies the physicochemical properties of starch without destroying its
granular structure. The first research to use HMT to modify a cereal starch was reported in
1944, and since then several studies have been carried out to investigate the effects of this
method applied to different botanical sources. Besides other modification methods like
chemical and biological, HMT brings high effectiveness, simplicity, low costs and mainly the
non-generation of hazardous chemicals residues. Thus, HMT can be an attractive technique for
industrial food applications (Zavareze et al., 2011). Recently, some published studies have
shown that the addition of organic acids solutions instead or combined with water (moisture)
during HMT process is able to modify starch, due to partial hydrolysis and promoting structural
alterations. These researches have been carried out using lactic, citric, and acetic acids at lower
concentrations with the advantage of being food grade ingredients. Furthermore, they can be
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used without limitations when inorganic acids are added during food applications (Barreti et
al., 2020). Thus, the granules have been modified to be suitable for further applications.
Modified starch is responsible for the main technological properties that configure many
processed products.

Technological aspects and impacts provided by starch modifications can be observed by
several analytical methods such as differential scanning calorimetry (DSC), powder x-ray
diffractometry (PXRD), rapid visco analyser (RVA), among many others. DSC provides
information regarding starch gelatinization, which is a regular event during an industrial
process. DSC can provide the difference in enthalpy between a sample and a reference
(normally an empty pan) as a function of temperature or time under controlled heating and
cooling program. Furthermore, the equipment helps to obtain the event beginning or onset
temperatures (To), endothermic peak (Tp), conclusion temperature (Tc), and gelatinisation
enthalpy difference (AH) (Schafranski et al., 2021). RVA is a rotational viscometer that can
measure the shear resistance or pasting properties of a sample. In addition, the equipment can
reproduce thermal processing conditions when a sample is heated and cooled. During RVA
analysis it is possible to obtain some important information such as maximum viscosity reached
during the heating period and tendency to retrograde during cooling process (Barreti et al.,
2020). PRXD is a useful tool to evaluate the impacts on the characteristics of starch crystalline
structures. It is possible to observe the behaviour of peaks intensities, the pattern characteristic
and the relative crystallinity (Zavareze et al., 2011).

Potato starch has been modified to overcome industrial limitations present in its native
form, generating more suitable industrial products (Colussi et al., 2020). The modification
technique, such as HMT (Heat-moisture treatment) combined with the addition of others, can
bring more expressive and interesting results from the functional point of view, results that have
been proven in several studies (dos Santos et al., 2016; Hung et al., 2016). Thus the present
research aimed to investigate the impact of treatment by HMT using water (moisture) and
solutions of lactic acid and citric acid on the structure and the pasting and thermal properties of
the potato starch.

Materials and methods
Samples and reagents

The potato starch was purchased at a local supermarket in the city of Ponta Grossa (25°
05’42 S, 5° 09’ 43” W) Parana, Brazil. The reagents for carrying out the analysis were at least
analytical grade.

Methods
Heat-moisture-treatment (HMT) and Acid HMT

30 g of potato starch (dry base) was suspended in deionized water and in different
solutions of citric acid and lactic acid each at 0.2 mol L. Then, the samples treated in an acid
medium were neutralized with sodium hydroxide 0.1 mol L and then washed with deionized
water. After, the slurry was filtered and dried, obtaining the adjusted level of final humidity at
22% and placed in hermetically sealed bottles. The samples were so maintained for 24 h at
room temperature and then submitted to 110 °C in an oven (Tecnal, TE 394/1, Piracicaba, SP,
Brazil) for 8 h. Until the analyzes were carried out, the samples were stored in a desiccator with
anhydrous calcium chloride (Hung et al., 2016). The treated samples were identified as: native
(commercial sample), HMT H,O (heat-moisture treatment with 22% deionized water); HMT
LA (heat-moisture treatment with 22% lactic acid) and HMT CA (heat-moisture treatment with
22% citric acid).
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Powder X-Ray diffractometry (PXRD)

Diffractograms of samples were obtained using Ultima IV X-ray diffractometer
(Rigaku, Japan) under following conditions: CuKa radiation (A = 1.541 A), voltage of 40 kV
and current of 20 mA. The observed interval was from 3 to 40° to 2 (0), step of 0.02° with
scanning speed of 2° min (Kubiaki, 2018). The main diffraction peaks were observed and
Equation (1) was used to calculate the relative crystallinity (Hung et al., 2016; Shaikh et al.,
2019):

Xe=Ap/ (Ap + Ap) 100 (@)

where X, refers to relative crystallinity; A refers to the area of the X-ray diffractogram; and
Ay refers to the amorphous area of the diffractogram.

Pasting properties (rapid visco analyser — RVA)

The pasting properties of the samples were determined with RVA-4 instrument
(Newport Scientific, Australia). A dispersion in water of 8% (m / m) of starch on a dry basis
in 28 g of total mass, was subjected to a cycle of heating and cooling under constant agitation,
where they were kept at 50 °C for 2 min, heated by 50 to 95 °C to 6 °C min'* and maintained
at 95 ° C for 5 min; cooled to 50 ° C to 6 °C min~ ' and held at 50 °C for 2 min (Maior at al.,
2020).

Differential Scanning Calorimetry (DSC)

The DSC curves were obtained in a DSC 60 equipment (Shimadzu, Japan). The mass
of the starch samples (2.5 mg) were weighed aluminum crucibles and it was added water up
to a ratio 1:4 starch water. The crucibles were sealed, maintained by 60 min and so performed
the DSC analysis. The DSC instrument conditions were: heating rate of 5 °C min-!, heating
from 30 to 100 °C under air atmosphere with flow of 50 mL min™. The instrument was
calibrated according to the manufacturer's specifications and verified with a Indium standard
purity index of 99.999%, m.p. = 156.6 °C, AH = 28.71 J g."* (Lacerda et al., 2014; Andrade
etal., 2014).

Statistical analysis

The results were expressed as mean + standard deviation and were analyzed using the
Action Stat 3.3 software (Estatcamp, Sdo Paulo, Brazil). To determine the behavior of the
samples, unilateral analysis of variance — ANOVA was used. To determine the differences
between the means, the Tukey test was used, with a 95% confidence level (p <0.05) (Barretti,
2020).

Results and discussion

Powder X-Ray diffractometry (PXRD)

Potato starch presented pattern characteristics of BC type (B with characteristics of C)
whereas the other three have a C pattern with 20 at approximately 5.6°, 15.3°; 17.3° and
23.5°. Similar behavior were found in literature (Hung et al., 2016). It is possible to observe
the decrease in peaks at 5.6° according the HMT modified starches. In Figure 1, are depicted
the X-ray diffractograms. They were used to analyze the main peaks and calculate the relative
degree of crystallinity (%) of each sample.

Native starch showed the highest relative crystallinity (27.2%). Starch modified only
with HMT + H,O and starch modified with HMT + lactic acid shows similar crystallinity
(25.6%), the lowest relative crystallinity was observed for a sample modified with HMT +
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citric acid (19.9%). These decreases can be explained due to a lamellar destabilization
promoted by the treatment by HMT (Maior et al., 2020; Liu et al., 2019).

According to authors, the effect of heat treatment on starch crystallinity depends on the
source of starch used and the conditions of moisture and heating used in the treatment. The
decrease in crystallinity caused by the treatment of HMT combined with citric acid, which
was 19.9%, is much smaller when compared to the other values obtained, this can be
explained by a possible decomposition of the crystalline structure of starch by citric acid, this
phenomenon causes the substitution of citrate groups in the starch chains, forming a starch
with limited mobility (Barretti et al., 2020; Andrade et al., 2014). Xia et al. (2016) also raises
a reduction in relative crystallinity when studying sweet potato starches treated by HMT and
citric acid.

On the other hand, other sudies showed an increasing in relative cristallinity values. It
was observed that HMT, is able to transform the fraction of amorphous amylose to the
crystalline state. It is possible that during the treatment the double helical chains help to form
a crystalline matrix which presents a structure more ordered than an untreated starch
(Zavareze et al., 2011)
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Figure 1. Diffractograms and relative crystallinity (XC%) of native and modified potato
starches

Pasting properties (rapid viscoanalyser— RVA)

Data relating to viscoamylographic analyzes of native and treated potato starch are
provided in Table 1 and the viscosity profiles are illustrated in Figure 2.
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Table 1
Results obtained from the RVA curves of native and modified potato starches

Samples | Treatments Pasting Viscosity | Breakdown, | Setback, Final

temperature, peak, mPa-s mPa-s Viscosity,
°C mPa-s mPa-s

Native P Native 65,50° 7824,00* 5868,5% 847,00 | 2802,50°
+0,07 +1,41 + 1,41 +2,12 +2,33

HMT P HMT H20 81,60* 1732,00° 1592,00* | 3329,00*
+ H20 +0,57 +2,82 ) + 1,41 + 1,41
HMT PHMT LA 94,50°¢ 41,000 30,00° 77,00°
+LA - +1,41 + 0,05 +1,41 +2,12
HMT PHMT CA 90,004 45,00¢ 31,50¢ 76,50°
+ CA ) + 1,41 + 0,02 +2,12 +0,71

mPa:s — millipascal-second, s — second.Values presented as mean values + standard deviation. Values
followed by the same letter in the same column are not significantly different by Tukey’s test (p < 0.05)
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Figure 2. Pasting properties (RVA) curves of native and
modified potato starches (mPa-s)

1 - P (Potato starch);

2 — HMT H20 (Heat-moisture treatment with deionized water);
3 — HMT LA(heat-moisture treatment with lactic acid);
4 — HMT CA (Heat-moisture treatment with citric acid).

5 — temperature.

40
1400

With the results obtained, it is possible to observe that the temperature for mass
formation increases for H,O modified starch from 65.5 to 81 °C, in relation to native starch.
The transforms modified with the organic acids did not form masses, showing that the
treatment of the starch by HMT with a gel formation.
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It is also possible to notice an increase in the final viscosity for H,O modified starch,
which may be related to intra-granular curtains, making the starch more resistant to
deformation, in addition to the reorganization of the starch chains. For how modified with
citric and lactic acid, it hears a decrease in the final viscosity, suggesting the rupture of the
granular structure (Barreti et al., 2020; Maior et al., 2020; Shaikh et al., 2019).

Viscosity reduction can occur by altering the amorphous fraction of the starch. In acidic
conditions this amorphous fraction can be hydrolyzed and the starch starts to move more
freely which can result in the closure of its chain and consequently starts to absorb less water
which results in reduced viscosity (Maior et al., 2020).

In the sample of starch modified with citric and lactic acid, it is possible to observe that
lower as lower final viscosities and peak viscosity, reduced breakage and less tendency to
retrograde, this is due to the fact that they do not form paste. One of the major causes of
texture deterioration in bakery products is retrogradation. Pastes with low viscosity values
are desirable in these products since they have a lower tendency for this phenomenon to run
(Hornung et al., 2015; Bet et al., 2020).

Differential scanning calorimetry (DSC)

In the Figure 3 it is possible to observe the DSC curves and in the Table 2 are the
obtained values of To, Tp, Tc as well as the gelatinization enthalpy AHge for the samples
submitted to this analysis.

It can be observed that the gelatinization event occurred in native starch, with a single
well-defined peak in the endothermic profile, which is due to the fact that they have low
levels of lipids. In the other three samples, the absence or almost absence of the gelatinization
curve shows that the changes made to the starch showed the expected decrease in the
gelatinization characteristic. This is due to a rupture of the double helices or partial
gelatinization of the amylose and amylopectin content during heating. It may also be due to
the formation of new starch crystals that can present different thermal stability in the face of
physical modification, leading to a high energy need for the dissociation of the crystals to
occur and thus the gelatinization phenomenon to happen (Andrade et al., 2014).

Only two of the samples had the gelatinization event, being that of native starch and
starch modified with H,O. The native starch presented a higher AHge Value when compared
to the H,O modified starch, showing that the H,O modification already reduces the
gelatinization power of the starch. This change in the thermal characteristic of starch can be
explained by the reduction of the destabilizing effect of the amorphous region in the fusion
of the lens and by the dissociation of the double helices present in this region (Hung et al.,
2017).

Regarding the values of T,, Tp and T can see that they are similar between the two
samples. In studies already carried out, the AHge vValues of native potato starch revolve around
similar values, as it is verified by (Andrade et al., 2014), where the value presented is AHggel
(14.72 J g1) being very close to the value AHge (14.5 J g1) found in the present study. The
starches modified with organic acids do not show gelatinization (It is observed an
enlargenment between T, and T, with drastic reduction of viscosity and impossible to stablish
values). This behavior can be explained by the occurrence of an esterification reaction caused
by these acids (Barreti et al., 2020).
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Figure 3. DSC curves of native and modified potato starches
1 — P (Potato starch);
2 — HMT H20 (Heat-moisture treatment with deionized water);
3 — HMT LA(heat-moisture treatment with lactic acid);
4 — HMT CA (Heat-moisture treatment with citric acid).

Table 2. Results of DSC curves for native and modified potato starches

Samples T, T, Te, AHgel
oC oC oC J g-l
Native 59,8°+0,06 | 64,0°£0,01 | 70,6°+0,09 | 14,5*+0,08
HMT + H,O | 58,5°£0,16 | 64,9°£0,01 | 72,9°+0,14 | 9,9°+0,29
HMT+LA - -
HMT + CA - -

To— onset temperature, T, — peak temperature, Tc — conclusion temperature,
AHge —gelatinisation enthalpy. Values presented as mean values + standard
deviation. Values followed by the same letter in the same column are not
significantly different by Tukey’s test (p < 0.05)

According to (Maior et al., 2020) corn starch showed a higher AHgel When compared to
starches that underwent HMT modification, and that the modification combined with organic
acids promoted an even greater reduction in AHge. Regarding the values of To, Ty, T, the
work reports that after the modification the values obtained were higher, being in accordance
with the shown results. Other studies have also shown similarities in the behavior of starches

when subjected to HMT combined with organic acids (Barreti et al., 2020; Hung et al., 2016;
Hung et al., 2017; Xia et al., 2016).
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Conclusions

Starch modified by HMT presents with appropriate and different characteristics
comparing to the native form. It was possible to observe changes on gelatinization,
cristallinity, and pasting properties. The treatment of potato starch using HMT + H.0,
showed some properties alterations, however the modifications were more evident for the
treatments with HMT + organic acids, which presented important results and altered
technological properties such as the viscosity profile of the samples. The DSC and RVA
analysis showed that the characteristic thickener of the starch can be lost after the
modifications combined with the organic acids. PXRD analysis showed a decrease in the
relative crystallinity after the modifications. The heat-moisture treatment with lactic and
citric acids can be considered safe and ecologically correct treatments with organic acids of
food grade. Processed modified samples proved to be suitable for application in foods that
require low viscosity, such baby food and soups for example. On the other hand, treated
granular starch can be an interesting alternative to be used as ingredient for baked products
like cookies. It is possible that they have altered the digestibility of this polymer in the human
body.
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