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Abstract

Mango agribusiness is an expanding activity in Brazil and produces a large volume of waste that are not reused. Mango
seeds are one of the residues from fruit processing, and are a potential starch source. In the food industry, starch is used
as a functional ingredient, allowing the preservation of important characteristics of foods. The objectives of this study
were to extract starch from mango seed, and to characterize it in terms of its physicochemical, technological and
rheological properties. Starch extraction involved washing, cutting, and milling the mango seeds. The extraction yield
was 53.89% and the starch granules presented spherical to irregular ellipsoidal shapes with superficial grooves and
average size of 20 um. It had an initial paste temperature of 75.3 °C and a maximum viscosity of 706 BU at 88.1 °C.
The rate of syneresis, 1.51%, was considered low, which indicates a starch with good stability at low temperatures. In
the texture profile it was found that there was a significant difference (p < 0.05) in the texture profile of gels with sodium
chloride, sucrose and citric acid added. The gel with emulsifier showed no significant difference in any of the parameters
analyzed (hardness, cohesiveness and gumminess). The properties of the starch indicated great potential for use in food
products.

Keywords: Agroindustry; Waste; Starch; Additive; Paste properties.

Resumo

O agronegécio da manga é uma atividade em expansao no Brasil e produz um grande volume de residuos que nao sao
reaproveitados. As sementes da manga sao um dos residuos provenientes do processamento da fruta, e sdo uma fonte
amilacea em potencial. Na industria de alimentos, o amido é utilizado como ingrediente funcional, permitindo a
preservacao de caracteristicas importantes dos alimentos. Os objetivos deste estudo foram extrair 0 amido do caroco da
manga e caracteriza-lo quanto as suas propriedades fisico-quimicas, tecnoldgicas e reoldgicas. A extragdo do amido
envolveu a lavagem, cortes, e moagem das sementes da manga. O rendimento de extracdo foi de 53.89% e os granulos
de amido apresentaram formas elipsoidais esféricas a irregulares com sulcos superficiais e tamanho médio de 20 pm.
Tinha uma temperatura inicial da pasta de 75.3 °C e uma viscosidade méxima de 706 BU a 88.1 °C. A taxa de sinérese
foi de 1.51%, o que indica um amido com boa estabilidade a baixas temperaturas. No perfil de textura, foi encontrada
diferenga significativa (p<0.05) no perfil de textura dos géis com adicdo de cloreto de sodio, sacarose e acido citrico. O
gel com emulsificante ndo apresentou diferenca significativa em nenhum dos pardmetros analisados (dureza,
coesividade e goma). As propriedades do amido indicaram grande potencial para uso em produtos alimenticios.
Palavras-chave: Agroindustria; Residuo; Amido; Aditivo; Propriedades de pasta.
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Resumen

El agronegocio de mango es una actividad en expansion en Brasil y produce un gran volumen de residuos que no son
aprovechados. El cuesco de mango es uno de los residuos oriundos del procesamiento de la fruta, y es una fuente
amilacea en potencial. La industria alimentaria, utiliza el almidén como insumo funcional, lo que permite la
conservacién de importantes caracteristicas de los alimentos. Los objetivos de este estudio fueron extraer el almidon
del cuesco de mango y caracterizarlo cuanto a sus propriedades fisicoquimicas, tecnolégicas y reologicas. La extraccion
de almidon implicé lavado, corte y molienda del cuesco de mango. El rendimiento de la extraccion fue de 53.89% y los
granulos del almidon presentaron formas elipsoidales de esféricas a irregulares con surcos superficiales y tamafio medio
de 20 pm. Tenia una temperatura inicial de la pasta de 75.3 °C y una viscosidad mé&xima de 706 BU a 88.1 °C. La tasa
de sinérese fue del 1.51% lo que indica un almiddn con buena estabilidad a bajas temperaturas. En el perfil de textura,
fue encontrada diferencias significativas (p<0.05) en el perfil de texturas de los geles con adicion de cloruro de sodio,
sacarosa y acido citrico. El gel con emulsificante no presenté diferencias significativas en ninguno de los pardmetros
analizados (dureza, cohesividad y goma). Las propiedades del almidén indicaron un gran potencial para su uso en
productos alimenticios.

Palabras clave: Agroindustria; Residuo; Almidoén; Aditivo; Textura.

1. Introduction

Considered an energy reserve of vegetables, starch can be found in seeds, roots and tubers. According to Oliveira Filho
and Mancim (2009) starch is the unique polysaccharide produced in small individual aggregates, called granules and, as such,
have a different size and shape for each species (Do Prado Cordoba et al., 2016). Starch can contribute greatly to the texture and
properties of many foods and can be used as a thickener, colloidal stabilizer, gelling agent, substance retainer and viscosity agent
(Do Prado Cordoba et al., 2016).

Mango (Mangifera indica L.), belonging to the Anacardiaceae family and with a large amount of pulp and low acidity,
has consumer-friendly sensory characteristics such as taste and aroma. In the food industry, the largest use of fruit is in the form
of whole juice or frozen pulp, which is the raw material for the production of other products such as sweets, jellies, juices and
nectars, besides being added to ice cream, mixtures of juices, liqueurs and other products (Mendes et al., 2015).

According to Embrapa - Empresa Brasileira de Pesquisa
(http:/lwww.cnpmf.embrapa.br/Base_de_Dados/index_pdf/dados/brasil/manga/bl_manga.pdf,), 1.414.338 tons of mango were
produced in Brazil in 2019. The processing of the mango produces the disposal of the core and peels, generating a waste that
corresponds to 28 to 43% of the total weight of the fruit (Azevédo et al., 2008). Currently, due to environmental, sustainability
and eco-efficiency issues, attention is being drawn to the use of agro-industrial waste as a potential source of high added value
compounds that can be used in food. The starch present in mango seed can be included in a monogastric diet, including humans,
as an ingredient in jellies, jams, ice cream and others, without causing adverse effects (Vieira et al., 2009).

In this context, new studies that characterize nonconventional sources are necessary as various sectors are looking to
use native starch in their products that have similar desirable characteristics to modified starch, such as higher mass clarity, high

temperature resistance, low viscosity at low temperatures and higher resistance to acidity.

2. Materials and Methods
2.1 Starch Extraction

Starch from mango seed (variety Tommy Atkins) was obtained by the method described in Macena et al. (2020). The
seeds were washed and cut into small pieces, crushed ina 900 W power household blender for 10 min with 0.2% (v/v) sodium
metabisulfite solution. The material obtained was dispersed in distilled water and filtered on voile fabric and the retained bagasse
washed to remove adhering starch. Then, decantation was performed for 24 h under refrigeration, and was subjected to three
resuspension intervals in distilled water of 1 h each. It was then centrifuged (Excelsa 4, model MOD. 280R) at 1105 x g for 12

min. The supernatant was discarded and the decant was retained. The residue obtained was dried in a drying oven (Marconi,
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model MA 033) at 40 °C for 12 h. The dried starch was ground to obtain a powder (0.250 mm) and stored in a clean dry container
at room temperature (25 °C).
The yield (RSA) of mango seed starch (MSS) was obtained according to Equation 1, where (me) is the dry starch mass

after extraction and (mc) the shelled seed mass.

RSA (g x 100g™1) = 2¢© » 100 o)

mc(g)

2.2 Physicochemical characterization of starch from mango seeds

The physicochemical characterization of starch was performed according to the AOAC (2005). Where the following
analyzes were performed in three replicates: Moisture analyzes at 105 °C to constant weight; total proteins by the Kjeldahl
method (N x 6.25); Muffle incineration ash at 550 °C; total lipids by the Bligh & Dyer method. Apparent amylose content was
determined by spectrophotometer (BIOSPECTRO SP-220) according to the methodology of International Organization for
Standardization (1987) adapted by Castanha et al. (2018).

2.3 Morphological characteristics of mango seed starch granules

Size analysis was performed using the Mastersizer, model 3000-Malvern, equipment used for micro range size analysis.
D10, D50, D90 are provided which represent the size ranges of 10%, 50% and 90% of the particle population.

For the shape analysis, the Scanning Electron Microscopy (SEM) technique was used. The starch granules were placed
on double-sided tape and coated with gold, a process denominated metallization, in a DENTON VACUUM metallizer, DESCK
V model. The shape of the mango seed starch granules was analyzed by JEOL JSM-6390LV scanning electron microscope with
10 kV voltage.

The absolute density (particle density) of the starch granules was determined using a pycnometer by the displacement
of xylene at 30 °C, according to Schoch and Leach (1964).

2.4 X-ray Diffraction (XRD)

The X-ray diffraction pattern was obtained from starch as a powder containing approximately 16% moisture. The
operating parameters of the Shimadzu X-ray Diffractometer, model XRD-6000 with graphite monochromator were: CuK
radiation (A = 1.5405 A), at a power of 40 kV, 30 mA, with a scanning speed of 1.2 °-min-1, under an angle of 20, ranging from
3-35° and intervals of 0.02°.

The degree of crystallinity was estimated quantitatively, following the method described in the literature (Andrade et

al., 2014; Beninca et al., 2013; Colman et al., 2014), by equation 2 below:

Ac
(Ac+Aa)

Dc (%) = x100 (2)

Where Dc is the degree of crystallinity, Ac is the crystalline area on the X-ray diffractogram, and Aa is the amorphous

area on the X-ray diffractogram.

2.5 Paste clarity and tendency to retrograde
Paste clarity and tendency to retrograde were evaluated by measuring the transmittance percentage (% T) at 650 nm in
a spectrophotometer (BIOSPECTRO SP-220) as described by Lawal and Adebowale (2005). The suspensions were stored in a
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refrigerator at 4 °C for 24 h for nucleation, and then stored at 30 °C for 9 days, to monitor the tendency of the samples to
retrograde, and their absorbance was determined on days 1, 2, 3, 5, 7, 8 and 9 of storage.

2.6 Swelling Power (SP) and Solubility Index (SI)

The swelling power of MSS was determined according to the adapted method described by Adebowale et al. (2002).
Three 8 g starch samples were each weighed in pre-weighed centrifuge tubes and 100 ml distilled water was added. The
suspensions were placed in a water bath at different temperatures (50, 60, 70, 80 and 90 °C) for 30 min, agitated every 5 min
and centrifuged at 1306 x g (Excelsa 4, model MOD. 280R) for 5 min. A 10 mL aliquot was removed from the supernatant,
placed in Petri dishes and oven dried at 105 °C, until having a constant weight. The mass of the centrifugation residue (gel) was

collected and weighed. The swelling power and solubility index was determined as follows (Equations 3 and 4):

Gel mass (g)

P 1) =
SP(gxg™) Sample mass on dry basis (g) ®

dry mass (g)
mass of sample (g) X 10

SI (%) = x100  (4)

2.7 Water and oil absorption capacity

The Beuchat method (1977) was used to determine the water and oil absorption capacity of the extracted starch. A
suspension of 3 g of starch in 30 mL of distilled water or in 30 mL of vegetable oil with density 0.92g-mL"* was initially prepared.
The suspension was stirred for 5 min using a magnetic stirrer (Model 7664, Stuart Scientific, UK) at 500 rpm. The mixture was
then transferred into a centrifuge for 15 min at 1306 x g. The same procedure was used with soybean oil to determine the starch’s

ability to absorb oil. The mass of water or oil absorbed was expressed as g-g* of dry starch (Equation 5):
Pc
-1 N
AC(gg ) =5 (5)

Where AC is the absorption capacity (water or oil), Pc is the weight of the sample tube after centrifugation, and Ps is

the weight of the sample tube.

2.8 Viscoamilography
Paste properties were determined on Brabender Viscographe (USB) Version 4.4 equipment with samples at a concentration of
35 g in 465 mL of distilled water. In this analysis, the values of pasting temperature, maximum, minimum and final viscosities

and Setback or tendency to retrogradation (difference between the final and minimum viscosity) were obtained.

2.9 Consistency of starch gels with different additives

Starch gels at 4% (w/w) concentration were prepared with the addition of commercial salt, crystalized sugar, citric acid
and emulsifier at concentrations of 2, 10, 0.3 and 3% respectively and individually, in addition to the control sample composed
only of starch according to Macena et al. (2020). The sample was in the form of a cylinder, 3 cm in diameter by 4 cm in height,
and the texture was determined according to Macena et al. (2020). The gel texture profile of the starches was evaluated by
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Texture Analyzer Texture Analyzer (TA.XT.plus), and the results of the force-time curve were calculated by the Stable Micro
Systems program for TPA (Texture Profile Analysis). The detailed test configurations were: 36 mm probe, 1.0 mm-s™ pretest
speed, 0.5 mm-s test speed and 0.5 mm-s* posttest speed with 10 mm compression distance and a time of 5 s between
compressions. The hardness, cohesiveness and gumminess of starch gels were evaluated. Texture analysis was performed with
three repetitions and duplicates.

2.10 Statistical analysis
The results obtained in the texture analysis were submitted to analysis of variance (ANOVA) and the means evaluated

by Dunnett test at 5% significance level. Statistical 7.0 software was used to perform statistical analysis.

3. Results and discussion
3.1 Physicochemical characteristics and Yield Extraction

Starch extracted from mango seeds presented as a light brown powder with a velvety texture and the extraction process
had a yield of 53.89%. Nawab et al. (2016) and Silva et al. (2013), found similar results for the same amount of mango, 56% and
59.82%, respectively. Jiamjariyatam (2018) obtained a yield of 55.95% in jackfruit. These results show that the starch yield of
waste is greater than conventional starch sources, such as cassava (18.00-29.33%) (Williams et al., 2019).

The chemical composition of the seed starch are shown in Table 1.

Table 1: Chemical composition of the mango seed starch.
Moisture (%) Proteins (%) Lipids (%) Ash (%)
9.86 +0.08 3.63+0.18 4.63+0.01 0.03+0.01

Source: Authors.

The starch moisture content was 9.86%, similar to that found by other authors, such as Silva et al. (2013) and Mendes
et al. (2015), in mango starch of the same variety, 10.14 and 10.30% respectively. Lima et al. (2012) analyzed obtained 7.37%
for potato starch and Macena et al. (2020) obtained moisture of 15.36% for avocado starch. The moisture found in this study,
presented value within the expected range established by Anvisa (2005). According to Anvisa, RDC N°. 263 (2005) this value
is 21% for corn starch and 18% for cassava starch (Brasil, 2005).

The ash content (0.03) was lower when compared to that reported in the literature. However, Onias and Cavalcanti
(2014) obtained 0.07% of ash with the same variety of mango. Conventional starches presented higher ash contents than mango.
Lima et al. (2012) found 0.96% for corn starch and Lovera et al. (2017), 2.54% for cassava starch.

The protein content was 3.63%. For mango of the same variety the percentage found was 5.60%, according to Mendes
etal. (2015), and 2.49%, according Onias and Cavalcanti (2014). The protein content found in this study was considerably higher
than those found by Lovera et al. (2017) for potato starch (0.11), and by Macena et al. (2020) for avocado seed starch, 1.97%.

The lipid content was 4.63%, similar values were found by Onias and Cavalcanti (2014) with 4.60% and Silva et al.
(2013) with 4.67% for mango starch of the same variety. However, Mendes et al. (2015) found a higher content (7.30). For other
unconventional sources of starch, such as plantain and jackfruit, studied by Pelissari et al. (2012) and Jiamjariyatam (2018),
0.02% and 0.03% were found respectively.

The apparent amylose content found in this research was 46.77%, which can be classified as high amylose starch. In
the literature, a wide variation in amylose content has been reported for different starches (Kaur & Singh, 2016). Lemos et al.
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(2018) reported amylose percentages of 19.7, 20.46, 16.36 and 11.19% in native corn, potato, banana and cassava starches,
respectively, lower than the values obtained in the present study. Builders et al. (2010), Santos et al. (2017) and Macena et al.
(2020) found levels of 32.5%, 21.5% and 30.41% respectively for avocado seed native starch amylose. Amylose content may
vary according to plant age, variety or methodology applied, this may justify the variation between the cited values.

The amylose portion of starch affects viscosity and swelling, the amylose content along with other components present
can affect the starch paste properties (Bello-Pérez et al., 2006). The increase in amylose content favors the increase in viscosity.
The linear chains of amylose are formed of long segments forming double helices, resulting in a large number of tangles and,
consequently, favoring an increase in the starch viscosity (Corradini et al., 2005). The swelling power indicates the hydration
capacity of the starch. Comparing native starches with different levels of amylose, it is noted that the swelling power of low
amylose starch is superior to medium and high amylose starches, because, due to the interaction between amylose molecules
after retrogradation, it occurs an increase in the strength of intramolecular binding, increasing the resistance of the granules
(Zavareze et al., 2009).

3.2 Morphological characteristics of mango seed starch granules
The size and shape of the natural starch granules are distinct among plant species and with the degree of maturity, due
to the organization of the granules in crystalline zones alternated by semi-crystalline zones (Silva et al., 2013). Scanning electron

microscopy images for starch extracted can be analyzed in Figurel.

Figure 1: llustrative image of scanning electron microscope (SEM) of the starch extracted from the mango seed (Mangifera
indica L.) Tommy Atkins variety - magnification 750x (A); 4000x (B).

10kV.  X4,000 Sum

Source: Authors.

Starch granules showed predominance of spherical to irregular ellipsoidal shapes and different sizes (Fig.1A). The
granule size distribution varied from 11.4 to 59um, with a predominance in the range of 20 um. Granule surface is smooth with
some grooves as seen in Fig.1B, the grooves were probably caused by the extraction method. Silva et al. (2013) reported the
same characteristics from the same botanical source. Schmidt et al. (2019), when analyzing cassava starch, found more rounded
shapes and smoother surfaces.

The absolute density found was 1.48 + 0.01 g-mL™. Zhang et al. (2018) studying starch extracted from seed from nine
different species of jackfruit in China, found density values ranging from 1.42 to 1.46 g-mL™. Builders et al. (2010) found a
density of 1.53 +0.05 g-mL* and Macena et al. (2020) 1.47 + 0.03 (g-mL™) both in avocado seeds.
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The density economically influences the choice of the starch extraction, decanting or centrifugation process, as the
higher the starch density, the shorter the retention time in decanters and / or centrifuges. Also through density, the specific volume

of starch is calculated, which is useful for dimensioning packaging and equipment in industry (Zhang et al., 2018).

3.3 X-Ray Diffraction (XRD)

Starch analyzed found higher Bragg peaks, around 26 = 15, 17, 18, 24°, with A-type crystallinity, as shown in Figure
2. Starches with A-type crystalline pattern are characterized by having a high degree of chain packaging, but having a crystalline
structure with superficial pores, which makes them vulnerable to attacks by acids and enzymes. Cereal starches are the main

representatives of A-type crystallinity (Kim et al., 2015).
Figure 2: X-ray Diffractogram of starch extracted from the mango seed (Mangifera indica L.) Tommy Atkins variety.
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Source: Authors.

This same result was corroborated by Lima et al. (2012) when studying mango seed starch. Bet et al. (2018), when
analyzing amaranth, and Lima et al. (2014), jackfruit and pitanga, found crystallinity type A. The degree of crystallinity was
54.74%, higher than the value found by Do Prado Cordoba et al. (2016), 22.58% for pine nut starch, and Santos et al. (2017),
with avocado starch (25.7%).

Amylose content, crystal size and amount of crystalline regions may affect the degree of crystallinity (Pascoal et al.,
2013). Jiamjariyatam (2018), when studying the effects of amylose content on degree of crystallinity in jackfruit starch,

concluded that with increasing amylose content crystallinity also increases, causing more crispness and less oil absorption in

fried products.
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3.4 Paste clarity and retrogradation tendency

The study of the effect of the storage period on the transparency of the gel revealed that the starch stored for 9 days at
30 °C did not have its transmittance changed, averaging 6.72% = 0.02. The transparency of the paste is related to light scattering
resulting from the association of amylose and other components within the starch, such as fibers, lipids and pigments. In addition,
opaque pastes have a more organized granular structure, with greater association between chains, which hinders the passage of
light (Waterschoot et al., 2015). Compared to other conventional starch sources, the mango seed starch presented lower
transmittance than corn, wheat, cassava and potato starches, 19.5; 13.5; 50.6 and 42.2% respectively, reported by Nuwamanya
etal. (2011).

In general, starches that tend to retrograde increase opacity during storage and, therefore, retrogradation is determined
by measuring the transmittance of starch gel in refrigerated storage (Marcon et al., 2007). Lower opacity implies a higher %

transmittance, which suggests that starches with higher transmittance are less susceptible to retrogradation (Muccillo, 2009).

3.5 Swelling power (SP) and Solubility Index (SI)

The starch analyzed had a SP value (10.51 g/g) and Sl of 38.9% at 90 °C. This value is far from that reported by Lin et
al. (2016), with SP of 21.90 g-g™* and Sl of 20.30% at 95 °C for native corn starch, and by Chel-Guerrero et al. (2016), with SP
of 28-30 g-gtand SI of 19-20% at 90 °C for avocado seed starch. Macena et al. (2020) found lower SP (7.68 g-g*) and SI
(2.17%) values than the present study. De Castro et al. (2019), in a recent study, found SP of 6.59 g-g* and Sl of 1.60% in
pitomba starch.

The SP and Sl increased as a function of temperature rise, as shown in Fig.3. Water absorption patterns show that its
granules do not swell appreciably at temperatures below 70 °C. The starch presented higher SP at temperatures above 70 °C,

which suggests the beginning of paste formation.

Figure 3: Swelling power (m) and solubility index (A ) as a function of temperature for starch extracted from mango seed.
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Source: Authors.

The swelling power (P1) indicates the ability of starch to hydrate under specific cooking conditions. This functional
property of starch is extremely important in its form of application, because the choice of starch for a particular type of use is
based on its properties (Fonseca & Bassinello, 2016). Increase in swelling power with temperature is a result of increase in
mobility of starch molecules, which facilitate the entry of water and, consequently, increase the swelling (Lawal & Adebowale,
2005). The swelling of the granules and the solubilization of amylose and amylopectin induce the gradual loss of granular
integrity with the generation of a viscous paste. When these molecules begin to reassociate favoring a more orderly structure, it
is called the retrogradation process (Cereda, 2002).

Retrogradation is associated with high molecular re-association during cooling and storage, causing more water
molecules to be released (Ai & Jane, 2018). Starches with reduced swelling power are interesting for applications in foods that
require greater stability (Zavareze et al., 2009), such as frozen foods for example.

3.6 Water and oil absorption capacity

The capacity of oil absorption (2.93 g.g* + 0.26) was higher than water (1.19 + 0.15 g.g™%). This result was expected,
due to the high lipid content (4.63%) present in the studied starch. In general, the water absorption capacity depends on the
crystalline and amorphous regions within the starch, the molecular structure and the granular size distribution as the water or oil
absorption capacity is dependent on their physical entrapment in the starch structure (Wani et al., 2015). CAA is related to the
hydration capacity of a protein and the ability to retain absorbed water within a protein matrix, whereas the oil absorption
mechanism is mainly attributed to the hydrophobicity of protein molecules (Sdnchez et al., 2009).

Mendes et al. (2015), when analyzing mango starch of the same variety, obtained higher absorption in water (0.98 g/g)
than in oil (0.59 g/g), results lower than those found in the present study. Chel-Guerreiro et al. (2016) in their analysis showed

that CAA of 0.17 g/g was obtained for corn starch in the different extraction methods analyzed.

3.7 Viscoamilography

Viscosity is one of the most important properties of starchy materials. The viscosity curve represents the behavior of
the starch during heating and allows for an evaluation of the characteristics of the paste formed by structural modifications of
starch molecules and the tendency for retrogradation to occur during cooling (Alcazar-Alay & Meireles, 2015). The results of

the maximum, minimum and final viscosity parameters as a function of time and temperature are shown in Figure4.
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Figure 4: Graph representing a viscoamylogram added to the Tommy Atkins mango sleeve assembly.
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During the first 17.5 min, the starch granules showed no change in viscosity. The pasting temperature was 75.3°C with
initial viscosity at 16 BU, far from that reported by Chel-Guerrero et al. (2016) for corn starch (76.0 °C) and Castro et al. (2019)
for pitomba starch (77.5 °C). The pasting temperature corresponds to that at which the starch suspension begins to increase its
viscosity.

The maximum viscosity peak (viscosity peak) reading was at 706 BU at 88.1 °C and the minimum viscosity at the
constant temperature phase of 95 °C was 460 BU. The difference between maximum and minimum viscosity is called the
Breakdown, which is an indication of stability of starch paste in the face of heating and mechanical shearing (Abdel-Aal et al.,
2019). The final viscosity in the cooling cycle (50 °C) was 760 BU and Setback (tendency to retrogradation) was 300 BU. Chel-
Guerrero et al. (2016) reported final viscosity of 588-598 BU and 520 BU and setback of 198 BU and 301 BU for avocado seed
and maize starches, respectively. Yuan et al. (2007) reported that higher setback values are found in starches whose granules
have larger diameter, due to the increased fragility found in larger granules

Lower breakdown and setback values in starches are ideal for applications as this implies, respectively, greater stability
to mechanical agitation, and less tendency to retrograde them (Muccillo, 2009). Albuguerque (2012) found in his study that the
setback for jackfruit seed starch (soft variety) was 954 cP, and for hard variety, 2002 cP, both therefore having a tendency to

retrograde far greater than starch from mango seed from the present study.

3.8 Consistency of starch gels with different additives
In the unmodified form, the starch granules hydrate easily, swell quickly, break, lose viscosity and produce thin,

cohesive pastes. Thus, additives are commonly used in the modification of starches in order to improve their original
10
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characteristics, such as promoting thickening, improve retention, increase stability, gel, disperse or confer opacity (Almeida,
2009).

The texture profile results for starch gels in the presence of different additives are shown in Table 2. The texture
properties of the gels depend on the starch constituents, amylose content, shape and size of the granules, and the interaction
between continuous and dispersed phases (Nishinari et al., 2013).

Table 2: Average texture profile results of starch gels added from different additives.

Additives;
4% native | Starch Starch Starch Starch (4%)
Physical properties? starch (4%) + (4%) + (4%) + + emulsifier
Parameters .
(control) | salt Crystal Citric (3%)
(2%) sugar acid
(10%) (0.3%)

Force necessary to attain a
Hardness (g) ] ] 144.822 157.40 129.69 156.332 130.782
given deformation

Extent to which a material
Cohesiveness ! can be deformed before it | 0.84?2 0.842 0.842 0.73 0.842

ruptures.

Energy required to
disintegrate a semi-solid
food to a state ready for
Gumminess (g) | swallowing; a product of | 121.66% 132.21*  109.34 114.442 110.122
a low degree of hardness

and a high degree of

cohesiveness.

Averages not marked with the letter (a) are significantly different from the control average at the 5% probability level by Dunnett's test.
!Measurement admensional. 2Adapted from Civille and Szczesniak (1973). Source: Authors.

There was an increase in hardness of 8.7% of the gel after adding sodium chloride 2%, followed by a decrease of 10.45%
in the presence of crystalized sugar 10%. For citric acid and emulsifier there was no significant difference (p>0.05) for hardness.

The hardness of the gel is mainly caused by starch retrogradation, which is associated with water loss (syneresis) and
the crystallization of amylopectin, making the gel harder (Zavareze et al., 2010). According to Oliveira filho and Mancim (2009),
the anions present in saline solutions are considered gelatinizing agents causing the rupture of hydrogen bonds and greater
swelling of the granules, providing greater amylose and amylopectin leaching, and providing greater retrogradation and
syneresis. Sugars reduce the strength of the gel by binding water molecules, interfering with the formation of the gel network
structure (Li et al., 2015; Wang et al., 2016).

For the cohesiveness, there was a significant difference (p<0.05) for citric acid additive, with a decrease of 13.1%. For
the other additives, salt, sugar and emulsifier, there was no significant difference (p>0.05). Cohesiveness is the strength of the
internal bonds that make up the body of the product, that is, the extent to which the material can be distended before breaking
irreversibly (Pereira et al., 2011; Yildiz et al., 2013).
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According to Guerreiro and Meneguelli (2009), the acid H* breaks the glycosidic bonds between the starch in the
solution. This means that the addition of citric acid reduces the strength of the bonds in the gel, breaking more easily, and forming
less firm gels.

Gumminess values showed that it differed significantly (p<0.05) only for the sucrose additive, with a decrease of 10.1%.
According to Ramos and Gomide (2007), the gumminess is defined by the energy needed to disintegrate the food to a ready-to-
swallow state.

A study by Zavareze et al. (2010), in rice starch gels concluded that the higher the starch amylose content, the greater
the force required for gel disintegration. The apparent amylose content found in this research was (46.77%), so it can be classified
as a high amylose starch. On the other hand, according Li et al. (2015) and Wang et al. (2016), sugar reduces the strength of the
gel by binding water molecules and interfering with the formation of the gel network structure, consequently the presence of

sugar reduces the gumminess of the gel.

4. Conclusions

The Tommy Atkins mango seed starch (Mangifera indica L.) has potential for use as an unconventional starch raw
material in food systems. In addition to an excellent extraction yield (53.89%), the use of this by-product favors the intelligent
use of mango-pulp agroindustry residues, avoiding damage to the environment, in addition to contributing to food safety and
reducing the use of starches from food sources such as corn, potatoes and cassava.

The starch presented desirable characteristics even in its natural form. It can be considered as an alternative for the
preparation of food products such as dehydrated soups since it has low gel formation temperature, and in meat products because
it has good water holding capacity. Also, due to high amylose content and good crystallinity, it can also be used in fried products
as it causes higher crispness and less oil absorption.

Mango seed starch therefore constitutes a potential starch source for future studies and applications in foods. The
extraction of the starch in question would also increase the promotion of mango cultivation in the State of Bahia, which was the
second largest mango producer in Brazil in 2019 according to Servico Nacional de Aprendizagem Rural.
(http:/lwww.sistemafaeb.org.br/noticias/detalhe/noticia/cultivo-de-manga-e-destaque-no-norte-da-bahia-estado-e-0-20-maior-
produtor-de-frutas-do-pais/, retrieved on December 07, 2020).
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