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¢ Unconventional starches from ginger (Zingiber officinale) and yam (Dioscorea sp.)
e Lower thermal stability was found for unconventional starches when compared to
e Greater relative crystallinity and enthalpy of gelatinisation was recorded for ginger

e Yam starch had the highest peak viscosity, and corn starch had the highest
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Abstract: Ginger and white yam starches were investigated and compared with maize
starch. Proximal composition, thermogravimetry, differential scanning calorimetry,
microscopy, colourimetry, X-ray powder diffractometry and pasting profile were
analysed. The unconventional starches presented higher protein and ash contents than
the maize starch, that had the highest thermal stability. Higher gelatinisation
temperatures were reported for ginger starch, and the enthalpy of the unconventional
starches were similar. The maize starch presented the lowest gelatinisation values. For
the corn starch the granules were polygonal and smaller than the unconventional
starches, and oval shapes and larger diameters were found for the ginger and yam
starches. The unconventional starches presented less brightness and a greater
tendency to red and yellow. The maize and ginger starches had A-type diffraction
patterns, while the white yam starch had a C-type pattern. The highest relative
crystallinity was observed for the ginger starch and there were small differences between
the yam and maize starches. Higher peak viscosity and final viscosity and lower pasting
temperature were observed for the yam starch. Ginger starch showed the highest shear
and stability of heating glue, so may be used in products processed under high
temperatures; and yam starch can be used in acidic foods that require high viscosities.

Keywords: native starch; gelatinization; thermal analysis; pasting profile.

INTRODUCTION

The main source of carbohydrate reserve in plants and energy source of the human
diet is starch. Its technological characteristics besides great versatility contribute to its
wide use in the food industry. Starch is a polymer with a high level of industrial
applications; it can be extracted from numerous vegetable sources, and maize starch is
one of the major commercial starches. Maize is a cereal belonging to the Poaceae family
that can be used in cornmeal, grits, flour, tortillas, snacks, and breakfast cereals [1]. It
contains about 72-73% starch, which is composed of 75% amylopectin and 25% amylose
[2]. Maize starch is generally used to improve texture and stability characteristics; it is
widely used for industrial purposes due to its low cost and high production [3].
Unconventional starch sources have been increasingly studied in an attempt to find
differentiated characteristics, without needing changes in the structure of starches.

The yam (Dioscorea sp.) originates from Africa and Asia: Nigeria is the world's
largest producer [4]. In 2008, Brazil produced about 250,000 tons of yam, being the state
of Pernambuco the largest producer and consumer. This way, Brazil was the second
largest producer in South America and the eleventh in the world ranking [5] Yams are
rich in several vitamins (A, B-complex, C), phosphorus, calcium, iron and carbohydrates;
the latter are mainly starch [4-6]. The starch content of these tubers ranges from 70 to
80% on a dry basis, making them an inexpensive source of starch for industrial use. Due
to the difficulty in extracting its starch, the yam is still not fully utilised for industrial
purposes [7]. Dioscorea genus tubers are used as feedstock to produce diosgenin, which
is a starting material for oral contraceptives, sex hormones and other steroids; therefore,
they are of great economic importance for the pharmaceutical industry [8].

Ginger (Zingiber officinale) is a popular spice that is cultivated and used for medicinal
purposes, mainly in India; however, it is also highly cultivated in tropical and subtropical
areas such as China, Indonesia and Nigeria [8-9-10]. It has organic acids, such as citric,
malic, oxalic, succinic and tartaric acids, as well as gingerol, which is responsible for its
pungent taste [11]. Ginger rhizomes contain approximately 11.4% starch; the amylose
content (18-30%) is similar to that of potato starch and higher than that of cassava starch
[9-12].

The objective of this study was to characterise ginger (Zingiber officinale) and yam
(Dioscorea sp.) unconventional starches by physicochemical, thermal, pasting and
structural analyses, and to compare these properties with those of maize starch.
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MATERIAL AND METHODS

Materials

The ginger and yams were obtained locally in the city of Ponta Grossa (Parana,
Brazil). The maize starch was commercially available.

Starch extraction

The raw materials were washed to remove soil and dirt. They were then peeled and
cut manually before the extraction of the starch following the methodology adapted from
Costa et al. [13]. Each sample was extracted in aqueous medium. After drying, the
starches were ground in an analytical mill and stored in a desiccator with anhydrous
calcium chloride at room temperature (25 °C).

Proximal composition of starches

The physicochemical analysis of the starches was performed in accordance with the
literature [14] and AOAC methods [15] using the following the protocols: moisture
(925.09); ash (923.03); proteins (920.87); crude fibre (993.21) and lipids (968.20). The
carbohydrate content was calculated by difference.

Colourimetry

To determine the colour parameters of the starch granules, Mini Scan XE 45/0-L
Plus (Hunter Inc., USA) equipment, with a reflectance spectrophotometer, was used.
There were three colour components: L*, brightness ranging from 0 (black) to 100
(white); a* ranging from positive (red) to negative (green); and b* which varies from
positive (yellow) to negative (blue) [8-16-17]. The sample was placed in a Petri dish and
the values of the colour coordinates were recorded.

Thermogravimetry (TG)

The thermogravimetric curves were obtained using a TGA-50 thermal analysis
system (Shimadzu, Japan). The instrument was preliminarily calibrated with mass
standard and verified with standard calcium oxalate monohydrate. The samples were
heated from 30 to 650 °C using open alumina crucibles, with approximately 10.0 mg of
each sample under a synthetic air flow of 150 mL min-1 and a heating rate of 10 °C min-
1. The derivative thermogravimetric curves (DTG) were calculated as the first derivative
of the TG curves and were used to determine the mass loss points. All the mass loss
percentages were determined using TA-60 data analysis software (Shimadzu, Japan)
[16].

Differential scanning calorimetry (DSC)

The DSC Q-200 (TA Instruments, USA) equipment was previously calibrated
according to the manufacturer's specifications and checked with indium standard
(99.99% npurity). A starch—water suspension (1:4, w/v) was prepared in aluminium
crucibles, which were subsequently sealed and allowed to stand for 1 h at room
temperature prior to the start of the analysis. The results were obtained using Universal
Analysis-2000 software (TA Instruments, USA). The analysis was conducted under the
following conditions: sample mass about 2.58-2.87 mg, heating rate of 10 °C min-1 from
30 to 100 °C, and air flow rate of 50 mL min-1 [17].

Field emission gun-scanning electron microscopy (FEG)

The surface images of the starch granules were obtained using a MIRA 3 field
emission gun-scanning electron microscope (Tescan, Czech Rep). The parameters
were: 15 kV tension on field emission gun, generated by a lamp with a tungsten filament.
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The samples were pulverised over a carbon tape and were metallised with gold and
palladium to promote the passage of electrons in the samples; the images were then
obtained with the software Mira TC [18].

X-Ray powder diffractometry (XRD)

Each sample was analysed in an Ultima 4 X-ray diffractometer (Rigaku, Japan); the
samples were submitted to 20 kV and 20 mA. The following parameters were set: CuKa
radiation (A = 1.542 A), scattered radiation detected from the angles of 5° < 26 < 50°,
scanning speed of 2 min-1 and a step of 0.02°. The diffractograms were prepared using
Origin 6.1 software (OriginLab, USA) and the degree of relative crystallinity of the
starches was calculated using Equation 1[19]:

Xc= Ap/(Ap+Ab)x100 (1)

Where: Xc =relative crystallinity; Ap = peak area; Ab = basis area, which refers to
the amorphous area of the diffractograms.

Pasting properties

An agqueous suspension of 8 % starch (dry basis) in 28 g total mass was prepared
and subjected to a controlled heating (until 95 °C) and cooling (until 50 °C) cycle under
constant stirring. The samples were analysed using Rapid ViscoAnalyser Series 4 (RVA-
4, Newport Scientific, Australia) equipment, and the results were identified using
Thermocline for Windows software [20].

Statistical analysis

The results of the triplicate analyses were evaluated by means of univariate
statistical analysis (analysis of variance - ANOVA) and Tukey's test for comparison of
the samples, with significance level of 5%, using SASM-AGRIi software v.8.2.

RESULTS

Proximal composition of starches

The results of the physico-chemical analyses of the maize, ginger and yam starches
are shown in Table 1.
Table 1: Proximal composition and colorimetric data of starches from maize (a), ginger (b) and

yam (c)
Sample Proximal composition (%) Colorimetric data
Moisture Carboydrate Protein Lipids Fiber Ash L* a* b*
@ 8.01£#0.18°  90.96:0.42  0.28+0.06° <0.1P 0.61£0.042  0.6+0.31P  96.27+0.28% -2.36+0.05¢ 4.27+0.24C
(b) 0.34+0.32°  88.67:0.29P  1.01+0.032  0.19+0.042 <0.1P 0.5+0.08°  90.51+0.05¢  -0.3240.012  12.75:0.042
(c) 11-89;:0-27 84.95+0.24°  1.14+0.12 <0.1P <0.1P 1.7#0.072  92.04+0.58"  -0.42+0.02P 6.77+0.18D

Values that have the same letter in the same column do not present significant difference by Tukey’s test (p<0.05).

Ginger starch presented a proximal composition similar to that reported by Sukhija
et al. [7] and Madeneni et al. [9]; however, the values of protein and ash were higher in
the present study, highlighting the lipid value that was statistically highest than for other
two starches. Protein and ash contents in yam starch were higher than those reported
by Zhu [21], and lipid levels were also higher than those found by Jayakody et al. [22]
and Andrade et al. [23] Variations in protein content between yam varieties may be due
to factors such as different methods of analysis, as well as the genetic and physiological
state of ripening tubers [21], in this study the protein content of yam starch were highest
than corn starch and similar to the ginger starch. Andrade et al. [23] report that the strong
binding of starch to the mucilage present in tubers increases the protein content. The
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genetics of the species and the type of solvent used in the analysis may influence the
lipid content. In terms of ash content, values below 0.3% are generally found: higher
values may be related to the phosphorus content, which is commonly observed in tuber
starches [21].

The maize starch presented the lowest levels of proteins, lipids and ash, and the
highest carbohydrate and fibre content. This may be related to the chemical extraction
method, which purifies samples and reduces values for proteins, lipids and ash,
compared to the yam and ginger samples, which underwent aqueous extraction.

Colourimetry

The starch samples showed values with significant differences between all the
colorimetric parameters (Table 1). The brightness (L*) values for the maize starch were
highest than the ginger and white yam starches, the brightness (L*) values for the maize
starch were highest than the ginger and white yam starches, that could be linked to its
lower ash content. In addition, a greater tendency to red and yellow was found for the
ginger and yam starches.

Only for unconventional starches, white yam starch presented the highest
luminosity, with a lower tendency for red and yellow, when compared to ginger starch.
This difference was not visually noticeable, although the samples differed significantly by
Tukey’s test. Sukhija et al. [7] obtained similar results for the brightness of ginger starch,
although higher a* values and lower b* values were recorded. Perez et al. [24] obtained
similar values for brightness and b*, but lower values for tendency to red.

Thermogravimetry (TG)

When the starches underwent to controlled heating, three mass losses occurred, as
shown in Figure 1. The first mass loss was related to sample dehydration, followed by a
period of stability. The second loss was related to the decomposition of organic material,
and the third loss was attributed to the oxidation of the organic matter [19]. For the ginger
and yam starches, the displacement occurred in the last mass loss, observed in the TG
curve, was due to the oxidation of the organic matter that was generated by the oxidizing
atmosphere (air, with a flow rate of 150 mL mint) [40].

Figure 1: TG/DTG curves of starches from maize (a), ginger (b) and yam (c)
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The TG/DTG results (Table 2) for the first mass loss were similar to those obtained
by the gravimetric method for moisture. Thermogravimetric analysis (TG) has an
advantage over conventional techniques because it is faster and more accurate, as well
as requiring a smaller amount of sample.

Table 2: TG/DTG and DSC results of starches from maize (a), ginger (b) and yam (c)

TG Results DTG
Samp'§ Results DSC Results
Steps Am/% ATPC  TplC  To (°C) Tp (°C) Te () Te-To (°C) Angll (G
(@ 1t 858 30150 8513 249052 g577,000b  7985:038° 73420200 MHTE0H
s - 1592711 -
ond 7158  271-401 341.12
ard  18.89  401-598 405.36
() 1t 1056 30-142 87.98  S039003 70510008 gsagroaza 1POM0L7 15754025
s - 142249 -
ond  65.89  249-377 349.2
3rd 2311 377-516 458.9
(© 1t 1114 30139 664 292014 45040160 830520000 1088037 15.02:0.14

S ) 139-248 -

ond 6471  248-378 346.57

3rd  23.23 378-520 492.99

(*) Values that have different letters in the same column present significant difference by Tukey’s test
(p<0.05). (*)Am = mass loss (%), AT = temperature range (°C), Tp = peak temperature (°C), S =
stability. To = “onset” initial temperature, Tp = peak temperature, Tc = “endset” conclusion temperature,
AHgel = gelatinization enthalpy.

The thermal stability of starches is related to the ability of a sample to maintain its
properties unchanged for a certain period of time under controlled heating conditions [8].
Although the temperature range at which stability occurred was similar between the
samples, the maize starch tolerated higher temperatures prior to the start of its
decomposition, compared to the ginger and yam starches. Corn starch has an amount
of protein in its composition smaller than unconventional starches, this fact possibly gives
it a greater thermal stability. The results for thermogravimetric analysis are in agreement
with the literature [7-25].

The depolymerization of the starch occurs at temperatures above 300 ° C, where
often the breakdown of amylopectin binds contribute to the decomposition of the starch
granules at high temperatures [26-27-28].

Differential scanning calorimetry (DSC)

The endothermic events of the starch gelatinisation are shown in the DSC curves
(Figure 2). The ginger starch (b) presented the highest gelatinisation temperature, which
may have been related to its higher lipid and protein content (Table 2).
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Figure 2: DSC curves of starches from maize (a), ginger (b) and yam (c)
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Table 2 presents the gelatinisation temperatures onset (To), peak (Tp) and endset
(Tc) temperatures for the starches. Ginger starch (b) having the highest temperatures,
followed by the yam (c) and maize starches (@), respectively. The ginger starch
temperatures may have been related to its higher lipid and protein content. According to
Copeland et al. [29], complexes with lipids can cause changes in the functional properties
of starch, such as changes in pasting properties and increased gelatinisation
temperatures.

The maize starch showed the lowest gelatinisation enthalpy, while the ginger and
white yam starches presented similar values. Jayakody et al. [22] found AHgel for yam
starch of 18.98 J g1, while Hornung et al. [8] reported values of 15.6 J g. Regarding
ginger starch, gelatinisation enthalpy values of 16.6 J g* and 13.8 J g** were reported by
Tetchi et al. [30] and Sukhija et al. [7], respectively.

According to Alcazar-alay and Meireles [31], the presence of lipids, which can
complex to amylose, may hamper or reduce the swelling capacity of starch granules.
Thus, high temperatures are required for gelatinisation. Hornung et al. [8] argue that
some irreversible changes in the structure of the molecules occur during the formation
of the paste; when the starch has a high amylose content the temperatures and
enthalpies are consequently high because the resistance to gel formation is increased.
In addition, the size of the granules also influences the gelatinisation properties.
Therefore, larger granules tend to have higher gelatinisation temperatures and
enthalpies. This may have contributed to the results that were found for the ginger starch
in the present study.

Field emission gun-scanning electron microscopy (FEG)

The micro images of the maize, ginger and yam starches are presented in Figure 3.

Figure 3: Micro-images of starches from maize (a), ginger (b) and yam (c) (magnification of
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The average length of the ginger and white yam starch granules was 18.47+1.02 um
and 31.53+2.21 pm, respectively. The granules had an oval shape, with a smooth
surface and no cracks. Similar results were obtained by other authors for the same
vegetables [7-8-9-22-23-32]. The maize starch had the shortest length (14.35 ym) and a
polygonal shape and a smooth surface, as reported by Cai et al. [33] and Utrilla-Coello
et al. [34], which was similar to waxy maize starch [35]. The differences in the size of the
starch granules affect their thermal characteristics and pasting properties, also
influencing the quality of the final processed product as for example pasta. Therefore,
particle size is a decisive factor in the result of biochemical reactions, as it significantly
affects the physicochemical properties by increasing the surface area of the samples
[36].

X-ray diffraction patterns and relative crystallinity (RC)

There were no pronounced differences between the diffraction patterns of the maize
and ginger starches (Figure 4). Both samples presented diffraction peaks at 15°, 17°, 18°
and 23° (20) and were classified as an A type diffraction pattern, as reported by Vieira
and Sarmento [37].

Figure 4. Diffractograms of starches from maize (a), ginger (b) and yam (c)

|50 o

Intensity/ cps
+

The white yam starch exhibited a more intense peak at 17° (20) and weaker peaks
at 5.8°, 15° and 22° (20). Therefore, it was classified as a C type diffraction pattern,
similar to that found by Jayakody et al. [22]. The relative crystallinity values of the ginger
and yam starch samples reached 31.54+0.57 % and 28.84+0.22 %, respectively, which
were higher than those of the maize starch (21.06+0.23 %). Hornung et al. [8] have
indicated that such variations may be related to the botanical source of the starch, its
composition, moisture levels, and changes in the starch.

Pasting properties

Table 3 shows the pasting properties obtained by Rapid Visco Analyser equipment
for the maize, ginger and white yam starches.
Table 3: Pasting properties of starches from maize (a), ginger (b) and yam (c)

Paste Peak Final )
] ] Setback Breakdown ] ) Peak Time
Sample temperature Viscosity Viscosity

o (cps) (cps) (s)

C) (cps) (cps)
() 82.85+0.05P  1970.0+3.42P  699.5+1.23¢  766.1+0.082 1903.5+2.84° 8.93+0.22¢
(b) 89.42+0.182 1287.5+9.19C 77.5+1.41P 1.540.71¢ 2066.5+4.85P 12.79+0.192
(c) 78.7740.53°  2272.0+2.838 2275.5+7.78% 332.4+2.83P 4220.5+0.712 9.55+0.35P

Values that have different letters in the same colgrgg)present significant difference by Tukey’s test (p <
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The pasting temperatures of the samples corroborated the results obtained in the
DSC analysis, where the highest temperatures were also recorded for the ginger starch.
Madenine et al. [9] found a similar pasting temperature for ginger starch (88 °C), which
is considered to be high when compared with other botanical sources such as potato
and cassava [38]. In addition, low breakdown was found for this starch, indicating its low
degree of disintegration and high pasting stability when heated and sheared [39].
According to Torres, Leonel and Mischan [38], ginger starch has homogeneous bond
strengths, as well as a high degree of association between its components, which
favours its high degree of resistance. Madeneni et al. [9] found that the high gelatinisation
temperature of ginger starch, together with its mechanical resistance, causes it to
resemble modified starches due to cross-linking. This makes it ideal for use as a texture
agent in food manufactured at high temperatures, or as a constituent of sterilised
products such as infant food and UHT products. On the other hand, in the present study
the maize starch had the highest breakdown compared to the unconventional starches.

The yam starch presented the highest peak viscosity. According to Jayakody et al.
[22], increases in viscosity during heating cycles are influenced by the leaching of the
amylose, granular swelling, and the extent of friction between the swollen granules.
Another influential factor is the size of the granules; larger diameters may occupy more
volume and thus increase the viscosity. This corroborates with the larger diameters that
were observed in the white yam starch and, therefore, the higher viscosity that was found
relative to the ginger and maize starches. Zhu [21] concluded that most species of the
genus Dioscorea present high viscosity under heat treatment and mechanical shear,
suggesting that they may have potential use in some acidic food products that also
require thermal processing.

Due to the high retrogradation of the yam starch, its final viscosity increased
considerably. The setback value is related to the reorganisation or reassociation of the
amylose and amylopectin molecules. The more amylose molecules that are available for
the construction of the gel network, the greater the tendency to reassociation of slow
enzymatic and the final viscosity. According to Hornung et al. [8], a high level of
retrogradation in starch is desirable for breakfast cereals, parboiled rice and dehydrated
potato mash because it aids the promotion digestion, with a moderate release of glucose
into the bloodstream. Due to its low level of retrogradation, the ginger starch has greater
potential to be used in frozen foods compared to maize starch.

Similar values for the pasting profile of the yam starch were found by Hornung et al.
[8]. The latter study reported that starches with a greater tendency to retrogradation,
such as those extracted from the Dioscoreaceae family, are considered to be resistant
starches that can be used as the basis to produce bioplastic material because they have
the capacity to form more cohesive films.

CONCLUSION

The properties of starches from unconventional sources differed from those of
commercial maize starch. The aqueous extraction process of ginger and white yam
starches resulted in a higher protein and ash content when compared to maize starch.
Similar values for the thermal stability of ginger and yam starches were recorded,
although they were lower than the value of maize starch. The higher transition
temperatures and enthalpy of gelatinisation were found for ginger starch, which also had
the largest granular diameter and greater relative crystallinity. Corn starch showed the
highest brightness and the lowest tendency for red and yellow. The higher peak viscosity
was observed for the white yam starch, as well as the lower pasting temperature, and it
can be used in foods with a higher acidity, since they need a higher viscosity. The lowest
breakdown was exhibited by ginger starch and stability of heating glue, which can applied
in products that undergo high processing temperatures.

Brazilian Archives of Biology and Technology. Vol.62: €19180579, 2019 www.scielo.br/babt


https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjY_IyMpJjfAhXBqZAKHdazDawQFjAAegQIAxAC&url=http%3A%2F%2Fwww.scielo.br%2Fbabt&usg=AOvVaw08BojU0LuZNEI4C434jTD4

10

Oliveira, C.S.; et al.

Funding: CAPES (Project), CNPQ (Project), Araucéaria Foundation (Project ).
Acknowledgments: The authors gratefully acknowledge the financial resources provided by
CAPES (Coordination for Higher Education Staff Development), Brazil.

Conflicts of Interest: The authors declare no conflict of interest.

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

Shah TR, Prasad K, Kumar P. Maize. A potential source of human nutrition and health: A
review. Cogent Food Agric. 2016; 2:1-9.

Spier F, Zavareze ER, Silva RM, Elias MC, Dias ARG. Effect of alkali and oxidative
treatments on the physicochemical, pasting, thermal and morphological properties of corn
starch. J Sci Food Agric. 2013; 93:2331-7.

Zhang S, Zhou Y, Jin S, Meng X, Yang L, Wang H. Preparation and structural
characterization of corn starch—aroma compound inclusion complexes. J Sci Food Agric.
2017;97:182-90.

Ramos AS, Astro AP, Medeiro CM, Fraxe TJP, Melo SRD. Avaliagdo da brotagdo para
obtengédo de mudas de diferentes partes do tubérculo de card roxo (Dioscorea trifida L.f).
Rev Bras Agroecol. 2014;9:170-17.

Mendes L do N, Silva JA, Favero LA. Panorama da producdo e comercializagéo do inhame
no mundo e no Brasil e sua importancia para o mercado pernambucano: uma andlise das
cinco forgas competitivas. Convibra. 2013;3:1-12.

Castro AP, Fraxe TJP, Pereira HS, Kinupp VF. Etnobotanica das variedades locais do cara
(Dioscorea spp.) cultivados em comunidades no municipio de Caapiranga, estado do
Amazonas. Acta Bot Bras. 2012;26(3):658-67.

Sukhija S, Singh S, Riar CS. Isolation of starches from different tubers and study of their
physicochemical, thermal, rheological and morphological characteristics. Starch/Starke.
2016;68:160-8.

Hornung PS, Avila S, Lazzarotto M, Lazzarotto SRS, Siqueira GLA, Schnitzler E, Ribani RH.
Enhancement of the functional properties of Dioscoreaceas native starches: Mixture as a
green modification process. Thermochim Acta (Print), 2017;649:31-40.

Madeneni MN, Faiza S, Ramaswamy R, Guha M, Pullabhatla S. Physico-chemical and
functional properties of starch isolated from ginger spent. Starch/Starke. 2011; 63:570-8.

Li Y, Hong Y, Han Y, Wang Y, Xia L. Chemical characterization and antioxidant activities
comparison infresh, dried, stir-frying and carbonized ginger. J Chromatogr B. 2016;
1011:223-32.

Leonel M, Suman PA, Garcia EL. Production of ginger vinegar. Cienc
Agrotec.2015;2(39):183-90.

Leonel M, Sarmento SBS, Ferrari TB. Aproveitamento do gengibre (Zingiber officinale) de
qualidade inferior como matéria-prima amilacea. Rev Raizes Amidos Trop.2005; 1:9-18.
Costa FJOG, Leivas CL, Waszczynskyj N, Godoi RCB, Helm CV, Colman TAD, Schnitzler
E. Characterisation of native starches of seeds of Araucaria angustifolia from four germplasm
collections. Thermochim Acta. 2013; 564:172-7.

Tonon RV, Brabet C, Hubinger MD. Influence of process conditions on the physicochemical
properties of acai (Euterpe oleraceae Mart.) powder produced by spray drying. J Food Eng.
2008; 88:411-8.

AOAC. Official methods of analysis. 14th ed. Washington (D.C.): Assoc. of Official Analytical
Chemists; 1990.

Andrade MMP, Oliveira CS, Colman TAD, Costa FJOG, Schnitzler E. Effects of heat—
moisture treatment on organic cassava starch Thermal, rheological and structural study. J
Therm Anal Calorim. 2014; 115:2115-22.

Bet CD, Cordoba LP, Ribeiro LS, Schnitlzer E. Common vetch (Vicia sativa) as a hew starch
source: its thermal, rheological and structural properties after acid hydrolysis. Food Biophys.
2016; 11:275-82.

Brazilian Archives of Biology and Technology. Vol.62: €19180579, 2019 www.scielo.br/babt


https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjY_IyMpJjfAhXBqZAKHdazDawQFjAAegQIAxAC&url=http%3A%2F%2Fwww.scielo.br%2Fbabt&usg=AOvVaw08BojU0LuZNEI4C434jTD4

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Unconventional starches 11

Ito VC, Bet CD, Wojeicchowski JP, Demiate IM, Spoto MHF, Schnitzler E, Lacerda LG.
Effects of gamma radiation on the thermoanalytical, structural and pasting properties of black
rice (Oryza sativa L.) flour. J Therm Anal Calorim. 2018; 131:1-9.

Colman TAD, Demiate IM, Schnitzler E. The effect of microwave radiation on some thermal,
rheological and structural properties of cassava starch. J Therm Anal Calorim. 2014;
115:2245-52.

Kubiaki FT, Figueroa AM, Oliveira CS, Demiate IM, Schnitzler E, Lacerda LG.Effect of acid-
alcoholic treatment on the thermal, structural and pasting characteristics of European
chestnut (Castanea sativa, Mill) starch. J Therm Anal Calorim. 2018; 1:1-8.

Zhu F. Isolation, Composition, Structure, Properties, Modifications, and Uses of Yam Starch.
Compr Rev Food Sci Food Saf. 2015; 14:357-87.

Jayakody L, Hoover R, Liu Q, Donner E. Studies on tuber starches. Il. Molecular structure,
composition and physicochemical properties of yam (Dioscorea sp.) starches grown in Sri
Lanka. Carbohydr Polym. 2007; 69:148-63.

Andrade LA, Barbosa NA, Pereira, J. Extraction and properties of starches from the non-
traditional vegetables Yam and Taro. Polim. 2017;2(27):151-7.

Pérez E, Gibert O, Rolland-Sabaté A, Jiménez Y, Sanchez T, Giraldo A, Pontoire B, Guilois
S, Lahon MC, Reynes M, Dufour D. Physicochemical, Functional, and Macromolecular
Properties of Waxy Yam Starches Discovered from “Mapuey” (Dioscorea trifida) Genotypes
in the Venezuelan Amazon. J Agric Food Chem. 2011; 59:263-73.

Kuk RS, Waiga LH, Oliveira CS, Bet CD, Lacerda LG, Schnitzler E. Thermal, structural and
pasting properties of brazilian ginger (Zingiber officinale Roscoe) starch. Ukrainian Food
Journal. 2017; 6:674-85.

Aggarwal P, Dollimore, D, Heon K. Comparative thermal analysis study of two biopolymers,
starch and cellulose. J Therm Anal Calorim. 1997; 50:7-17.

Cordoba LP, Bet CD, Schnitzler E. Study by thermal methods of pinhao starch modified with
lactic acid. Carp J Food Scie Techon. 2015; 7:41-8.

Oliveira CS, Waiga LH, Bet CD, Lacerda LG, Colman TAD, Schnitzler E. Effect of ball milling
on thermal, morphological and structural properties of starches from Zingiber officinale and
Dioscorea sp. Carp J Food Scie Techon. 2018; 10:90-103.

Copeland L, Blazek J, Salman H, Tang MC. Form and functionality of starch. Food Hydrocoll.
2009; 23:1527-34.

Tetchi Fa, Rolland-Sabaté A, Amani GN, Colonna P. Molecular and physicochemical
characterisation of starches from yam, cocoyam, cassava, sweet potato and ginger produced
in the lvory Coast. J Sci Food Agric. 2007; 87:1906-16.

Alcazar-Alay SC, Meireles MAA. Physicochemical properties, modifications and applications
of starches from different botanical sources. Food Sci Technol. 2015; 35:215-36.

Jiang Q, Gao W, Li X, Xia Y, Wang H, Wu S, Huang L, Liu C, Xiao P.. Characterizations of
starches isolated from five different Dioscorea L. species. Food Hydrocoll. 2012; 29:35-41.
Cai C, Zhao L, Huang J, Chen Y, Wei C. Morphology, structure and gelatinization properties
of heterogeneous starch granules from high-amylose maize. Carbohydr Polym.
2014;102:606-14.

Utrilla-Coello RG, Agama-Acevedo E, Rosa APB de la, Martinez-Salgado JL, Rodriguez-
Ambriz SL, Bello-Perez LA. Blue Maize: Morphology and Starch Synthase Characterization
of Starch Granule. Plant Foods Hum Nutr. 2009; 64:18-24.

Malucelli LC, Lacerda LG, Filho MASC, Fernandez DER, Demiate, IM, Oliveira CS,
Schnitzler, E. Porous waxy maize starch. J Therm Anal Calorim. 2015;120:525-32.
Asmeda R, Noorlaila A, Norziah MH. Relationships of damaged starch granules and particle
size distribution with pasting and thermal profiles of milled MR263 rice flour. Food Chem.
2015;191.

Vieira FC, Sarmento SBS. Heat-Moisture Treatment and Enzymatic Digestibility of Peruvian
Carrot, Sweet Potato and Ginger Starches. Starch/Starke. 2008;60:223-32.

Brazilian Archives of Biology and Technology. Vol.62: €19180579, 2019 www.scielo.br/babt


https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjY_IyMpJjfAhXBqZAKHdazDawQFjAAegQIAxAC&url=http%3A%2F%2Fwww.scielo.br%2Fbabt&usg=AOvVaw08BojU0LuZNEI4C434jTD4

12

38.

39.

40.

Oliveira, C.S.; et al.

Torres LM, Leonel M, Mischan MM. Concentracdo de enzimas amiloliticas na hidrélise do
amido de gengibre. Cienc Rural. 2012; 42:1327-32.

Singh N, Nakaura Y, Inouchi N, Nishinari, K. Fine structure, thermal and viscoelastic
properties of starches separated from Indica rice cultivars. Starch/Starke. 2007; 59:10-20.
Lacerda LG, Carvalho Filho MA, Bauab T, Demiate IM, Colman TAD, Andrade MMP,
Schnitzler E. The effects of heat-moisture treatment on avocado starch granules -
Thermoanalytical and structural analysis. J.Therm. Anal Calorim. 2015; 120:387-93.

© 2018 by the authors. Submitted for possible open access publication
‘@ @ @ \under the terms and conditions of the Creative Commons Attribution (CC

BY NC) license (https://creativecommons.org/licenses/by-nc/4.0/).

Brazilian Archives of Biology and Technology. Vol.62: €19180579, 2019 www.scielo.br/babt


https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjY_IyMpJjfAhXBqZAKHdazDawQFjAAegQIAxAC&url=http%3A%2F%2Fwww.scielo.br%2Fbabt&usg=AOvVaw08BojU0LuZNEI4C434jTD4

