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The starch market is constantly evolving and studies that provide information about the physical and
rheological properties of native starches to meet the diverse demands of the sector are increasingly
necessary. In this study starches obtained from five cultivars of banana were analyzed for size and shape
of granules, crystallinity, chemical composition, resistant starch, swelling power, solubility, thermal and
paste properties. The granules of starch were large (36.58-47.24 um), oval, showed crystallinity pattern
type B and the index of crystallinity ranged from 31.94 to 34.06%. The phosphorus content ranged from

ﬁgxﬁms" 0.003 to 0.011%, the amylose ranged from 25.13 to 29.01% and the resistant starch ranged from 65.70 to
Amylospep. 80.28%. The starches showed high peak viscosity and breakdown, especially those obtained from ‘Nanicdo’
Viscosity and ‘Grand Naine’. Peak temperature of gelatinization was around 71 °C, the enthalpy change (AH) ranged

from 9.45 to 14.73] g~ 1. The starch from ‘Grand Naine’ showed higher swelling power (15.19 g g~')and the
starch from ‘Prata-Ana’ higher solubility (11.61%). The starches studied are highlighted by their physical

and chemical characteristics and may be used in several applications.

© 2016 Published by Elsevier B.V.

1. Introduction

The banana (Musa spp.) is one of the fruits with the greatest
production and consumption worldwide, being the base of the
economy of some countries because of their dietary characteristics,
which imply a high consumption in the various sections of society,
representing the fourth food commodity in trading volume [1].

According to data from the Food and Agriculture Organization
[2], in 2012 Brazil was the world’s fifth largest banana producer,
with 6.90 million tons, behind India (24.87 million), China (10.55
million), Philippines (9.23 million) and Ecuador (7.01 million). The
national average productivity is still low, 14.56 tha~!, below than
performance of other countries leading the global market, such as
Costa Rica, with production of 2.14 million tons and productivity
of 54.1tha1.

Banana is produced in all Brazilian states, being the largest pro-
ducers in 2014: S3o Paulo, Bahia, Minas Gerais, Santa Catarina and
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Para with production of respectively 1,133,819, 1,088,647, 711,397,
701,501 and 588,655 tons and with a total production of 7.14
million tons [3]. However, the country, one of the major world pro-
ducers, presents as one of the major problem in marketing high
wastes in post-harvest [4].

The use of green bananas as a source of starch, since the pulp
of the fruit in the ripening stage have 70-80% of starch in dry mat-
ter, decreases the wasted amount due to failures in the process of
harvesting, storage and distribution.

Starch is a raw material abundant, renewable, biodegradable
and non toxic which can be extracted with high purity by means
of relatively simple industrial process and be easily converted into
various products by chemical and biochemical processes. These fac-
tors, together, determine the agro-industrial potential immense of
the starch.

About sixty million tones of starch are extracted annually world-
wide from various cultures. About 60% of the produced starch is
used in foods (bakery products, sauces, soups, candies, syrups, ice
cream, chips, sausages, baby food, fat substitutes, specialty coffees,
beers and other beverages) and 40% in pharmaceuticals and non-
edible products purposes, such as fertilizers, seed coatings, paper,
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Table 1

Characteristics of banana cultivars.
Characters Cultivars

Nanicao Grand Naine Prata And Macga FHIA 18

Genomic group AAA AAA AAB AAB AAAB
Genomic subgroup Cavendish Cavendish Prata Prata Prata
Plant height medium-low medium-low medium-low medium-high medium
Tillering medium medium good optimum good
Growing season (days) 290 290 280 300 327
Bunch weight (kg) 30 30 14 15 245
N° fruits/bunch 220 200 100 86 135
N° hands/bunch 11 10 7.6 6.5 9
Fruit length (cm) 23 20 13 13 20
Fruit weight (g) 150 150 110 115 187
Yellow Sigatoka S S S MR MR
Black Sigatoka S S S S R
Fusarium wilt R R MS S S

S=susceptible, MS = moderately susceptible, R =resistant, MR = moderately resistant.

cardboard, packaging materials, adhesives, textiles, diapers, bio-
plastics, building materials and oil drilling.

In view of the large application market of this polymer,
investments in the areas of identifying new sources, cultural man-
agement, and also chemical, physical and biological modifications
in order to obtain starches with a wide range of functional proper-
ties are needed to ensure compliance with such varied applicability
purposes.

In a market in constant evolution and with an ever-stronger
competition, the differentiating factor of an industry is the creation
of new products and/or the production of products with improved
characteristics. Thus, the search for native starches with properties
that meet the different requirements of the consumer market has
been one of the focuses of research in recent decades.

The banana is presented as a potential source of native starches
with special properties. The starch of this fruit has shown interest-
ing characteristics for industrial applicability as significant levels of
amylose, high peak viscosity and final viscosity [5] and high levels
of resistant starch [5-7].

Given the importance of new starchy raw materials, this study
aimed to evaluate the physical, chemical, thermal and paste prop-
erties of starches extracted from five banana cultivars grown in
Brazil.

2. Materials and methods

Five cultivars of banana were performed: ‘Nanicdo’, ‘Grand
Naine’, ‘Ma¢d’, ‘Prata-And’ and ‘FHIA 18’ (Table 1).

The cultivation of banana was conducted in Sdo Manuel, Sdo
Paulo, Brazil (22°46'S latitude, 48°34'W longitude and altitude
740 m) during the agricultural cycle 2014/2015. The predominant
climate type is temperate mesothermal, with rains in summer and
dry in winter, with average temperature of the warmest month
above 22 °C and the average annual rainfall of 1377 mm. The soil of
the area is classified as Red-Yellow Dystrophic Latosol.

Soil analysis and the application of lime to raise the soil base
saturation to 70% were conducted prior to orchard establishment.
Seedling planting was held at 4 m spacing between rows and 2.5 m
between plants in an area equivalent to 10 m?2 by plant.

In the course of the experiment were performed: irrigation,
weed control, thinning, removal of dried leaves, fertilization, pest
control and disease, elimination of banana heart, removal of pistils
and cutting pseudostem after harvesting.

Ten bunches from each cultivar were used to obtain the starches.
The harvest of bunches occurred during the stage 1 of maturation
of fruits, ie with fully green peel. The fruits were peeled, sliced and
crumbled in an industrial blender in chilled water (4 °C) and ascor-

bic acid (1%) for the extraction of starches. Then, the material was
centrifuged on a rotating sieve with a mesh of 0.25 mm. The “starch
milk” was purified in a centrifuge, and the pre-drying and drying
steps performed in the vacuum filter and flash dryer.

2.1. Morphology and size of granules

The morphology of starches was observed by a scanning elec-
tron microscope (model Quanta 200, FEI Company). The samples
were placed on stubs with double sided adhesive tape where the
starches were fixed and covered with a gold layer of 20 nm sput-
ter Balzers. The images were viewed, selected and saved by the
software coupled to the equipment.

The granule size distribution was determined with laser diffrac-
tion using a Mastersizer 2000 (Malvern Instruments Ltd., Malvern,
Worcestershire, UK), with the help of a Scirocco dry disperser unit
used for dispersing the powders at a feed pressure of 2 bars and a
feed rate of 40%. The obscuration was in the interval of 0.5-5%. The
Fraunhofer approximation was used for calculation of the starch
granules size distribution and the corresponding volume fraction-
length mean diameter (Dg433) [8].

2.2. Crystallinity

Samples of starch were kept in a desiccator containing saturated
BaCl, solution (25°C, wa=0.9) for 10days for moisture balance.
Samples were packed in an aluminum holder and analyzed at room
temperature by X-ray diffractometer (Rigaku Rotaflex, model RU
200 B, Tokyo, Japan) operating with monochromatic filter copper,
Ka radiation, power of 0.8 kW, current of 100 mA, voltage of 50 kV
and rotating anode. The wavelength used was 1.542 A and a scan
rate of 1min~!. Analyses were performed between 3° and 40° in
20. The peak intensity was expressed in counts per second (cps).
Relative crystallinity was determined by the relationship between
the peak area and the total area using software Origin version 7.5
(Microcal Inc., USA) [9].

2.3. Physical and chemical composition of starches

The starches were analyzed for moisture, ash, fiber, lipids, pro-
tein, starch, pH, titratable acidity [10], amylose apparent [11],
resistant starch [12] and phosphorus [13].
2.4. Pasting properties

Pasting properties of banana starches were determined in a

rapid visco analyzer (RVA 4, Newport Scientific, Australia) using
10% starch suspensions with a total mass of 27.5g. The program
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Table 2
Sizes of starches extracted from different cultivars of banana.

Table 3
Crystalline area of starches.

Varieties Granules sizes (pm) Varieties Crystallinity (%)
Nanicdo 47.24a Nanicao 33.43a

Grand Naine 36.58¢c Grand Naine 34.06a

Macga 41.88b Maca 32.15a
Prata-Ana 39.60bc Prata-Ana 31.94a

Fhia 18 41.31b Fhia 18 3341a

CV (%) 4.69 CV (%) 524

LSD 4.24 LSD 3.78

The same letter in the column do not differ statistically by Tukey test (p <0.05).

utilized was Starch 1 (50 °C for 1 min, heating from 50 to 95°C at a
rate of 6°C min~!, maintaining the paste at 95 °C for 5 min, cooling
from 95 to 50 °Catarate of 6 °Cmin~!). The viscosity was expressed
as RVU (1 RVU=12 cp). From the graph obtained were evaluated:
pasting temperature, maximum viscosity (peak), breakdown, final
viscosity and setback. This analysis was carried out in triplicate.

2.5. Thermal properties

The thermal properties of potato starches were analyzed using a
differential scanning calorimeter (DSC) Pyris 1 (Perkin Elmer, USA).
Starch samples (2.0 mg, dry basis) were weighed into aluminum
pans, mixed with deionized water (6 pl) and sealed. The sealed
pans were kept at room temperature for 2 h for balance and heated
at a rate of 10°Cmin~! from 25°C to 100°C. An empty aluminum
pan was used as reference. After running the samples in DSC, they
were refrigerated at 5°C for 14days and analyzed again under
the same conditions to determine the thermal properties of retro-
graded starches. The gelatinization temperature (initial, peak and
final) and the enthalpy change of native and retrograded starches
were determined using the Pyris 1 software (Perkin Elmer, USA).
This analysis was carried out in triplicate.

2.6. Swelling powder (SP) and solubility index (S)

Suspensions of 0.2 g of starches in 20 ml of water were put in
centrifugal tubes and heated in a water bath at temperatures of
95 °C for 30 min. In order to prevent water loss, all tubes were cov-
ered with plastic covers. After heating, samples were centrifuged
(3000 rpm, 15 min). Precipitated paste was separated from super-
natant and had been weighed (Wp). Both phases were dried at
105°C for 24 h and the dry solids in precipitated paste (Wps) and
supernatant (Ws) were calculated. SP is the ratio of the weight of
swollen starch granules after centrifugation (g) to their dry mass
(g). The S is the percentage of dry mass of solubles in supernatant
to the dry mass of whole starch sample (Wo) [14].

2.7. Statistical analysis

Analysis of variance (ANOVA) and Tukey’s test were used to
conduct the statistical analysis of results. Significant differences
were reported for p<0.05. Pearson correlation coefficients were
determined to evaluate relationship between variables.

3. Results and discussion
3.1. Morphology and size of granules

The morphology of starch granules depends on the biochem-
istry of amyloplast, as well as physiology of the plant. The results
of the microscopic examination of banana starches showed that
the starch granules of ‘Nanicdo’ and ‘Grand Naine’ showed two
major shapes: elongated and spherical. The starch of the cultivar
‘Macd’ showed similar shapes, but the elongated are more narrow

The same letter in the column do not differ statistically by Tukey test (p <0.05).

and long, similar to rods. The starches from ‘Prata And’ and ‘FHIA
18 were elongated and oval. All the starch granules regardless of
cultivar were flattened (Fig. 1).

Starches of five banana cultivars showed granules of various
sizes with a smooth and dense surface, which can be related to
resistance to enzymatic hydrolysis [15]. Studies have shown that
the surface of the green bananas starch granules is smooth, while
that of ripe bananas starches have parallel grooves [16].

The microscopic analyses of granules extracted from green
bananas have shown a wide variety of shapes and sizes, being cited
elongated and circular shapes, mainly [17,18]. The large granules
are elongated and the small granules are rounded. Smaller gran-
ules are probably those in the training process, since the fruits are
harvested at the green stage before the starch degradation, which
occurs during fruit ripening. The size of the granules is very similar
to granules of potatoes; however, in overall are larger [19].

The sizes of the starch granules were defined through the vol-
ume mean diameter (parameter D [4,3]). The ‘Nanicdo’ showed
higher value with 47.24 um. The ‘Grand Naine’ cultivar, on the
contrary, had the smallest diameter among the studied starches,
36.58 pm (Table 2). The results obtained are within the size men-
tioned in the literature for banana starches, which vary from 20 to
60 wm [18,20].

3.2. Crystallinity

Raw starch is a semi-crystalline material and the degree and
type of crystallinity present is dependent mainly on the structural
characteristics of amylopectin, though retrograded (re-associated)
amylose also produces a unique type of crystalline structure [20].

The starches of the five cultivars of banana showed crystallinity
range of 31.94-34.06%, with no statistical differences between
them (Table 3, Fig. 2). Starches obtained from banana cultivars
showed B-type crystalline pattern, and its major peaks were at
approximately 5°, 15°, 17°, 22° and 24° in 26. This crystalline pat-
tern has been observed in banana starches [19,21]. However, some
studies show that banana starches can have crystalline pattern of
types A, B or C,depending on the variety of the banana, plant growth
conditions, and other factors [19-23].

The structure of the crystalline pattern of type B has two
D-glucose units in the unit cell, and shows a more open organi-
zation between the macromolecules with a water column present
between the arrangements of double helices of amylopectin [24].
This fact contributes to penetration of water in the starch of type B.
Furthermore, starches with crystalline pattern type A show higher
water retention due to its compact structure. Starches with crys-
talline pattern type B are more sensitive to hydrothermal treatment
and there may be changes in the pattern of crystallinity of starch
[25].

The starches types B and C tend to be more resistant to pancre-
atic amylases than type A [26]. This increased strength is due to
branches and associations of amylopectin and amylose. In starches
with pattern type A amylopectin has a high proportion of short
chains. Already in the standards type B and C the amylopectin
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‘FHIA 18’
Fig. 1. Shapes of granules of banana starches observed by scanning electron microscopy.

Table 4

Physical-chemical characteristics of banana starches (wet basis).
Varieties Nanicdo Grand Naine Maga Prata-Ana Fhia 18 CV(%)
Moisture 14.00a 10.82b 8.60c 9.90bc 10.28bc 8.86
Ash 0.13c 0.09¢ 0.26b 0.38a 0.34ab 23.83
Protein 0.61b 0.38¢ 0.63b 0.99a 1.09a 12.72
Fiber 0.14c 0.59a 0.47ab 0.38b 0.18c 21.18
Lipids 0.18d 0.26¢ 0.36b 0.46a 0.01e 18.07
Starch 84.94d 87.86¢ 89.67a 87.88c 88.08b 4.45
Titratable acidity 0.71b 0.66b 0.85a 0.71b 0.91a 9.44
pH 6.56ab 6.76a 6.74a 6.02c 6.45b 2.29

The same letter in the column do not differ statistically by Tukey test (p <0.05).

presents highly branched, forming long chains linked to amylose
molecules [19].

The polymerization degree of the branched chains of amy-
lopectin is related to the type of polymorphism and in B-type
starches typically exhibit large portion of long-chain (DP > 37) [27].

3.3. Physical and chemical composition

The results obtained for the composition of the starches are
shown in Table 4. The starch consists substantially of carbohy-
drates; however, substances such as lipids, proteins and ash are
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Table 5
Phosphorus, amylose and resistant starch contents of banana starches (wet basis).

Phosphorus (%) Amylose (%) Resistant starch (%)

Nanicao 0.003d 25.31d 77.48b
Grand Naine 0.003d 26.54c 82.67a
Macga 0.007c 29.01a 67.93c
Prata-Ana 0.011a 27.87b 81.65a
FHIA 18 0.010b 26.42¢ 65.91c
CV(%) 9.51 0.898 2.443
LSD 0.0015 0.530 4.01

The same letter in the column do not differ statistically by Tukey test (p <0.05).

Table 6

Pasting properties of starches obtained from different banana cultivars.
Varieties Viscosity

Peak Breakdown Final Setback

Nanicdo 483.35a 246.96a 370.56b 134.17bc
Grand Naine 457.33a 204.31a 371.50b 118.48bc
Maga 371.71b 103.44b 443.16a 177.39a
Prata-Ana 369.02b 147.69b 374.50b 153.17ab
Fhia 18 386.79b 151.06b 350.17b 114.44c
CV(%) 3.88 13.9 6.02 11.41
LSD 35.04 51.83 50.22 34.80

The same letter in the column do not differ statistically by Tukey test (p <0.05).

Intensity (CPS)
%

0 5 10 15 20 25 30 35 40 45
2-Theta

Fig. 2. X-ray diffraction patterns of starch granules of ‘Nanicdo’ (a), ‘Grand Naine’
(b), ‘Maga’ (c), ‘Prata-And’ (d) and ‘FHIA 18’ (e).

present in the composition. The amount of these constituents in
the starch composition depends on the plant and the methods of
extraction and purification [28]. Low contents of these substances
indicate best commercial quality of starch.

In Brazil, the legislation that sets the standards to starches
requires: 14% as the maximum moisture, 2% as maximum for titrat-
able acidity, 80% as a minimum for the starch content, and the
maximum values of 0.5% and 1.5% for ash and protein contents.
Therefore, all banana starches can be classified as according to the
rules established for marketing.

Since modifying the starch properties of banana by raising or
lowering its phosphorus content suggests the possibility of its use
in the making of value-added products, the measurement of the
phosphorus content of banana starch is a promising means.

The phosphorus contents observed in banana starches ranged
from 0.032 t0 0.112% (Table 5). These values were higher than those
cited by Zhu [29], who in their review about banana starch showed
arange from 0.02 to 0.027%. These variations may be related to the
cultivar, soil type, physiological state of the plant, among others.

Phosphorus when covalently bound to the starch granule is able
to assist the incorporation of water molecules, because of theirionic
organization and thereby altering the functional properties of the
starch such as gelatinization, retrogradation, viscosity and swelling
power. Thus, high levels of phosphorus as those obtained for the
starches from “Prata-Ana” ‘and’ ‘FHIA18’ are of great importance to
the applicability of their starches.

Pearson correlation analysis showed positive correlation
between phosphorus level and size of granule (0.9616, p=0.038)
and viscosity peak (0.9748, p=0.025) for cultivar “Nanicdo”. In this
same cultivar, phosphorus content was negatively correlated with
range of temperature in gelatinization (—0.9778, p=0.022). For the
other cultivars, it was not observed significant correlation between
phosphorus content and characteristics of starches.

The amylose content plays a central role affecting diverse
physicochemical parameters of starches, since the amorphous frac-
tion of starch granules is built up mainly of amylose, such as:
functional properties of gelatinization and retrogradation of the
starch and susceptibility to enzymatic hydrolysis [25,30]. The amy-
lose content can vary within the same botanical variety because of
differences in geographic origin and culture conditions. Amylose
is anhydrous and can form excellent films, which are important
characteristics for industrial applications.

The starch of the cultivar ‘Mag¢a’ had the highest amylose content
(29.01%), differing from the others (Table 5). The lowest amylose
content was observed in starch extracted from ‘Nanicdo’ (25.13%).
Amylose content greatly influences the physicochemical and func-
tional properties of starch. Starch with high amylose content has a
high resistance to digestion and provides many health benefits for
humans.

The starches from bananas ‘Kluai’ showed amylose levels higher
than those observed in studied cultivars, ranging from 38.6 to
43.8%[21]. Higher amylose values were observed for Valery cultivar
(40.7%). On the other hand, the amylose levels observed for ‘Prata-
And’ and ‘Nanicdo’ were similar to those reported in the literature
[7].

Pearson correlation analysis showed negative correlation
between amylose and seatback in ‘Maga’ starch (—0.9712,
p=0.029). For other cultivars it was not observed significant corre-
lation between amylose and other characteristics of starches.
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Table 7
Thermal properties of starches obtained from different banana cultivars.

Gelatinization

To (°C) Ty (°C) T¢ (°C) AT (°C) AH(g™)
Nanicdo 68.07a 70.58a 73.73a 5.65b 14.73a
Grand Naine 68.65a 71.11a 74.21a 5.56b 13.22ab
Maga 69.23a 72.17a 75.36a 6.13b 10.61bc
Prata-Ana 67.79a 71.02a 74.64a 6.85a 12.94ab
FHIA 18 68.5a 71.69a 74.67a 6.13b 9.45¢
CV (%) 1.60 1.59 1.44 4.59 10.36
LSD 239 247 234 0.61 2.76
Retrogradation

To (°C) T, (°C) Te (°C) AT (°C) AH(Jg™)
Nanicao 44.40ab 53.05a 59.31b 14.91b 6.51ab
Grand Naine 43.45ab 52.88a 61.24ab 17.79ab 6.25b
Maga 45.56a 53.43a 61.93ab 16.37b 4.16¢
Prata-And 41.66b 51.80a 63.06a 21.39a 6.94a
FHIA 18 45.01ab 53.07a 61.02ab 16b 6.25b
CV (%) 3.81 1.80 2.03 11.31 3.72
LSD 3.66 2.07 2.72 4.28 0.49

To, Tp, Te=initial, peak and final temperatures; AT=range of temperature(T; — To); AH=enthalpy change. The same letter in the column do not differ statistically by Tukey

test (p<0.05).

Resistant starch (RS) is defined as the sum of starch and prod-
ucts of starch degradation not absorbed in the small intestine of a
healthy individual. There are four types of resistant starch: type I,
which represents physically inaccessible starch that is locked in the
plant cell walls of some food stuffs such as partially milled grains,
seeds and legumes; type II, which is characterized by native granu-
lar starch found in bananas, raw potatoes and beans; type III, which
comprises retrograded starch and type IV, which includes chem-
ically modified starches that are used by food manufacturers to
improve the functional characteristics of the starch [21].

It has been shown that banana starch appears to be resistant
to enzyme-catalyzed hydrolysis. Banana starches extracted from
different cultivars had a variation between 65.91and 82.67% of the
total resistant starch (Table 5). The study of Vatanasuchart et al.
[21] on eleven banana cultivars grown in Thailand shows that the
RS content observed in the common cultivars ranged from 52.2 to
61.4% and values for indigenous cultivars were between 50.7 and
68.1%. Contents ranging from 27.4 to 91.9% also have been shown
for banana starches [8,25].

It has beenreported relationship between the crystalline pattern
of starches and their resistance to hydrolysis. Starches with crys-
talline pattern of type A, B and C show different susceptibilities to
amylase hydrolysis. Generally, the starch of type B or C shows more
resistance to enzyme hydrolysis than the starch with crystalline
pattern type A [15].

3.4. Paste properties

Starch, when heated in the presence of excess water, under-
goes the order to disorder phase transition known as gelatinization
over a typical temperature range of the starch source. Starch paste
properties are affected by the amylose, lipids, and phosphorus
contents and by the distribution of lengths of branched chains of
amylopectin [31].

The pasting characteristics play an important role in the selec-
tion of a variety for use in the industry as a thickener and binder
[32]. The results obtained for the paste properties of banana
starches are shown in Table 6 and Fig. 3. Results showed sig-
nificant differences among cultivars for the measured properties.
The starches from the cultivars ‘Nanicao’ and ‘Grand Naine’, same
genomic group, showed similar behavior: smallest paste temper-
atures, as well as, highest peak viscosity, breakdown and final

600
— 500 -
g I
g TN
A g
g 200 2
> 100 —_‘////
0
0 5 10 15 20 25 30
. Time émin) .
— - = Nanicao — — GrandNaine = -eeeeees Maca
— - - PrataAna - — —FHIA18

Fig. 3. Viscosity curves of banana starches measured with a Rapid Visco Analyser
(RVA).

viscosity. They also contain low levels of lipids, phosphorus and
amylose, assisting the pasting process.

In general, the analyzed banana starches showed paste tem-
peratures ranging from 74.41 to 79.85°C, low peak viscosity
(371.71-483.35 RVU), considerable resistance to mechanical agita-
tion, with breakdown ranging from 106.77 to 269.75 RVU, low final
viscosity and seatback,which highlights different applicability for
this starch.

3.5. Thermal properties of banana starches

Thermal properties of the banana starches, measured by DSC,
differed significantly. Endothermic peaks in gelatinization for
starches from different banana cultivars appeared between 67.79
and 75.36°C. In retrogradation, endothermic peaks ranged from
41.66 to 63.06 °C. The transition temperatures (To, Tp and T¢), AT
and AH of banana starches in gelatinization and retrogradation are
summarized in Table 7.

The starch crystallinity can be estimated by the enthalpy change
(AH) required to fuse the segments double helices. The gelatiniza-
tion temperature (initial and peak) can be used as a measure of
stability or completeness of the crystalline regions, and the width
of the endothermic peak to estimate the heterogeneous crystalline
structure.

The AT indicates the degree of heterogeneity of the crystals
within the granules, while the AH reflects the amount of double
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Table 8
Swelling power and solubility of banana starches.
SP(gg™) S (%)

Nanicao 13.20b+0.10 5.44b +£0.92
Grand Naine 15.19a+0.26 6.85b+1.23
Maga 14.42a+1.40 9.88a+2.42
Prata-Ana 14.66a+0.43 11.61a+1.64
Fhia 18 14.88a+0.21 6.67b+1.31

The same letter in the column do not differ statistically by Tukey test (p <0.05).

helices that are broken during gelatinization [33]. Thus, the starch
of the ‘Prata-And’ showed a lower homogeneity of its crystalline
area compared to other cultivars.

Starches obtained from ‘Nanicdo’ and ‘FHIA 18’ showed the
extreme values of enthalpy change (AH), 14.73 and 9.45]g™!,
respectively.

The starches of ‘Nanicdo’ and ‘Grand Naine’ contains low amy-
lose content, therefore, have more amylopectin chains in their
structure compared to the starches of other cultivars. This implies
greater energy to break double helices, which explains the change
in enthalpy. Enthalpy change of gelatinization primarily reflects the
loss of double helical order and decreases with amylose content
increase.

The thermal properties observed for banana starches were sim-
ilar to those reported in other studies with starch obtained from
different banana cultivars [19,34,35].

The behavior of gelatinized starches on cooling and storage
is of great interest to food scientists and technologists since it
profoundly affects quality, acceptability and shelf-life of starch-
containing foods [36].

The molecular interactions (hydrogen bonding between starch
chains) after cooling of the gelatinized starch paste have been called
retrogradation. During retrogradation, amylose forms double-
helical associations of 40-70 glucose units whereas amylopectin
crystallization occurs by association of the outermost short
branches.

The initial gelatinization temperature of the starch in retrogra-
dation ranging from 41.66 to 45.56 °C, with the lowest temperature
observed for the starch of the cultivar ‘Prata-And’. Peak temper-
atures did not differ between the cultivars, ranging from 51.80
to 53.43°C. The final temperature variation ranged from 59.31 to
63.06 °C with the lowest temperature observed in the starch of the
‘Nanicao’ (Table 7).

The AH after retrogradation demonstrates the capacity of asso-
ciation between amylose and amylopectin. The presence of a minor
change of enthalpy reveals that there was fusion between starch
fractions.

Retrograded starches show lower gelatinization and enthalpy
change than native starches because they have weaker starch crys-
tallinity.

The variation in thermal properties of starches after gelatiniza-
tion and during refrigerated storage may be attributed to the
variation in amylose to amylopectin ratio, size and shape of the
granules and presence/absence of lipids.

3.6. Swelling capacity and solubility

One of the most important structural characteristics of starch is
that it passes through several different stages from water absorp-
tion to granule disintegration. Water absorption and consequent
swelling of the starch granule contribute to amylopectin-amylose
phase separation and crystallinity loss, which in turn promotes the
leaching of amylose to the intergranular space [37].

The swelling capacity indicates the strength of penetration
of water into starch granules. The crystalline areas maintain the

integrity of the granules, allowing the swelling but not complete
dispersal of the macromolecules. During the heating an aqueous
starch suspension, the amorphous areas quickly absorb water and
swell, remain together by the crystalline regions. The temperature
increase weakens the molecular bonds between the starch granule
structures, facilitating the action of water and its retention within
the granule [38-40].

Swelling capacity is an indication of the strength of water
binding forces in starch granules. In fact, the mobility of starch
molecules is increased with temperature, thereby weakening bind-
ing forces. Hence, the leaching of soluble components is augmented,
yielding improved starch solubility and increased granule porosity.
An effect of this process is the increase of the effective diffusivity
of water into the granule structure and, together with the flexibil-
ity of high molecular number of starch molecules, improves water
retention [25].

The results obtained for the swelling power and solubility of
starches extracted from different banana cultivars are presented in
Table 8.

The swelling capacity of the banana starch ranges from 13.20
to 15.19g g1, with the lowest value observed for the starch from
‘Nanicdo’, which may be related to low phosphorus and amylose
contents. The swelling capacity of starch is directly associated with
the amylopectin content because the amylose acts as a diluent and
inhibitor of swelling.

When starch molecules are heated in excess water, the crys-
talline structure is disrupted and water molecules become linked
by hydrogen bonding to the exposed hydroxyl groups of amylose
and amylopectin. The lower swelling power and solubility of ‘Nan-
icdo’ starch can be probably due to a lower content of phosphate
groups on amylopectin. The repulsion between phosphate groups
on adjacent chains increase hydration by weakening the extent of
bonding within the crystalline domain.

Higher amylose content in starch granule increases solubiliza-
tion capacity in aqueous solution because of the leaching process
of amylose at high temperatures.

Significant differences among cultivars were observed in the
analysis of solubility of the starches. Starches obtained from the
cultivars ‘Ma¢d’ and ‘Prata And’ showed higher solubility.

4. Conclusions

Starches extracted from banana cultivars differ in their char-
acteristics; however, we observed that they show large and oval
granules with high resistance to enzymatic action. These starches
show crystallinity pattern type B, a considerable percentage of
amylose, low phosphorus content, high peak viscosity and low
resistance to heat and agitation, with gelatinization temperature
around 71°C.

Due to their characteristics the starches obtained from green
bananas show relevance and use potential in replacement of
starches commonly used in industry. The production of banana
starch would increase the starch market in Brazil as well as the
wastage of fruit in the banana trade.
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