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Pomology/ Original Article

Agronomic yield and starch
properties of banana cultivars

Abstract — The objective of this work was to evaluate the banana cultivars for
their agronomic yield and starch characteristics. The experiment was carried
out in a randomized complete block design, with a factorial arrangement
of two cultivars ('BRS Conquista' and 'BRS Platina') and two crop cycles,
with three plants per treatment, and five replicates. Fruit yield and starch
quality were evaluated. 'BRS Conquista' showed smaller fruit; however, it
had a greater marketable bunch weight and yield than 'BRS Platina'. Starches
differed for the main physicochemical characteristics, except for X-ray
diffraction pattern (B type) and phosphorus content (0.0058—0.0060%).
'BRS Platina' stood out for its higher content of resistant starch (74.55%) that
differed from the starch isolated from 'BRS Conquista'. However, the starch of
'BRS Conquista' showed the following characteristics: larger granules (34.74
pum), with greater crystallinity (33.64%); less swelling power and solubility
(26.77 g g' and 19.21%, respectively); and greater breakdown, setback and
final viscosity (67.06, 182.42, and 341.39 RV U, respectively). 'BRS Conquista'
shows favorable production characteristics for processing to obtain starch.
The higher resistant starch content of 'BRS Platina' may commercially justify
its lower agronomic yield. Starches of the two cultivars show desirable
characteristics for different industrial applications.

Index terms: Musa, BRS Conquista, BRS Platina, physicochemical
characteristics.

Rendimento agronémico e propriedades
de amido de cultivares de banana

Resumo — O objetivo deste trabalho foi avaliar cultivares de bananeira
quanto aos seus rendimentos agrondmicos e caracteristicas de amido. O
experimento foi realizado em blocos ao acaso, com arranjo fatorial de duas
cultivares ('BRS Conquista' ¢ 'BRS Platina") ¢ dois ciclos da cultura, com
trés plantas por tratamento e cinco repetigdes. Avaliaram-se a produgdo e a
qualidade do amido dos frutos. 'BRS Conquista' apresentou frutos menores;
no entanto, mostrou maior massa comercial e produtividade do cacho do
que 'BRS Platina'. Os amidos diferiram quanto as principais caracteristicas
fisico-quimicas, exceto quanto ao padrdo de difracdo de raios X (tipo B) e
teor de fosforo (0,0058—0,0060%). 'BRS Platina' destacou-se por seu maior
teor de amido resistente (74,55%) que diferiu do amido isolado de 'BRS
Conquista'. No entanto, o amido de 'BRS Conquista' apresentou as seguintes
caracteristicas: granulos maiores (34,74 pm), com maior cristalinidade
(33,64%); menor poder de inchamento e solubilidade (26,77 g g' e 19,21%,
respectivamente); e maiores quebra de viscosidade, tendéncia a retrogradacao
e viscosidade final (67,06, 182,42 e 341,39 RVU, respectivamente). 'BRS
Conquista’ mostra caracteristicas de produgdo favoraveis ao processamento
para extracdo de amido. O maior teor de amido resistente de 'BRS Platina'
pode justificar comercialmente sua menor produgdo agrondmica. Os amidos
das duas cultivares apresentam caracteristicas desejaveis para aplicagdes
industriais diversas.

Termos para indexacio: Musa, BRS Conquista, BRS Platina, caracteristicas
fisico-quimicas.
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Introduction

Starch is an important ingredient in many food
products. Its main commercial sources are corn,
potatoes, rice, cassava, and wheat. However, there is
currently a growing interest in the characterization
of starches from unconventional sources, to
meet functionality demands without the need for
modification. In addition, there is interest in starchy
foods with a low glycemic index, which increases
the market potential for banana starch (Zhu, 2020;
Tagliapietra et al., 2021).

The commercially exploited banana cultivars in
Brazil are Prata, Grand Naine, Williams, and Nanic3o.
All of them have at least one undesirable characteristic
at harvest, such as plant height, yield, and harvest time,
intolerance to pests and diseases, and low resistance to
drought or cold (Nomura et al., 2013).

The banana breeding program of Embrapa
(“Programa de  Melhoramento  Genético da
Bananeira”) develops cultivars which show a great
potential for introduction into the cultivation system
because of their agronomic performance, resistance
to pests and diseases, and potential for industrial raw
material (Pereira & Gasparoto, 2008). BRS Conquista
cultivar (triploid AAB — subgroup Conquista) was
obtained from a natural mutation in a plant population
of the cultivar Thap Maeo in the experimental field of
Embrapa Amazoénia Ocidental, in the municipality of
Manaus, in the state of Amazonas, Brazil. This cultivar
is resistant to Panama disease (Fusarium oxysporum),
yellow sigatoka leaf spot disease (Mycosphaerella
musicola), and black sigatoka fungus (Mycosphaerella
fijiensis, Morelet). The cultivar has high productivity
and good pulp and peel yield (Pereira & Gasparotto,
2008). BRS Platina cultivar is a tetraploid hybrid
(AAAB —Prata/Pome type) from the crossing of 'Prata-
and' (AAB) with the diploid M53 (AA), developed by
Embrapa Mandioca e Fruticultura. This cultivar is
resistant to Panama disease (Fusarium oxysporum)
and yellow sigatoka leaf spot disease (Mycosphaerella
musicola). The main disadvantage of BRS Platina
cultivar is its susceptibility to falling off, which reduces
the commercial value for the fresh market; however,
this is not very important for industrial processing
(Castricini et al., 2012; Nogueira et al., 2018).

Starch can be used in food industries where this
polymer is widely used as a thickener, stabilizer,
adhesive, colloidal agent, functional ingredient, as
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well as, to increase shelf life, decrease oil absorption,
among others (Zhang & Hamarker, 2012). The
characteristics and structural properties of banana
starch are affected not only by genotypes, but also
by environmental factors (Utrilla-Coello et al., 2014;
Mesquita et al., 2018).

The driving forces to explore unconventional
starches, such as that of banana genotypes, are
waste and by-product recovery, local availability,
technological feasibility, cultural significance, and
specialty food production (Zhu, 2020). Banana starch
shows different physical and chemical properties from
commercial starches, which increases the market value
(Mesquita et al., 2018; Kaur et al., 2020).

The objective of this work was to evaluate the
banana cultivars for their agronomic yield and starch
characteristics.

Materials and Methods

An experiment in two crop cycles was carried out at
the Sdo Manuel Experimental Farm of the Universidade
Estadual Paulista (Unesp), in the state of Sdo Paulo,
Brazil (22°44'28"S, 48°34'37"W, at 740 m altitude). The
region has a Cfa climate (humid subtropical climate,
mesothermic), according to the Koppen-Geiger’s
classification system. The soil of experimental area
was classified as a sandy-textured Latossolo Vermelho
distroférrico, according to the Brazilian system of soil
classification (Santos et al., 2013), i.e., a dystrophic
Typic Hapludox (Soil Survey Staff, 1999). Average
minimum, maximum, and medium temperatures, and
rainfall data are as presented (Figure 1).

Crop spacing was 2.5 m between rows and 2.0
m between plants, totaling 2,000 plant ha', in a
nonirrigated system. The experiment was carried out
from January 2017 until May 2018, that is, in the first
(“daughter” banana plant) and the second crop cycle
(“granddaughter” banana plant).

Three bunches of each cultivar were harvested,
in each replicate in the field, and the second hand
was used for the isolation of starches. Bunches were
harvested considering the ripening stage 1 of fruit
(Von Loesecke, 1950). The following variables
were evaluated: bunch weight (kg), bunch weight of
marketable fruit (kg), fruit weight (kg), number of
hands per bunch, number of fruit per bunch, fruit
length, fruit diameter, second-hand weight (kg), and
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fruit number of the second hand. The production per
plant (kg per plant) was estimated by the marketable
bunch weight. The yield was calculated considering
the weight of marketable bunches in a stand of 2000
plants ha™’.

Fruit were processed to isolate starches according
to the methodology described by Mesquita et al.
(2016). The starches were analyzed for moisture, ash,
fiber, lipids, protein, total sugars, starch, amylose
(Horwitz, 2005), resistant starch (Gofii et al., 1996),
and phosphorus (Malavolta et al., 1997).

For the analysis of X-ray diffraction pattern and
crystallinity, the starch samples were incubated in
a desiccator for 10 days, with a saturated solution
of BaCl,, in order to reach humidity balance. X-ray
patterns were examined using a goniometer unit
Rigaku MiniFlex 600 (Rotaflex, Tokyo, Japan)
(Mesquita et al., 2016).

Analyses of the morphology and granule size
distribution of the starches followed the methodologies

described by Mesquita et al. (2016). Starches were
observed in a scanning electron microscope (SEM)
(Evo-LS15, Zeiss, Oberkochen, Baden-Wiirttemberg,
Germany). Starch granule sizes were analyzed in
Mastersizer 2000 (Malvern Instruments Ltd., Malvern,
Worcestershire, UK).

Thermal properties were analyzed using a
differential scanning calorimeter DSC—Pyris 1 (Perkin
Elmer, Waltham, EUA), as described by Mesquita
et al. (2016). Pyris 1 software (Perkin Elmer, Norwalk,
USA) was used to determine transition temperatures.

Swelling power and solubility of starches were
analyzed according to the methodology of Schoch
(1964).

Pasting properties were analyzed using a rapid
viscoanalyzer RVA Super 4 (Newport Scientific,
Warriewood, New South Wales, AU) (Mesquita et al.,
2016). The starch samples (2.5 g, 14% w/w) were
weighed, and 25 g of distilled water was added. The
samples were equilibrated at 50°C for 1 min, heated
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Figure 1. Minimum, maximum, average temperature, and rainfall from January 2017 until April 2018, in the experimental

arca.
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to 95°C at 6°C min™', held at 95°C for 5 min and, then,
cooled to 50°C at 6°C min'; stirring at 160 rpm was
applied throughout the experiment.

The experimental design was carried out in
randomized complete block, in a 2x2 factorial
arrangement, corresponding to two cultivars and
two crop cycles of evaluation, with tree plants per
experimental plot, and five replicates to analyze the
plant production. The other analyses regarding the
properties of starches were carried out with fruit of
the second crop. The data were subjected to the test
of homogeneity and normality (Shapiro-Wilk), to
analyses of variance (test F) and, when significant,
the means were compared by the Tukey’s test, at 5%
probability. To obtain a better visualization of the
evaluated variables, the principal component analysis
(PCA) was performed (Rencher & Christensen, 2012).
The analysis of variance and the Tukey’s test were
performed using the Sisvar software. The normality
test and the PCA were performed with the Minitab 17
software.

Results and Discussion

There was a significant interaction between cultivars
and crop cycles for weight of marketable bunch and
yield (Table 1). 'BRS Conquista' showed greater weight
of marketable bunches and yield than 'BRS Platina’, in
both cycles, with results similar to those obtained by
Pereira & Gasparotto (2008) with plants in the first
cycle, in Manaus, where the cultivar was selected.
The better performance of 'BRS Conquista' shows the
adaptation to cultivation regions with a subtropical
climate.

'BRS Conquista' stood out for its higher bunch
weight and number of fruit and hands per bunch, and
for its higher number of fruit in the second bunch.
However, 'BRS Platinum' showed fruit with higher
weight, length and diameter, that is, despite it shows
lower yield, its fruit are larger. There was higher bunch
weight and number of fruit in the second bunch, in
2018 (Table 2).

Nogueira et al. (2018) found smaller number of
hands (5.7), fruit per bunch (72.5), bunch weight (6.8)
and productivity (12.3 Mg ha') for 'BRS Platina’, in
cultivation in the municipality of Rio Branco, in the
state of Acre, Brazil, which shows its better adaptability
to the subtropical region, allowing of evaluations of
commercial crops for the fresh market and industrial
processing. The differences between cultivars, as well
as the differences of the same cultivar in different
regions are related to genetic and climatic conditions
and cultural management (Nomura et al., 2013).

Table 1. Weight of marketable bunches and yield, in 2017
and 2018 crop year®.

Variable Crop year Cultivar Coefficient
BRS BRS of variation
Conquista Platina (%)
Marketable 2017 19.08Ab 13.35Ba
8.04
bunches (kg) 2018 24.46Aa 14.84Ba
Yield 2017 38.15Ab 26.69Ba
" 8.04
(Mg ha) 2018 48.92Aa 29.67Ba

(MMeans followed by equal letters, uppercase in the rows and lowercase in
the columns, do not differ by the Tukey’s test, at 5% probability.

Table 2. Bunch weight, number of fruit and hands per bunch, average weight and fruit number of 2™ hand, average weight,

length and diameter of fruit.

Variable Cultivar Crop year Coefficient of
BRS Conquista BRS Platina 2017 2018 variation (%)
Bunch weight (kg) 22.45%* 15.24 17.52%* 20.17 8.34
Number of fruit per bunch 266.13%** 87.88 175.38™ 178.63 4.97
Number of hands per bunch 13.88** 7.06 10.31 10.63 6.18
Average weight of 2" hand (kg) 2.09m 2.23 2.10m 2.23 11.07
Fruit number of 2" hand 22.63%* 13.88 17.50%* 19.00 5.09
Average weight of fruit (g) 92.75%* 161.07 127.49m 126.33 11.84
Fruit length (cm) 14.46** 20.02 16.73m 17.75 17.24
Fruit diameter (mm) 34.16%* 39.55 36.66™ 37.05 4.79

**Significant means are different by the variance analysis (F-test), at 1% probability. "“Nonsignificant.
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Data showed that both BRS Conquista and
BRS Platina cultivars are promising for varietal
diversification in subtropics, as they had higher yields
than those obtained by Bolfarini et al. (2014), who
observed 13.5 Mg ha'! average yield in 'Prata-ana'
(A AB — Prata subgroup), in the same region. This also
shows that 'BRS Platina' is a good alternative among
bananas of the Prata subgroup.

Analysis of the chemical composition of the isolated
starches showed that 'BRS Conquista' starch had
11.52% moisture, 87.20% starch, 0.04% total sugars,
0.39% protein, 0.16% fiber, 0.3% lipids, and 0.4% ash.
Starch of 'BRS Conquista' showed higher contents of
protein and fiber than that of 'BRS Platina'.'BRS Platina'
starch had 10.35% moisture, 88.46% starch, 0.09%
total sugar, 0.20% protein, 0.10% fiber, 0.35% lipid,
and 0.4% ash. These data show efficiency in the starch
isolation process, as the number of minor constituents
in the starch composition depends on the plant and the
methods of extraction and purification. Low contents
of these substances indicate best commercial quality
of starch (Peroni et al., 2006).

Scanning electronic microscopy analysis showed
that starch granules of 'BRS Conquista' are elongated
and oval, flat, and with some irregularities on their
surface (Figure 2 A), which was also observed for
banana starches of the AAB genome (Wang et al.,
2019).

Although 'BRS Conquista' is classified in a specific
subgroup (AAB - Conquista Subgroup), its fruit
are similar to those of the 'Silk' banana (AAB - Silk
subgroup). Starch of 'BRS Platina' shows elongated
and flat forms, with a smooth surface (Figure 2 B)
that is similar to the starch morphology of FHIA-18
(genome AAAB — Prata/Pome type) (Mesquita et al.,
2016). The shape and size of starch granules are among
the most important characteristics to determine the
functionality of starch. Knowledge on the variation the
size of starch granules can be useful for analyzing the
qualities of food and processing (Niu et al., 2019).

The particle size distribution showed that the starch
granule sizes varied from 6 to 60 pum. 'BRS Platina’
displayed a higher proportion of starch granules —
between 11 and 15 pum —, while 'BRS Conquista'
exhibited a similar proportion of starch granules
between 11 and 15 pum and 21 and 30 pm (Figures 2
C, Table 3). The average size of banana starch granules
is quite variable (16 to 45 um) (Utrilla-Coello et al.,

2014), but the granule sizes of the studied starches
were close to that of banana starches of the same
genomic groups (Mesquita et al., 2016). The higher
proportion of small granules of 'BRS Platina' can
affect the physicochemical properties and the use of
starch (Mesquita et al., 2016).

Starches isolated of two cultivars showed a B-type
diffraction pattern, with the most intense peaks
occurringat5, 15, 17,22, and 24 ° 26 (Figure 2 D). X-ray
diffraction models (A, B, or C) are classified based on
variations of the water content and the double helix
packing configuration of amylopectin (Denardin &
Silva, 2009). Type B starches have greater resistance to
enzymatic and acid hydrolysis, with greater sensitivity
to hydrothermal treatment, which are important factors
for applications in processed foods (Huang et al., 2015;
Mesquita et al., 2016). However, other studies report
that starches isolated from different banana cultivars
show variations in their diffraction patterns, and this
characteristic interferes with the rheological properties
of starch (Utrilla-Coello et al., 2014; Mesquita et al.,
2016; Marta et al., 2019).

'BRS Conquista' showed higher relative crystallinity
(Table 3), with a value within the range mentioned by
Marta et al. (2019) for banana starches of the AAB
genotypes (33.2 to 39.4%). The lower crystallinity
of 'BRS Platina' starch can be related to its higher
proportion of small granules. Smaller granules have
lower crystallinity, which may be related to the fact
that molecules closer to the hilum are more constrained
by space to align into crystallites than those closer
to the surface (Dhital et al., 2011). Changes in the
crystallinity of starches from the same source can
interfere with the characteristics of viscosity, gelation
and matrix formation, as well as in the rearrangement
of starch during processing or storage, thus affecting
the texture, stability, quality, and digestibility of food
products (Fernandes et al., 2019).

The amylose values found in the studied cultivars
were similar to those found by Mesquita et al. (2016)
and Wang et al. (2019), the higher content was measured
in 'BRS Platina' (Table 3). Amylose percentage affects
some properties that are particularly useful in the food
industry, such as gelatinization, solubility, pasting
characteristics, and texture (Denardin & Silva, 2009).
Additionally, starches with high amylose contents
can form excellent films that are interesting from an
industrial point of view (Mesquita et al., 2016).
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Starches did not differ for phosphorus (Table 3), but  and 'Grand Naine' grown in the same region (0.003%)).
the values found were higher than those observed by  Starch-bound phosphorus affects the colloidal capacity,
Mesquita et al. (2016) for starches of banana 'Nanicao' interfering with properties such as swelling power,
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Figure 2. Morphology of starch granules (A-B), distribution of the granule size (C), X-ray diffraction patterns (D), and RVA
viscoamylogram (E) of banana starches.
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paste clarity, starch gel viscosity, and retrogradation
(Mesquita et al., 2018).

Banana starches had high content of resistant starch
(RYS), with higher percentage observed in 'BRS Platina’
starch (Table 3). The differences observed for resistant
starch contents between cultivars may be associated
with crystallinity, granule size, and amylose content
(Zhang & Hamaker, 2012). In their study on banana,
Bietal. (2017) observed impacts of these factors on the
extent of digestibility of banana starches, which shows
that the selection of genotypes can be an important
parameter. The higher content of resistant starch of
'BRS Platina' may add value to this cultivar, as the
resistant starch improves the functional properties of
several foods (Mesquita et al., 2018).

The swelling power (SP) and solubility (SS)
provide evidence of the magnitude of interaction
between starch chains within both the amorphous and
crystalline domains. There were differences for SP
among banana starches, which can be attributed to
disparities in bonding forces within the starch granule.
'BRS Conquista' showed lower SP and SS, which may

Table 3. Physicochemical characteristics of banana starches.

reflect a more ordered, more strongly bonded, denser
granule structure (Copeland et al., 2009) (Table 3).

The starch of 'BRS Conquista’ had higher
gelatinization temperatures and enthalpy range than
'BRS Platina’, which can be related to the higher
crystallinity of this starch (Table 3). According to Jane
et al. (1999) lower gelatinization temperatures such as
those observed for 'BRS Platina' starch may be related
to the size of the starch granule and, even more, to
the distribution of amylose and amylopectin within
the granule. These authors also reported that starches
with greater amylopectin chain length have higher
gelatinization temperatures, which may be a structural
characteristic of 'BRS Conquista' starch.

In the thermal analysis of the retrograded starches,
'BRS Platina' showed higher values of retrogradation
temperature and enthalpy range; however, for both
banana starches, the dissociation temperatures
of retrogradation was observed as lower than the
gelatinization temperatures because small and/
or imperfect crystals were formed during the
retrogradation (Jane et al., 1999). The retrogradation

Characteristics BRS Conquista BRS Platina CV (%)
Granule size (um) 34.74%* 29.84 0.43
Crystallinity (%) 33.64%* 29.78 0.32
Amylose (%) 28.82 32.59%* 0.32
Phosphorus (%) 0.0058" 0.0060 0.00
Resistant starch (%) 69.84 74.55%%* 1.7
Swelling power (g g") 26.77 30.21%* 0.30
Solubility (%) 19.21 21.97** 2.79
Thermal properties
Ty e (°C), Tor (°C) 71.19%*,45.01 69.78, 47.91%* 0.26, 0.82
Tp e (°C), Tor (°C) 74.33%*,52.52 72.38, 55.35%* 0.24,0.31
T, e (°C), Ter (°C) 80.05%*, 61.12 75.01, 66.64** 0.25,0.39
AT 4 (°C), AT ¢ (°C) 8.85%*,16.11 5.23,18.73** 2.81,3.57
AH . (Jg") 16.27%*,1.79 8.05, 7.20%* 5.06, 3.25
R (%) 22.19 44.25%* 0.40
Pasting properties (RVU)
Viscosity peak (RVU) 226.02 232.58%%* 0.04
Breakdown (RVU) 67.06%* 50.37 1.37
Final viscosity (RVU) 341.39%* 334.52 0.32
Setback (RVU) 182.42%* 152.30 0.15
Pasting temperature (°C) 76.98%* 74.03 0.13

**Significant difference by the F-test, at 1% probability. “Nonsignificant. CV, coefficient of variation. T,, onset temperature; T, peak temperature; T,

conclusion temperature; AH, enthalpy change; R, retrogradation rate.
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rate reported for cereal starch of banana starches was
close to 30—50% range (Jane et al., 1999).

Results for the pasting temperatures were in
agreement with the data of the thermal gelatinization
analysis, by which starch of 'BRS Conquista' showed
higher temperatures, indicating that the swelling of
the starch granules is delayed during the heating of the
starch dispersion (Figure 2 E, Table 3). This may be
due to the distribution of the length of the amylopectin
branch chain and the molecular size of amylose (Jane
et al., 1999).

The studied starches showed lower viscosity,
degradation, final viscosity, and retrogradation than
banana starches isolated from other cultivars grown in
the same region (Mesquita et al., 2016), which makes
these cultivars very interesting for diversification and
industrialization.

The increased consistency of 'BRS Platina' starch
in the heating and cooling process, measured with
continuous shear force, makes it potentially useful
in products that require sterilization (Figure 2 E,
Table 3). The pasting properties of 'BRS Conquista’
starch showed stability in the cooking process, but its
viscosity was higher when cooled, indicating that it is
less stable in the cooling process (Figure 2 E, Table 3).
These are vital aspects to consider when incorporating
these starches into food production processes.

Only the first two components (PCl and PC2)
explained 88.9% of total variability of production
variables and starch properties (Figure 3). PCI
explained 82.5% of the data and showed the cultivars
separation, which were positioned on opposite sides in
PCI1 (Figure 3 A). According to PC1 loadings, except
for the weight of the second hand (AWH), all other
variables contributed to this separation (Figure 3 B).
The PC1 loadings also allow to verify that the yield
and fruit size (FD, fruit diameter; FL, fruit length;
and FW, fruit weight) are on opposite sides, that is,
the increase of one parameter occurs in detriment of
the other one. The higher yield observed for 'BRS
Conquista' is correlated to starch with higher granule
size (D 4.3), crystallinity (IC), breakdown (BD),
setback (SB) and range of gelatinization temperature
(AT gel). Larger fruit of 'BRS Platina' are correlated
with higher levels of phosphorus (P), resistant starch
(RS), amylose (AMY), swelling power (SP), and
solubility (SS) (Figure 3 B). The PC2 explained 6.5%
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of the variability that was evidenced mainly by the
weight of second hand.

The observed differences for agronomic parameters
and starch properties indicate that these genotypes
could be targeted for use in different food industries.
'BRS Platina' starch had higher swelling power and
lower breakdown, which are desirable characteristics
for use as a thickener in foods that require a long
time of heat treatment under agitation. Due to its
lower tendency to retrograde, this starch can be
also interesting as a gelling and thickening agent in
refrigerated and frozen foods (Takeiti et al., 2020).
Starch from 'BRS Conquista' showed less resistant
starch that may be useful in hydrolysis processes. This
starch also had lower swelling power and solubility,
which is desirable for certain industrial applications,
as it offers good crispness, and low water and fat
retention.

Scores
3A
) BRS Platina
1
<
<0
N
O
Q-
-2
BRS Conquista
-3
4 i i i i i i i
6 4 2 0 2 4 6
PCI (82.5%)
Loadings
0.6 B AWH
0.5
0.4
ér\-a\ Yield MB
80 3 BW
[ 1c SPAML
%i 02 - v Frl;L
Toget FW
- FV. -
0l R o
T cgel. — =N\ Z RS 7,
0.0 D?}%BNFB = - S °
AT gel Tolt R
-0.2 -0.1 0.0 0.1 0.2

PC1 (82.5%)

Figure 3. Principal component analysis of production
variables and starch properties of banana genotypes. A,
observation scores; B, loadings of variables on PC1 and PC2.
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Conclusions

1. Because of their yield performance, both 'BRS
Conquista' and 'BRS Platina' bananas show potential
for cultivation in subtropical conditions.

2. The physicochemical properties of starches
isolated from green fruit of 'BRS Conquista' and 'BRS
Platina' have different characteristics.

3. The sets of starch characteristics of 'BRS
Conquista’ and 'BRS Platina' show potential for
exploitation as industrial ingredients.

4.'BRS Platina' starch is an option for increasing
functional properties in processed foods due to its
high resistant starch content and low retrogradation
tendency.

5. 'BRS Conquista' starch stands out for its potential
use in hydrolysis processes.
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