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The consumption of green banana (GB) products is booming because of their nutritional and physiological
benefits to human health. However, there have been no studies on the quality of these products after they are
processed and stored. Therefore, this study aimed to investigate whether production and storage affect the
sensory and physicochemical characteristics of green banana biomass (GBB). We performed microbiological tests
(total coliforms, E. coli, Salmonella spp., aerobic psychrotrophic bacteria, molds, yeasts, and Staphylococcus
aureus); centesimal composition analysis (moisture, protein, ash, lipid, and fiber); and vitamin C, total phenolic
content, and resistant starch analysis using official methods. The tests were performed on GBB samples (pres-
sure-cooked for 5 or 10 min) that were stored in freezing (—12 °C) or refrigerated conditions (4 °C). We eval-
uated the color using a ColorQuestXE Spectrophotometer, and we conducted sensory analysis by the Check-all-
that-apply test. We then used statistical tests to analyze the data. Five-minute pressure-cooking preserved the
functional components, such as vitamin C, phenolic content, and fiber, better than the longer cooking process
(10 min). There was no difference in acceptance attributes between the two cooking times. Refrigeration was
better than frozen storage for vitamin C and fiber content, but it did not affect the resistant starch and phenolic
content. Refrigerated GBB had the best sensory test results for flavor, texture, and overall acceptance. The
refrigerated storage of GBB seems to be the best option for consumer acceptance and maintenance of nutrients
and bioactive compounds (vitamin C, resistant starch, and phenolic content).

1. Introduction (Zandonadi et al., 2012). GB is a good source of fibers, vitamins, mi-

nerals, and bioactive compounds (such as phenolic compounds), and

Bananas (Musa spp.) are the most widely cultivated tropical fruit
worldwide. About one-third of all bananas harvested are lost because it
is a climacteric fruit that is mainly consumed when ripened. Ripe ba-
nanas are prone to mechanical damage and are perishable during the
ripening process, so they are difficult to store and transport (Jiang et al.,
2015). Therefore, studies have evaluated the optimization of banana
processing to reduce the waste and to improve the bioavailability and
utilization of nutrients from unripe fruit (Anyasi, Jideani, & Mchau,
2013; Jiang et al., 2015; Zandonadi et al., 2012).

The consumption of green banana (GB) products is booming be-
cause of their nutritional and physiological benefits to human health

resistant starch (RS) (Chavez-Salazar et al., 2017; LI, CHANG, &
YOUNG, 1982). Studies have shown that the consumption of GB could
contribute to the control of the glycemic index, cholesterol, gastric
fullness, intestinal regularity, and fermentation by intestinal bacteria,
which produces short-chain fatty acids that can prevent intestinal
cancer (Anyasi et al., 2013; Basso, Silva, Bender, & Silveira, 2011;
Bodinham, Frost, & Robertson, 2010; Choo & Aziz, 2010; Costa,
Alencar, Rullo, & Taralo, 2017; Dutra-de-Oliveira & Marchini, 2008;
Zandonadi et al., 2012). The benefits derived from the consumption of
green bananas classify them as a functional food (Anyasi et al., 2013;
Padam, Tin, Chye, & Abdullah, 2014; Silva, dos, Barbosa Junior, &

* Corresponding author. Universidade de Brasilia, Departamento de Nutricao, Brasilia/DF, CEP:70910-900, Brazil.

E-mail addresses: rriquette@hotmail.com (R.F.R. Riquette), vcginani@gmail.com (V.C. Ginani), elisanleandro@yahoo.com.br (E.d.S. Leandro),
ernandesalencar@gmail.com (E.R. de Alencar), iriani.maldonade@embrapa.br (I.R. Maldonade), loryandradel @gmail.com (L.A. de Aguiar),
giovanna_acacio@live.com (G.M. de Souza Acécio), daphny.nutricao@gmail.com (D.R.H. Mariano), renatapz@yahoo.com.br (R.P. Zandonadji).

https://doi.org/10.1016/j.1lwt.2019.04.094

Received 7 November 2018; Received in revised form 26 April 2019; Accepted 27 April 2019
Available online 03 May 2019

0023-6438/ © 2019 Elsevier Ltd. All rights reserved.


http://www.sciencedirect.com/science/journal/00236438
https://www.elsevier.com/locate/lwt
https://doi.org/10.1016/j.lwt.2019.04.094
https://doi.org/10.1016/j.lwt.2019.04.094
mailto:rriquette@hotmail.com
mailto:vcginani@gmail.com
mailto:elisanleandro@yahoo.com.br
mailto:ernandesalencar@gmail.com
mailto:iriani.maldonade@embrapa.br
mailto:loryandrade1@gmail.com
mailto:giovanna_acacio@live.com
mailto:daphny.nutricao@gmail.com
mailto:renatapz@yahoo.com.br
https://doi.org/10.1016/j.lwt.2019.04.094
http://crossmark.crossref.org/dialog/?doi=10.1016/j.lwt.2019.04.094&domain=pdf

R.F.R. Riquette, et al.

Green banana Musa cavendish

(first stage of maturation) et

LWT - Food Science and Technology 111 (2019) 190-203

Pressure cooking treatment (1.8
Pa - 120 °C)

(5 and 10 minutes after
pressure)

Remove peels

Size reduction (mashed to puree
consistency)

Green banana Biomass

Packing in airtight sealed bags
(Fisherbrand™ Sterile
Polyethylene Sampling
leakproof Bags -100g)

Refrigerated storage (5 °C -
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storage (-12 °C - stored up to 90
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Fig. 1. Green banana biomass production process. (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of this

article.)

Barbosa, 2015). The term “functional” is defined as “Natural or pro-
cessed foods that contain known or unknown biologically-active com-
pounds; which, in defined, effective non-toxic amounts, provide a
clinically proven and documented health benefit for the prevention,
management, or treatment of chronic disease” (Martirosyan &
Singharaj, 2016), even though the term is not defined by law in the USA
(FDA, 2019) and Europe (Comission, 2007).

GB is not usually consumed in natura, mainly because of its typical
hardness and high astringency due to the presence of soluble phenolic
compounds, such as tannins (Sarawong, Schoenlechner, Sekiguchi,
Berghofer, & Ng, 2014). Therefore, some studies have used GB as a
functional ingredient in different formulations, such as cookies (Fasolin,
Almeida, Castanho, & Netto-Oliveira, 2007), pasta (Vernaza, Gularte, &
Chang, 2011; Zandonadi et al., 2012), mayonnaise (Izidoro, Scheer,
Sierakowski, & Haminiuk, 2008; Ritthiruangdej, Parnbankled,
Donchedee, & Wongsagonsup, 2011), cakes (Borges, Pereira, Silva
Junior, Lucena, & Sales, 2010; Oliveira de Souza et al., 2018), and dairy
products (Costa et al., 2017; Vogado et al., 2018).

Some studies have examined different GB-derived products used as
flour (dried and milled) (Anderson & Guraya, 2006; Bezerra, Amante,
de Oliveira, Rodrigues, & da Silva, 2013), and others have used green
banana biomass (GBB) (obtained by the trituration of green banana
cooked under pressure) (Izidoro et al.,, 2008; Singh, Singh, Kaur, &
Singh, 2016). The use of GBB is widespread in some countries because it
is a potential ‘functional product’ that is easily produced at home at a
low cost and stored by freezing or refrigeration (Santeramo et al.,
2018).

Most of the studies have used GB flour because it is stable, and this
product is well characterized in the scientific literature. However, this
product tends to be expensive and inaccessible in some countries
(Agama-Acevedo, Nufez-Santiago, Alvarez-Ramirez, & Bello-Pérez,
2015; Alkarkhi, Ramli, Yong, & Easa, 2011; Bezerra et al., 2013; Borges
et al., 2010; Charnchai et al., 2016; da Mota, Lajolo, Cordenunsi, &
Ciacco, 2000; Fasolin et al., 2007; Haslinda, Cheng, Chong, & Aziah,
2009; Hoffmann Sardd et al., 2016; Juarez-Garcia, Agama-Acevedo,
Sayago-Ayerdi, Rodriguez-Ambriz, & Bello-Pérez, 2006; Juarez-Garcia,
Agama-Acevedo, et al., 2006; Liao & Hung, 2015; Pelissari, Andrade-
Mahecha, Sobral, & Menegalli, 2012; Vatanasuchart, Butsuwan, &
Narasri, 2015; Zandonadi et al., 2012). Despite the use of green banana
puree in some studies (Borges et al., 2010; Oliveira de Souza et al.,
2018; Vogado et al., 2018) and the growing demand for GBB in several
countries (Alkarkhi et al, 2011; Apostolopoulos, Antonipillai,
Tangalakis, Ashton, & Stojanovska, 2017; Meneses, Molina, & Vargas,
2016), such as Brazil, there are few studies that have characterized the
nutritional, microbiological, and sensorial qualities of GBB after its
storage. The characterization of green banana biomass is essential for
its application to products to improve its functional characteristics.

Given the high utilization of GBB as an ingredient in preparations
and the relevance of food composition data in the provision of accurate
information for different situations (such as public policy, dietetic
prescription, product developments, menu planning) (Sivakumaran,
Huffman, & Sivakumaran, 2018), our study aimed to investigate GBB's
microbiological, physicochemical, and sensorial characteristics after
production and storage. To our knowledge, this is the first study of its
kind that evaluated the quality parameters in an aim to provide in-
formation on the safety, sensory, and nutritional aspects of GBB after
production and storage.

2. Materials and methods
2.1. Green banana biomass

We collected the green banana (GB) samples (Musa Cavendish) in
the first stage of maturation (totally green) (Anyasi et al., 2013) at
“Central de Abastecimento de Brasilia” (CEASA, Brasilia/Brazil). We
chose the banana variety (Musa Cavendish) for its high consumption in
Brazil and worldwide distribution (IBGE, 2011). We followed the pro-
cedures illustrated in Fig. 1 to produce green banana biomass (GBB).

Banana suppliers were selected according to the Brazilian Table of
Food Composition methodology (TACO, 2011). GB was acquired on 3
different days (3 different lots of production) from the 3 biggest CEASA
suppliers of banana. We acquired 3 kg of GB per day from each supplier.
In total, about 30kg of GB was purchased to produce GBB (TACO,
2011). GBB was produced by washing whole green bananas (GB) and
then cooking them under pressure (1.8 Pa, 120 °C) in a pressure cooker
for either 5 or 10 min. We stripped the GB, and the pulp was mashed for
5min in a multiprocessor (Philco”, Brazil).

We prepared samples by the quartet technique (Greenfield &
Southgate, 2003) as follows. The puree samples produced were divided
into quadrants and, after successive homogenizations and subdivisions
into smaller parts, samples of approximately 100 g were packed into
individual sterile bags (Fisherbrand™ Sterile Polyethylene Sampling
leakproof Bags) and labeled for further analysis. Sample preparation
occurred in the laboratory with ambient light (similar to domestic
production). We stored part of the GBB samples (50%) under re-
frigerated conditions at 4°C and the other part (50%) under frozen
conditions at —12 °C under vacuum (with no light inside the storage
equipment). We monitored the storage temperature using a thermo-
meter, and we opened the storage equipment only to retrieve a sample
(100 g) for analysis.

2.2. Microbiological stability

We performed microbiological analysis with the GBB samples
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subjected to the cooking treatment for either 5 or 10 min after pre-
paration and during the storage period under refrigerated conditions at
4°C (0, 3, 6, and 9 days) or freezing conditions at — 12 °C (0, 30, 60, and
90 days). We used the limits established for thermotolerant coliforms (2
log CFU/g), Salmonella spp. (presence or absence in 25g of food),
aerobic psychrotrophic bacteria (3.7 log CFU/g), and molds and yeasts
(3.7 log CFU/g) (Codex Alimentarius Comission, 1997). For S. aureus,
values of <10* CFU/: g or mL were considered acceptable (Fetsch, 2018)
since higher numbers indicate that the food was prepared, packaged, or
maintained in unhealthy conditions, which can cause foodborne dis-
eases. We diluted the GBB samples (25g) in 225 mL of 0.85% saline
solution. After serial dilutions, we used the counting technique on
Petrifilm 3M ™ to quantify the following microorganisms: Total coli-
forms and E. coli (6404), Salmonella spp. (6536), molds and yeasts
(6407), aerobic psychrotrophic bacteria (6400), and Staphylococcus
aureus (6490) (ANVISA, 2001; AOAC, 2005; Brasil, 2000; Fetsch, 2018).
We used microbiological stability to evaluate the safety period of GBB
storage for consumption and carried out physicochemical and sensory
analyses. The tests were stopped when the samples presented critical
microbiological alterations, surpassed reference values, or underwent
visual changes (ANVISA, 2001; Brasil, 2000; Codex Alimentarius
Comission, 1997).

2.3. Chemical analyses

2.3.1. Centesimal composition

Samples (N = 6) cooked under pressure (5 or 10 min) were with-
drawn immediately after cooking (TO0), after refrigerated storage (T6:
4°C; 6 days), and after frozen storage (T90: —12 °C; 90 days) to con-
duct the centesimal composition analysis. The duration of the storage
for composition analysis was based on the microbiological analysis
results. We determined the moisture content using the gravimetric
method (oven at 105 °C for 24 h) according to the Adolfo Lutz Institute
(IAL, 2008). We used the AOAC method (AOAC, 2005) to quantify
protein (method 920.152), ash (method 942.05), and crude fiber
(method 962.09). We used the MD444/CI Fiber Digester (Marconi,
Piracicaba, Brazil) to analyze total fiber. We performed lipid content
analysis using petroleum ether extraction using the Ankom Extraction
System (Model ANKOM XT10 Extractor, ANKOM Technology, NY, USA)
by the Am 5-04 method (AOCS, 2005). We conducted all analyses in
triplicate.

We calculated the carbohydrate content by using the differences
between the values found for protein, lipids, ash, moisture, and crude
fiber (AOAC, 2005), and the total energy value (TEV) was determined
from the mean content of fat, carbohydrate, and protein and applied
Atwater factors.

2.3.2. Total phenolic and vitamin C content

2.3.2.1. Sample preparation. The samples were frozen immediately
after preparation at —12°C under vacuum. For analyses of the
bioactive compounds, frozen samples were lyophilized in a freeze-
dryer for 48 h (semi-automatic, brand Cristh®, model Gamma 2-16 LCS
Plus). Afterward, samples were milled using a pestle and mortar and
then sieved in a 45 mesh (355 pum) granulometry. Then, the samples
were stored in plastic bags under vacuum and kept in a freezer at
—12°C until analysis.

2.3.2.2. Sample extraction for total phenolic content
determination. Freeze-dried samples (0.3g) were homogenized in
20mL of a 70% aqueous methanol solution and shaken for 30 min.
After stirring, the solutions were centrifuged for 5minat 17,600 x g,
labeled, and stored frozen (—12°C) in amber glass vials until the
analyses were performed.

2.3.2.3. Total phenolic content. We determined total phenolic
compounds using the Folin-Ciocalteu reagent (Singleton & Rossi,
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1965). In an assay tube, 0.5mL of extract sample was added to
2.0mL of water and 1.0mL of the Folin—Ciocalteu reagent. After
5 min, we added 3.0 mL of 6.0% Na,COj5 solution to the tube sample,
which remained at room temperature for 1.5h without illumination.
We measured the absorbance at 765nm (Absyes) with UV-Vis
Spectrophotometer (HP8453, Agilent Technologies, USA). Standard
solutions of gallic acid (10-100mg/L) were similarly treated to
prepare the calibration curve (Equation (1)). We expressed the results
as mg gallic acid equivalent (GAE) per 100 g FW (fresh weight).

Gallic acid (mg /L) = 983.107 * Abss + 3.6363 R = 0.99 D

2.3.2.4. Vitamin C. We performed the vitamin C analysis according to
the method reported by Terada et al. (Terada, Watanabe, Kunitomo, &
Hayashi, 1978) and modified by Nunes et al. (Nunes, Brecht, Morais, &
Sargent, 1995) (results expressed in mg/100 g of GBB on a dry basis).

Samples weighing 3 g were extracted with a solution of metapho-
sphoric acid (6% v/v) in a homogenizer for 1 min with refrigeration and
then centrifuged at 10,000 X g. After 10 min, we adjusted the volume to
50 mL in a volumetric flask. An aliquot (1 mL) of each sample was
added to test tubes containing one drop of 2,6-di-
chlorophenolindophenol (0.2%) and 1 mL of thiourea (2% w/v). After
homogenization, we added 0.5 mL of 2,4-dinitrophenidridrazine (2%
w/v) to the tubes, which were placed in a water bath at 96 °C. After
10 min the tubes were refrigerated to room temperature, whose ab-
sorbances were measured at 540nm (Absss) using a spectro-
photometer (HP8453, Agilent Technologies, USA). Dilutions of ascorbic
acid standard solution were used (20-140 mg/L) to obtain the equation
of the standard curve (Equation (2)).

Ascorbic acid (mg/L) = 152.91 % Abssyo R? = 0.99 2

2.3.2.5. Resistant starch, non-resistant starch, and total starch
content. Resistant starch (RS), non-resistant starch (NRS), and total
starch (TS) content of the GBB samples were analyzed using the Starch
Assay Resistant Kit (Megazymem) (AOAC, 2015).

2.4. Sensory analysis

Six samples were used (as mentioned in section 2.3) to perform the
sensory analysis. We selected these samples since the microbiological
analysis showed that they were safe for consumption. We served the
samples in conditions of clear ambient lighting at room temperature
since some samples (TO 5’ and TO 10”) were not stored at the cold
temperature. The frozen samples were taken out of the refrigerator/
freezer until the temperature reached 24 °C for sensory evaluation. GBB
(15 g) was served to the assessors by monadic presentation (with in-
tervals ranging from 5 to 10min) in a random and balanced order
(Bassinello, Rocga, & Cobucci, 2004). We served 6 different samples of
GBB to each assessor with filtered water at room temperature (24 °C) to
cleanse the palate between each pair of samples. We evaluated the
samples for acceptance and sensory characterization with the Check-
All-That-Apply (CATA) test as described below.

2.4.1. Descriptor elicitation

Descriptive terms have been previously gathered according to the
Repertory Grid method (Foley et al., 2009; Meilgaard, Civille, & Carr,
2007), which was used in this study. Eleven assessors were included in
the sensory test. Randomized samples were presented in pairs, with
5 min intervals between each served pair, to elicit attribute descriptions
for the appearance, aroma, flavor, and texture of GBB. The evaluators
were asked to identify and record the similarities and differences found
between sample pairs. After the individual survey of the attributes, the
most relevant attributes that characterize the different GBB samples
were selected by consensus among the evaluators with the help of a
moderator. The total session time was 40 min.
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2.4.2. Acceptance and descriptive sensory analysis (check-all-that-apply
(CATA))

The acceptance and CATA tests were carried out with 121 con-
sumers (82.6% (n = 100) female and 17.4% (n = 21) male; mean age
of 23 + 7.3 years). Fifteen grams of each GBB sample was served to
consumers by monadic presentation in plastic plates that were labeled
with random three-digit numbers. For the acceptance test, we used the
9-point hedonic scale in which 1 = disliked extremely and 9 = liked
extremely (Peryam & Pilgrim, 1957) for the attributes, namely, ap-
pearance, flavor, aroma, texture, and overall acceptance. In the same
session, we administered the CATA test. The terms were randomized for
each sample and each assessor (Ares et al., 2014) using a complete
block design, balanced for presentation order, and generated with the
software XLSTAT 2016 (Addinsoft, France) (Ares et al., 2014). The
consumer was asked to mark the terms that applied to each sample
evaluated.

2.5. Colorimetric analysis

The GBB color evaluation was performed using the ColorQuest XE
Spectrophotometer (HunterLab, Reston, United States) to obtain the
values of the coordinates L, a, and b of the Hunter system. We evaluated
the GBB color immediately after cooking; after 3 and 6 days stored
under refrigerated conditions; and after 30, 60, and 90 days stored
under freezing conditions. From the values of the coordinates L, a, and
b, the parameters were obtained for hue (h, Equation (3)), color sa-
turation or chroma (C, Equation (4)), color difference (AE, Equation
(5)), and browning index (BI, Equation (6) and Equation (7)) (Buera,
Lozano, & Petriella, 1985; Castanén, Argaiz, & Lopez-Malo, 1999).

h= arctang(b/a) 3)
c= (@ +b?) )
AE = (L — Lo)* + (@ — ao)* + (b — bp)) (5)
pr = 100G — 031)]
0,17 6)

where
‘- (@ + 1.75L)

" (5.645L + a — 3.012b) @

2.6. Statistical analysis

For the physicochemical analysis, we used analysis of variance
(ANOVA) at a significance level of 5%, followed by Tukey's averages
comparison test. We performed all experiments in triplicate. For sen-
sory analysis, the acceptance data were analyzed by Unidirectional
Analysis of Variance (ANOVA), in which the source of variation was the
sensory scores obtained, followed by multiple comparisons with Tukey
(p < 0.05). For the descriptive test (CATA), we determined the fre-
quency of each CATA term that was used by counting the number of
consumers that used that term to describe each sample.

Non-parametric Cochran's Q test (Jaeger et al., 2015) was carried
out for each CATA descriptor to evaluate differences in consumer per-
ception of the GBB samples (Ares et al., 2014, 2013; Nse, Varela, &
Berget, 2018). CATA data are the most common consumer-based pro-
duct-profiling method and generate binary data (Ares et al., 2014,
2013; Nsa et al., 2018). In the CATA test, consumers select the pre-
sence/absence of attributes from the predetermined list. The analysis
for these types of data involves multiple correspondence analysis and
non-parametric data tools, such as Cochran's Q test. Multiple pairwise
comparisons were then performed using the Bonferroni procedure.
Correspondence analysis was performed on the frequency table from
each experimental treatment using chi-square distances. Instrumental,
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acceptance, and CATA data were associated using Multiple Factor
Analysis. We applied the Principal Coordinates Analysis to the corre-
lation coefficients, and the results were visualized in a two-dimensional
map. We performed statistical analyses using the XLSTAT 2015 Pro-
gram (Addinsoft, Paris, France).

3. Results and discussion

GBB is booming as one of the main commercial or home-processed
banana products; it is widely used all over the world for the production
of foods with a functional appeal (Yap, Fernando, Brennan, Jayasena, &
Coorey, 2017). We used green banana at stage 1 of maturation since it
presents high antioxidant compound levels, high starch content, and
low sugar content (Apostolopoulos et al., 2017).

People usually prepare high amounts of GBB and store it for use
afterward since it is a product that requires several steps (Fig. 1) and is
time-consuming to prepare. We used 4 °C for storage in accordance with
FAO's recommendation (FAO, 2014). For frozen storage, we used a
temperature of —12 °C since the temperature of a domestic fridge varies
from —5 to —20 °C, depending on the amount of food inside, the fre-
quency of opening the appliance doors, the oscillation of energy at the
place of installation, and others reasons (Marklinder, Lindblad,
Eriksson, Finnson, & Lindqvist, 2004; Ndraha, Hsiao, Vlajic, Yang, &
Lin, 2018).

Since storage conditions affect shelf life, it is necessary to determine
the period of storage to ensure the safety of the product to consumers.
We evaluated GBB for the presence of pathogenic and deteriorating
microorganisms after cooking and during storage treatments of re-
frigeration and freezing (Table 1). Microbiological tests showed that
GBB in refrigerated storage is safe until the 6th day (T6) and up to the
90th day (T90) for frozen storage.

The cooking time (5 and 10min) did not influence the level of
contamination after heating and during the storage period in re-
frigerated conditions (we did not observe the presence of Salmonella
spp., total coliforms, E. coli, or S. aureus in GBB samples stored for 9
days in refrigerated conditions). However, we observed the presence of
aerobic psychrotrophic bacteria and molds and yeasts at 6 days of re-
frigeration, so 6 days was considered the maximum storage period for
refrigerated samples.

Brazilian legislation (ANVISA, 2001) does not establish a micro-
biological standard for deteriorating microorganisms (aerobic psy-
chrotrophic bacteria; molds and yeasts) in fruits subjected to thermal
treatment since they are not pathogenic. However, they affect the
sensorial characteristics of the product and the product's shelf life.
Moreover, according to the International Commission on Microbiological
Specifications for Foods (ICMSF), conducting microbiological tests on the
final products could be a good strategy for verifying its quality, which
includes mold and yeast counts (International Commission on
Microbiological Specifications & for Foods, 2011). Therefore, after the
12th day of refrigerated storage of GBB, there was no evaluation con-
ducted because there was a visible growth of molds.

A cooking time of 5 or 10 min and appropriate hygienic conditions
were enough to prevent the presence of pathogenic microorganisms in
GBB. However, storage under refrigerated conditions was not enough to
inhibit mold and yeast and aerobic psychrotrophic bacterial growth
after 6 days. This result was expected since ready-to-eat foods stored in
household refrigerators typically have a shelf life of less than 5 days.

In the case of samples stored under freezing conditions (—12 °C),
the shelf life of GBB was longer than that of refrigerated samples as
evidenced by the absence of microbial growth for up to 90 days of
storage. According to the microbiological analyses, it is possible to
prepare GBB in a domestic environment by adopting good practices
during all stages of production.

When subjected to heat treatment, the microbiological count tends
to decrease significantly, while the occurrence of contamination can
result from food contacting contaminated surfaces. Thus, the
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Table 1
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Microbiological analysis of green banana biomass (GBB) during the storage period under refrigeration (4 °C) and freezing (—12 °C).

Microorganisms (log CFU/g) Refrigeration

Storage period (days)

0 3 6 9 0 3 6 9

Cooking time - 5 min Cooking time - 10 min
Salmonella sp. abs abs abs abs abs abs abs abs
Staphylococcus aureus <1* <1* <1* <1* < 1* <1* <1* <1*
Total coliforms <1* <1* <1* <1* < 1* <1* < 1* <1*
Mold and yeast <1* < 3* 2.6 > 3.2*% <1* < 3* 3.1* > 4.0*
Psychrotrophic aerobes <1* <1* 2.7 3.1 <1* 2.9 > 2.8 > 5.5%
Microorganisms (log CFU/g) Freezing

Storage period (days)

0 30 60 90 0 30 60 90

Cooking time - 5 min Cooking time - 10 min
Salmonella sp. abs abs abs abs abs abs abs abs
Staphylococcus aureus < 1* <1* <1* <1* < 1* <1* < 1* <1*
Total coliforms <1* <1* <1* <1* <1* <1* <1* <1*
Mold and yeast <1* < 1.4* <1* < 1.5% <1* <1* <1* <1*
Psychrotrophic aerobes <1 < 1% <1* < 1.5% < 1* <1* < 1* <1*

abs — Absence.
* Estimated data.

microbiological evaluation of GBB helped to verify the appropriate
hygiene practices to adopt during its processing and to monitor the
microbial growth related to product quality after different storage
conditions (Adiani, Gupta, Ambolikar, & Variyar, 2018; Snyder &
Worobo, 2018).

The presence of Staphylococcus aureus did not occur, confirming the
adequacy of the practices adopted during food processing. According to
Fetsch (Fetsch, 2018), high numbers of S. aureus (= 10* CFU/g or mL)
are evidence that food has been prepared, packaged, or maintained in
inadequate conditions and may have become unsafe for consumption.

Mold and yeast count in food are useful for evaluating the quality of
the product as well as for determining its safety. Our results (Table 1)
show a gradual increase in psychrotrophic aerobes, especially in re-
frigerated biomass (Table 1). These microorganisms can grow at low
temperatures and contribute to the deterioration of refrigerated foods
(Graga, Esteves, Nunes, Abadias, & Quintas, 2017).

Compared with fresh and whole fruit, we observed a significant
reduction in storage life. According to information provided by the
FAO, bananas can remain adequate for consumption when packed at
13-15 °C for a period between 7 and 28 days. The biological structure of
the banana, the temperature, and its degree of maturation are de-
terminants of the shelf life. However, the ability to prepare GBB and the
potential for freezing it are decisive factors for the consumption of the
product at this point in its maturation, and utilization of its nutritional
components should be considered.

The results of microbiological analyses show that the refrigerated
GBB was safe for consumption until the 6th day and the frozen GBB was
safe up to the 90th day.

3.1. GBB composition

Table 2 presents the results of the centesimal composition analysis
of GBB cooked under pressure (5 or 10 min) and stored by refrigeration
(T6) or freezing (T90) methods. The cooking time did not alter the
moisture content, ash, protein, carbohydrate, and lipid contents.
However, it decreased the crude fiber content (p < 0.05), but it only
decreased for the frozen sample cooked under pressure for 10 min.
Regardless of cooking time, GBB had high moisture, fiber, and carbo-
hydrate content and low protein, ash, and lipid content. Its total energy
value (TEV) was about 75 kcal/100 g.
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The crude fiber content of GBB ranged from 1.55g/100 g-2.68 g/
100 g (Table 2), which is lower than the concentration found in GB
flour (6.3-15.5g/100¢g) because the latter is dehydrated (da Mota
et al., 2000; Juarez-Garcia, Agama-Azevedo, Sayago-Ayerdi, Rodriguez-
Ambriz, & Bello-Perez, 2006; Tribess et al., 2009).

Food can be considered a source of dietary fiber if it contains 1.5g
of fiber per 100 kcal of food, and it can be regarded as high in fiber if it
contains 3 g of fiber per 100 kcal (FAO, 2009). Since the total amount of
crude fiber is lower than that of dietary fiber (Pak, Yanez, & Araya,
1987), the GBB samples cooked for 5min can be considered high in
fiber (3.46-3.57 g of crude fiber/100 kcal of food), and the samples
cooked for 10 min can be considered a source of fiber (2.06-2.89 g of
crude fiber/100kcal of food). Therefore, in the present study, the
longer cooking time reduced the fiber content significantly and con-
verted GBB from high in fiber (5 min pressure-cooked) to a source of
fiber (10 min pressure-cooked).

The crude fiber content was affected by the cooking time, and the
freezing storage decreased the fiber content (Table 2). The reduction in
vegetable fiber could be attributed to the partial degradation of cellu-
lose and hemicellulose (crude fibers) into simple carbohydrates during
the cooking process (Rehinan, Rashid, & Shah, 2004). Herranz et al.
(Herranz, Vidal-Valverde, & Rojas-Hidalgo, 1983) demonstrated that a
high-temperature cooking process decreases crude fiber (cellulose and
lignin) content, with a slight change in hemicellulose content.

Wennberg et al. (Wennberg, Engqvist, & Nyman, 2003) studied the
effects of boiling on fiber in white cabbage (Brassica oleracea var. ca-
pitata). They demonstrated that the boiling reduced about 10% of the
cabbage fiber content. Our study showed a reduction in about 16% of
the crude fiber content in GBB cooked for 10 min. It is important to
highlight that the samples were cooked under pressure (which results in
higher temperatures than traditional boiling) in the present research.

Rehinan et al. (Rehinan et al., 2004) studied the fiber content in
legumes cooked by different processes. They showed that there was a
greater reduction in fiber content from pressure-cooking than other
cooking methods.

The protein content was not affected by the different cooking times
or by the freezing or refrigerated storage process. Since bananas do not
contain high amounts of either protein or lipids, GBB is not considered
to be a source of protein or lipids, and changes in their content do not
significantly affect GBB composition. The crude fiber content was
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vegetables (Oulai, Zoue, Adom, & Niamke, 2015), as we found in the
present study.

The FDA states that the claim of “high” Vitamin C applies when the
product contains at least 20% (=18 mg) of the Daily Value (DV) of the
nutrient, and it is considered a “good source” when it contains 10-19%
of the DV (9-17.9mg) (FDA, 2005). In this sense, for the daily con-
sumption of 100 g of GBB, the refrigerated products are “high” in Vi-
tamin C (21.2-57.4 mg), and frozen GBB is a “good source” of Vitamin
C (11.6-12.3mg).

3.3. Resistant starch, non-resistant starch, and total starch

The amount of resistant starch (RS) in GBB did not change
(p > 0.05) throughout the storage period (refrigeration and freezing
conditions) or as a result of the cooking time (p > 0.05) (Table 2).
Most of the benefits attributed to GB consumption are associated with
its RS content, which behaves physiologically like fiber to reduce gly-
cemia, prevent intestinal diseases, reduce blood cholesterol levels, and
decrease the risk of developing chronic diseases (Basso et al., 2011). RS
has little impact on the sensory properties of food or consumer accep-
tance. The present study showed that the GBB contained high amounts
of RS (about 8 g/100 g), which can confer potential health benefits to
consumers (Fuentes-Zaragoza, Riquelme-Navarrete, Sanchez-Zapata, &
Pérez-Alvarez, 2010).

Only one study in Australia evaluated the total starch from green
banana puree, and it showed 2.8 g/100 g of total starch in GBB (stage 1
of maturation) (Yap et al., 2017). Our study, which was carried out in
Brazil, showed that total GBB starch ranged from 12.62g/
100 g-14.88 g/100 g (without a significant difference). There is a dif-
ference in the total starch amount between the two studies since, in the
previous study, the tested product was produced with bananas from
different countries, and the nutritional composition of a banana at
harvest can vary widely depending on cultivar, maturity, climate, soil
type, and fertility (Haslinda et al., 2009; Liao & Hung, 2015; Menezes
et al.,, 2011; TACO, 2011). Moreover, Yap et al. (Yap et al., 2017)
produced green banana puree instead of GBB (as in our study). They
blanched whole unpeeled bananas by placing them in boiling water for
1 min; in contrast, we used pressure-cooking to produce GBB (the way it
is produced in Brazil).

There have been no studies on the RS content in GBB, making it
difficult to compare our results. In the present study, GBB presented
stable RS content (p > 0.05) throughout the storage at low tempera-
tures (4°C and —12°C), probably because amylopectin is the major
fraction of the starch in GBB (da Mota et al., 2000). The polymers of
retrograded amylopectin are less tightly bound than those of retro-
graded amylose, so they have less resistance to enzymatic hydrolysis,
thus making the starch more digestible (Colonna, Leloup, & Buléon,
1992). Our results showed that the amount of resistant starch (RS) in
GBB was stable throughout the cold storage and cooking process.

3.4. Sensory analysis

3.4.1. Acceptance and CATA

The average acceptance for all attributes was lower than 6.0
(Table 3), which we expected since people are not familiar with con-
suming isolated GBB. GBB is usually consumed in association with other
ingredients to add nutrients, bioactive compounds, and texture-related
characteristics (Oliveira de Souza et al., 2018; Ranieri & Delani, 2018;
Souza, 2017; Zandonadi et al., 2012). There was no significant
(p > 0.05) difference between the samples in terms of appearance and
odor, indicating that the cooking time and storage conditions of GBB
did not affect these sensorial attributes. It is important to mention that
no study has evaluated the sensorial aspects of GBB. Only 2 studies have
evaluated instrumental textural changes in bananas during ripening
(Chauhan, Raju, Dasgupta, & Bawa, 2006; Kajuna, Bilanski, & Mittal,
1997), so it is difficult to compare our results.
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The flavor of the frozen samples was significantly worse than that of
the other samples, with no difference between the cooking times. Thus,
storage conditions could compromise the sensory and technological
characteristics of the products to which GBB is added. In light of this
result, refrigeration is the best option for GBB storage for later use to
obtain better sensory characteristics. The sensorial analysis showed that
GBB stored under freezing conditions was less acceptable in terms of
flavor, texture, and overall acceptance.

Similarly, the acceptance of the frozen samples’ texture was lower
(p < 0.05) when compared with the other samples, except for the GBB
cooked for 10 min and stored under refrigerated conditions. These re-
sults suggest that the frozen storage probably modified the structure of
the GBB and had an impact on the texture, thus compromising its
sensorial quality. The overall acceptance confirmed these results by
revealing that the frozen samples had the lowest acceptance, with no
difference due to the cooking time.

CATA tests were performed to assess GBB quality resulting from the
application of different cooking and storage methods (Table 4, Figs. 2
and 3). For the GBB CATA analysis, a team of evaluators collected the
attributes using the Repertory Grid method (Meilgaard et al., 2007).
The evaluators found a total of 77 attributes (appearance: n = 15; odor:
n = 16; color: n = 10; flavor: n = 19; texture: n = 17) (Table 4). From
the Cochran-Q test, it was possible to evaluate whether the consumers
detected significant differences between the samples for each one of the
terms that were elicited. Of the 77 terms mentioned in the CATA test,
no statistical differences were observed in 38 terms (Table 4). Among
the terms with a significant statistical difference, 13 were for appear-
ance, 2 were for aroma, 5 were for color, 4 were for flavor, and 15 were
for texture.

The most selected appearance attributes (p < 0.05) for the samples
that were not stored and were cooked under pressure for 5 min (TO 5 *)
were “bright”, “creamy”, “soft”, and “wet”. For the “pasty” attribute,
samples that were not stored and were cooked for 5min (TO 5 ’) or
10 min (TO 10) did not differ significantly and were the most frequently
mentioned. The term “compact” was more frequently mentioned for the
refrigerated samples (T6 5’ and T6 10"). For the “consistent” attribute,
the most frequently mentioned samples were those cooked for 10 min
without storage (TO 10 ’) and those stored in refrigerated conditions (T6
10"). The sample cooked for 10 min and refrigerated (T6 10 ‘) was
characterized as “solid”. The term “dry” was more frequently chosen for
the sample cooked for 5min and then frozen (T90 5 ’). For the term
“granular”, the most frequently mentioned samples were those that
were frozen (T90 5’ and T90 10’). The frozen samples were also the
least frequently chosen for the terms “cooked”, “homogeneous” and
“smooth” attributes.

Seventy-seven terms were cited by the tasters (appearance: n = 15;
odor: n = 16; color: n = 10; flavor: n = 19; texture: n = 17). We did
not find significant differences between samples in 47% (n = 36) of the
CATA terms (Table 4). Among the CATA terms with significant differ-
ences (53%, n = 41), 13 were appearance terms, 2 were odor terms, 6
were color terms, 5 were flavor terms, and 15 were texture terms. The
statistically different appearance terms were “bright”, “compact”,
“consistent”, “cooked”, “creamy”, “granular”, “homogeneous”,
“smooth”, “soft”, “pasty”, “dry”, “solid”, and “wet”.

The cooking of bananas was the most important variable for the
item “odor” for the samples cooked without storage; for refrigerated
GBB samples, cooking was important for the “odorless” variable. The
terms that differed concerning odor were “cooked banana” (T0 10”) and
“odorless” (T6 10”) (Table 4). Therefore, cold storage probably reduced
the perception of a cooked banana odor among tasters. The other terms
evaluated did not present significant differences. The item “soft” was
cited with the highest frequency by the tasters, who characterized the
GBB odor as soft. It is important to highlight that the acceptance test
using the hedonic scale did not show a statistical difference in the odor
attribute among the GBB samples.

Six terms were significantly different among GBB samples regarding
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Table 3
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Mean and standard-deviation of green banana biomass acceptance (9-point hedonic scale; n = 121 tasters).

Storage time (days)/Cooking time Appearance Odor Flavor Texture Global acceptance
TO 5 min. 51 = 2.1° 4.6 + 2.2° 41 + 2.3° 4.7 + 2.4° 47 + 2.1°
TO 10’ min. 51 + 2.2° 4.7 + 2.2° 4.0 + 2.3° 4.8 + 2.3° 4.7 + 2.2°
T6 5’ min. 49 + 217 4.8 + 227 41 + 2.1 49 + 2.3* 4.6 + 2.0°
T6 10’ min. 47 + 2.3° 49 + 21° 4.2 + 2.2° 46 + 2.1%° 4.6 + 2.1°
T90 5’ min. 45 + 2.1° 4.3 + 21° 2.6 + 2.0° 3.8 + 2.1° 3.4 + 21°
T90 10’ min. 4.8 + 2.2° 45 + 2.0° 3.0 + 2.1° 3.9 + 2.2° 3.8 + 2.1°

In the columns, averages followed by equal letters do not differ by Tukey's test (p > 0.05).

TO 5’: five minutes of pressured cooking without storage; TO 10: ten minutes of pressured cooking without storage; T6 5

five minutes of pressured cooking with

refrigeration storage (4 °C) for 6 days; T6 10’: ten minutes of pressured cooking with refrigeration storage (4 °C) for 6 days; T90 5: five minutes of pressured cooking
with frozen storage (—12 °C) for 90 days; T90 10’: ten minutes of pressured cooking with frozen storage (—12 °C) for 90 days.

” @

color: “yellowish”, “light”, “whitish”, “greenish color”, “greenish tone”,
and “brown”. The sample T6 5" was the most frequently mentioned for
the terms “light” and “whitish”, and it was less noted as having a
“greenish color”. The “yellowish” term was most frequently mentioned
for sample TO 5, and the term “greenish tone” was most frequently
mentioned for sample TO 10'. The “beige color” term was not sig-
nificantly different among GBB samples; however, it was the most fre-
quently mentioned term, characterizing the color of GBB as beige.

The flavor was significantly different among samples. The frozen
samples (T90 5’ and T90 10’), regardless of the cooking time, were
associated with the highest frequencies of the terms “bad”, “watery”,
and rancid. Compared with another sample, the terms cited did not
represent good acceptance, and this had an impact on the acceptance
average (Table 3). The “neutral” term presented a significant difference
among samples and was cited with the highest frequency for samples
cooked for 10 min (except frozen samples), showing that the cooking
time could interfere with GBB flavor. Sample T6 5 * was described most
frequently by the term “cooked bean”, and sample T90 5 was less
frequently mentioned (p < 0.05) for this term. The “neutral flavor”
was mentioned with a high frequency for all GBB samples, indicating
the neutral characteristic of GBB. GBB's neutral flavor enables its use in
several products without having a high impact on the flavor of the
product (Zandonadi et al., 2012).

Fifteen texture terms cited presented statistical differences
(p < 0.05) among GBB samples: “with chunks”; “compact”; “con-
sistent”; “dense”; “hard”; “spongy”; “fibrous”; “firm”; “gummy”;
“smooth”; “cooked cassava”; “pasty”; “dry”; “wet”, and “viscous”. The
terms most frequently cited for GBB samples without storage were
“with chunks”, “consistent”, “dense”, “firm”, “gummy”, and “pasty”.
Among the refrigerated samples, the most cited terms were “compact”,
“consistent”, “dense”, “firm”, and “smooth”; the least cited terms were
“with chunks”, “spongy”, “fibrous”, and “gummy”. For frozen samples,
the terms most cited were “with chunks”, “spongy”, “fibrous”, and
“dry”. Regarding the most recognized characteristics among samples,
the samples without storage or refrigerated were similar, and the frozen
storage led to the most different characteristics regarding texture. These
results show that the storage type interferes with GBB characteristics,
regardless of the cooking time.

The texture data presented a statistical difference (p < 0.05), and
the term “with chunks” was more often cited for sample TO 5 and less
often cited for sample T6 10'. The term “compact” was most frequently
mentioned for sample T6 10’ and less frequently mentioned for sample
T90 10'. The T90 5 sample was noted less often for the term “con-
sistent”. Sample T90 10’ was less frequently cited for the term “dense”,
and the sample most frequently associated with the term “hard” was T6
10'. The terms “spongy” and “fibrous” further characterized the T 90 5’
and T90 10’ samples. Samples TO 5’ and TO 10’ presented more frequent
citations of the term “gummy” and “pasty”. The term “smooth” was
more frequently noted for sample T6 with a cooking time of 5 or
10 min.

For the terms “firm” and “cooked cassava”, the sample cited with

the lowest frequency was T90 10'. The term “dry” was more frequently
noted for the T90 5 ’ sample, whereas the term “wet” was more fre-
quently noted for sample T90 10" and less frequently cited for sample
T6 10'. Concerning the term “viscous”, the most frequently noted
sample was TO 5'. Comparing the texture sensory data with the analy-
tical moisture data, we verified that the samples considered to be wetter
were TO 5’ and T6 10’, but all samples presented values above 75%
humidity. It is noteworthy that the frozen samples were most frequently
described as “dry”, despite the similarity in moisture content among
samples. Despite the samples presenting similar moisture content, the
tasters regarded the frozen GBB as the driest samples as a result of water
loss while thawing.

There is a correlation between the attributes evaluated and tasters’
preferences (Fig. 2). We verified that GBB acceptance was more cor-
related with the attributes “neutral”, “consistent”, and “smooth”. The
correspondence analysis map (Fig. 2) explains 85.73% of the variation
in 2 dimensions (p < 0.0001). We verified that the refrigerated sam-
ples (T6 5" and T6 10”) were close, and the attributes that were closer
(“odorless”, “solid”, “firm”) were depended on the characteristics pre-
sented in Table 4. Samples TO 10 * and TO 5" are also close, being
characterized by the attributes “cooked banana” and “creamy”. The
frozen samples exhibited most of the characteristics that are opposite of
those used to describe samples TO 10’ and TO 5'. Sample T90 10’ pre-
sented some characteristics that are opposite of those used to describe
samples T6 5’ and T6 10’, for example, “compact”. Therefore, from the
map, we were able to verify that the tasters probably found similarities
among samples under different types of storage conditions, regardless
of the cooking time.

Fig. 3 shows the correlation of the attributes with the tasters' pre-
ferences. We verified that sample acceptance was more related to the
“neutral”, “consistent”, and “firm” attributes, and rejection was more
related to the “bad”, “dry”, and “granular” attributes. In general, re-
frigerated storage of GBB seems to be the best option for achieving
better sensorial acceptance.

3.5. Colorimetric analysis

Color saturation (chroma, C), color tonality (hue angle, h°®), color
difference (AE), and browning index (BI) showed that there were no
significant changes (p > 0.05) in GBB color from the interaction be-
tween the different cooking times and storage types (Table 5). How-
ever, we verified that there was significant variation when the cooking
time and storage time were analyzed separately for the chroma, hue
angle, and BI variables. The chroma varied significantly with cooking
and storage time (in refrigerated and frozen storage). The cooking time
for the refrigerated GBB and the cooking and storage time for the frozen
GBB significantly affected the hue. The BI varied significantly between
refrigeration and freezing with the cooking time and storage time, se-
parately.

The average chroma value of the refrigerated GBB cooked for 5 min
(C =13.43) was lower (p =0.002) than that of refrigerated GBB
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Table 4

Cochran's Q test for signed CATA terms and difference between samples for each term.
Terms p-value TO 5 TO 10 T6 5 T6 10’ T90 5 T90 10
Appearance
Pleasant 0.422 14% 10? 112 10? 6% 122
Bright < 0.0001 16° 9% 20 22 22 12
Compact < 0.0001 10? 142 30° 3g° 13? 8
Consistent < 0.0001 38" 41° 38 45° 19° 14
Cooked < 0.0001 28" 26° 27° 23" 7° 13
Creamy < 0.0001 374 36 13° 15°¢ 12 12
Granular < 0.0001 21° 20° g 52 50¢ 67¢
Homogeneous < 0.0001 18° 23P 23° 21° 1? 3?
Smooth < 0.0001 7% 9% 20° 18° 12 0*
Soft < 0.0001 21° 18%° 10%° 5% 4° 8
Pasty < 0.0001 55¢ 63¢ 30° 26" 9° 72
Black dots 0.017 272 152 132 222 172 262
Dry < 0.0001 6° 82 27° 30° 63¢ 46"
Solid < 0.0001 172 112 30 44° 29b¢ 132
Wet < 0.0001 44> 40°° 22° 23% 32 427
Odor
Sweetish 0.131 6% 8 10° 3 52 3?
Buttery 0.106 6° 32 32 0? 22 1°
Sour 0.030 15° 9° 57 7° 9° 15°
Cooked banana 0.004 22b 21° 18% 6° 16° 14
Ripe banana 0.722 4 67 42 37 37 A
Very ripe banana 0.014 7 37 12 12 4 9?
Unripe banana 0.042 297 237 172 227 18% 157
Citric 0.529 32 52 32 32 6° 6*
Clove 0.008 1? 12 0? 22 6° 52
Unpleasant 0.020 29% 272 147 18 222 267
Cooked bean 0.199 8 8 13 6% 112 72
Tamarind 0.030 142 6° 132 72 172 112
Jaca 0.115 3° 57 0? 3° 12 1°
Apple 0.197 12 3° 0? 12 3° 2°
Odorless < 0.0001 16% 242 343b 45® 232 257
Soft 0.286 272 272 382 292 262 302
Color
Yellowish < 0.0001 22b 6° 32 32 14 172
Beige 0.004 372 36° 537 552 46* 532
Light 0.018 252 282> 39° 192 292 2g2b
Whithish < 0.0001 92 16%° 32° 142 122 9*
Dark 0.008 2° 4 12 10° 3° 2°
Greenish color < 0.0001 26° 27¢ 20 730 185 14b¢
Greenish tone < 0.0001 112 16° 22 3% 7% 32
Oxidated apple 0.128 9? 72 27 9? 7 42
Brown < 0.0001 0? 1? 12 15° 0° 23
Light brown 0.113 18* 172 18% 277 18* 27%
Flavor
Accentuated 0.166 92 8? 10? 22 112 72
Sweetish 0.278 12 0? 2° 20 0? 0°
Adstringent 0.517 57 42 42 A 3? 2%
Pleasant 0.011 15% 13* 14* 92 3?2 6
Watery < 0.0001 8 92 1% 8 26" 27¢
Bitter 0.015 13° 6° 16° 9° 18° 18°
Sour 0.004 132 9? 32 32 8? 13*
Banana 0.019 122 122 9? 32 6% 42
Very ripe banana 0.723 3? 1? 37 4 57 37
Biomass 0.001 20? 16% 152 20% 7° 7°
Citric 0.284 52 52 12 22 12 32
Clove 0.228 0? 0? 12 0? 27 27
Cooked bean 0.001 g 1220 14° g 2° 3
Jaca 0.286 22 0? 12 1? 0? 32
Neutral < 0.0001 252 40 362 57° 24° 28°
Rancid 0.003 12° 12° 19 17°0 30° 20°°
Bad 0.000 342 352 282 272 55° 57°
Salty 0.003 82 72 12 0? 52 42
Tamarind 0.437 8? 4?2 37 42 52 72
Texture

(continued on next page)
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Table 4 (continued)
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Terms p-value TO 5" TO 10’ T6 5 T6 10’ T90 5 T90 10"
TO 5 TO 10 T6 5’ T6 10 T90 5 T90 10
Rubbery 0.441 122 9° 7° 7° 14° 11°
With chunks < 0.0001 37¢ 25b¢ 142 82 25b¢ 32b¢
Compact < 0.0001 102 112 19%¢ 28¢ 7% 42
Consistant < 0.0001 345 30%b¢ 237c 37° 14° 162"
Dense < 0.0001 17° 18° 21° 23b 8P 2°
Hard < 0.0001 42 52 122 22° 1% 6*
Spongy < 0.0001 42 42 78 32 44> 40°
Fibrous < 0.0001 32 12 20 32 17° 17°
Firmm < 0.0001 24%¢ 34¢d 32¢d 454 13 7%
Gummy < 0.0001 26° 33° 6° 52 3° 5°
Smooth < 0.0001 8 10%° 23° 17° 0? 0°
Cooked cassava < 0.0001 73 6°° 14° 3% 2 12
Butter 0.287 3° 3? 3? 3° 0? 0°
Pasty < 0.0001 55¢ 54¢ 3gbc 25" 6° 6*
Dry < 0.0001 42 42 21° 26" 56° 38>
Wet 0.001 42 372 35% 252 422 54°
Viscous 0.002 20° 14 g 5° 74P 8P

In rows, frequency counts followed by the same letter do not differ by Cochran's test (p > 0.05).

TO 5”: five minutes of pressured cooking without storage; TO 10 ten minutes of pressured cooking without storage; T6 5: five minutes of pressured cooking with
refrigeration storage (4 °C) for 6 days; T6 10”: ten minutes of pressured cooking with refrigeration storage (4 °C) for 6 days; T90 5”: five minutes of pressured cooking
with frozen storage (—12 °C) for 90 days; T90 10’: ten minutes of pressured cooking with frozen storage (—12 °C) for 90 days.

Symmetric plot
(axes F1 and F2: 85,73 %)
2
15 Sweetish Brown 1
Smooth
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Cooked cassava .
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Fig. 2. Descriptive map obtained by means of correspondence analysis of CATA data (n = 121).

TO 5’: five minutes of pressured cooking without storage; TO 10”: ten minutes of pressured cooking without storage; T6 5: five minutes of pressured cooking with
refrigeration storage (4 °C) for 6 days; T6 10”: ten minutes of pressured cooking with refrigeration storage (4 °C) for 6 days; T90 5”: five minutes of pressured cooking
with frozen storage (—12 °C) for 90 days; T90 10’: ten minutes of pressured cooking with frozen storage (—12 °C) for 90 days.

cooked for 10 min (C = 14.66). The high values of chroma indicate
more intense colors (Jacomino, Mendonca, & Kluge, 2003; Maskan,
2001). The effect of storage time on chroma was analyzed, and there
was a significant reduction (p < 0.01) as a result of the storage time
under refrigerated conditions (mean values: C = 14.69 and C = 13.39
before refrigeration and after 3 days of storage, respectively). The
frozen product was analyzed, and the longer cooking time also in-
creased the chroma. Regarding the effect of storage time, the mean
value obtained before freezing (C = 14.69) differed statistically
(p < 0.01) from those obtained when the product stock was analyzed

after 30, 60, and 90 days of frozen storage, with mean values equal to
C =19.44, C = 18.99, and C = 19.18, respectively.

The increase in the cooking time reduced the hue angle average
value (p < 0.01), and the change was independent of the time of re-
frigerated storage (GBB cooked for 5min: 89.59; GBB cooked for
10 min: 79.58). A similar result (p < 0.01) was found for the GBB
under frozen storage (5 min average hue angle: 85.62; 10 min average
value: 77.30). In frozen GBB, the hue angle was reduced (p < 0.01)
during the storage time, regardless of the cooking time. The reduction
in the hue angle observed in the GBB cooked for 10 min and stored by
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Principal Coordinate Analysis (axes F1 and F2)
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Fig. 3. Analysis of the principal coordinates of the data obtained in the CATA tests and acceptance (n = 121).

freezing (with average values remaining in the first quadrant:
0 < h® = 90°) could be associated with a reddish product (Hernandez,

Saenz, Alberdi, & Difneiro, 2016).

The increase in cooking time increased the BI of GBB (p < 0.01),
regardless of the freezing time. When we used a 5 min cooking time, the
mean value of BI was 38.25, while for a 10 min cooking time, the mean
value was 44.83. Regarding the effect of the storage time alone, we
verified that freezing caused a significant increase (p < 0.01) in the BI.
The mean value of the BI before freezing was 32.48. After 30 days (d) of
storage of the frozen product, the mean value of the BI was 45.90. It
should be noted that the mean BI values obtained after 60 and 90 days
were statistically similar (p > 0.05) to that obtained after 30 days of

Table 5

storage.

The changes in the chroma and hue angle are associated with the

non-enzymatic browning process, which is directly influenced by the

freezing storage and the cooking time, as confirmed by the BI results.
The cooking time and the freezing increased the BI, which represents
the fruit'
matic browning (Buera et al., 1985; Palou, Lopez-Malo, Barbosa-
Canovas,

Although it is possible to verify the changes in GBB color from the
instrumental analysis, the results of the sensorial analysis generally did
not show consumers' perception of this attribute. It is possible that the
terms “beige” and “light brown” used by tasters are associated with the

s brown color, and it is an important indicator of non-enzy-

Welti-Chanes, & Swanson, 1999).

Mean values of chroma (C), hue angle (h°), color difference (AE) and browning index (BI) of the green banana biomass cooked for 5 and 10 min and stored under

refrigeration (4 °C) and freezing (- 12 °C) at different storage periods.

Storage time (days) Variables

C h°

AE BI

Refrigeration (4 °C)

Cooking time Cooking time

Cooking time Cooking time

5 min 10 min 5 min 10 min 5min 10 min 5min 10 min
0 14.04 + 0.27 15.33 = 0.34 89.88 + 0.42 80.46 + 0.49 - - 29.00 + 0.83 35.96 + 1.11
3 12.86 + 0.09 13.93 = 0.39 89.90 * 1.31 78.74 = 1.18 1.40 = 0.17 3.70 = 1.07 26.43 = 0.68 34.99 + 2.36
6 13.37 = 0.04 14.70 = 0.81 88.97 + 1.03 79.57 = 2.10 2.26 = 1.03 242 = 1.19 26.57 = 0.95 33.05 + 2.32
Storage time (days) Freezing (- 12°C)

Cooking time Cooking time Cooking time Cooking time

5min 10 min 5min 10 min 5min 10 min 5min 10 min
0 14.04 = 0.27 15.33 = 0,34 89.88 + 0.42 80.46 = 0.49 - - 29.00 = 0.83 35.96 = 3.07
30 19.28 + 1.08 19.60 = 0.37 83.76 = 0.16 75.96 * 1.25 5.72 = 1.00 4.68 = 0.40 43.62 *= 3.06 48.20 + 1.23
60 18.55 + 0.52 19.44 = 0.67 84.43 + 0.33 76.75 = 0.56 5.09 = 0.52 5.02 = 1.04 41.62 = 1.19 46.38 = 2.90
90 18.40 = 1.15 19.96 = 1.25 84.52 + 0.46 76.03 = 1.72 5.74 = 1.14 5.11 = 1.54 39.36 = 3.07 48.79 + 3.18

C - Chroma; h° - hue angle; AE — Color difference; BI - browning index.
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effect of heat and storage time on the GBB color variables, such as hue
angle reduction and browning index (BI) increase.

4. Conclusions

This is the first study to investigate the alteration of green banana
biomass production and shelf life and the effects of different processing
and storage conditions on microbiological, sensory, nutritional, and
colorimetric aspects, which are important for consumer acceptance and
are related to health benefits from GBB consumption. The results of
microbiological analyses show that the refrigerated GBB was safe for
consumption until the 6th day and the frozen GBB was safe up to the
90th day. Our results suggest that cooking GBB for 5 min during pro-
duction is better for preserving several functional components, such as
vitamin C, phenolic compounds, and fiber, compared with the longer
cooking process. Refrigerated storage was better than frozen storage for
maintaining vitamin C and the fiber content, but it did not affect the
resistant starch and phenolic compounds. Refrigerated storage of GBB
seems to be the best option for achieving better sensorial and nutri-
tional aspects. Further studies are necessary to test the stored GBB when
added to different kinds of dishes (usually used) to evaluate whether
acceptance would change.

Funding

This work was supported by Fundacdo de Apoio a Pesquisa do
Distrito Federal (FAPDF - No 0193.001036/2015).

References

Adiani, V., Gupta, S., Ambolikar, R., & Variyar, P. S. (2018). Development of rapid
method to assess microbial quality of minimally processed pomegranate arils using
FTIR. Sensors and Actuators B: Chemical, 260, 800-807. https://doi.org/10.1016/J.
SNB.2018.01.095.

Agama-Acevedo, E., Nufez-Santiago, M. C., Alvarez-Ramirez, J., & Bello-Pérez, L. A.
(2015). Physicochemical, digestibility and structural characteristics of starch isolated
from banana cultivars. Carbohydrate Polymers, 124, 17-24. https://doi.org/10.1016/
J.CARBPOL.2015.02.003.

Alkarkhi, A. F. M., Ramli, S. bin, Yong, Y. S., & Easa, A. M. (2011). Comparing physi-
cochemical properties of banana pulp and peel flours prepared from green and ripe
fruits. Food Chemistry, 129(2), 312-318. https://doi.org/10.1016/J.FOODCHEM.
2011.04.060.

Alves, N. E. G., de Paula, L. R., Cunha, A. C., da, Amaral, C. A. A., & de Freitas, M. T.
(2011). Revista do Instituto Adolfo Lutz. Revista Do Instituto Adolfo Lutz (Impresso),
70(4), 507-513. Retrieved from http://periodicos.ses.sp.bvs.br/scielo.php?script =
sci_arttext&pid = S0073-98552011000400010&Ing = pt&nrm =iso.

Anderson, A. K., & Guraya, H. S. (2006). Effects of microwave heat-moisture treatment on
properties of waxy and non-waxy rice starches. Food Chemistry, 97(2), 318-323.
https://doi.org/10.1016/J.FOODCHEM.2005.04.025.

ANVISA (2001). RESOLUCA~O-RDC N° 12, DE 2 DE JANEIRO DE 2001. Brasil, Ministério da
Satide. Retrieved from http://bvsms.saude.gov.br/bvs/saudelegis/anvisa/2001/
res0012_02_01_2001.html.

Anyasi, T. A., Jideani, A. I. O., & Mchau, G. R. A. (2013). Functional properties and
postharvest utilization of commercial and noncommercial banana cultivars.
Comprehensive Reviews in Food Science and Food Safety, 12(5), 509-522. https://doi.
org/10.1111/1541-4337.12025.

AOAC (2005). Official methods of analysis of AOAC international. AOAC
Internationalhttps://pt.scribd.com/doc/131064441/A0AC-2005.

AOAC (2015). Resistant starch in starch and plant material. Retrieved http://www.
aoacofficialmethod.org/index.php?main_page = product_info&products_id =766,
Accessed date: 23 May 2018.

AOCS (2005). Approved procedure Am 5-04 rapid determination of oil/fat utilizing high
temperature solvent extraction. Retrieved from http://www.academia.edu/30938058/
AOCS_Approved_Procedure Am_5-04_Rapid_Determination_of_Oil Fat Utilizing High_
Temperature_Solvent Extraction.

Apostolopoulos, V., Antonipillai, J., Tangalakis, K., Ashton, J. F., & Stojanovska, L.
(2017). Let's go bananas! Green bananas and their health benefits. PRILOZI, 38(2),
147-151. https://doi.org/10.1515/prilozi-2017-0033.

Ares, G., Etchemendy, E., Antinez, L., Vidal, L., Giménez, A., & Jaeger, S. R. (2014).
Visual attention by consumers to check-all-that-apply questions: Insights to support
methodological development. Food Quality and Preference, 32, 210-220. https://doi.
org/10.1016/j.foodqual.2013.10.006.

Ares, G., Jaeger, S. R., Bava, C. M., Chheang, S. L., Jin, D., Gimenez, A, ... Varela, P.
(2013). CATA questions for sensory product characterization: Raising awareness of
biases. Food Quality and Preference, 30(2), 114-127. https://doi.org/10.1016/j.
foodqual.2013.04.012.

LWT - Food Science and Technology 111 (2019) 190-203

Bassinello, P. Z., Rocga, M. S., & Cobucci, R. M. A. (2004). Avaliag¢do de Diferentes Métodos
de Cocgdo de Arroz de Terras Altas para Teste Sensorial. Santo Antdnio de Goids.
Retrieved from https://www.infoteca.cnptia.embrapa.br/bitstream/doc/213625/1/
comt84.pdf.

Basso, C., Silva, L. P., Bender, A. B. B., & Silveira, F. da (2011). Effect of elevated contents
of resistant starch: On the blood glucose and on the food acceptability. Revista do
Instituto Adolfo Lutz, 70(3), 276-282. Retrieved from http://periodicos.ses.sp.bvs.br/
scielo.php?script = sci_arttext&pid = S0073-98552011000300004&Ing = pt.

Bezerra, C. V., Amante, E. R., de Oliveira, D. C., Rodrigues, A. M. C., & da Silva, L. H. M.
(2013). Green banana (Musa cavendishii) flour obtained in spouted bed - effect of
drying on physico-chemical, functional and morphological characteristics of the
starch. Industrial Crops and Products, 41, 241-249. https://doi.org/10.1016/J.
INDCROP.2012.04.035.

Bodinham, C. L., Frost, G. S., & Robertson, M. D. (2010). Acute ingestion of resistant
starch reduces food intake in healthy adults. British Journal of Nutrition, 103(06), 917.
https://doi.org/10.1017/5S0007114509992534.

de Borges, A. M., Pereira, J., Silva Jtnior, A., de Lucena, E. M. P., & de Sales, J. C. (2010).
Estabilidade da pré-mistura de bolo elaborada com 60% de farinha de banana verde.
Ciencia E Agrotecnologia, 34(1), 173-181. https://doi.org/10.1590/51413-
70542010000100022.

Brasil Intrucdo normativa nl, & de 07 de janeiro de (2000). Pub. L. No. 1, Ministério da
Agricultura e do Abastecimento 2 (2000). Intrugdo normativa. Retrieved from http://
www.ibravin.org.br/downloads/1379429768.pdf.

Buera, M. P., Lozano, R. D., & Petriella, C. (1985). Definition of color in the non-enzy-
matic browning proce ss. Farbe, 32/33(2), 316-326. Retrieved from http://jglobal.jst.
go.jp/en/public/200902024616253881.

Castafién, X., Argaiz, A., & Lopez-Malo, A. (1999). Effect of storage temperature on the
microbial and color stability of banana purée with addition of vanillin or potassium
sorbate/Efecto de la temperatura de almacenamiento en la estabilidad
microbiolégica y en el color del puré de plitano con la adicién de vainillina o sorbato
de potasio. Food Science and Technology International, 5(1), 51-58. https://doi.org/10.
1177/108201329900500105.

Charnchai, P., Jantama, S. S., Prasitpuriprecha, C., Kanchanatawee, S., Jantama, K., &
Malcata, F. (2016). Effects of the food manufacturing chain on the viability and
functionality of bifidobacterium animalis through simulated gastrointestinal condi-
tions. PLoS One, 11(6), e0157958. https://doi.org/10.1371/journal.pone.0157958.

Chauhan, O. P., Raju, P. S., Dasgupta, D. K., & Bawa, A. S. (2006). Instrumental textural
changes in banana (var. Pachbale) during ripening under active and passive modified
atmosphere. International Journal of Food Properties, 9(2), 237-253. https://doi.org/
10.1080/10942910600596282.

Chavez-Salazar, A., Bello-Pérez, L. A., Agama-Acevedo, E., Castellanos-Galeano, F. J.,
Alvarez-Barreto, C. L, & Pacheco-Vargas, G. (2017). Isolation and partial character-
ization of starch from banana cultivars grown in Colombia. International Journal of
Biological Macromolecules, 98, 240-246. https://doi.org/10.1016/J.1IJBIOMAC.2017.
01.024.

Choo, C. L., & Aziz, N. A. A. (2010). Effects of banana flour and -glucan on the nutri-
tional and sensory evaluation of noodles. Food Chemistry, 119(1), 34-40. https://doi.
org/10.1016/J.FOODCHEM.2009.05.004.

Codex Alimentarius Comission (1997). Principles for the establishment and application of
microbiological criteria for foods. Retrieved http://www.fao.org/docrep/005/y1579e/
y1579e04.htm, Accessed date: 4 June 2018.

Colonna, P., Leloup, V., & Buléon, A. (1992). Limiting factors of starch hydrolysis.
European Journal of Clinical Nutrition, 46(Suppl 2), S17-S32. Retrieved from http://
www.ncbi.nlm.nih.gov/pubmed/1330526.

Comission, E. (2007). Nutrition and health claims. Retrieved from https://ec.europa.eu/
food/safety/labelling_nutrition/claims_en.

Costa, E. L., Alencar, N. M. M., Rullo, G. S. R., & Taralo, R. L. (2017). Green banana pulp
on probiotic yoghurt. Food Science and Technology, 1-6. https://doi.org/httpl://dx.
doi.org/10.1590/1678-457X.01016.

Dutra-de-Oliveira, J. E., & Marchini, J. S. (2008). Ciencias nutricionais (2nd ed.). Sao
Paulo: Sarvier. Retrieved from https://www.estantevirtual.com.br/livros/j-e-dutra-
de-oliveira-j-sergio-marchini/ciencias-nutricionais/722586944.

FAO (2009). Guidelines for use of Nutrition and health claims. Geneva. Retrieved from
http://www.fao.org/search/en/?cx=018170620143701104933%3Aqq82jsfba7w&
q=fiber + rich&cof = FORID%3A9&siteurl = www.fao.org%2Fhome%2Fen%2F&
ref=br.search.yahoo.com%2F&ss = 4959j2799955j16.

FAO (2014). Guidance on hygiene and safety in the food retail sector. Food and agriculture
organization of the United Nations(1st ed.). Bankok. Retrieved from http://www.fao.
org/3/a-13986e.pdf.

Fasolin, L. H., de Almeida, G. C., Castanho, P. S., & Netto-Oliveira, E. R. (2007). Biscoitos
produzidos com farinha de banana: Avaliacdes quimica, fisica e sensorial. Ciéncia e
Tecnologia de Alimentos, 27(3), 524-529. https://doi.org/10.1590/50101-
20612007000300016.

FDA (2005). Dietary supplements - dietary supplement labeling guide: Chapter VI. Claims.
Retrieved April 19, 2019, from https://www.fda.gov/Food/GuidanceRegulation/
GuidanceDocumentsRegulatoryInformation/DietarySupplements/ucm070613.htm.

FDA (2019). Labeling & nutrition. Retrieved April 18, 2019, from https://www.fda.gov/
food/labelingnutrition/default.htm.

Fetsch, A. (2018). Staphylococcus aureus.

Foley, M., Beckley, J., Ashman, H., Moskowitz, H. R. H. R., Hollis, A., & Moskowitz, H. R.
H. R. (2009). The mind-set of teens towards food communications revealed by con-
joint measurement and multi-food databases. Appetite, 52(3), 554-560. Retrieved
from http://www.sciencedirect.com/science/article/pii/S0195666309000087.

Fuentes-Zaragoza, E., Riquelme-Navarrete, M. J., Sanchez-Zapata, E., & Pérez-Alvarez, J.
A. (2010). Resistant starch as functional ingredient: A review. Food Research
International, 43(4), 931-942. https://doi.org/10.1016/J.FOODRES.2010.02.004.


https://doi.org/10.1016/J.SNB.2018.01.095
https://doi.org/10.1016/J.SNB.2018.01.095
https://doi.org/10.1016/J.CARBPOL.2015.02.003
https://doi.org/10.1016/J.CARBPOL.2015.02.003
https://doi.org/10.1016/J.FOODCHEM.2011.04.060
https://doi.org/10.1016/J.FOODCHEM.2011.04.060
http://periodicos.ses.sp.bvs.br/scielo.php?script=sci_arttext&pid=S0073-98552011000400010&lng=pt&nrm=iso
http://periodicos.ses.sp.bvs.br/scielo.php?script=sci_arttext&pid=S0073-98552011000400010&lng=pt&nrm=iso
https://doi.org/10.1016/J.FOODCHEM.2005.04.025
http://bvsms.saude.gov.br/bvs/saudelegis/anvisa/2001/res0012_02_01_2001.html
http://bvsms.saude.gov.br/bvs/saudelegis/anvisa/2001/res0012_02_01_2001.html
https://doi.org/10.1111/1541-4337.12025
https://doi.org/10.1111/1541-4337.12025
https://pt.scribd.com/doc/131064441/AOAC-2005
http://www.aoacofficialmethod.org/index.php?main_page=product_info&products_id=766
http://www.aoacofficialmethod.org/index.php?main_page=product_info&products_id=766
http://www.academia.edu/30938058/AOCS_Approved_Procedure_Am_5-04_Rapid_Determination_of_Oil_Fat_Utilizing_High_Temperature_Solvent_Extraction
http://www.academia.edu/30938058/AOCS_Approved_Procedure_Am_5-04_Rapid_Determination_of_Oil_Fat_Utilizing_High_Temperature_Solvent_Extraction
http://www.academia.edu/30938058/AOCS_Approved_Procedure_Am_5-04_Rapid_Determination_of_Oil_Fat_Utilizing_High_Temperature_Solvent_Extraction
https://doi.org/10.1515/prilozi-2017-0033
https://doi.org/10.1016/j.foodqual.2013.10.006
https://doi.org/10.1016/j.foodqual.2013.10.006
https://doi.org/10.1016/j.foodqual.2013.04.012
https://doi.org/10.1016/j.foodqual.2013.04.012
https://www.infoteca.cnptia.embrapa.br/bitstream/doc/213625/1/comt84.pdf
https://www.infoteca.cnptia.embrapa.br/bitstream/doc/213625/1/comt84.pdf
http://periodicos.ses.sp.bvs.br/scielo.php?script=sci_arttext&pid=S0073-98552011000300004&lng=pt
http://periodicos.ses.sp.bvs.br/scielo.php?script=sci_arttext&pid=S0073-98552011000300004&lng=pt
https://doi.org/10.1016/J.INDCROP.2012.04.035
https://doi.org/10.1016/J.INDCROP.2012.04.035
https://doi.org/10.1017/S0007114509992534
https://doi.org/10.1590/S1413-70542010000100022
https://doi.org/10.1590/S1413-70542010000100022
http://www.ibravin.org.br/downloads/1379429768.pdf
http://www.ibravin.org.br/downloads/1379429768.pdf
http://jglobal.jst.go.jp/en/public/200902024616253881
http://jglobal.jst.go.jp/en/public/200902024616253881
https://doi.org/10.1177/108201329900500105
https://doi.org/10.1177/108201329900500105
https://doi.org/10.1371/journal.pone.0157958
https://doi.org/10.1080/10942910600596282
https://doi.org/10.1080/10942910600596282
https://doi.org/10.1016/J.IJBIOMAC.2017.01.024
https://doi.org/10.1016/J.IJBIOMAC.2017.01.024
https://doi.org/10.1016/J.FOODCHEM.2009.05.004
https://doi.org/10.1016/J.FOODCHEM.2009.05.004
http://www.fao.org/docrep/005/y1579e/y1579e04.htm
http://www.fao.org/docrep/005/y1579e/y1579e04.htm
http://www.ncbi.nlm.nih.gov/pubmed/1330526
http://www.ncbi.nlm.nih.gov/pubmed/1330526
https://ec.europa.eu/food/safety/labelling_nutrition/claims_en
https://ec.europa.eu/food/safety/labelling_nutrition/claims_en
https://doi.org/httpI://dx.doi.org/10.1590/1678-457X.01016
https://doi.org/httpI://dx.doi.org/10.1590/1678-457X.01016
https://www.estantevirtual.com.br/livros/j-e-dutra-de-oliveira-j-sergio-marchini/ciencias-nutricionais/722586944
https://www.estantevirtual.com.br/livros/j-e-dutra-de-oliveira-j-sergio-marchini/ciencias-nutricionais/722586944
http://www.fao.org/search/en/?cx=018170620143701104933%3Aqq82jsfba7w&q=fiber+ich&cof=FORID%3A9&siteurl=www.fao.org%2Fhome%2Fen%2F&ref=br.search.yahoo.com%2F&ss=4959j2799955j16
http://www.fao.org/search/en/?cx=018170620143701104933%3Aqq82jsfba7w&q=fiber+ich&cof=FORID%3A9&siteurl=www.fao.org%2Fhome%2Fen%2F&ref=br.search.yahoo.com%2F&ss=4959j2799955j16
http://www.fao.org/search/en/?cx=018170620143701104933%3Aqq82jsfba7w&q=fiber+ich&cof=FORID%3A9&siteurl=www.fao.org%2Fhome%2Fen%2F&ref=br.search.yahoo.com%2F&ss=4959j2799955j16
http://www.fao.org/3/a-i3986e.pdf
http://www.fao.org/3/a-i3986e.pdf
https://doi.org/10.1590/S0101-20612007000300016
https://doi.org/10.1590/S0101-20612007000300016
https://www.fda.gov/Food/GuidanceRegulation/GuidanceDocumentsRegulatoryInformation/DietarySupplements/ucm070613.htm
https://www.fda.gov/Food/GuidanceRegulation/GuidanceDocumentsRegulatoryInformation/DietarySupplements/ucm070613.htm
https://www.fda.gov/food/labelingnutrition/default.htm
https://www.fda.gov/food/labelingnutrition/default.htm
http://refhub.elsevier.com/S0023-6438(19)30406-2/sref36
http://www.sciencedirect.com/science/article/pii/S0195666309000087
https://doi.org/10.1016/J.FOODRES.2010.02.004

R.F.R. Riquette, et al.

Galani, J. H. Y., Patel, J. S., Patel, N. J., & Talati, J. G. (2017). Storage of fruits and
vegetables in refrigerator increases their phenolic acids but decreases the total phe-
nolics, anthocyanins and vitamin C with subsequent loss of their antioxidant capa-
city. Antioxidants, 6(3)https://doi.org/10.3390/antiox6030059.

Graca, A., Esteves, E., Nunes, C., Abadias, M., & Quintas, C. (2017). Microbiological
quality and safety of minimally processed fruits in the marketplace of southern
Portugal. Food Control, 73, 775-783. https://doi.org/10.1016/J. FOODCONT.2016.
09.046.

Greenfield, H., & Southgate, D. A. T. (2003). Food composition data : Production, man-
agement, and use. Food and Agriculture Organization of the United Nations. Retrieved
from http://www.fao.org/docrep/008/y4705e/y4705e00.htm.

Haslinda, W. H., Cheng, L. H., Chong, L. C., & Aziah, A. A. N. (2009). Chemical com-
position and physicochemical properties of green banana ( Musa acuminata X bal-
bisiana Colla cv. Awak ) flour. International Journal of Food Sciences & Nutrition,
60(sup4), 232-239. https://doi.org/10.1080/09637480902915525.

Hernandez, B., Sdenz, C., Alberdi, C., & Difieiro, J. M. (2016). CIELAB color coordinates
versus relative proportions of myoglobin redox forms in the description of fresh meat
appearance. Journal of Food Science & Technology, 53(12), 4159-4167. https://doi.
org/10.1007/s13197-016-2394-6.

Herranz, J., Vidal-Valverde, C., & Rojas-Hidalgo, E. (1983). Cellulose, hemicellulose and
lignin content of raw and cooked processed vegetables. Journal of Food Science, 48(1),
274-275. https://doi.org/10.1111/j.1365-2621.1983.tb14847 x.

Hoffmann Sard4, F. A., de Lima, F. N. R., Lopes, N. T. T., de Santos, A. O., de Tobaruela, E.
C., Kato, E. T. M,, et al. (2016). Identification of carbohydrate parameters in com-
mercial unripe banana flour. Food Research International, 81, 203-209. https://doi.
org/10.1016/J.FOODRES.2015.11.016.

IAL (2008). Métodos Fisico-Quimicos para Andlise de Alimentos -4* Edi¢do 1° Edi¢do Digital
(4th ed.). Sao Paulo: Instituto Adolfo Lutz. Retrieved from http://www.crq4.org.br/
sms/files/file/analisedealimentosial_2008.pdf.

IBGE (2011). Pesquisa de Or¢amentos Familiares: Andlise do consumo alimentar pessoal no
Brasil. Rio de Janeiro. Retrieved from http://biblioteca.ibge.gov.br/visualizacao/
livros/1iv50063.pdf.

International Commission on Microbiological Specifications, & for Foods (2011).
Microorganisms in foods 8 - use of data for assessing process control and product accep-
tance (1st ed.). New York: Springer. https://doi.org/10.1007/978-1-4419-9374-8.

Izidoro, D. R., Scheer, A. P., Sierakowski, M.-R., & Haminiuk, C. W. L. (2008). Influence of
green banana pulp on the rheological behaviour and chemical characteristics of
emulsions (mayonnaises). Lebensmittel-Wissenschaft und -Technologie- Food Science and
Technology, 41(6), 1018-1028. https://doi.org/10.1016/J.LWT.2007.07.009.

Jacomino, A. P., Mendonga, K., & Kluge, R. A. (2003). Armazenamento refrigerado de
limdes “Siciliano” tratados com etileno. Revista Brasileira de Fruticultura, 25(1),
45-48. https://doi.org/10.1590/50100-29452003000100014.

Jaeger, S. R., Beresford, M. K., Paisley, A. G., Anttnez, L., Vidal, L., Cadena, R. S., ... Ares,
G. (2015). Check-all-that-apply (CATA) questions for sensory product characteriza-
tion by consumers: Investigations into the number of terms used in CATA questions.
Food Quality and Preference, 42, 154-164. https://doi.org/10.1016/j.foodqual.2015.
02.003.

Jiang, H., Zhang, Y., Hong, Y., Bi, Y., Gu, Z., Cheng, L., ... Li, C. (2015). Digestibility and
changes to structural characteristics of green banana starch during in vitro digestion.
Food Hydrocolloids, 49, 192-199. https://doi.org/10.1016/J.FOODHYD.2015.03.
023.

Juarez-Garcia, E., Agama-Acevedo, E., Sayago-Ayerdi, S. G., Rodriguez-Ambriz, S. L., &
Bello-Pérez, L. A. (2006). Composition, digestibility and application in breadmaking
of banana flour. Plant Foods for Human Nutrition, 61(3), 131-137. https://doi.org/10.
1007/s11130-006-0020-x.

Kajuna, S. T. A. R., Bilanski, W. K., & Mittal, G. S. (1997). Textural changes of banana and
plantain pulp during ripening. Journal of the Science of Food and Agriculture, 75,
244-250. https://doi.org/10.1002/(SICI)1097-0010(199710)75:2 < 244::AID-
JSFA861 > 3.0.CO;2-.

Lafarga, T., Vinas, 1., Bobo, G., Simé, J., & Aguilé-Aguayo, I. (2018). Effect of steaming
and sous vide processing on the total phenolic content, vitamin C and antioxidant
potential of the genus Brassica. Innovative Food Science & Emerging Technologies, 47,
412-420. https://doi.org/10.1016/J.IFSET.2018.04.008.

Leong, S. Y., & Oey, I. (2012). Effects of processing on anthocyanins, carotenoids and vitamin
C in summer fruits and vegetables. https://doi.org/10.1016/j.foodchem.2012.02.052.

Liao, H.-J., & Hung, C.-C. (2015). Chemical composition and in vitro starch digestibility of
green banana (cv. Giant Cavendish) flour and its derived autoclaved/debranched
powder. Lebensmittel-Wissenschaft und -Technologie- Food Science and Technology,
64(2), 639-644. Retrieved from http://www.sciencedirect.com.ez54.periodicos.
capes.gov.br/science/article/pii/S0023643815004806.

Lii, C.-Y., Chang, S.-M., & Young, Y.-L. (1982). Investigation of the physical and chemical
properties of banana starches. Journal of Food Science, 47(5), 1493-1497. https://doi.
0rg/10.1111/§.1365-2621.1982.tb04968.x.

Marklinder, I. M., Lindblad, M., Eriksson, L. M., Finnson, A. M., & Lindgvist, R. (2004).
Home storage temperatures and consumer handling of refrigerated foods in Sweden.
Journal of Food Protection, 67(11), 2570-2577. Retrieved from http://www.ncbi.nlm.
nih.gov/pubmed/15553644.

Marques, P. A. R., de Oliveira, D. S., Aguiar-Oliveira, E., & Maldonado, R. R. (2017).
Development and sensorial analysis of food products using green banana biomass.
Journal of Culinary Science & Technology, 15(1), 64-74. https://doi.org/10.1080/
15428052.2016.1204972.

Martirosyan, D., & Singharaj, B. (2016). Health claims and functional food: The future of
functional foods under FDA and EFSA regulation. Functional Foods for Chronic
Diseases, 1, 1-15. Retrieved from https://www.researchgate.net/publication/
318102868.

Maskan, M. (2001). Kinetics of colour change of kiwifruits during hot air and microwave

202

LWT - Food Science and Technology 111 (2019) 190-203

drying. Journal of Food Engineering, 48(2), 169-175. https://doi.org/10.1016/50260-
8774(00)00154-0.

Meilgaard, M., Civille, G. V., & Carr, B. T. (2007). Sensory evaluation techniques. Boca
Raton : Taylor & Francis. Retrieved from http://www.worldcat.org/title/sensory-
evaluation-techniques/oclc/795235837.

Meneses, S. M., Molina, D. A. R., & Vargas, H. J. L. (2016). Caracterizacion fisicoquimica
y funcionalidad tecnolégica de la fibra de banano integro verde Caracterizacién
fisicoquimica y funcionalidad tecnoldgica de la fibra de banano integro verde
(Cavendish valery) (Musa AAA cv. Musaceae)*. Revista Lasallista de Investigacion,
13(1), 23-30. Retrieved from http://www.scielo.org.co/pdf/rlsi/v13n1/v13n1a03.
pdf.

Menezes, E. W., Tadini, C. C., Tribess, T. B., Zuleta, A., Binaghi, J., Pak, N., ... Lajolo, F. M.
(2011). Chemical composition and nutritional value of unripe banana flour (musa
acuminata, var. Nanicao). Plant Foods for Human Nutrition, 66(3), 231-237. https://
doi.org/10.1007/s11130-011-0238-0.

Mohapatra, D., Mishra, S., Singh, C. B., & Jayas, D. S. (2011). Post-harvest processing of
banana: Opportunities and challenges. Food and Bioprocess Technology, 4(3),
327-339. https://doi.org/10.1007/s11947-010-0377-6.

da Mota, R. V., Lajolo, F. M., Cordenunsi, B. R., & Ciacco, C. (2000). Composition and
functional properties of banana flour from different varieties, Vol. 52, 63-68. https://doi.
0rg/10.1002/(SICD)1521-379X(200004)52:2/3 < 63::AID-STAR63 > 3.0.CO;2-V.

Ndraha, N., Hsiao, H.-I., Vlajic, J., Yang, M.-F., & Lin, H.-T. V. (2018). Time-temperature
abuse in the food cold chain: Review of issues, challenges, and recommendations.
Food Control, 89, 12-21. https://doi.org/10.1016/J.FOODCONT.2018.01.027.

Nsz, T., Varela, P., & Berget, I. (2018). Individual differences in sensory and consumer
Science : Experimentation, analysis and interpretation. Retrieved from https://books.
google.com.br/books?id = aykODWAAQBAJ&pg = PA8&Ipg = PA8&dq = cata + binary
+ data&source = bl&ots = s1VjXloszz&sig = ACfU3U0cXSoboQzZfW-
0KJm3tt7t4mplKA&hl = pt-BR&sa = X&ved = 2ahUKEwid80j_
nJbgAhWMEbKGHVjKCQAQ6AEWAX0ECAgQAQ#v = onepage&q = cata binary data
&f =false.

Nunes, M. C. N., Brecht, J. K., Morais, A. M. M. B., & Sargent, S. A. (1995). Physical and
chemical quality characteristics of strawberries after storage are reduced by a short
delay to cooling. Postharvest Biology and Technology, 6(1-2), 17-28. https://doi.org/
10.1016/0925-5214(94)00048-W.

Oliveira de Souza, N. C., de Lacerda de Oliveira, L., Rodrigues de Alencar, E., Moreira, G.
P., Santos Leandro, E., dos Ginani, V. C., et al. (2018). Textural, physical and sensory
impacts of the use of green banana puree to replace fat in reduced sugar pound cakes.
LWT, 89, 617-623. https://doi.org/10.1016/J.LWT.2017.11.050.

Oulai, P, Zoue, L., Adom, N., & Niamke, S. (2015). Evaluation of freezing effect on nu-
tritive value and antioxidant properties of leafy vegetables consumed in Northern
Cote d'Ivoire - Albanian. J. Agric. Sci. Albanian Journal of Agricultural Science, 14(4),
317-325. Retrieved from https://sites.google.com/a/ubt.edu.al/rssb/21-iv-2015.

Padam, B. S., Tin, H. S., Chye, F. Y., & Abdullah, M. I. (2014). Banana by-products: An
under-utilized renewable food biomass with great potential. Journal of Food Science &
Technology, 51(12), 3527-3545. https://doi.org/10.1007/513197-012-0861-2.

Pak, N., Yanez, E., & Araya, H. (1987). Supply and sources of crude and dietary fiber
according to income in the population of Santiago, Chile. Nutrition Research, 7(7),
689-695. https://doi.org/10.1016/50271-5317(87)80099-4.

Palma, A., D'Aquino, S., Vanadia, S., Angioni, A., & Schirra, M. (2013). Cold quarantine
responses of ‘Tarocco’ oranges to short hot water and thiabendazole postharvest dip
treatments. Postharvest Biology and Technology, 78, 24-33. https://doi.org/10.1016/J.
POSTHARVBIO.2012.12.002.

Palou, E., Lopez-Malo, A., Barbosa-Canovas, G. V., Welti-Chanes, J., & Swanson, B. G.
(1999). Polyphenoloxidase activity and color of blanched and high hydrostatic
pressure treated banana puree. Journal of Food Science, 64(1), 42-45. https://doi.org/
10.1111/§.1365-2621.1999.tb09857 .x.

Pelissari, F. M., Andrade-Mahecha, M. M., Sobral, P. J. do A., & Menegalli, F. C. (2012).
Isolation and characterization of the flour and starch of plantain bananas ( Musa
paradisiaca ). Starch - Stdrke, 64(5), 382-391. https://doi.org/10.1002/star.
201100133.

Pellegrini, N., Chiavaro, E., Gardana, C., Mazzeo, T., Contino, D., Gallo, M., ... Porrini, M.
(2010). Effect of different cooking methods on color, phytochemical concentration,
and antioxidant capacity of raw and frozen Brassica vegetables. Journal of Agricultural
and Food Chemistry, 58(7), 4310-4321. https://doi.org/10.1021/jf904306r.

Peryam, D., & Pilgrim, F. (1957). Hedonic scale method of measuring food preferences.
Food Technology, 11(Supplement), Retrieved from https://www.researchgate.net/
publication/232544866_Hedonic_scale_method_of measuring food_preferences.

Ranieri, L. M., & de Delani, T. C. O. (2018). Banana Verde (Musa spp): Obtencao da
biomassa e agdes fisioldgicas do amido resistente. Revista Uningd Review, 20(3), 1.
Retrieved from http://revista.uninga.br/index.php/uningareviews/article/view/
1602.

Rehinan, Z., Rashid, M., & Shah, W. H. (2004). Insoluble dietary fibre components of food
legumes as affected by soaking and cooking processes. Food Chemistry, 85(2),
245-249. https://doi.org/10.1016/J.FOODCHEM.2003.07.005.

dos Reis, L. C. R., de Oliveira, V. R., Hagen, M. E. K., Jablonski, A., Fléres, S. H., & de
Oliveira Rios, A. (2015). Carotenoids, flavonoids, chlorophylls, phenolic compounds
and antioxidant activity in fresh and cooked broccoli (Brassica oleracea var. Avenger)
and cauliflower (Brassica oleracea var. Alphina F1). Lebensmittel-Wissenschaft und
-Technologie- Food Science and Technology, 63(1), 177-183. https://doi.org/10.1016/
J.LWT.2015.03.089.

Ritthiruangdej, P., Parnbankled, S., Donchedee, S., & Wongsagonsup, R. (2011). Physical,
chemical, textural and sensory properties of dried wheat noodles supplemented with
unripe banana flour. Kasetsart Journal - Social Sciences, 45, 500-509. Retrieved from
https://www.researchgate.net/publication/261725109_Physical Chemical Textural_
and_Sensory_Properties_of Dried Wheat Noodles_Supplemented_with_Unripe_


https://doi.org/10.3390/antiox6030059
https://doi.org/10.1016/J.FOODCONT.2016.09.046
https://doi.org/10.1016/J.FOODCONT.2016.09.046
http://www.fao.org/docrep/008/y4705e/y4705e00.htm
https://doi.org/10.1080/09637480902915525
https://doi.org/10.1007/s13197-016-2394-6
https://doi.org/10.1007/s13197-016-2394-6
https://doi.org/10.1111/j.1365-2621.1983.tb14847.x
https://doi.org/10.1016/J.FOODRES.2015.11.016
https://doi.org/10.1016/J.FOODRES.2015.11.016
http://www.crq4.org.br/sms/files/file/analisedealimentosial_2008.pdf
http://www.crq4.org.br/sms/files/file/analisedealimentosial_2008.pdf
http://biblioteca.ibge.gov.br/visualizacao/livros/liv50063.pdf
http://biblioteca.ibge.gov.br/visualizacao/livros/liv50063.pdf
https://doi.org/10.1007/978-1-4419-9374-8
https://doi.org/10.1016/J.LWT.2007.07.009
https://doi.org/10.1590/S0100-29452003000100014
https://doi.org/10.1016/j.foodqual.2015.02.003
https://doi.org/10.1016/j.foodqual.2015.02.003
https://doi.org/10.1016/J.FOODHYD.2015.03.023
https://doi.org/10.1016/J.FOODHYD.2015.03.023
https://doi.org/10.1007/s11130-006-0020-x
https://doi.org/10.1007/s11130-006-0020-x
https://doi.org/10.1002/(SICI)1097-0010(199710)75:2%3c244::AID-JSFA861%3e3.0.CO;2-
https://doi.org/10.1002/(SICI)1097-0010(199710)75:2%3c244::AID-JSFA861%3e3.0.CO;2-
https://doi.org/10.1016/J.IFSET.2018.04.008
https://doi.org/10.1016/j.foodchem.2012.02.052
http://www.sciencedirect.com.ez54.periodicos.capes.gov.br/science/article/pii/S0023643815004806
http://www.sciencedirect.com.ez54.periodicos.capes.gov.br/science/article/pii/S0023643815004806
https://doi.org/10.1111/j.1365-2621.1982.tb04968.x
https://doi.org/10.1111/j.1365-2621.1982.tb04968.x
http://www.ncbi.nlm.nih.gov/pubmed/15553644
http://www.ncbi.nlm.nih.gov/pubmed/15553644
https://doi.org/10.1080/15428052.2016.1204972
https://doi.org/10.1080/15428052.2016.1204972
https://www.researchgate.net/publication/318102868
https://www.researchgate.net/publication/318102868
https://doi.org/10.1016/S0260-8774(00)00154-0
https://doi.org/10.1016/S0260-8774(00)00154-0
http://www.worldcat.org/title/sensory-evaluation-techniques/oclc/795235837
http://www.worldcat.org/title/sensory-evaluation-techniques/oclc/795235837
http://www.scielo.org.co/pdf/rlsi/v13n1/v13n1a03.pdf
http://www.scielo.org.co/pdf/rlsi/v13n1/v13n1a03.pdf
https://doi.org/10.1007/s11130-011-0238-0
https://doi.org/10.1007/s11130-011-0238-0
https://doi.org/10.1007/s11947-010-0377-6
https://doi.org/10.1002/(SICI)1521-379X(200004)52:2/3%3c63::AID-STAR63%3e3.0.CO;2-V
https://doi.org/10.1002/(SICI)1521-379X(200004)52:2/3%3c63::AID-STAR63%3e3.0.CO;2-V
https://doi.org/10.1016/J.FOODCONT.2018.01.027
https://books.google.com.br/books?id=ayk0DwAAQBAJ&pg=PA8&lpg=PA8&dq=catainaryata&source=bl&ots=s1VjXIoszz&sig=ACfU3U0cXSoboQzZfW-0KJm3tt7t4mplKA&hl=pt-BR&sa=X&ved=2ahUKEwid8Oj_nJbgAhWMEbkGHVjKCQAQ6AEwAXoECAgQAQ#v=onepage&q=cata%20binary%20data&f=false
https://books.google.com.br/books?id=ayk0DwAAQBAJ&pg=PA8&lpg=PA8&dq=catainaryata&source=bl&ots=s1VjXIoszz&sig=ACfU3U0cXSoboQzZfW-0KJm3tt7t4mplKA&hl=pt-BR&sa=X&ved=2ahUKEwid8Oj_nJbgAhWMEbkGHVjKCQAQ6AEwAXoECAgQAQ#v=onepage&q=cata%20binary%20data&f=false
https://books.google.com.br/books?id=ayk0DwAAQBAJ&pg=PA8&lpg=PA8&dq=catainaryata&source=bl&ots=s1VjXIoszz&sig=ACfU3U0cXSoboQzZfW-0KJm3tt7t4mplKA&hl=pt-BR&sa=X&ved=2ahUKEwid8Oj_nJbgAhWMEbkGHVjKCQAQ6AEwAXoECAgQAQ#v=onepage&q=cata%20binary%20data&f=false
https://books.google.com.br/books?id=ayk0DwAAQBAJ&pg=PA8&lpg=PA8&dq=catainaryata&source=bl&ots=s1VjXIoszz&sig=ACfU3U0cXSoboQzZfW-0KJm3tt7t4mplKA&hl=pt-BR&sa=X&ved=2ahUKEwid8Oj_nJbgAhWMEbkGHVjKCQAQ6AEwAXoECAgQAQ#v=onepage&q=cata%20binary%20data&f=false
https://books.google.com.br/books?id=ayk0DwAAQBAJ&pg=PA8&lpg=PA8&dq=catainaryata&source=bl&ots=s1VjXIoszz&sig=ACfU3U0cXSoboQzZfW-0KJm3tt7t4mplKA&hl=pt-BR&sa=X&ved=2ahUKEwid8Oj_nJbgAhWMEbkGHVjKCQAQ6AEwAXoECAgQAQ#v=onepage&q=cata%20binary%20data&f=false
https://books.google.com.br/books?id=ayk0DwAAQBAJ&pg=PA8&lpg=PA8&dq=catainaryata&source=bl&ots=s1VjXIoszz&sig=ACfU3U0cXSoboQzZfW-0KJm3tt7t4mplKA&hl=pt-BR&sa=X&ved=2ahUKEwid8Oj_nJbgAhWMEbkGHVjKCQAQ6AEwAXoECAgQAQ#v=onepage&q=cata%20binary%20data&f=false
https://doi.org/10.1016/0925-5214(94)00048-W
https://doi.org/10.1016/0925-5214(94)00048-W
https://doi.org/10.1016/J.LWT.2017.11.050
https://sites.google.com/a/ubt.edu.al/rssb/21-iv-2015
https://doi.org/10.1007/s13197-012-0861-2
https://doi.org/10.1016/S0271-5317(87)80099-4
https://doi.org/10.1016/J.POSTHARVBIO.2012.12.002
https://doi.org/10.1016/J.POSTHARVBIO.2012.12.002
https://doi.org/10.1111/j.1365-2621.1999.tb09857.x
https://doi.org/10.1111/j.1365-2621.1999.tb09857.x
https://doi.org/10.1002/star.201100133
https://doi.org/10.1002/star.201100133
https://doi.org/10.1021/jf904306r
https://www.researchgate.net/publication/232544866_Hedonic_scale_method_of_measuring_food_preferences
https://www.researchgate.net/publication/232544866_Hedonic_scale_method_of_measuring_food_preferences
http://revista.uninga.br/index.php/uningareviews/article/view/1602
http://revista.uninga.br/index.php/uningareviews/article/view/1602
https://doi.org/10.1016/J.FOODCHEM.2003.07.005
https://doi.org/10.1016/J.LWT.2015.03.089
https://doi.org/10.1016/J.LWT.2015.03.089
https://www.researchgate.net/publication/261725109_Physical_Chemical_Textural_and_Sensory_Properties_of_Dried_Wheat_Noodles_Supplemented_with_Unripe_Banana_Flour
https://www.researchgate.net/publication/261725109_Physical_Chemical_Textural_and_Sensory_Properties_of_Dried_Wheat_Noodles_Supplemented_with_Unripe_Banana_Flour

R.F.R. Riquette, et al.

Banana_Flour.

Santeramo, F. G., Carlucci, D., De Devitiis, B., Seccia, A., Stasi, A., Viscecchia, R., et al.
(2018). Emerging trends in European food, diets and food industry. Food Research
International, 104, 39-47. https://doi.org/10.1016/J.FOODRES.2017.10.039.

Sarawong, C., Schoenlechner, R., Sekiguchi, K., Berghofer, E., & Ng, P. K. W. (2014).
Effect of extrusion cooking on the physicochemical properties, resistant starch,
phenolic content and antioxidant capacities of green banana flour. Food Chemistry,
143, 33-39. https://doi.org/10.1016/J.FOODCHEM.2013.07.081.

Silva, A., dos, A., Barbosa Junior, J. L., & Barbosa, M. 1. M. J. (2015). Farinha de banana
verde como ingrediente funcional em produtos alimenticios. Ciéncia Rural, 45(12),
2252-2258. https://doi.org/10.1590/0103-8478cr20140332.

Singh, B., Singh, J. P., Kaur, A., & Singh, N. (2016). Bioactive compounds in banana and
their associated health benefits — a review. Food Chemistry, 206, 1-11. https://doi.
org/10.1016/J.FOODCHEM.2016.03.033.

Singleton, V. L., & Rossi, J. A. (1965). Colorimetry of total phenolics with phosphomo-
lybdic-phosphotu. American Journal of Enology and Viticulture, 16(3), 144-158.
Retrieved from http://www.ajevonline.org/content/16/3/144.

Sivakumaran, S., Huffman, L., & Sivakumaran, S. (2018). The New Zealand food com-
position database: A useful tool for assessing New Zealanders' nutrient intake. Food
Chemistry, 238, 101-110. https://doi.org/10.1016/J.FOODCHEM.2016.12.066.

Snyder, A. B., & Worobo, R. W. (2018). The incidence and impact of microbial spoilage in
the production of fruit and vegetable juices as reported by juice manufacturers. Food
Control, 85, 144-150. https://doi.org/10.1016/J.FOODCONT.2017.09.025.

de Souza, N. C. O. (2017, September 5). Efeito da biomassa de banana verde em substitui¢io
a gordura e redugdo de agticar na qualidade de bolo. University of Brasilia. Retrieved
from http://repositorio.unb.br/handle/10482/31327.

TACO (2011). Tabela brasileira de composi¢do de alimentos: TACO. (Niicleo de Estudos e
pesquisas em alimentagdoCampinas: Unicamp. Retrieved from http://bases.bireme.br/
cgi-bin/wxislind.exe/iah/online/?IsisScript = iah/iah.xis&base = LILACS&
nextAction = Ink&lang = p&indexSearch = ID&exprSearch = 643323&label = Tabela
brasileira de composi AfA’ATa€ < sup > TM < /sup > Afa€3A ASAfA’A+a
€ < sup > TM < /sup > Afa€sA AF0%20de%20alimentos: TABELA DE COMPOSI .

Terada, M., Watanabe, Y., Kunitomo, M., & Hayashi, E. (1978). Differential rapid analysis
of ascorbic acid and ascorbic acid 2-sulfate by dinitrophenylhydrazine method.
Analytical Biochemistry, 84(2), 604-608. https://doi.org/10.1016/0003-2697(78)

203

LWT - Food Science and Technology 111 (2019) 190-203

90083-0.

Tribess, T. B., Herndndez-Uribe, J. P., Méndez-Montealvo, M. G. C., Menezes, E. W., Bello-
Perez, L. A., & Tadini, C. C. (2009). Thermal properties and resistant starch content of
green banana flour (Musa cavendishii) produced at different drying conditions.
Lebensmittel-Wissenschaft und -Technologie- Food Science and Technology, 42(5),
1022-1025. https://doi.org/10.1016/J.LWT.2008.12.017.

Vatanasuchart, N., Butsuwan, P., & Narasri, W. (2015). Nutritional composition, in vitro
starch digestibility and estimated glycemic index of three varieties of ‘Kluai Namwa’
banana (Musa sapientum L.) and its products. Maejo International Journal of Science
and Technology, 9(2), 265-277. Retrieved from https://www.researchgate.net/
publication/282960405_Nutritional composition_in_vitro_starch_digestibility_and_
estimated_glycemic_index_of three_varieties_of %27Kluai Namwa%27_banana Musa_
sapientum_L,_and_its_products.

Vernaza, M. G., Gularte, M. A., & Chang, Y. K. (2011). Addition of green banana flour to
instant noodles: Rheological and technological properties. Ciencia E Agrotecnologia,
35(6), 1157-1165. https://doi.org/10.1590/51413-70542011000600016.

Vogado, C., Leandro, E., Zandonadi, R., de Alencar, E., Ginani, V., Nakano, E., ... Aguiar,
P. (2018). Enrichment of probiotic fermented milk with green banana pulp:
Characterization microbiological, physicochemical and sensory. Nutrients, 10(4), 427.
https://doi.org/10.3390/n1u10040427.

Wall, M. M. (2006). Ascorbic acid, vitamin A, and mineral composition of banana (Musa
sp.) and papaya (Carica papaya) cultivars grown in Hawaii. Journal of Food
Composition and Analysis, 19, 434-445. https://doi.org/10.1016/j.jfca.2006.01.002.

Wennberg, M. S., Engqvist, G. M., & Nyman, E. M. G.-L. (2003). Effects of boiling on
dietary fiber components in fresh and stored white cabbage (Brassica oleracea var.
capitata). Journal of Food Science, 68(5), 1615-1621. https://doi.org/10.1111/j.
1365-2621.2003.tb12301.x.

Yap, M., Fernando, W. M. A. D. B., Brennan, C. S., Jayasena, V., & Coorey, R. (2017). The
effects of banana ripeness on quality indices for puree production. LWT, 80, 10-18.
https://doi.org/10.1016/J.LWT.2017.01.073.

Zandonadi, R. P., Botelho, R. B. A., Gandolfi, L., Ginani, J. S., Montenegro, F. M., &
Pratesi, R. (2012). Green banana pasta: An alternative for gluten-free diets. Journal of
the Academy of Nutrition and Dietetics, 112(7), 1068-1072. https://doi.org/10.1016/j.
jand.2012.04.002.


https://www.researchgate.net/publication/261725109_Physical_Chemical_Textural_and_Sensory_Properties_of_Dried_Wheat_Noodles_Supplemented_with_Unripe_Banana_Flour
https://doi.org/10.1016/J.FOODRES.2017.10.039
https://doi.org/10.1016/J.FOODCHEM.2013.07.081
https://doi.org/10.1590/0103-8478cr20140332
https://doi.org/10.1016/J.FOODCHEM.2016.03.033
https://doi.org/10.1016/J.FOODCHEM.2016.03.033
http://www.ajevonline.org/content/16/3/144
https://doi.org/10.1016/J.FOODCHEM.2016.12.066
https://doi.org/10.1016/J.FOODCONT.2017.09.025
http://repositorio.unb.br/handle/10482/31327
http://bases.bireme.br/cgi-bin/wxislind.exe/iah/online/?IsisScript=iah/iah.xis&base=LILACS&nextAction=lnk&lang=p&indexSearch=ID&exprSearch=643323&label=Tabela%20brasileira%20de%20composi
http://bases.bireme.br/cgi-bin/wxislind.exe/iah/online/?IsisScript=iah/iah.xis&base=LILACS&nextAction=lnk&lang=p&indexSearch=ID&exprSearch=643323&label=Tabela%20brasileira%20de%20composi
http://bases.bireme.br/cgi-bin/wxislind.exe/iah/online/?IsisScript=iah/iah.xis&base=LILACS&nextAction=lnk&lang=p&indexSearch=ID&exprSearch=643323&label=Tabela%20brasileira%20de%20composi
http://bases.bireme.br/cgi-bin/wxislind.exe/iah/online/?IsisScript=iah/iah.xis&base=LILACS&nextAction=lnk&lang=p&indexSearch=ID&exprSearch=643323&label=Tabela%20brasileira%20de%20composi
https://doi.org/10.1016/0003-2697(78)90083-0
https://doi.org/10.1016/0003-2697(78)90083-0
https://doi.org/10.1016/J.LWT.2008.12.017
https://www.researchgate.net/publication/282960405_Nutritional_composition_in_vitro_starch_digestibility_and_estimated_glycemic_index_of_three_varieties_of_%27Kluai_Namwa%27_banana_Musa_sapientum_L_and_its_products
https://www.researchgate.net/publication/282960405_Nutritional_composition_in_vitro_starch_digestibility_and_estimated_glycemic_index_of_three_varieties_of_%27Kluai_Namwa%27_banana_Musa_sapientum_L_and_its_products
https://www.researchgate.net/publication/282960405_Nutritional_composition_in_vitro_starch_digestibility_and_estimated_glycemic_index_of_three_varieties_of_%27Kluai_Namwa%27_banana_Musa_sapientum_L_and_its_products
https://www.researchgate.net/publication/282960405_Nutritional_composition_in_vitro_starch_digestibility_and_estimated_glycemic_index_of_three_varieties_of_%27Kluai_Namwa%27_banana_Musa_sapientum_L_and_its_products
https://doi.org/10.1590/S1413-70542011000600016
https://doi.org/10.3390/nu10040427
https://doi.org/10.1016/j.jfca.2006.01.002
https://doi.org/10.1111/j.1365-2621.2003.tb12301.x
https://doi.org/10.1111/j.1365-2621.2003.tb12301.x
https://doi.org/10.1016/J.LWT.2017.01.073
https://doi.org/10.1016/j.jand.2012.04.002
https://doi.org/10.1016/j.jand.2012.04.002

	Do production and storage affect the quality of green banana biomass?
	Introduction
	Materials and methods
	Green banana biomass
	Microbiological stability
	Chemical analyses
	Centesimal composition
	Total phenolic and vitamin C content
	Sample preparation
	Sample extraction for total phenolic content determination
	Total phenolic content
	Vitamin C
	Resistant starch, non-resistant starch, and total starch content

	Sensory analysis
	Descriptor elicitation
	Acceptance and descriptive sensory analysis (check-all-that-apply (CATA))

	Colorimetric analysis
	Statistical analysis

	Results and discussion
	GBB composition
	Antioxidant compound analysis
	Resistant starch, non-resistant starch, and total starch
	Sensory analysis
	Acceptance and CATA

	Colorimetric analysis

	Conclusions
	Funding
	References




