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To predict the maturity of bananas, the present study used non-destructive methods to analyze changes in the
sweetness and color of the stalks, middles, and tips of bananas during ripening. The results indicated that the
respective maturation of these three segments did not occur simultaneously, as indicated by the differential
enzyme activity and gene expression levels recorded in these segments. A principal component analysis and
cluster plots were used to review the classification of banana maturity, highlighting that banana maturation can
be divided into six stages. Two distinct maturity prediction algorithms were established using random forest,

artificial neural network, and support vector machines, and they also indicated that dividing the maturity of
bananas into six stages was adequate. These findings contribute to the development of quality evaluation and of a
rapid grading system for processing, which improves the quality and sale of banana fruits and the related pro-

cessed products.

1. Introduction

Banana (Musa spp.) is one of the most popular fruits worldwide. It is
a typical climacteric fruit, with a respiratory peak during post-harvest
ripening, which leads to fruit softening and even rotting, hence
limiting its shelf life (Clendennen and May, 1997; Jiang et al., 1999).
Notably, a delayed harvest may reduce shelf life and increase fruit sus-
ceptibility to diseases, which negatively influences manufacturers and
retailers, while harvesting too early causes poor consumption quality,
leading to complaints from consumers (Xie et al., 2018). Depending on
the maturity degree of the fruit, bananas can be processed into banana
chips, banana liqueur, banana jam, or banana flour (Gamlath, 2010;
Suntharalingam and Ravindran, 1993). Thus, it is essential to determine
and accurately predict banana maturity for appropriate subsequent
utilization (Laylieam and Kosittrakun, 2010). In the food industry,
determining ripeness is very important to obtain good quality fruit.
Saragih et al. (2021) used computer vision and other techniques to

classify the maturity of ambarella fruit based on color characteristics.
Nnodim et al. (2021) established a finite element model to develop a
tactile sensor to distinguish mango fruits with different maturity, by
measuring the elastic modulus of mango and using mechanical ANSYS
parametric Design Language (APDL) software. Studies on banana ripe-
ness are scarce, so it is necessary to study banana maturity.

Banana maturity has generally been determined by visual inspection
based on the color of banana peels (Gomes et al., 2013). However, this
method is subjective and, hence, characterized by a low accuracy. So
there are many ways to objectively judge the ripeness of bananas. Zhang
et al. (2018) investigated the ripening process of banana with the bio-
logical indexes such as starch content, soluble solid content, sugar
content, and hardness, which was based on biochemical or physico-
chemical properties and computer vision-based methods. Mendoza and
Aguilera (2004) implemented a computer vision system for identifying
banana ripening stages based on information about banana color, the
development of brown spots, and image texture. Adebayo et al. (2016)
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extracted optical properties such as absorption, scattering reduction,
and effective attenuation coefficient of bananas from backscattering
images of five different wavelengths, and explored the potential of using
these optical properties to predict banana fruit maturity and quality
attributes. Therefore, it is inaccurate to predict banana maturity based
on the color of the peels and it is of great significance to establish the
prediction model of banana maturity.

Fruit quality and maturity have generally been evaluated based on
size, color, and texture (Sanaeifar et al., 2016). Wan et al. (2021) pro-
posed an automatic prediction system according to the color charac-
teristics of strawberries and tomatoes to determine the maturity or
ripening stage of fruits. Chepinski et al. (2019) judged the optimal
harvest time by measuring the internal quality (hardness, extract con-
tent) and fruit size of cherry fruit, which also contributed to the pre-
diction of cherry ripening from another perspective. The decrease in
firmness and increase in sweetness during fruits ripening is mainly
caused by the degradation of cell wall components such as pectin, cel-
lulose, and starch. For example, a-amylase (AL), f-amylase, and inver-
tase (IN) are involved in starch degradation, while polygalacturonase
(PG), xyloglucan endotransglycosylase (XET), and pectate lyase (PL)
regulate cell wall degradation (Loay et al., 2020; Shan et al., 2020).
Furthermore, during fruit ripening, the color of the skin will change
significantly. For example, the color of banana peels changes from green
to yellow as a consequence of chlorophyll degradation (Maduwanthi and
Marapana, 2017), and color transformation is related to chlorophyll
degradation caused by MaSGR, MaPAO, MaACS, and MaACO genes
(Yang et al., 2009) which ultimately leads to fruit ripening (Wu et al.,
2019). It has previously been reported that the proteins involved in
chlorophyll degradation are different from those that degrade the cell
wall and starch (Lina et al., 2016), which indicates that changes in
sweetness might not be consistent with changes in color during ripening,
as exemplified by green-ripe bananas. Sweetness and color are internal
and external characteristics, respectively, related to the maturity of
bananas (Xie et al., 2018), so there may be mistakes in evaluating ba-
nana maturity based on apparent color. Therefore, modeling and pre-
diction of banana maturity are necessary, and they are important for the
evaluation of banana quality.

Nondestructive methods to evaluate fruit quality have received
increasing attention. Nondestructive technology can be used to deter-
mine the sweetness of bananas and the color of their peels during
ripening, thus contributing to the development of a new method for
evaluating and predicting the stage of maturity of bananas more accu-
rately (Jaiswal et al., 2014). In turn, this could improve the quality and
sale of the bananas and the related deep-processing products. Further-
more, several studies have evaluated the variations in the quality of
different parts of various fruits, such as the citrus (Srivastava and
Sadistap, 2021), Kiwifruit (Du et al., 2019), fuyu persimmon (Suzuki
et al., 2011) and mango (Rungpichayapichet et al., 2016); however, to
our knowledge, no studies have analyzed whether the maturity of
different banana segments is consistent along the length of banana
fingers.

The objective of the present study was to evaluate the differences
between the sweetness and color of three segments along the length of
banana fingers during ripening. In addition, the sweetness and the color
of these segments were evaluated to develop a comprehensive predic-
tion method for banana maturity. This study may contribute to the
development of a maturity grading detection device that enables rapid
detection of the quality of bananas.

2. Materials and methods
2.1. Material and treatments
Bananas (Musa spp. AAA group) in the green-ripe stage were ob-

tained from an orchard in Foshan, China. They were brought to the
laboratory within a day, and then individual banana fingers with similar
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sizes were separated. Each finger was divided into three segments along
the length: the stalk, middle, and tip of the banana (Fig. 1). Bananas
were frozen in liquid nitrogen and stored at —80 °C until they were
analyzed.

2.2. Stages of maturity

According to the reported method (Maduwanthi and Marapana,
2017), the process of banana ripening was divided into seven stages, in
which the color of banana peels varied from totally green (i.e., RS1: days
1-4), green with yellow traces (i.e., RS2: days 5-6), more green than
yellow (i.e., RS3: days 7-8), more yellow than green (i.e., RS4: days
9-10), yellow with green edges (i.e., RS5: days 11-12), completely
yellow (i.e., RS6: days 13-15), and yellow with brown spots (i.e., RS7:
after day 15).

2.3. Measurement of color parameters

The color of banana peels was measured using a colorimeter (Minolta
Chroma Meter CR 400; Konica Minolta, Tokyo, Japan). The nose cone of
the colorimeter was positioned directly at the surface of the bananas,
avoiding any leaking of the light projected by the colorimeter. The color
parameters were measured in three places on each segment of the ba-
nana during ripening (i.e., days 1-21), ensuring that each part of the
banana peel was uniform. Thereafter, the color values of each segment
of the banana peel were averaged.

2.4. Analysis of sweetness

The sugar content of the bananas was measured with a non-
destructive Brix meter (Brix Meter N-1; Kyoto Electronics
Manufacturing, Kyoto, Japan) by pressing the Brix meter on the surface
of each banana and ensuring that the cushion on the Brix meter was
fitted well to the surface of the banana. The sweetness was analyzed in
three places on each banana segment during ripening (i.e., days 1-21),
and the average values of each segment were recorded.

2.5. Extraction and assay of the activity of starch and cell wall
degradation enzymes

The activities of AL, IN, and PG were determined with 3,5-dinitrosa-
licylic acid using assay kits (BC0615, BC0575, and BC2665, respectively;
Solarbio, Beijing, China), following the manufacturer’s instructions. The
activities of these enzymes were calculated based on the protein con-
centration (i.e., U/mg protein).

2.6. RNA isolation and gene expression analysis

Frozen banana pulps and peels were powdered with a mortar and
pestle in the presence of liquid nitrogen. The total RNA was isolated
using the RNAprep Pure Plant Kit (DP441; Tiangen, Beijing, China) ac-
cording to the instructions. A quantitative real-time PCR was conducted
to assess the transcript levels of MaSGR, MaPaO, MaACS, and MaACO in
banana peels and those of MaPL2, MaXET5, and MaBAM?7 in banana
pulp (Zhai et al., 2020). The expression levels of MaXET, MaPL2, and
MaBAM?7 were calculated relative to MaRPS2 expression (i.e., ribosomal

Fig. 1. Distribution diagram of stem, middle and tip of banana.
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protein 2), and the expression levels of MaACO, MaACS, MaSGR, and
MaPaO were calculated relative to MaACT1 expression using the
2—AACt method (Chen et al., 2011). Primers are listed in Table 1.

2.7. Statistical analysis and models

Two maturity prediction systems were established with the random
forest (RF), support vector machine (SVM), and artificial neural network
(NNET) methods. One prediction algorithm only used the average color
values of the whole banana during ripening to develop the model to
predict seven stages of maturity, according to earlier studies, while the
other prediction system included both the color and sweetness values of
the three banana segments to predict six stages of maturity, then
compared the accuracy and kappa values of the two different maturity
prediction models. All models were developed in R 3.2.6 with the caret
package. Data are expressed as the mean + standard deviation of three
replicates. Significant differences between means were calculated using
Duncan’s multiple range test in SPSS 17.0 (IBM, Armonk, NY, USA). A p-
value below 0.05 was considered statistically significant.

3. Results and discussion

This study determined the changes in three segments of banana
during ripening and used the sweetness and color of three banana seg-
ments comprehensively to develop a maturity prediction model.

3.1. Changes in the whole banana during ripening

3.1.1. Sweetness and color values

Changes in the sweetness of bananas during ripening are displayed in
Fig. 2A. The sweetness substantially increased from RS4 to RS7, indi-
cating that starch hydrolyzed to produce soluble solids during this
period, which increased the sugar content of banana (Kouassi et al.,
2020). Notably, there was no obvious change in sweetness after RS7. We
hypothesize that the enzyme activity associated with starch degradation
in fruit can only maintain the current rate, but not increase the rate of
decomposition. The changes in the ‘L’ value of bananas during ripening
are shown in Fig. 2B. The ‘L’ value increased at RS4, but it began to
decrease upon reaching RS6. The color of the peel changes from green to
yellow during ripening. The color of the banana peel became completely
yellow because of the cell wall and starch degradation, and a decrease in
synthetic chlorophyll (Yang et al., 2009).

3.1.2. Principal component analysis (PCA)

Based on a previous study, PCA coupled clustering analysis was
conducted to determine fruit quality via data dimension reduction for
several quality indexes related to the appearance and taste of fruits. The
PCA was used to determine whether there was a relationship between
the sweetness and color of bananas during ripening, and it highlighted
that both the sweetness and color values were indicators of the maturity
of bananas. A PCA was conducted to analyze the relationship between
the sweetness and color values of bananas during ripening, and the

Table 1
Primer sequences of target and reference genes.

Primer sequence

Assay Forward primer (5'-3') Reverse primer (5'-3')
MaBAM7 GCCGACGACAGCATTGACCT CAGCCATCTTCGAGTTCTTG
MaPL2 GGCTCCACTGCCATTACG GTGCGTGTAGTCATTGTTTACC
MaXET5 TCGCCTTCTACACATCCAAC CTCCAGTCCTTCCCTCTCAC
MaPaO TTCAACGGTCCTGTCCAAA TCACGCAAAGCATAAGCCAC
MaSGR GCAATGGTGTGGGTCTACT TCCGTTCGCAAGCGTTCT
MaACS TAGCGCTGAGGAGGATCGAG CCGCTGTCGATGTTTCAGGT
MaACO AGGTCTATCCGAGGTTCGTG TAACGCGAAGTACAGCGACA
MaRPS2 TAGGGATTCCGACGATTTGTTT TAGCGTCATCATTGGCTGGGA
MaACT1 TGGTATGGAAGCCGCTGGTA TCTGCTGGAATGTGCTGAGG
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results indicated a linear relationship between these two factors
(Fig. 2C). Similarly, Milosevic and Milosevic (2013) conducted a PCA
analysis of European apricot germplasm fruit quality, soluble solid
content, maturity index, and sweetness index, and found that there was
a high correlation between peel color and kernel taste characteristics.

3.2. Changes in the sweetness and color values of the three banana
segments during ripening

3.2.1. Sweetness

Although the changes in sweetness differed between the three ba-
nana segments during ripening (Fig. 3A), they were similar throughout
the whole banana (Fig. 2A). There were significant differences (p <
0.05) between the sweetness of the middle and of both ends of the ba-
nana until reaching RS7. That is, the sweetness of the banana middles
was higher than that of the tips and stalks of the bananas during the
ripening process, which indicated that the cell walls and starch of the
middle of the bananas degraded the fastest.

3.2.2. Color values

The ‘L’ values of the three segments of the banana peels increased
from RS1 to RS5. They then began to decrease at RS6 (Fig. 3B), which is
similar to the changes in the ‘L’ value observed with the whole banana
peels (Fig. 2B). The ‘L’ value of each segment indicated the fastest
growth appeared between RS3 and RS4. Furthermore, there were sig-
nificant differences (p < 0.05) in the ‘L’ values between the stalks and
the other segments of the banana peels; that is, the ‘L’ value of the stalks
was higher than that of the other segments until reaching RS5, while the
‘L’ values of all the segments of the banana peels were almost equal at
RS6. The ‘a’ value continually increased throughout the ripening process
(Fig. 3C), and there were significant differences between the ‘a’ value of
the stalks and that of the other segments of the banana peels until RS5.
There were significant differences (p < 0.05) between the ‘b’ value of the
stalks and that of the other segments of banana peels before RS3 and
after RS5 (Fig. 3D). The ‘b’ value of the stalk segments decreased faster
than that of the other segments, and the banana stalks displayed brown
spots before the other segments of banana peels did. Overall, the color of
both ends of the banana peels changed to yellow first, which may
indicate that chlorophyll was degraded earlier in the stalk and the tip
than in the middle of the banana peel.

Furthermore, the respective changes in the sweetness and color of
the stalks, middles, and tips of the bananas, which illustrate the maturity
along the length of the fruit, differed over the same period. That is, the
changes in sweetness and color were not synchronized nor identical
between the three banana segments during ripening. Notably, the
sweetness of bananas constantly increases during the ripening process,
hence causing the pulp texture to continually soften (Maduwanthi and
Marapana, 2017). Therefore, the firmness of the three banana segments
may vary. Finally, the color of both ends of the banana peels became
yellow and displayed brown spots earlier than the middle part did,
which also highlighted that we should comprehensively evaluate the
quality of bananas, that is, based on both the sweetness and color.

3.3. Enzyme activity in the three banana segments during ripening

The activities of AL, IN, and PG in the stalks, middles, and tips of the
bananas are presented in Fig. 4A. During ripening, the activity of IN in
the middles of the bananas was lower than that in the tips and stalks of
the bananas, whereas the activities of AL and PG in the middles were
higher than those in both ends of the bananas (p < 0.05 for all). That is,
the activities of the AL, IN, and PG enzymes, which are related to the
sweetness of bananas, highlighted that the fruit maturity was not
consistent between each of the three banana segments over the same
period.

The enzyme activity of AL, IN, and PG in the middle of the bananas
was higher than that in both ends, which was consistent with the results
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Fig. 2. Changes in the sweetness and color of the whole banana during ripening. (A) Variations in sweetness; (B) Variations in the ‘L’ value; (C) Principal component
analysis of the sweetness and color values. (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.)

of a previous study (Mao and Kinsella, 1981). This explained why the
sweetness of the middles of the bananas was the highest, and it further
suggested that fruit maturity differs between the banana segments
during ripening. Moreover, this highlighted that banana middles are
suitable for processing into products that require high sweetness.

3.4. Gene expression in the three banana segments during ripening

The expression levels of MaACO and MaACS in both ends of the
bananas were higher than those in the middles (p < 0.05), which indi-
cated that the stalks and tips ripened earlier than the middle parts
(Fig. 4B). Likewise, the expression levels of MaSGR and MaPaO in the
stalks and tips of the bananas were significantly higher than those in the
middles of the bananas (p < 0.05), which highlighted that chlorophyll
degraded first, and quickly, in both ends of the bananas (Fig. 4B). In
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contrast, the expression levels of MaXET5, MaPL2, and MaBAM?7 in the
middles of the bananas were significantly higher than those in both ends
during ripening (p < 0.05), which suggested that the sweetness of the
banana middle was greater than that of the other segments (Fig. 4B).

The expression of MaXET5, MaPL2, and MaBAM?7 was related to the
degradation of starch and of the cell wall, and it regulates (Xiao et al.,
2018) changes in sweetness (Shan et al., 2020), which was illustrated by
the differences between the middles and both ends of the bananas. The
expression levels in the middles of the bananas were higher than those in
both ends, which further indicated that the sweetness was the highest in
the middle.

The expression levels of MaSGR and MaPaO were related to the
degradation of chlorophyll, which regulates the color of bananas (Loay
et al., 2020). The differences between these levels in both ends and in
the middle of the bananas were consistent with the fact that both ends
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became yellow first. The expression levels were the highest in the tips,
implying that the tip of the banana peel might be the first segment to
change to yellow, which was inconsistent with a previous study (Jayanty
et al., 2002). In addition, the results indicated that the stalk of the ba-
nana peel became yellow and displayed brown spots first.

The maximal MaACO expression occurred simultaneously in the
three banana segments. Likewise, in another study, the occurrence of an
ethylene peak in three segments was similar and related to the maturity
of the fruit (Jayanty et al., 2002). Although, the expression of MaACO
reached its maximum on the 10th day, the maximal expression of
MaXET5, which is related to sweetness, and of MaPaO, which is asso-
ciated with color values, occurred on the 15th and 19th days, respec-
tively. This suggests that the changes in the sweetness of the banana pulp
and in the color of the banana peel did not coincide, which further
emphasizes that it is critical to study both the sweetness and the color of
bananas to evaluate their quality.

3.5. Maturity classification of bananas via sweetness and color values
The sweetness and color values of the three banana segments were

used to classify fruit maturity (Fig. 5). The automatic determination and
prediction of banana maturity were based on the cluster plot of these
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two parameters (Fig. 5A). Banana maturity was divided into six stages
based on the sweetness and color values of the three banana segments
that were recorded during ripening, and the classification system
thereby established fit 77.3% of the samples. The expression levels of
MaXET5, MaPL2, MaBAM7, MaACO, MaPaO, and MaSGR in the three
banana segments during ripening were also used to classify fruit matu-
rity, in order to verify the relevance of that classification system
(Fig. 5B). Moreover, on the 24th day, the bananas began to rot and smell
distinct, and thus were not suitable for processing. Therefore, we divided
the maturity of three segments of the banana into six stages (Fig. 6), and
detailed changes in color and sweetness of each stage are as follows:
At the first stage of maturity (i.e., days 1-5), the sweetness of the
middles of the bananas was higher than that of the stalks and tips (p <
0.05). The color of the banana peels was completely green in color due to
the normal synthesis of chlorophyll (Fig. 6A). At the second stage of
maturity (i.e., days 6-8), the sweetness of each banana segment
increased rapidly, but the sweetness of the middles of the bananas
remained significantly higher than that of the other segments (p < 0.05).
The color change to yellow was the most obvious in the stalks of the
banana peels, while the color of the middles and tips of the banana peels
was green with yellow traces (Fig. 6B). At this stage, the starch begins to
hydrolyze and chlorophyll synthesis is reduced, resulting in increased
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sugar content and a yellow peel color. At the third stage of maturity (i.e.,
days 9-12), the sweetness of the three banana segments continued to
increase, but the sweetness of the middles of the bananas remained
higher than that of the other segments. The color of the middles of the
banana peels became yellow faster than that of the other segments,
being almost entirely yellow, while the color of the stalks and the tips of
the banana peels were more yellow than green (Fig. 6C). At the fourth
stage of maturity (i.e., days 13-16), the sweetness of the banana tips
increased faster than that of the other segments, but there were no sig-
nificant differences between the sweetness of the three banana segments
at the end of the fourth stage. The color of the three segments became
completely yellow. Furthermore, brown spots appeared on the stalks of
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the banana peels (Fig. 6D). Fruit Browning on the outside due to the
accumulation of free radicals during storage may be the cause of the
brown spots on banana peels (Yang et al., 2010). At the fifth stage of
maturity (i.e., days 17-18), there was no obvious increase in the
sweetness of any banana segment. Moreover, there were no significant
differences between the sweetness of the three segments at the end of the
fifth stage. Brown spots appeared on the banana peels, and the stalks had
more brown spots than the tips and middles (Fig. 6E). The sixth stage of
maturity (i.e., after day 19) marked the end of the maturation of the
bananas. The sweetness of the bananas did not change, and the color of
the stalks and middles of the banana peels became almost completely
brown (Fig. 6F). The study showed that the chlorophyll in the peel
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Fig. 4. (continued).

would decompose gradually due to the physiological activity of the
sample, resulting in the change of fruit brightness value (Vazquez-Sali-
nas and Lakshminarayana, 1985).

Based on our assessment of the sweetness and color of bananas
during ripening, the shelf life of this fruit should occur from the third
stage to the fifth stage, that is, from the 9th to the 17th day, and the
sweetness of the three banana segments ranged between 10% and 14%,
which was suitable for further processing.

3.6. Prediction of banana maturity

Two prediction algorithms for banana maturity were developed with
SVM, RF, and NNET; one model was established based on the color and
sweetness values of three banana segments to predict six stages of
maturity (i.e., the predictions developed in this study), while the other
model was based on the average color values of bananas to predict seven
stages of maturity (i.e., the predictions established by previous studies).

For the two maturity prediction systems, mtry was of 2 in the final RF
model. As for the maturity predictions with NNET, the selected optimal
parameters were the same for both systems, namely size = 5 and decay
= 0.1. With the SVM maturity predictions, the final values that were
used for the two prediction algorithms were sigma = 0.176 and C = 1,
and sigma = 0.18 and C = 1, respectively.

The accuracy and kappa values of the two prediction systems were
compared (Table 2), and it was concluded that using the color and

sweetness values of the three banana segments to predict fruit maturity
was considerably more accurate than using the average color values of
banana to predict maturity across seven stages. Additionally, the accu-
racy and kappa score of the maturity prediction with SVM were higher
than those of the other models, which relied on the RF and NNET
methods. Mishra et al. (2020) used portable visible near-infrared spec-
trometer to predict the hardness of mango in the ripening process by the
iPLSR model, which realized the rapid non-destructive monitoring and
control of the mango ripening process.

Based on the cluster analysis, banana maturity can be reclassified
into six stages. This differs from the maturity classification into seven
stages that have been established in previous studies. Some retailers
decide on the shelf-life of bananas based on the color of the banana
peels, which is typically considered to range from yellow with green
edges to yellow with some brown spots (Adebayo et al., 2016). However,
green-ripe bananas are suitable for eating and processing (Loay et al.,
2020). Therefore, it provided the basis for a new quality evaluation.

3.7. Importance of the three banana segments for predicting fruit maturity

The sweetness and color values of the stalks, middles, and tips of the
bananas were compared using RF to determine their contribution to
maturity prediction (Fig. 5C). The stalks of the bananas contributed the
most to the prediction, which meant the decreased accuracy of the
sweetness and color values was higher than that of the other segments.
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Fig. 5. Classification of the maturity of bananas and
the contribution of the stalk, middle, and tip of ba-
nana in maturity predictions. (A) Cluster analysis of
the sweetness of the banana pulp and the color of the
banana peel from the 1st to the 21st day of ripening;
(B) Cluster analysis of the expression levels of the
MaXET5, MaPL2, MaBAM7, MaACO, MaACS,
MaPAO, and MaSGR genes from the 1st to the 24th
day of ripening; (C) Ranking of the importance of
each variable in relation with the maturity prediction
of bananas. Banana segments are indicated by
numbers; 1: stalk; 2: middle; 3: tip. Sn: sweetness.
(For interpretation of the references to color in this
figure legend, the reader is referred to the Web
version of this article.)

Fig. 6. Appearance of the banana peel throughout the six maturity stages.

The second most important segment was the banana tip. Therefore, it
was concluded that both ends of the bananas were more representative
of fruit maturity than the banana middles.

Based on our results, quality evaluation of bananas using both the
sweetness and color values is relevant, and it is indispensable to assess
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the characteristics of the different segments of a banana individually to
predict its maturity. At the same time, there are also studies on estab-
lishing models for predicting maturity and shelf life by linking other
fruit quality indicators. Razali et al. (2009) found a good relationship
between the oil content of fresh fruit bunches and its image pixel value
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Table 2
Accuracy and kappa of predictions.

Methods  Predictions set up by previous Predictions set up in the present
studies study
Accuracy  Kappa Accuracy Kappa

SVM 58% 48% 94% 91%

RF 69% 63% 93% 90%

NNET 62% 54% 79% 70%

through research and established a mathematical model to determine
the best harvest date of fresh fruit bunches. Rungpichayapichet et al.
(2016) used the NIRS prediction model to study the effects of different
harvest periods on mango quality after harvest, and established a model
of mango maturity after harvest. However, there are few reports on the
three banana segments. We found that the respective sweetness and
color values of the three banana segments contributed distinctly to the
maturity prediction. Whereas the importance of the different color
values for the maturity prediction diverged. In the present study, the ‘L’
value of the banana stalk was the most relevant to predicting fruit
maturity, which differed from a previous study in which the ‘a’ value
was the most related to the textural profile of the fruit (Adebayo et al.,
2016). Finally, the contribution of sweetness and color values to the
maturity prediction differed, which highlighted that the changes in the
sweetness and color of the bananas during ripening were not consistent,
especially in the middle of the bananas.

4. Conclusion

In the present study, the variations in the sweetness and color
differed between the stalks, middles, and tips of the bananas; that is, the
maturity level was inconsistent along the lengths of the bananas.
Therefore, it is important to consider the sweetness and color of each
banana segment to evaluate the quality of bananas. Furthermore, based
on our comprehensive assessment of the sweetness and color values of
three banana segments and the two prediction models that were eval-
uated, it is adequate to divide the maturity of bananas into six stages
rather than seven stages, as previously reported.

The maturity of the stalks and tips of the bananas was more repre-
sentative of the overall maturity than that of the middle parts. Notably,
these results can be utilized to improve the method that is currently used
to evaluate the quality and determine maturity of bananas. Overall, our
study provides a basis for the effective development of rapid inspection
and evaluation systems for the efficient sale and processing of bananas.
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