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Abstract

BACKGROUND: Determinants of culinary qualities of East African highland cooking bananas (EAHCB) are not well known.
This constrains the inclusion of user-preferred traits in breeding. The present study aimed to quantify key indicators of
user-preferred characteristics to enable selection of acceptable hybrids.

RESULTS: Qualitative characteristics that drive preference were big bunches (15–34 kg), long straight/slightly curved fingers
(12–23 cm), yellowness and soft texture. Descriptive sensory analysis of the intensity of colour and texture the 23 genotypes
revealed that landraces Kibuzi, Mbwazirume, Nakitembe and Mpologoma had higher intensity of yellowness and lower inten-
sity of hardness (softer) and a low score (≤ 1.0) of astringency taste. A preference test showed that they had higher acceptability
scores. Biochemical, instrumental and sensory data revealed correlations between sensory firmness and instrumental hardness
(r = 0.5), sensory firmness and amylopectin (r = −0.54), suggesting that qualitative descriptions can be predicted by instru-
mental and biochemical indicators. Significant (P < 0.05) variations in amylose and total starch content were observed in dif-
ferent varieties. Moderate correlations between instrumental hardness and firmness in mouth (r = 0.55), cohesiveness and
firmness in the mouth (r = 0.57), and adhesiveness and firmness in the mouth (r = 0.64) were observed. Surprisingly, caroten-
oids content was not correlated with yellowness in cooked matooke. However, positive correlations were observed between
chroma (b*) parameters of raw matooke and sensorial assessed color on cooked samples.

CONCLUSION: Qualitative characteristis; the bunch, pulp colour and texture; that drive users-preference in the EAHCB were
quantified, paving way for breeders to use them to select genotypes with these attributes early in the breeding process.
© 2023 The Authors. Journal of The Science of Food and Agriculture published by John Wiley & Sons Ltd on behalf of Society of
Chemical Industry.
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INTRODUCTION
Farming communities in the Great Lakes Region of East Africa
rank the East African Highland Cooking Bananas (EAHCB) as their
most important crop.1-4 The crop's year-round fruiting habit5

guarantees continuous availability of food and income to the farm
families. Recently, producing EAHCB is becoming increasingly dif-
ficult because of pests, diseases and limited germplasm diversity,
among other constraints. Landrace cultivars are generally suscep-
tible to pests and diseases.6-9

The deployment of host plant resistance to reverse the effects of
these constraints is considered to be the most effective option for
low-resource rural households.3 As a result, the improvement of
the susceptible landraces through breeding is a priority strat-
egy.10,11 However, breeding of EAHCB is constrained by lack of
tools and knowledge to properly select hybrids that combine
resilient productivity with culinary qualities and preferences
based on local tastes and traditions.
EAHCBs are harvested, peeled and cooked for a meal at mature

but green stage.12 When cooked, the fruit is characterized by a
unique insipid taste and aroma, golden yellow color and a tender
texture. These attributes have endeared an EAHCB meal to con-
sumers and constitute the unique quality described as tooke-
ness13,14 originating from the term matooke, used to describe a
cooked meal of EAHCB. Consumers look for these attributes and
therefore improved hybrids must possess them to be adopted.
Most of the banana hybrids developed so far have been rated
by consumers as inferior to local cultivars with respect to almost
all sensory attributes, implying that they lack the required tooke-
ness qualities. Unfortunately, these qualities are poorly defined,
making it difficult to efficiently breed and select user-acceptable
hybrids. EAHCB breeding is a lengthy process involving the gener-
ation of a large number of genotypes, which are then evaluated
using sensory techniques. However, user feedback comes late in
the breeding scheme and thus cannot be incorporated into
early-stage selection efforts.15 It is therefore imperative to trans-
late the qualitative descriptions of preferred characteristics into
objective instrumental and biochemical indicators that are
deployable sufficiently early in the breeding process.16

The present study aimed to build on previous research4,17,18

that identified user preferred quality characteristics by quantify-
ing selected qualitative indicators of the user-preferred qualities
of EAHCB into quantitative metrics to enable their utilization in
early and efficient selection of hybrids tailored to user needs.

MATERIALS AND METHODS
Twenty three EAHCB diverse landraces (Mpologoma, Enziraba-
hima, Musakala, Mbwazirume, Nakitembe, Kibuzi, Kisansa, Nandi-
gobe, Nakinyika and Nfuuka) and improved hybrids (NARITA2,
NARITA 4, NARITA6, NARITA8, NARITA11, NARITA12, NARITA14,
NARITA15, NARITA 17, NARITA18, NARITA19, NARITA 21 and NAR-
ITA23) were selected and used in the instrumental, sensory and
biochemical assessments of their quality descriptors.
Previous studies identified the user-preferred physical and sen-

sory quality characteristics of EAHCB and their descriptors.4,17,18 In
the present study, the bunch, finger, colour and textural qualita-
tive user-preferred characteristics were translated into quantita-
tive metric measurements to aid high-throughput screening of a
large number of genotypes.
Six focus group sessions comprising of 12 farmers, 12 processors

and 12 traders, men and women categorised 30 bunches into
three groups: big,medium and small. Five bunches were randomly

picked from the three categories for the measurements. The
bunches were individually weighed using a weighing scale and
means computed. Compactness was assessed by randomly pick-
ing five bunches from three categories of bunches, described by
farmers, processors and traders as: too compact, medium or loose.
Level of compactness was estimated by measuring the gap
between clusters and fingertips with a measuring tape on five fin-
gers. The finger lengths were quantified by measuring the dis-
tance from tip to tip at the distal end, whereas the girth was
measured at the widest point of five fingers taken from second
and third clusters on five randomly selected bunches. Finger cur-
vature was estimated by the ratio of the inner to outer curve of the
fingers.19

The textural, colour and astringency taste attributes were deter-
mined by cooking as described by Nowakunda et al.12 The cooked
samples were subjected to a 12-member descriptive sensory
panel using a 10-point intensity scale for each attribute as
described in the matooke lexicon by Khakasa et al.17 The pub-
lished matooke sensory lexicon was used in the sensory assess-
ment of quality traits.12 The acceptability of the same genotypes
was evaluated by a 30-member panel of matooke consumers
using a nine-point hedonic scale.20

For the instrumental and biochemical assessments, five
bunches from plants of each genotype were harvested at the full
green maturity stage21 for the assessments from on-station
banana breeding experimental fields at the National Agricultural
Research Laboratories Institute and Sendusu-International Insti-
tute of Tropical Agriculture-Uganda station in central Uganda.
Measurements of all the parameters were taken on clusters

selected from the second, third and fourth hands of the bunches
in three replicates per measurement. The instrumental textural
properties of the raw and cooked sample hardness, cohesiveness
and adhesiveness were determined using a texturometer
(TMS-Pilot),12 whereas color was determined with a Minolta
chromameter (CR-400) (Konica, Tokyo, Japan).22 The biochemical
indicators prioritized for textural properties were total starch
and amylose/amylopectin, and were determined using the color-
imetric method.23 Carotenoids and polyphenols were used as
indicators of the yellow color inmatooke. Carotenoids were deter-
mined by methods described by Englbeger et al.24 and the poly-
phenols by the Folin–Ciocalteu method as described by Bashmil
et al.25

The instrumental, biochemical and sensory data were analyzed
using XLSTAT 2019.3.2 (Addinsoft, Paris, France) through linear
regressions, correlations and principal component analysis (PCA)
to examine relationships and potential to predict the sensory indi-
cators using instrumental or biochemical indicators of texture and
yellow color. Analysis of variance and a post-hoc Duncan's test
were conducted to assess variation among genotypes.

RESULTS
Bunch and fruit characteristics
The fruit and finger characteristics were quantified and their
acceptability ranges were established (Table 1). Matooke users
considered a bunch that weighed 34 kg and above as big, whereas
bunches below 15 kg were considered small. Bunches that weighed
15–34 kg were desirable. Similarly, fingers for which the length was
≥ 23 cm were considered long and those that were ≤ 12 cm were
considered short. Thresholds for finger curvature, represented by a
ratio between the outer and inner curvature, was 0.65–1.00
(Table 1). In addition to gender implications, bunches with weights
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> 34 kg have no economic advantage over those that are below
because pricing of matooke on the market is not based on weight
but on visually assessed size. Also, women in the Focus Group dis-
cussions found that too long or large fingers are difficult to handle
when peeling.

Descriptive sensory analysis of textural, colour and
astringency taste
The results of descriptive analysis are presented in Table 2. The
colour of all the landrace genotypes were scored 7.4 and above,
suggesting that the preference for intensity of yellowness in the
matooke was high (towards a maximum of 10).17 These descrip-
tive scores coincided with genotypes with highly acceptable qual-
ity characteristics.4,18

Landraces Kibuzi, Mbwazirume, Nakitembe and Mpologoma, all
of them highly liked by users, were < 3.0, suggesting that users
favor a soft texture (Table 2). Hybrids NARITA19 and NARITA
21, also scored below 3.0 for texture. On the other hand, the tex-
ture of hybrids NARITA 6, NARITA 15 and NARITA 2 were > 7.0,
indicating that they were unacceptably hard. Most of the other
hybrids were scored between 2.5 and 5.0, indicating that they
had firm textures (Table 2).
For astringency taste, all the landraces were scored ≤ 1.0

suggesting a preference for low astringency. Although most
of the hybrids also had astringency levels ≤ 1.0, NARITA

14, NARITA 17, NARITA 21, NARITA 24, NARITA 19 and NARITA
11 scored ≥ 1.5 (Table 2).
The acceptability rating of the 23 genotypes by matooke con-

sumer on a 9-point hedonic scale (1 = dislike extremely, 9 = like
extremely) showed that all the landrace genotypes were between
7.0 and 9.0, a range that implies liking to extreme liking (Table 2).
With the exception of NARITA 4 and 17, all other NARITAs (hybrids)
were scored at 6.0 or below, implying that their acceptability ran-
ged between slight liking to extreme dislike of the genotypes.

Fruit pulp texture
The instrumentally assessed indicators of textural properties were
hardness on raw samples and hardness, cohesiveness and adhe-
siveness on cooked samples (Table 3). The results show significant
differences between hybrids and landraces. Hardness, among the
instrumental parameters, was the most discriminating attribute
for cooked matooke (P < 0.002). Hardness of landraces ranged
from 2.06 and 4.75 and scores for the improved hybrids largely
overlapped, except for NARITA 15 and NARITA 6, which had values
> 5.74 (Table 3).

Fruit pulp colour
The L* coordinate, which represents lightness, and b*, which rep-
resents yellowness, were found to be the most useful coordinates
in matooke. The a* coordinates, which represent redness, was not
relevant for matooke. The results show significant variations

Table 1. User-desirable thresholds for bunch and fruit characteristics

Characteristic Description
Desirable
range Remarks

Bunch size Weight (kg) Weighed
with peduncle cut
at the first scar

15–34 Below 15 kg is not desired Above 34 kg may be uneconomical
because pricing matooke is not by weight. It could also be
too heavy for women.

Circumference (cm) 78–114 Girth measures around the second and third cluster

Number of clusters 7–12
Compactness (cm) 1 = 4.3 1 = Distance between fingertips

2 = 3.0 2 = Distance between clusters

Finger size Length (cm) 12–23 Tip to tip on distal side
Circumference (cm) 10–14
Curvature 0.65–1.0 Ratio of inner to outer finger curvature
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Table 3. Instrumental textural and color (hunters) properties of cooked EAHCB genotypes

Genotype Hardness (N) Cohesiveness Adhesiveness (N) L* b*

Musakala 2.06 fghi 0.59 a 0.50 a 60.50 abcd 28.60 bcd
Nfuuka 2.32 efghi 0.52 a −0.54 bcd 41.30 h 33.00 a
Kibuzi 2.340 efghi 0.50 a −0.52 bcd 62.10 ab 27.80 bcde
Mbwazirume 3.01 defghi 0.73 a −1.72 de 42.90 fgh 29.10 bcd
Nandigobe 3.66 cdefghi 0.74 a −0.70 bcd 60.90 abc 28.70 bcd
Kisansa 3.69 cdefghi 0.73 a 0.37 b 52.79 bcdef 26.60 de
Nakitembe 4.03 cdefgh 0.51 a −0.45 bcd 62.10 ab 27.80 bcde
Mpologoma 4.110 cdefg 0.740 a −0.480 bcd 60.700 abcd 28.900 bcd
Nakinyika 4.680 cde 0.810 a −1.070 cd 43.700 fgh 27.300 cde
Enzirabahima 4.75 cde 0.53 a −0.79 bcd 60.40 abcd 28.40 bcd
NARITA21 1.34 i 0.87 a −1.26 cd 54.30 abcde 26.90 de
NARITA11 1.72 ghi 0.46 a −0.36 bcd 59.97 abcd 28.80 bcd
NARITA17 3.01 defghi 0.48 a −0.47 bcd 52.90 bcdef 30.00 b
NARITA 4 3.33 cdefghi 0.59 a −0.52 bcd 63.70 a 28.80 bcd
NARITA14 3.50 cdefghi 0.511 a −0.91 bcd 54.65 abcde 28.51 bcd
NARITA8 3.72 cdefghi 0.56 a −0.66 bcd 58.405 abcd 27.94 bcd
NARITA23 4.01 cdefgh 0.51 a −0.72 bcd 42.30 gh 25.30 ef
NARITA12 3.87 cdefghi 0.844 a −0.83 bcd 44.39 efgh 24.02 f
NARITA2 4.43 cdef 0.55 a −0.37 cd 58.82 abcd 29.705 bc
NARITA19 4.45 cdef 0.79 a −0.68 bcd 51.09 cdefgh 27.02 de
NARITA18 5.08 cd 0.49 a −0.79 bcd 50.40 defgh 27.85 bcde
NARITA15 7.64 ab 0.51 a −0.41 bcd 59.53 abcd 28.23 bcd
NARITA6 8.66 a 0.518 a −0.65 bcd 61.83 ab 28.80 bcd

Top: 10 landraces. Bottom: 13 improved hybrids. Genotypes within each group have been ranked based on the colour score.
Values with same letters in the same column are not significantly different (P < 0.05).

Table 2. Bunch weight and descriptive sensory scores for colour, texture, and astringency taste

Genotype
Preference (1–9
hedonic scale)

Bunch
weight (kg)

Colour (scale 0–10
intensity scale)

Texture (touch) (scale 0–10
intensity scale)

Astringency taste (scale 0–10
intensity scale)

Mbwazirume 9.02 a 20.9 ± 1.35 9.00 ± 0.56 2.89 ± 0.73 0.44 ± 0.86
Kibuzi 8.21 a 20.8 ± 1.81 8.75 ± 1.74 1.50 ± 1.01 0.57 ± 0.42
Enzirabahima 8.02 a 13.0 ± 0.00 8.57 ± 1.51 2.71 ± 0.11 1.00 ± 1.52
Nandigobe 7.12 b 17.2 ± 0.28 8.54 ± 0.33 2.08 ± 0.60 0.11 ± 0.61
Kisansa 8.21 a 25.8 ± 1.07 8.11 ± 2.22 3.00 ± 1.01 0.11 ± 0.68
Nakitembe 9.01 a 24.0 ± 2.05 8.00 ± 0.37 1.86 ± 0.37 0.14 ± 0.66
Mpologoma 8.21 a 26.8 ± 0.35 7.91 ± 1.70 1.27 ± 0.19 0.64 ± 0.61
Nfuuka 7.12 b 27.8 ± 1.81 7.89 ± 2.14 3.78 ± 0.34 0.33 ± 0.46
Musakala 8.23 a 25.1 ± 0.8 7.69 ± 1.43 2.08 ± 0.21 0.73 ± 0.71
Nakinyika 7.30 b 14.7 ± 0.99 7.45 ± 0.97 4.22 ± 0.46 0.80 ± 0.88
NARITA17 7.01 b 34.5 ± 4.09 6.70 ± 1.98 3.78 ± 0.64 1.56 ± 0.72
NARITA14 6.03 b 22.7 ± 1.01 6.22 ± 1.2 5.57 ± 1.16 1.50 ± 0.38
NARITA2 6.12 b 26.4 ± 0.42 5.75 ± 1.33 7.71 ± 3.07 1 0.00 ± 0.97
NARITA6 3.21 d 26.3 ± 0.28 5.50 ± 1.41 8.00 ± 3.80 0.29 ± 0.59
NARITA15 3.51 d 38.0 ± 4.27 5.44 ± 2.10 7.27 ± 2.45 0.73 ± 0.69
NARITA12 3.02 d 25.0 ± 3.02 5.38 ± 1.49 4.75 ± 1.62 0.67 ± 0.59
NARITA4 8.02 a 26.4 ± 3.28 5.14 ± 1.40 5.00 ± 1.17 1.00 ± 0.35
NARITA11 5.14 c 16.5 ± 0.68 5.07 ± 0.67 5.57 ± 1.13 2.75 ± 1.02
NARITA18 3.31 d 29.5 ± 2.73 4.56 ± 1.30 4.27 ± 0.86 0.55 ± 0.29
NARITA23 2.51 d 29.0 ± 0.81 2.23 ± 0.96 4.27 ± 0.99 0.55 ± 0.56
NARITA19 6.02 c 35.7 ± 2.19 2.00 ± 0.08 2.38 ± 1.98 2.25 ± 1.29
NARITA8 2.23 d 29.8 ± 2.14 1.63 ± 2.18 3.38 ± 1.49 0.86 ± 0.44
NARITA21 2.21 d 31.2 ± 1.55 1.30 ± 2.61 2.70 ± 1.42 1.80 ± 0.24

Top: 10 landraces. Bottom: 13 improved hybrids. Genotypes within each group have been ranked based on the colour score.
Values are the mean ± SD. Values with same letters are not significantly different.
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among the raw samples (Table 3). The measurements were taken
on raw samples to be able to establish correlation between them
and sensory parameters of cooked samples. L* values in landraces
ranged from 41.3 to 62.1 and a similar range of values was
observed for the hybrids (41.3–63.7). Similarly, b* ranged between
27.3 and 33.0 in the landraces, and most hybrids showed similar
results with few exceptions (NARITA 8 and NARITA 23 had scores
< 25.5). Hunter values therefore could not distinguish clearly
between landraces and improved hybrids.
The results of the Pearson's correlation analysis (Table 4)

showed that sensory firmness, moistness, smoothness, hardness,
mouldability and stickiness were correlated with instrumentally
assessed hardness and cohesiveness. Firmness in the mouth
(r = 0.50) and hardness by touch (r = 0.51) were moderately cor-
related with instrumental hardness. These results further showed
that sensory textural properties were negatively correlated with
biochemical properties. There was a weak and negative correla-
tion between firmness in the mouth and amylopectin (r =
−0.54), total starch (r = −0.49) and with amylose content (r =
−0.33). Likewise, hardness by touch was also negatively corre-
lated with biochemical properties; amylopectin (r = −0.46), total
starch (r = −0.41) and amylose (r = −0.35).

Biochemical components
The total starch and amylose contents, measured in the 23 geno-
types, are presented in Table 5. The genotypes have significantly
different total starch and amylose contents. Amylose content
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Table 5. Total starch and amylose content in fruits from selected
EAHCB genotypes

Genotypes Amylose (g kg−1) Total starch (g kg−1)

Nakinyika 138.0 jk 869.0 a
Nandigobe 138.6 jk 682.5 c
Nfuuka 156.2 hij 568.0 f
Nakitembe 177.0 gh 752.0 b
Musakala 220.0 cde 613.0 e
Mbwazirume 226.0 cd 499.0 g
Kibuzi 226.0 cd 765.0 b
Kisansa 238.0 bcd 568.0 f
Enzirabahima 248.0 c 778.5 b
Mpologoma 323.5 a 692.0 c
NARITA 2 126.0 k 673.0 c
NARITA 18 126.0 k 678.0 c
NARITA 17 144.0 ijk 657.0 cd
NARITA 23 145.0 ijk 769.0 b
NARITA 4 169.0 ghi 757.0 b
NARITA 21 188.0 fg 659.0 cd
NARITA 19 195.5 efg 881.5 a
NARITA 12 212.0 def 776.0 b
NARITA 14 226.0 cd 746.0 b
NARITA 11 229.0 bcd 675.0 c
NARITA 8 238.5 bcd 792.0 b
NARITA 15 239.0 bcd 749.0 b
NARITA 6 257.5 b 773.0 b
Pr > F (model) < 0.0001 0.027

Top: 10 landraces. Bottom: 13 improved hybrids. Genotypes within
each group have been ranked based on the amylose content. Values
with the same letters in the same colomn are not significantly different.
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among landraces ranged from 138.0 to 323.5 g kg−1, whereas, for
the hybrids, the range was 126.0–257.5 g kg−1. Although the
ranges overlapped considerably, the average for landraces
(209.13 g kg−1) was higher than that for hybrids (191.96 g kg−1).
Similarly, the range for total starch content was 499.0–869.0 (aver-
age 678.70 g kg−1) for landraces and 657.0–881.5 for the hybrids
(average 737.40 g kg−1). Generally, the landrace matooke geno-
types known for user-preferred soft texture26 have the lowest
amylose content, with exception of NARITA 2, and NARITA
18, which had very low levels on amylose content (Table 2). Of
these, NARITA 2 showed a fair preference, whereas NARITA
18 had limited acceptance (Table 2).
The hypothesized biochemical contributors to color were carot-

enoids, tannins and polyphenols. Although results showed signif-
icant differences among 23 genotypes, there was no clear
contrast between landraces and hybrids (Table 6). The landrace
genotypes ranged between 0.03 and 0.05 g kg−1. The averages
for polyphenols were 0.041 g kg−1 (range 0.030–0.051) and
0.040 g kg−1 (range 0.033–0.057) for landraces and hybrids,
respectively. Hybrid NARITA 6 was an outlier with a total polyphe-
nol content of 0.057 g kg−1. The average carotenoids content was
the same for landraces and hybrids (0.006 g kg−1) and the ranges
of values for each group were very similar. NARITA 12, one of the
hybrids that was not liked by users (Table 2), had the highest
carotenoid content (0.0093 g kg−1). Mbazirume and Nakitembe,
the most liked landrace cultivars, had carotenoid contents of

0.006 g kg−1 and 0.0051 g kg−1, respectively. On the other hand,
the tannins average for hybrids was 0.104 g kg−1 (range 0.049–
0.187), which is slightly higher than the average of 0.094 g kg−1

(range 0.026 to 0.171) observed in landraces (Table 6).

Relationships among instrumental, biochemical and
sensory indicators
The PCA of instrumental, biochemical and sensory indicators for
texture explained 79.1% of total variation (Fig. 1). Principal com-
ponent (PC1) explained 43.6%, whereas PC2 explained 35.6% of
the PCA. Twenty three genotypes were used for this assessment.
There were negative correlations between the biochemical indi-

cators of texture (total starch and amylopectin) and instrumental
hardness (texture). Amylose and amylopectin were not correlated
with cohesiveness and adhesivenes, whereas moderate positive
correlations were observed between instrumental hardness and
sensory textural properties (firmness by mouth and hardness by
touch (Fig. 1). Smoothness by mouth, moldability by touch, moist-
ness in the mouth and stickiness by touch were explained by PC2,
whereas cohesiveness, adhesiveness, firmness by mouth and
hardness by touch were explained by PC1.
Landraces correlated highly with sensory textural attributes of

smoothness in the mouth, moldability by touch, moistness in
the mouth and stickiness by touch, as shown in first quadrant
(Fig. 1). The hybrids NARITA2, NARITA6 and NARITA15 were corre-
lated with instrumental hardness, total starch and amylopectin.
The hybrids correlated with total starch and amylopectin are N4,
N14, N17, N18, N19, N23 and NFK (Fig. 1).
The PCA explained 60.6% of variability of the relationships

between instrumental, sensory and biochemical indicators of
color (Fig. 2). PC1 showed 38.9% of variability and was explained
by chroma parameter b*, which depicts instrumental yellowness,
yellow color and homogeneity of the color (sensory color attri-
butes), together with total polyphenol content. Total carotenoids
were moderately correlated with the chroma attribute b*. There
were no correlations between total carotenoids and the yellow
color of the cooked matooke. However, the total polyphenols
showed negative correlations with the yellowness in matooke.
Instrumental color parameter L* is not related to sensory
color (Fig. 2).

DISCUSSION
Matooke users (farmers, traders, and consumers) prefer geno-
types with big compact bunches, and with big, long and straight
or slightly curved fingers. However, Marimo et al.27 and Forysthe
et al.28 showed that very long or very big fingers are difficult to
handle when peeling and straight fingers are difficult to pack in
boxes for export markets. These characteristics are the first visual
impressions that influence users' choice of EAHCB genotypes,
similarly reported by Tumuhimbise et al.26 and Madalla.29 In addi-
tion, the genotypes should have a soft texture and yellow color
when cooked. To be able to select improved hybrids that combine
the above-mentioned characteristics, banana breeders generate
thousands of new genotypes. The genotypes are then grown in
different environments and across seasons for evaluation to select
those that users would appreciate. Thus, the breeder gets feed-
back only at the end of the evaluation process and often with
most of the hybrids having been rejected by the users, making
breeding lengthy and costly.
In the present study, building on the work by Akankwasa et al.4

andMarimo et al.,18 we have suggested an approach that involves

Table 6. Hypothesized biochemical indicators for yellow matooke
(raw) color from selected EAHCB genotypes

Genotypes
Phenolics
(g kg−1)

Tannins
(g kg−1)

Carotenoids
(g kg−1)

Enzirabahima 0.030 i 0.059 ghijk 0.009 b
Mpologoma 0.036 efgh 0.137 abcde 0.006 gh
Nandigobe 0.036 efgh 0.036 k 0.004 k
Musakala 0.038 ef 0.157 abc 0.004 k
Nakinyika 0.039 ef 0.125 bcdef 0.008 c
Nakitembe 0.042 d 0.171 ab 0.005 j
Mbwazirume 0.046 c 0.106 cdefgh 0.006 g
Nfuuka 0.046 c 0.026 k 0.009 b
Kibuzi 0.047 c 0.0575 ijk 0.004 l
Kisansa 0.051 b 0.068 ghijk 0.007 e
NARITA 14 0.033 h 0.049 jk 0.008 b
NARITA 18 0.034 h 0.146 abcd 0.006 hi
NARITA 8 0.035 fgh 0.093 efghij 0.007 e
NARITA 2 0.035 gh 0.066 ghijk 0.006 f
NARITA 4 0.035 gh 0.127 bcdef 0.007 e
NARITA 15 0.036 efgh 0.089 efghij 0.007 d
NARITA 17 0.036 efgh 0.136 abcde 0.006 f
NARITA 12 0.037 efg 0.148 abcd 0.009 a
NARITA 21 0.038 ef 0.132 bcde 0.005 k
NARITA 11 0.046 c 0.078 fghijk 0.005 k
NARITA 19 0.046 c 0.187 a 0.003 m
NARITA 23 0.057 a 0.05 1ijk 0.006 i
NARITA 6 0.057 a 0.109 cdefg 0.008 cd

Top: 10 landraces. Bottom: 13 hybrids. Genotypes within each group
were ordered by the phenolics contents.
Values with same letters in the same column are not significantly dif-
ferent (P > 0.05).
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identification, characterization and quantification of the indica-
tors of the preferred characteristics, paving the way to the devel-
opment of precise and faster screening tools.
Marimo et al.27 and Nowakunda et al.14 reported drudgery impli-

cations for women who harvest, lift and peel the bananas before
cooking. Genotypes with big bunches and long fingers were
desirable according to these earlier reports., In the present study,
the bunch and finger characteristics were actually quantified into
metric units (kg and cm) to better define bunch and finger sizes
and characteristics. Breeders should select compact bunches that
weigh 15–34 kg with straight or slightly curved fingers that are
12–23 cm in length (Table 1).
The descriptive sensory analysis panel showed that the landrace

genotypes had the most intense yellow color, softer texture and a
low intensity of astringency taste. Nowakunda et al.30 and Nowa-
kunda et al.31 reported that matooke genotypes with high tannin
content are often rejected by consumers. A preference taste
showed that the landrace genotypes Mbwazirume, Nakitembe,
Musakala, Mpologoma and Kibuzi were the most preferred
(Table 2). In the studies by Marimo et al.18 and Akankwasa et al.,4

matooke users ranked the same genotypes among the most pre-
ferred cultivars. Hybrids NARITA 4 and NARITA 17 were scored
closer to the most liked geneyopes, suggesting that they have a
potential for adoption.

PCA analysis revealed that hardness, measured by penetration
using a texturometer on cooked matooke, is predictive of sensory
indicators such as firmness, smoothness in themouth, moldability
in the hand and moistness in the mouth (Fig. 1). This points to
the possibility of predicting, in the laboratory, consumer reaction
to this textural characteristic in genotypes during improved
hybrid development, as well as selecting genotypes with user-
acceptable level of hardness (between 2.0 and 5.0 N). Studies by
Nowakunda et al.30 and Marimo et al.32 show that ‘less hard’ or
soft-cooked pulp is desirable by matooke consumers as validated
by Fig. 1. Selection of improved hybrids based on texture
was reported by Conner33 in grapes and by Giongo et al.34 in
blueberries.
For biochemical indicators of textural properties, amylose was

the most important (Table 4) Amylose is the less branched
and well-packed component of starch, responsible for hard
textural properties of starchy foods.35 Most acceptable genotypes
have amylose contents ranging between 130 and 325 g kg−1).
A PCA of color parameters measured with a color meter (instru-
mental) on raw matooke samples and the sensorial assessed
color on cooked samples showed that they were positively corre-
lated (Fig. 2).
It is expected that matooke genotypes with high carotenoid

content would develop an intense yellow color when cooked
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Figure 1. Biplot showing the relationship of genotypes with biochemical, instrumental and sensory parameters measured in selected EAHCB
genotypes. N, NARITA; NFK, Nfuka; KBZ, Kibuzi; NYK, Nakinyika; MPO, Mpologoma; ENZ, Enzirabahima; KIS, Kisansa; KAB, Kabucuragye; MBZ, Mbwazirume;
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and therefore be appreciated by consumers. However, the pre-
sent study showed that this was not the case. This could be a
result of the presence of other components, especially polyphe-
nols which cause oxidation, masking the yellow color. Research
conducted by Taranto et al.36 demonstrated that polyphenols
were correlated with oxidative reactions that cause discoloration
in fruits, including bananas, whereas Nowakunda et al.30 and
Nowakunda et al.31 reported that condensed tannins were corre-
lated with poor color and astringency taste in cooked matooke
improved hybrids, leading to their rejection.
End-user acceptable EACHB genotypes could be selected at

early evaluation stages using instrumental color indicator
(i.e. the b* coordinate), textural hardness, in addition to the bunch
and finger characteristics (Table 1). Either color, textural or
bunch characteristics can individually result in rejection of EACHB.
Hybrids can have the preferred yellow color but lack the soft tex-
ture. Such hybrids should be discarded in the breeding pipeline.
It is therefore important to use all the three indicators simulta-
neously during selection. These are easy to select for, but it is
imperative that thresholds below which users reject the hybrids
be determined. Alhough it would considerably less expensive
and faster to predict the quality indicators on raw samples, the
present study also showed that some of the quality characteris-
tics such as color are difficult to predict from raw samples as a
result of other compounding reactions during preparation and
cooking.

Breeders of the EACHB can select user-preferred hybrids by
measuring hardness of raw fruit pulp using a texturometer and
color using a chromameter. In the laboratory, the instrumental
measurements for color and hardness can be complementedwith
biochemical components amylose/amylopectin and polyphenol
content using iodometric and Folin–Ciocalteu methods, respec-
tively, once the thresholds are known. Also, the desired traits
can be tagged to correlated genes and molecular markers for
the user-preferred characteristics developed for breeding pro-
grams. It is acknowledged that the correlations between instru-
mental hardness and firmness in mouth, cohesiveness and
firmness in the mouth, and adhesiveness and firmness in the
mouth were moderate (r = 0.55–0.64) and that the results need
further validation. This method could be a handy tool in the selec-
tion of improved hybrids with characteristics that fit into the
socio-economic conditions of the target user.

ACKNOWLEDGMENTS
This work was supported by the RTBFoods project, https://
rtbfoods.cirad.fr, through a grant OPP1178942: Breeding RTB
products for end-user preference (RTBFoods), the French Agricul-
tural Research Centre for International Development (CIRAD),
Montpellier, France, by the Bill and Melinda Gates Foundation.
We thank Hernan Ceballos and Clair Hershey for reviewing the
manuscript. We are grateful to all the farmers, traders, processors,

Homogeneity of the 
color

Yellow

Total Polyphenols

Total carotenoids

L* (raw)
b* (raw)

-1

-0.75

-0.5

-0.25

0

0.25

0.5

0.75

1

-1 -0.75 -0.5 -0.25 0 0.25 0.5 0.75 1

F2
 (2

1.
79

 %
)

F1 (38.85 %)

Variables (axes F1 and F2: 60.64 %)

Ac�ve variables

Figure 2. Principal component analysis of instrumental and biochemical indicators of sensory color and its uniformity of selected EAHCB genotypes.

www.soci.org K Nowakunda et al.

wileyonlinelibrary.com/jsfa © 2023 The Authors.
Journal of The Science of Food and Agriculture published by John Wiley & Sons Ltd on behalf of Society of Chemical Industry.

J Sci Food Agric 2023

8

 10970010, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/jsfa.13070 by C

IR
A

D
 - D

G
D

R
S - D

IST
, W

iley O
nline L

ibrary on [20/11/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://rtbfoods.cirad.fr
https://rtbfoods.cirad.fr
http://wileyonlinelibrary.com/jsfa


laboratory staff at the National Agricultural Research Laboratories,
Kawanda and consumers of matooke for sparing time to partici-
pate in the research.

AUTHOR CONTRIBUTIONS
KN, BU and EN were responsible for conceptualization. KA, EK, CB
and ABwere responsible for data curation. EK, KN, KA andHCwere
responsible for formal analysis. DD was responsible for funding
acquisition. KN, EK, KA and MA were responsible for investiga-
tions. LF, KA, PM, CB and HC were responsible for methodology.
KN and DD were responsible for project administration. KN and
DD were responsible for resources. KN and DD were responsible
for supervision. KN was responsible for writing the original draft.
KN, EN, BU and WT were responsible for reviewing and editing.

DATA AVAILABILITY STATEMENT
Data openly available in a public repository that issues datasets
with DOIs.

REFERENCES
1 Karamura D, Karamura E, Nsabimana A and Ssali R, The current classifi-

cation and naming of the east African Higland bananas (Musa AAA)
based on morphological characteristics. Acta Hortic:1114 (2012).
https://doi.org/10.13140/RG.2.1.4359.3760.

2 Dotto J, Matemu AO and Ndakidemi P, Potential of cooking bananas in
addressing food security in East Africa. Int J Biosci 13:278–294 (2018).
https://doi.org/10.12692/ijb/13.4.278-2943.

3 Batte M, Swennen R, Uwimana B, Akech V, Brown A, Tumuhimbise R
et al., Crossbreeding east African Highland bananas: lessons learnt
relevant to the botany of the crop after 21 years of genetic enhance-
ment. Front Plant Sci 10:81 (2019). https://doi.org/10.3389/fpls.2019.
00081.

4 Akankwasa K, Marimo P, Tumuhimbise R, Asasira M, Khakasa E,
Mpirirwe I et al., The east African highland cooking bananas
“matooke” preferences of farmers and traders: implications for vari-
ety development. Int J Food Sci Technol 56:1124–1134 (2020).
https://doi.org/10.1111/ijfs.14813.

5 Robinson JC and Galan S, Bananas and Plantains, in Crop Production
Science in Horticulture. CABI, Wallingford (GRB) (2010).

6 Pillay M, Ogundiwin E, Nwakanma D and Ude G, Analysis of genetic
diversity and relationships in east African banana germplasm.
Theor Appl Genet 102:965–970 (2001). https://doi.org/10.1007/
s001220000500.

7 Barekye A, Tongoona P, Derera J and Tushemereirwe WK, Variation in
diploid (AA) and tetraploid (AAAA) banana populations for black
Sigatoka resistance and agronomic traits. Afr Crop Sci J 9:509–516
(2009).

8 NyineM and Pillay M, The effect of banana breeding on the diversity of
east African Highland banana (Musa, AAA). Acta Hortic 897:225–229
(2011). https://doi.org/10.17660/ActaHortic.2011.897.24.

9 Blomme G, Ocimati W, Amato S, Felde AZ, Kamira M, Bumba M et al.,
Banana pest risk assessment along banana trade axes running
from low to high altitude sites, in the eastern DR Congo and in
Burundi. Afr J Agric Res 16:1253–1269 (2020). https://doi.org/10.
5897/ajar2020.15023.

10 Swennen R, Blomme G, Van Asten P, Lepoint P, Karamura E and
Njukwe E, Mitigating the impact of biotic constraints to build resil-
ient banana systems in Central and Eastern Africa, in Agro-Ecological
Intensification of Agricultural Systems in the African Highlands, ed. by
Vanlauwe B, van Asten P and Blomme G. Routledge, New York, NY,
pp. 85–104 (2013). https://cgspace.cgiar.org/handle/10568/82863.

11 Tushemereirwe WK, Batte M, Nyine M, Tumuhimbise R, Barekye A,
Tendo S. Performance of NARITA hybrids in the Preliminary Yield
Trial for Three Cycles in Uganda 2015. https://doi.org/10.4160/
23096586RTBWP20193

12 Nowakunda K, Khakasa E, Maraval I, Forestier-Chiron N and Bugaud C,
Standard Operating Protocol for Sensory Evaluation on Matooke.

Cirad, Agritrop. Open Respository of Cirad publications, Kampala,
Uganda (2019). https://doi.org/10.18167/agritrop/00593.

13 (NBRP) NBRP, Developing East African Highland Banana Hybrids with
Resistance to Black Sigatoka. National Agricultural Research Organi-
sation (NARO), Kampala, Uganda (2007).

14 Nowakunda K, Barekye A, Ssali RT, Namaganda J, Tushemereirwe WK,
Nabulya G et al., ‘Kiwangaazi’ (syn ‘KABANA 6H’) black Sigatoka nem-
atode and banana weevil tolerant ‘matooke’ hybrid banana released
in Uganda.HortScience 50:621–623 (2015). https://doi.org/10.21273/
HORTSCI.50.4.621.

15 Xiao H, Bao Z and Zhao H, High throughput screening and selection
methods for directed enzyme evolution. Ind Eng Chem Res 54:
4011–4020 (2015). https://doi.org/10.1021/ie503060a.

16 Alamu EO, Nuwamanya E, Cornet D, Meghar K, Adesokan M, Tran T
et al., Near-infrared spectroscopy applications for high-throughput
phenotyping for cassava and yam: a review. Int J Food Sci Technol
56:1491–1501 (2021). https://doi.org/10.1111/ijfs.14773.

17 Khakasa E, Muyanja C, Mugabi R, Bugaud C, Forestier-Chiron N,
Uwimana B et al., Sensory characterization of the perceived quality
of East African Highland cooking bananas (matooke). J Sci Food Agric
(2023). https://doi.org/10.1002/jsfa.12606.

18 Marimo P, Karamura D, Tumuhimbise R, Shimwela MM, Bergh IVD,
Batte M et al., Post-Harvest Use of Banana in Uganda and
Tanzania: Product Characteristics and Cultivar Preferences of Male
and Female Farmers. CGSpace, CGIAR, Lima, PERU (2019). https://
doi.org/10.4160/23096586RTBWP20193.

19 Dadzie BK and Orchard J, Routine Post Harvest Screening of
Banana/Plantain Hybrids: Criteria and Methods. INIBAP Technical
Guidelines 2. Technical Guidelines, International Plant Genetic
Resources Institute, CGSpace, CGIAR, Montpellier, p.75 (1997).

20 Wichchukita S and O'Mahony M, The 9-point hedonic scale and
hedonic ranking in food science: some reappraisals and alternatives.
J Sci Food Agric 95:2167–2178 (2015). https://doi.org/10.1002/jsfa.
6993.

21 Tushemereirwe WK, Kashaija IN, Tinzaara W, Nankinga C, New S.
Banana Production Manual: A successful guide to banana
production in Uganda, 2001. https://pdf.usaid.gov/pdf_docs/
PNADJ25.pdf

22 Barrett DM, Beaulieu JC and Shewfelt R, Color, flavor, texture, and nutri-
tional quality of fresh-cut fruits and vegetables: desirable levels,
instrumental and sensory measurement, and the effects of proces-
sing. Crit Rev Food Sci Nutr 50:369–389 (2010). https://doi.org/10.
1080/10408391003626322.

23 Blazek J and Copeland L, Pasting and swelling properties of wheat
flour and starch in relation to amylose content. Carbohydr Polym
71:380–387 (2008). https://doi.org/10.1016/j.carbpol.2007.06.010.

24 Englberger L, Wills RBH, Blades B, Dufficy L, Daniells JW and Coyne T,
Carotenoid content and flesh color of selected banana cultivars
growing growing in Astralia. Food Nutr Bull 27:281–291 (2006).
https://doi.org/10.1177/156482650602700401.

25 Bashmil YM, Ali A, Amrit BK, Dunshea FR and Suleria HAR, Screening
and characterization of phenolic compounds from Australian grown
bananas and their antioxidant capacity. Antioxidants 10:2076–3921
(2021). https://doi.org/10.3390/antiox10101521.

26 Marimo P, Caron C, Inge V, Rhiannon C, Weltzien E, Ortiz R et al., Gender
and trait preferences for banana cultivation and use in sub-Saharan
Africa: a literature Review1. Econ Bot 74:226–241 (2020). https://doi.
org/10.1007/s12231-020-09496-y.

27 Forsythe L, Fliedel G, Tufan H and Kleigh U, RTBfoods Step 2: Gendered
Food Mapping. Cirad: Agritrop. Open Repository of Cirad publications,
Montpellier, France (2020). https://doi.org/10.18167/agritrop/00569.

28 Tumuhimbise R, Barekye A, Talengera D, Akankwasa K, Nowakunda K,
Asasira M et al., Assessing new banana genotypes for relevant traits:
implication for variety selection. Agric Sci 11:1017–1032 (2020).
https://doi.org/10.4236/as.2020.1111066.

29 Madalla N, Farmer's Traits Preferences for Improved Banana Cultivars in
Tanzania and Uganda. Faculty of Landscape Architecture, Horticul-
ture and Crop Production Science, Swedish University of Agriculture
and Science, Uppsala, Sweden, pp. 51 (2021).

30 Nowakunda K, Rubaihayo PR, Ameny MA and Tushemereirwe WK,
Consumer acceptability of introduced bananas in Uganda. Infomusa
9:22–25 (2000) Corpus ID: 190009474.

31 Nowakunda K and Tushemereirwe WK, Farmer acceptance of intro-
duced banana genotypes in Uganda. Afr Crop Sci J 12:1–6 (2004).
https://doi.org/10.4314/acsj.v12i1.27656.

Quality traits of matooke bananas for efficient hybrid selection www.soci.org

J Sci Food Agric 2023 © 2023 The Authors.
Journal of The Science of Food and Agriculture published by John Wiley & Sons Ltd on behalf of Society of Chemical Industry.

wileyonlinelibrary.com/jsfa

9
 10970010, 0, D

ow
nloaded from

 https://onlinelibrary.w
iley.com

/doi/10.1002/jsfa.13070 by C
IR

A
D

 - D
G

D
R

S - D
IST

, W
iley O

nline L
ibrary on [20/11/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.13140/RG.2.1.4359.3760
https://doi.org/10.12692/ijb/13.4.278-2943
https://doi.org/10.3389/fpls.2019.00081
https://doi.org/10.3389/fpls.2019.00081
https://doi.org/10.1111/ijfs.14813
https://doi.org/10.1007/s001220000500
https://doi.org/10.1007/s001220000500
https://doi.org/10.17660/ActaHortic.2011.897.24
https://doi.org/10.5897/ajar2020.15023
https://doi.org/10.5897/ajar2020.15023
https://cgspace.cgiar.org/handle/10568/82863
https://doi.org/10.4160/23096586RTBWP20193
https://doi.org/10.4160/23096586RTBWP20193
https://doi.org/10.18167/agritrop/00593
https://doi.org/10.21273/HORTSCI.50.4.621
https://doi.org/10.21273/HORTSCI.50.4.621
https://doi.org/10.1021/ie503060a
https://doi.org/10.1111/ijfs.14773
https://doi.org/10.1002/jsfa.12606
https://doi.org/10.4160/23096586RTBWP20193
https://doi.org/10.4160/23096586RTBWP20193
https://doi.org/10.1002/jsfa.6993
https://doi.org/10.1002/jsfa.6993
https://pdf.usaid.gov/pdf_docs/PNADJ25.pdf
https://pdf.usaid.gov/pdf_docs/PNADJ25.pdf
https://doi.org/10.1080/10408391003626322
https://doi.org/10.1080/10408391003626322
https://doi.org/10.1016/j.carbpol.2007.06.010
https://doi.org/10.1177/156482650602700401
https://doi.org/10.3390/antiox10101521
https://doi.org/10.1007/s12231-020-09496-y
https://doi.org/10.1007/s12231-020-09496-y
https://doi.org/10.18167/agritrop/00569
https://doi.org/10.4236/as.2020.1111066
https://doi.org/10.4314/acsj.v12i1.27656
http://wileyonlinelibrary.com/jsfa


32 Marimo P, Akankwasa K, Mpirirwe I and Ndagire L, Gendered food
mapping on matooke in Uganda, in Understanding the Drivers of
Trait Preferences and the Development of Multi-User RTB Product Pro-
files, WP1. RTBFoods Project Scientific Field Report, Kampala,
Uganda (2021).

33 Conner PJ, Instrumental testural analysis of muscadine grape germ-
plasm. Am Soc Hortic Sci 48:1130–1134 (2013). https://doi.org/10.
21273/HORTSCI13296-18.

34 Giongo L, Poncetta P, Loretti P and Costa F, Texture profiling of blue-
berries (vaccinium spp.) during fruit development, ripening and

storage. Postharvest Biol Technol 1:34–39 (2013). https://doi.org/10.
1016/j.postharvbio.2012.09.004.

35 Yaeel ICR, Oliviert MC, Carmen LDTS, Francisco JWC, Jesús BF and
Francisco JCM, The structural characteristics of starches and their
functional properties. CyTA-J Food 16:1003–1017 (2018). https://
doi.org/10.1080/19476337.2018.1518343.

36 Taranto F, Pasqualone A, Mangini G, Tripodi P, Miazzi MM, Pavan S et al.,
Polyphenol oxidases in crops: biochemical, physiological and genetic
aspects. Int J Mol Sci 18:377 (2017). https://doi.org/10.3390/
ijms18020377.

www.soci.org K Nowakunda et al.

wileyonlinelibrary.com/jsfa © 2023 The Authors.
Journal of The Science of Food and Agriculture published by John Wiley & Sons Ltd on behalf of Society of Chemical Industry.

J Sci Food Agric 2023

10

 10970010, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/jsfa.13070 by C

IR
A

D
 - D

G
D

R
S - D

IST
, W

iley O
nline L

ibrary on [20/11/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.21273/HORTSCI13296-18
https://doi.org/10.21273/HORTSCI13296-18
https://doi.org/10.1016/j.postharvbio.2012.09.004
https://doi.org/10.1016/j.postharvbio.2012.09.004
https://doi.org/10.1080/19476337.2018.1518343
https://doi.org/10.1080/19476337.2018.1518343
https://doi.org/10.3390/ijms18020377
https://doi.org/10.3390/ijms18020377
http://wileyonlinelibrary.com/jsfa

	East African highland cooking banana: towards an efficient selection of hybrids with user-preferred food quality traits
	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS
	Bunch and fruit characteristics
	Descriptive sensory analysis of textural, colour and astringency taste
	Fruit pulp texture
	Fruit pulp colour
	Biochemical components
	Relationships among instrumental, biochemical and sensory indicators

	DISCUSSION
	ACKNOWLEDGMENTS
	AUTHOR CONTRIBUTIONS
	DATA AVAILABILITY STATEMENT

	REFERENCES


