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Abstract

Background: Bananas (Musa species) are an important staple food and cash crop in many
parts of the world. The East African Highland cooking bananas form the backbone of
food security for millions of Ugandans. The demand for high quality cooking bananas is
thus closely linked to their sensory characteristics (which drive consumer preference)
and physicochemical properties, which, on the other hand, influence their nutritional and
culinary values. We explored the relationship between nutritional composition, sensory
characteristics, and physicochemical properties of 23 cooking banana cultivars from
Uganda. These included officially released hybrids (n = 2), hybrids under evaluation
(h = 12), female parent cultivars used in breeding (n = 3), and popular local East African
Highland bananas (n = 6).

Results: Local cultivars (Mpologoma, Mbwazirume, and Muvubo) had significantly higher
moisture, crude fat, ash, protein, and amylose contents compared to the hybrids
(p < 0.05). Hybrid cultivars (N2, N6, and M33) had the highest dry matter contents, while
the other hybrid cultivars had higher phenolic contents. Sensory evaluation identified
key desirable characteristics of cooked bananas to be color, texture, aroma, taste, and
astringency. Some hybrid cultivars (N21, N15, N11, N8, 179145-24, N2, and Né) had
lower sensory scores compared to others (M32, N17, M9, M33, and N24) and the local
cultivars. Principal component analysis and Pearson correlation revealed positive rela-
tionships between physicochemical properties (titratable acidity, pH, phenols, tannins,
starch, amylose, moisture, and minerals composition) and desirable sensory characteris-
tics (yellow homogeneous color, sweet and matooke tastes, and low astringency).
Conclusion: Breeders could select for the attributes with positive relationships to
enhance the adoption and consumption of the hybrid cooking bananas. However, further
work is needed to establish the acceptability thresholds of the attributes.
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INTRODUCTION

Bananas are elongated edible berries that are informally considered to
be fruits. They are produced by large tree-like vegetatively propa-
gated herbaceous flowering plants in the Musa taxon.! Archaeological
evidence indicates that bananas were first domesticated by farmers in
Southeast Asia around 7000 years ago, and later spread to other parts
of the world through migration and travel.>® To date, bananas remain
an important staple food and cash crop in many parts of the develop-
ing world.*® In Uganda, the East African Highland cooking bananas
(called matooke in the Luganda dialect) form the backbone of national
food security. They are used as cultural artifacts, a source of income
and employment, and are consumed as a primary carbohydrate
source.”® The demand for high quality cooking bananas (COB) is thus
closely linked to their sensory characteristics, which drive consumer
preference, and physicochemical properties, which influence their
nutritional and culinary values.’ For example, cooked matooke is dis-
tinguished by its unique insipid taste, aroma, soft texture, and golden-
yellow color, collectively referred to as “tookeness.”®1°

In recent years, there has been increasing interest in banana breed-
ing programs aimed at improving the agronomic performances, pests,
diseases and drought resistance, and food quality of banana
cultivars.*>*%-* |n Uganda, hybrid banana cultivars known as NARITAs
have been developed to enhance resistance to pests and diseases while
maintaining or improving the sensory and nutritional qualities expected
by consumers.>¢ However, the adoption of these hybrid varieties has
been suboptimal due to the perception that their sensory attributes are
inferior to those of local cultivars.!” Therefore, understanding the rela-
tionship between the sensory characteristics and physicochemical
properties of these hybrid and local COB is central to the success of
breeding programs and meeting consumer preferences.1%18-20

The physicochemical properties of COB (such as moisture con-
tent, dry matter, starch composition, and phenolic compounds) are
key determinants of their nutritional value and culinary performance.
These could directly influence the sensory attributes of COB (for
example, texture, taste, aroma, and appearance), which drive con-
sumer acceptance.2*2° Sensory evaluation using trained panelists pro-
vide valuable insights into consumer preferences and enable breeders
to identify the most desirable traits for future cultivar develop-
ment.*31%21 Furthermore, correlating sensory characteristics with
physicochemical properties allow breeders to decisively select hybrids
that meet both agronomic and sensory quality standards.

710141921 ysed qualitative mixed

Previous studies in our group
and quantitative research methods to identify the preferred character-
istics of COB by consumers. The present study focused on 23 COB cul-
tivars to investigate the relationship between nutritional attributes,

1.1% recently

physicochemical and sensory properties. Nowakunda et a
evaluated local and released hybrid COB. In contrast, the present study
assessed 12 hybrids under evaluation alongside local and released culti-
vars with established characteristics. The focus was on genotypes still
under selection at the time, and thus this study provides breeders with
data on the physicochemical and sensory attributes that may influence

adoption potential of the 12 improved hybrids.

MATERIALS AND METHODS
Banana samples

The hybrids and local cultivars were chosen based on our previous
breeding programs, agronomic performance, and their role as female
parents in hybrid development targeting improved yields and disease
resistance. Three mature green bunches per cultivar of COB were har-
vested from Kawanda and Sendusu trial stations in Uganda. A total of

23 cultivars were evaluated and these included:

a. Two officially released hybrids (M30 and M9), which were selected
due to their higher acceptability,1%1422-23

b. Twelve hybrids of COB under evaluation, that is, NARITAs (N17,
N24, N2, N6, N8, N11, N14, N15, N21), NABIOs (M32 and M33),
and 17914S-24,

c. Three female parents used in breeding (Nakawere, Kabucuragye,
and Enzirabahima),

d. Six local COB cultivars as controls (Nakitembe, Kibuzi, Muvubo,

Nfuuka, Mbwazirume, and Mpologoma).

The bunches were labelled and transported to National Agricul-
tural Research Laboratories-Kawanda, Uganda, between 8:00 am and
10:00 am for analysis.

Morphometric traits

A total of nine fingers from each experimental block were sampled
for morphometric measurements according to the protocol of Dad-
zie and Orchard.?* Briefly, finger circumference and length were
measured using a tape measure. Pulp and peel weight were deter-
mined by hand peeling the fingers and then separately measuring
their weights using a digital analytical balance. The weights of the
pulp and peel were expressed as a ratio. Peel thickness was mea-
sured using a micro-caliper across the transversely cut banana
fruit.

Preparation of banana flour

Banana flours of the individual cultivars were prepared according
to the procedure of Belayneh et al.?®> The second hand of each
cultivar was used to prepare a composite sample of 15 fingers for
physicochemical analysis since fingers from the second hand have
the least variations. Five fingers per cultivar were peeled and their
pulp sliced with a stainless-steel knife, placed on sterile plastic
petri plates, and kept in a drier (JW-1350ED, KOREA) for 48 h at
40°C. The dry slices were ground in a mortar and sieved throug a
0.2 mm mesh sieve (Kenpoly Manufacturers Ltd., Nairobi, Kenya).
The fine powder was then kept in 15 mL plastic tubes at room
temperature for further analysis of proximate and chemical

composition.
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Physicochemical composition of the banana flours
Total soluble solids

The total soluble solids (TSS) were measured following the method
adopted from Ssemwanga et al.** The pulp sample (50 g) was thoroughly
crushed using a blender (Snijders Labs, Tilburg, The Netherlands) in 50 mL
of deionized water for 2 min. The blend was filtered through Whatman
No. 1 filter paper. A single drop of the filtrate at room temperature (24°C)
was placed on a prism of a calibrated handheld refractometer (Leica Buf-
falo, NY 14215 0-50 Brix, USA), and the reading was recorded.

Sample pH and titratable acidity

The pH of the filtrate from TSS sample preparation was determined
using a calibrated EcoTestr pH 2 meter (Oakton 35423-10; Oakton
Instruments, Vernon Hills, IL 60061, USA). Sample pH was measured
at 24°C by submerging the tip of the probe into the sample for 2 min
until a stable reading was registered on the pH meter LCD display.

Titratable acidity (TA) was determined by titrating 6 mL of the fil-
trate against 0.1 N sodium hydroxide solution to the phenolphthalein
end point. The percentage TA was calculated as malic acid equivalent
using the formula:

TA = (Titer volume x Normality of sodium hydroxide x 0.067 x 100)/

Sample volume.

From which 0.067 is the factor of malic acid, the dominant acid in

bananas.

Proximate analysis and chemical composition of
banana flours

The following proximate parameters were determined and expressed on a
dry weight basis using standard methods: dry matter content (AOAC,
2000; Method No. 44-15A), crude fat (AOAC, 2000; Method No. 920.39),
crude protein content (micro-Kjeldahl; AOAC, 2004), total ash (AOAC,
2000; Method No. 923.03).24?7 On the other hand, the chemical composi-
tions of the flours were determined as follows: starch content (AOAC,
2000; Method No. 996.11), amylose content by spectrophotometric
assay,?” crude fibre (AOAC, 2000; Method No. 962.09), colour values
(Minolta color meter; Minolta CR-10 72311054, Japan) using the L*a*b*

notation.** Total carbohydrate was calculated by difference,® as follows

Carbohydrate (%) = 100 — (protein + fat + ash + crude fiber).

Extraction of phytochemicals in banana flours

The dried sample (200 mg) was weighed out into a 15 mL falcon tube,
and 1.8 mL of 80% methanol was added. The tube was gently

sonicated in an ultrasonic water bath (Bandelin Sonorex, Berlin,
Germany; 35 kHz, 25+ 2°C) for 1 h to extract polyphenols. After
extraction, the tube was allowed to stand overnight, and the superna-

tant was pipetted and kept in dark in a refrigerator at 4°C.

Quantification of total tannins

Total tannins were determined using the Folin-Denis method.?’ To
the supernatant obtained above, 100 puL of Folin-Denis reagent
(Sigma-Aldrich, St. Louis, MO 63118, USA) was added, followed by
200 pL of a 7.5% sodium carbonate solution. It was thoroughly mixed
and diluted to a final volume of 2 mL with deionized water. The solu-
tion was mixed again, allowed to stand at room temperature for
30 min, and its absorbance was measured at 760 nm on a Jenway
7200 Visible 72 Series Diode Array Scanning Spectrophotometer
(Cole-Parmer, Vernon Hills, IL, USA).

For standard solution preparation, a stock solution of 0.5 mg/mL
tannic acid (Acros Organics Bvba, Geel, Belgium) was used. Standard
solutions were prepared by pipetting 10, 20, 30, 40, and 50 uL of the
stock solution into separate test tubes and diluting each to 1 mL with
deionized water. Subsequently, 500 uL of Folin-Denis reagent and
2.5 mL of 20% sodium carbonate solution were added to each test
tube, and the contents were mixed. After incubation at room temper-
ature for 30 min, the absorbance of each solution was measured at
760 nm. A standard calibration curve was generated from the absor-
bance values, and the total tannin content of the samples was calcu-

lated in mg tannic acid equivalent per 100 g (TA mg/100 g).

Determination of total phenolic content

The total phenolic content (TPC) was determined using the Folin-Ciocalteu
method.*°
900 pL of Folin-Ciocalteu reagent (Loba Chemie Pvt. Ltd., Mumbai, India).

The reagent was diluted 10 times with deionized water. After standing at

Briefly, 20 pL of the banana extract solution was mixed with

room temperature for 5 min, 600 L of a 7.5% (w/v) sodium carbonate
solution was added, and then thoroughly mixed. The solution was left to
stand for 1 h at room temperature.

The absorbance was measured at 765 nm on an ultraviolet-
visible (UV-Vis) spectrophotometer,®! and the TPC was extrapolated
from a standard curve generated using standard gallic acid solutions
(20, 40, 60, 80, and 100 mg/L). The standard stock solution was pre-
pared by dissolving 10 mg of gallic acid (Honeywell Research Chemi-
cals, Seelze, Germany) in 1 mL of deionized water. Results were
expressed on a dry weight basis as mg of gallic acid equivalents (GAE)

per 100 g of sample.

Determination of total flavonoid content

The total flavonoid content (TFC) was determined colorimetrically fol-

lowing the method of Zhishen et al.>? A pipetted 250 L aliquot of
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banana extract was transferred into a test tube and mixed with 1 mL
of deionized water. Next, 75 uL of 5% (w/v) sodium nitrite was added,
and after 5 min, 75 pL of 10% (w/v) aluminium chloride solution was
introduced. After 1 min, 500 uL of 1 M sodium hydroxide solution
was added, and the final volume was adjusted to 2.5 mL with deio-
nized water. The solution was mixed thoroughly, and its absorbance
was measured at 510 nm on a UV-vis spectrophotometer. A calibra-
tion curve was prepared using catechin (Sigma-Aldrich, Tokyo, Japan)
at concentrations of 20, 40, 60, 80, and 100 mg/L. The TFC was

expressed in mg catechin equivalents (CE) per 100 g of dry sample.

Mineral analysis

Mineral content was analyzed using the closed-tube digestion method
followed by microwave plasma-atomic emission spectrometry.®®3#
For each cultivar, 250 mg of the dried sample was digested with 2 mL
of 69% nitric acid and 500 uL of 30% hydrogen peroxide in a 15 mL
HDPE tube. It was digested overnight, heated in a digestion block at
80°C for 30 min and then 125°C for 2 h. The digest was diluted to
25 mL with deionized water, agitated, and decanted for analysis using
a microwave plasma-atomic emission spectrometer (4100 MP-AES;
Agilent Technologies, Mulgrave, Australia). The instrument was con-
figured with appropriate hollow cathode lamps for the target minerals
and operated under standardized conditions: 1 kW power, plasma
argon flow at 20 L/min, auxiliary argon flow at 1.5 L/min, nebulizer
argon flow at 0.55-1 L/min, sample flow rate at 0.9 mL/min, axial

optics, and an integration time of 3 s across 3 readings.

Texture and sensory analysis

Cooked bananas were prepared using the traditional steam-and-mash
method described by Gafuma et al.>®> and Nowakunda et al.%® with
slight modifications. Clusters from the same bunch used for physico-
chemical analysis were sampled for texture evaluation. For each culti-
var, 6 kg of green banana fingers was washed in potable water, peeled
to obtain about 3 kg of peeled bananas, which was wrapped in a layer
of fresh banana leaves. An aluminum saucepan was filled with 10 L of
portable water, and the wrapped bananas were placed on a porous
metallic tray inside the saucepan. The saucepan and its contents were
warmed on a gas stove for 15 min to ensure uniform distribution of
heat in the saucepan. Bananas were then cooked by steaming over
water heated to 100°C in a saucepan for 1 h.%¢ Steamed banana fin-
gers were mashed manually for 2 min and then simmered for an hour
before texture and sensory analysis. This was done at a very low fire
to keep them from cooling.®®

Hardness, cohesiveness (moldability), and adhesiveness (stickiness) of
the cooked bananas were determined using the texture profile analysis
method.%” At the end of the simmering, the mashed steamed bananas were
scooped from the banana leaves with a stainless-steel spoon and put into a
metallic dish of 7 cm diameter and 1.5 cm height. The dish was leveled

using a meter ruler. A hollow tube of diameter 4.5 cm and height 7.7 cm

was used to cut out a cylindrically shaped sample, which was placed on a
measuring table under a 6 cm cylindrical probe of the texture analyzer
(Mecmesin RH130SZ 18-1020-08, West Sussex, UK). The probe was
operated in the downward movement at a rate of 60 mm/min and allowed
to deform the sample 3 mm deep. The maximum force needed to cause
the deformation was recorded as the hardness of the sample. The sample
was rested for 10 s by upward movement of the probe to enable sample
recovery from deformation. The sample was then subjected to the second
compression, and the maximum negative and/or opposite force exerted on
the probe was recorded as its adhesiveness.

Sensory profiling was done using Quantitative Descriptive Analysis.>®
A pre-selection survey of sensory panelists was done to collect panelist bio-
data, identify their days of availability during the week, eating habits, health
status in regard to foods they are allergic to, and to get their consent to par-
ticipate in the sensory training and evaluation exercise. Eighteen panelists
were recruited and subjected to a 35-h training on basic tastes (sweet,
salty, sourness, astringency, and bitterness). They were trained on the iden-
tification of basic tastes and aromas, basic taste thresholds, ranking tests,
and triangle tests before they evaluated the cooked bananas. Panelists
were trained and assessed on the basis of functional taste buds using dilute
solutions of basic tastes: sourness (tartaric acid at 6 g/L), bitterness (quinine
at 0.06 g/L), salty (sodium chloride at 7.5 g/L), sweetness (sucrose at 6 g/
L), and astringency (aluminium potassium sulfate dodecahydrate at 5 g/L).

Panelists were evaluated for repeatability using XLSTAT (version
2019.3.2.62913) sensory analysis tool bar and only 13 panelists were
retained based on screening tests assessing sensory acuity, consis-
tency, and availability for all evaluation sessions. The selected panel-
ists were taken through a series of tests involving non-experimental
bananas to allow them to identify and learn the various descriptors of
banana quality characteristics and to generate a sensory vocabulary
from which sensory descriptors adopted on the scale were built.
Experimental samples were coded with four digits to eliminate name
bias and presented to the panelists in a random order. The samples
were served to individual panelists along with an evaluation form, a
pencil, and water for rinsing their mouths in between sample tasting.
Panelists were tasked to assess the different cooked banana samples
on the basis of eating qualities on an 11-point category scale with ver-
bal anchors as category labels.>? The scale ranged from O to 10, where
0 represented the complete absence of the quality characteristic,
while 10 represented its extreme intensity. Panelists assessed one
sample at a time. On a daily basis, a total of four cooked banana sam-
ples (inclusive of a control sample in each testing shift) were served in
a random sequence to reduce bias. The sensory characteristics evalu-
ated as generated by the panel included aroma, color, color unifor-
mity, taste (sweetness and astringency), mouth feel (softness and
smoothness), impression (mouth feel), texture by hand (stickiness

and lumpiness), and texture in the mouth (softness).?°

Statistical analysis

Results were presented as mean * standard error of three indepen-

dent determinations from biological replicates. One way analysis of
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Cultivar Finger length (cm) Finger circumference (cm) Peel thickness (mm) Pulp/peel ratio
N2 18.15 + 0.61N 12.60 + 0.128" 2.96 + 0.06°f 1.54 + 0.04%f
Né 13.40 = 0.09% 11.10 % 0.60' 3.30 £ 0.33% 1.37 + 0.03°f
N8 20.80 + 0.33<% 12.15 + 0.15" 2.25 + 0.09% 1.78 + 0,127
N11 20.85 + 0.42b<d 11.35 + 0.354 3.61+0.12°« 1.79 + 0.092><
N14 22.50 + 0.41° 12.00 + 0.24"k 3.53 £0.17° 1.69 + 0.043b<de
N15 18.90 + 0.10°e"eN 12.25 + 0.128" 293015 1.56 + 0.03°f
N17 21.00 + 0.33> 13.60 + 0.20% 2.83+0.18f 2.03 +0.22°
N21 17.70 + 1.808" 13.65 + 0.21% 3.33 £0.27¢ 1.84 + 0.00°P<
N24 18.40 + 0.621EN 11.75 + 0.12' 1.83 £ 0.09" 2.010.34%
M9 20.17 + 0.89Pcdef 14.00 + 0.38° 2.13 £ 0.018" 1.54 + 0.09<%f
M30 19.10 + 0.68°defeh 12.50 + 030" 2.13 + 0.008" 1.57 + 0.03%
M32 16.55 + 0.87" 12.95 + 0.12°% 3.77 £ 0.50" 1.54 + 0.19<%f
M33 15.55 + 0.52 12.60 + 0.12f€" 3.61 £0.21° 1.50 + 0.03%f
179145-24 17.00 % 0.47" 12.05 + 015"k 1.83 + 0.07" 1.74 + 0.243b<de
Muvubo 19.50 + 0.39°¢8 13.50 + 0.22% 442 + 015 1.38 £ 0.13°
Kibuzi 20.80 + 0.42°<d 14.65 + 0.15"¢ 3.73 £ 0.06" 1.87 + 0.04%¢
Nakitembe 21.30 + 0.88™ 14.90 + 0.25° 3.72 £ 0.14% 1.69 + 0,057
Mpologoma 27.25 + 0.46° 13.65 + 0.25% 3.89 +0.18° 1.64 + 0.03b<de
Nfuuka 19.20 + 0.76%4¢fN 14.15 + 0.05° 3.65 % 0.04° 1.46 + 0.04%f
Mbwazirume 13.25 + 0.05% 13.05 + 0.15° 2.14 £ 0.018" 1.54 + 0.01°%f
Kabucuragye 18.55 + 0.25°eh 12.10 + 0.10Mk 3.51 + 0.06™ 1.36 + 0.14°f
Enzirabahima 17.15 + 0.458" 13.05 + 0.25° 2.12 +0.018" 1.83 + 0,057
Nakawere 16.95 + 0.69" 11.60 + 0.08" 3.35 + 0.09¢ 1.18 + 0.07f

Note: Values are expressed as mean + standard error (n = 3 biological replicates). Means within a column with different superscript letters differ

significantly (p < 0.05).

variance (ANOVA) was performed to identify significant differences
among the nutritional, physicochemical, and sensory characteristics of
the cooked bananas. Pearson’s bivariate correlation analysis was used
to determine the sensory characteristics associated with the physico-
chemical properties of COB. Principal Component Analysis was fur-
ther performed to visually explore the most important sensory
characteristics and physicochemical properties of the different culti-
vars. Eigenvalues were used to establish clusters and explain the vari-
ability within each cluster. All statistical evaluations and data
visualization proceeded in XLSTAT (version 2019.3.2.62913) and Ori-
gin Pro 2026 for Windows (OriginLab Corporation, Northampton,
MA) at p < 0.05.

RESULTS AND DISCUSSION

Physical characteristics of the banana cultivars

Finger length ranged from 13.25 to 27.25 cm (Table 1). The morpho-
logical variations that were observed could be attributed to the size

differences among the cultivars. Specifically, hybrids (M9, N8, N11,
N14, and N17) produced significantly longer fingers than the local

cultivars apart from Mpologoma, Nakitembe, and Kibuzi (p < 0.05).
Based on encountered literature, Mpologoma and Nakitembe belong
to the Musakala and Nakitembe clone sets which are characterised by
fingers longer than 20 cm and 15-20 cm, respectively.*® Our results
indicate that the above hybrid cultivars might have a competitive
advantage in the market over the local cultivars because consumers
prefer COB with long fingers.10-2441

The measured finger circumferences were between 11.10 and
14.90 cm (Table 1). Hybrids N6, N11, and the local cultivar Nakawere
had the smallest finger circumferences. The finger circumferences of
local cultivars such as Nakitembe, Mpologoma, Nfuuka, Muvubo, and
Kibuzi were not significantly larger than some of the hybrid cultivars
such as M9, N17, and N21 (p > 0.05). Cultivars with larger finger cir-
cumferences and lengths are mostly desired by consumers due to
their high dry matter content, and thus higher yields of the edible por-
tion.2® This is usually dictated by banana growth conditions such as
soil fertility, climate, and fruit maturity.?*4*

Regarding the measured peel thickness, the values were between
1.83 and 4.42 mm (Table 1). Mpologoma, Kibuzi, Muvubo, and Naki-
tembe peels were not significantly thicker than the hybrids (N11,
N14, M32, and M33) (p < 0.05). Hybrids (17914S-24, M9, M30, N8,
and N24) had thin peels that were not significantly different from
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FIGURE 1 Mean total soluble solids of the banana cultivars. Means with no error bars had standard errors of 0.00. Bars with different
alphabetical letters are statistically different as per one way analysis of variance (ANOVA) results (p < 0.05). The line at 1.0 °Brix indicates the

threshold mentioned in the text.

Enzirabahima and Mbwazirume (p > 0.05). Banana fingers with thin-
ner skins are easier to remove, making them more appealing to food
preparers.10'24'25'4o

The pulp to peel ratio was in the range of 1.18 to 2.03. Individu-
ally, hybrids (17914S-24, N2, N8, N17, and N24) and landraces
(Enzirabahima and Kibuzi) had higher pulp to peel ratios, which were
significantly different from the landraces (Nakawere, Kabucuragye,
Muvubo, and Nfuuka) and hybrids (N6 and M33) (p < 0.05). These
results agreed with previous reports, which found a pulp/peel ratio of
1.1-1.7 for COB at green physiological maturity.2*2>42 A higher pulp
to peel ratio is indicative of higher pulp yield for food preparation per
unit fresh weight, since less material will be discarded as peels.?4*3
Hybrids (N17 and N24) and the landrace Kibuzi, which had the highest
pulp to peel ratios, are advantageous for food preparation since con-

sumers prefer bananas with more pulp relative to the peels.2>**

Physicochemical characteristics of the banana
cultivars

Total soluble solids

The TSS of the raw banana pulp varied from 0.00x to 1.30 °Brix

(Figure 1). Statistically, hybrids N8 and N2 had higher TSS (1.00-
1.30 °Brix) than M30, 17914S-24, and local cultivars Nfuuka and

Enzirabahima. The TSS (sugars) of COB are associated with the
degree of their sweetness, which, together with organic acids, influ-
ence the sensory perception of taste.!*>¢ The results obtained in
the present study are comparable to those of Aquino et al.*” who
reported TSS of physiologically mature bananas in Brazil to be less
than 1 °Brix. The data presented in our study are also close to 1.5-
1.7 °Brix for Cardaba, Matoke, and Kitawira COB of
Ethiopia.?>*® Such differences in the TSS of COB may arise from

cultivar-specific differences in the physiological maturity at the

Nijiru,

green stage maturity to analysis. Low TSS values of COB are
obtained where samples are analysed at the green maturity stage
when only a little starch was hydrolysed to sugars such as fructose,

sucrose, and glucose.*’

pH and titratable acidity

The pH of the raw banana pulp ranged from 5.50 to 6.75 and did not
vary significantly (p > 0.05) among the COB (Figure 2). These results
were comparable with preceding reports,2>°°>! which found the pH
of green mature COB in the range of 4.7 to 6.5. For titratable acidity,
cultivars N14, N11, and Kibuzi had the highest values, which were sig-
nificantly higher (p < 0.05) than M30, Enzirabahima, and 17914S-24
(Table 2). TA and pH indicate levels of malic and citric acids, which

contribute to the taste of cooked bananas.?*>2
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Cultivars

Nfuuka
Nakitembe
Nakawere
N8
N6
N24
N21
N2
N17
N15
N14
N11
Muvubo
Mpologoma
Mbwazirume
M9
M33
M32
M30
Kibuzi
Kabucuragye
Enzirabahima
17914S-24

Mean pH
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FIGURE 2 Alluvial plot of mean pH values of raw banana pulp from cultivars considered in the present study. The pH values did not vary

significantly among the tested cultivars (p > 0.05).

Pulp colour

The lightness (L* values) of the banana pulps ranged from 23.45 to
48.00 (Table 2). Hybrids (N15, M33, and Né) had significantly
(p < 0.05) higher lightness values than M30 and local cultivars
(Enzirabahima and Mbwazirume). The a* scale indicated that hybrids
were greener than the landraces, which tended to be red
(p < 0.0001). Moreover, M30 and local cultivars (Enzirabahima and
Mbwazirume) exhibited significantly different greenness from the rest
of the samples (p < 0.05). Interestingly, hybrids (N15, N24, and
17914S-24) had the highest intensity of greenness. All samples under
study had positive b* values, indicating a strong dominance of the yel-
low colour over blue. The data also indicated that there was no signifi-
cant difference between local and hybrid COB on the basis of yellow
pulp colour (p > 0.05).

By cultivar, landraces (Nakitembe, Kabucuragye, and Mpologoma)
had the highest degree of yellowness, which was significantly higher
than that of Enzirabahima, Mbwazirume, and M30 (p < 0.05). The yel-
lowness of the pulp for the rest of the hybrids and local COB was not
significantly different from each other (p > 0.05). The intensity of the
yellowness of the pulp could contribute to the desired yellow colour
of the cooked matooke meal. Although hybrids (N21, N6, and N11)
were dominated by a reddish-brown colour, it was surprising that
their intensity of yellowness was not significantly different from those
of Nakitembe, Kabucuragye, and Mpologoma, which were completely
yellow (p > 0.05). This could be due to higher phenolic, carotenoid,

and flavonoid contents, and enzymatic oxidation rates in the hybrids,
leading to mottled colours of yellow with red and brown.>>>® Pulp
colour of COB is a key quality characteristic in determining the
acceptability of matooke.* In Uganda, if the pulp colour of matooke
is white, it will be rejected by consumers as an immature banana.
However, fruits with yellow or deep yellow pulp colour are often

accepted as mature COB.%11:1424.54

Dry matter content

Dry matter content of the COB varied from 19.05% to 28.09%
(Table 2). Mpologoma and hybrids N11 and N21 had the lowest dry
matter contents. Local cultivars (Nakawere, Muvubo, and Mbwazir-
ume) had strikingly higher dry matter contents, which were, however,
not significantly different from those of hybrids N2, N6, and M33.
Hybrids (N8, N24, M9, and N17) showed unexpected insignificant dif-
ferences (p > 0.05) in their dry matter content when compared to the
local cultivars (Nakitembe, Nfuuka, Kabucuragye, and Enzirabahima).
Overall, the dry matter contents observed in this study align with the
values reported by Agunbiade et al.>® and Belayneh et al.>> which
ranged from 22.9% to 29.0% for COB.

A high dry matter content indicates that the banana has good
cooking qualities, a longer shelf life, and a bigger proportion that can
be utilized for food preparation.?4*35657 High dry matter content also
translates into high bunch weight, yield, and starch content.”® Since
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TABLE 2 Titratable acidity, pulp color, and dry matter content of the banana samples.

Cultivar Titratable acidity (%) L* a* b* Dry matter content (%)
N2 0.13 £ 0.01% 46.60 % 0.40Pcde —14.60 + 0.80°%f 31.00 £ 0.90°° 28.09 + 0.31°
Né 0.12 + 0.01%f 47.30 + 0.25%¢ —15.95 + 0.65°¢ 29.75 + 1.95% 27.94 +0.022
N8 0.11 + 002" 45,05 + 1,05 —14.80 £ 0.20%f 28.90 £ 0.10°° 22.33 £ 0.13¢8"
N11 0.16 £ 0.01%° 46.50 + 0.80°P<d® —15.65 % 0.15°% 29.80 + 1.15%° 20.86 + 0.34'
N14 0.17 + 0.01° 46.35 £ 1.65%°<de —15.55 + 0.75°® 31.60 + 0.00% 26.86 + 0.02°
N15 0.11 + 001" 48.00  0.20° —16.90 £ 0.18 28.45 £ 0.70°° 24.07 £ 0.09°
N17 0.12 + 0.01°f 45.80 + 0.50°P<de —15.25 + 0.15°7 29.80 + 1.20°° 23.21 + 0.34%
N21 0.13 £ 0.01% 44,55 + 1.45% —14.85 + 1.15%fe 30.55 + 2.95% 21.91+0.28"
N24 0.11 + 0.01°f" 45.80 = 0.40°Pcde —16.25 £ 0.25' 30.70 £ 3.65%° 22.09 +0.34"
M9 0.12 + 0.00%f 4423 + 0.85% —12.73 + 0.25%° 32.00 + 0.65%° 24.10 + 0.33f
M30 0.09 + 0.01) 23.45 + 1.20° —9.60 % 0.60° 18.35 + 0.25° 25.19 +0.24°
M32 0.15 +0.01% 46.15 % 1.25%bcde —15.10 + 0.20°'® 31.25 £ 0.90°° 26.24 £ 0.49<
M33 0.12 £ 0.01°" 47.60 + 0.50%° —16.10  0.25° 30.45 + 0.75% 27.49 + 0.19%
179145-24 0.09 + 0.00M 47.05 £ 0.04%°< —16.25 + 0.25% 27.25+0.21° 25.54 + 0.13%
Muvubo 0.14 +0.01 45.45 + 0.25%bcde —12.90 + 0.40P 31.80 £ 1.15%° 26.81 £ 1.02"°
Kibuzi 0.16 £ 0.00%* 46.50 £ 0.70%P<de —14.95 + 0.05%f¢ 31.20 + 0.60% 22.82 + 0.058"
Nakitembe 0.13 £ 0.01% 44,00 £ 0.70° —12.05 £ 1.15° 33.15 + 1.55° 22.06 +0.08"
Mpologoma 0.11 + 0.00¢fe" 45.15 + 0.75%cde —14.10 + 0.20°< 32,15+ 2.75% 19.05 + 0.36/
Nfuuka 0.11 + 0.01" 47.20 + 0.10° —16.15 + 0.60°" 30.00 + 0.05% 23.24 + 0.13%
Mbwazirume 0.10 + 000" 2415 + 1.15 —9.65 £ 0.25° 19.55 + 1.40° 26.38 +0.21<
Kabucuragye 0.10 + 0.008M 43.80 + 0.80° —12.20 + 1.50° 33.10 + 1.90° 23.91 +0.39f
Enzirabahima 0.09 £ 0.00" 23.70 + 0.80 -9.15 + 0.50° 20.25 + 0.90° 23.85 + 0.37°
Nakawere 0.10 + 0.008" 47.10 £ 1.30%°< —15.70 % 0.40°f® 29.55 + 2.20% 27.66 + 0.24%

Note: Values are expressed as mean + standard error (n = 3 biological replicates). L*, a*, and b* are CIE colour coordinates, where L* = lightness,
a* = green (—) to red (+), and b* = blue (—) to yellow (+). Means within a column carrying different superscript letters differ significantly as per one way

analysis of variance (ANOVA) (p < 0.05).

the dry matter contents of hybrids (N8, N24, and N17) were not sig-
nificantly different from those of the locally consumed -cultivars
(p > 0.05), they are well suited for preparing cooked matooke. By
implication, dry matter analysis could serve as a key determinant of
consumer acceptability in future studies on matooke.

Proximate composition of the COB

The proximate composition of COB provides essential information
about their nutritional value, which can be used to identify their
potential applications in food product development and quality
improvement. The individual components are discussed in the

following:
Moisture and ash contents
Moisture content ranged from 71.91% to 80.95%, with Mpologoma

having the highest value that was significantly different (p < 0.05)
from that of N2. High moisture content is undesirable because it can

lead to excessive softening and a mushy texture of cooked bananas.>?
The ash content varied between 2.61% and 4.93% (Table 3). Local
COB (Mpologoma and Mbwazirume) had the highest ash contents,
whereas hybrids (N6, N2, and M33) had the lowest (p < 0.05). When
compared with data from mineral analysis, the former two local culti-
vars had higher levels of trace and macro elements compared to the
rest of the samples. The ash contents obtained were mostly in the

range of 0.46% to 4.30% for bananas reported in literature.?8:>1:60-62

Crude fat, proteins, fibres, and total carbohydrates

The crude fat content varied from 0.45% to 0.72%, with Nfuuka,
Mpologoma, and Kibuzi having the highest levels, while hybrids (N24
and N11) had the lowest (Table 3). The crude fat contents obtained
were consistent with findings from other studies (0.58%-
0.94%).28:60:61.63.64 The cyrrent results surpassed 0.0%-0.3% for FHIA
hybrids,°? which may be due to variations among the studied
cultivars.

Considering the crude protein contents, the obtained values span
from 2.08% to 4.94% on a dry weight basis (Table 3). It was clear that
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Cultivars Moisture (%) Ash (%) Crude fat (%) Protein (%) Dietary fiber (%) Total carbohydrates (%)
N2 71.91 +0.31" 2.80 + 0.00% 0.52 + 0.02¢fehi 4.78 +0.14%® 1.11 £ 0.12% 90.79 + 0.03#
N6 72.07 +0.198" 2.61 +0.07' 0.48 + 0.028N 2.97 +0.018" 1.87 + 0.377 92.07 + 0.29%
N8 77.67 +0.135 3.58 + 0.09¢ 0.47 + 0.00" 3.73+0.18¢ 1.60 + 0,13 90.67 + 0.078
N11 79.17 +0.34° 3.48 + 0.05° 0.46 + 0.00" 3.73 +0.05¢ 1.49 + 0.01b<de 90.84 + 0.028'
N14 73.14 +0.39%" 3.29 + 0.03" 0.51 + 0.019fen 2.84 + 0.10M 1.37 + 0.13%¢ 91.99 +0.18%°
N15 75.93 + 0.09% 2.85 + 0.09% 0.48 + 0.028" 4.00 + 0.02° 1.60 + 0.38><4 91.07 + 0.15%"
N17 76.80 + 0,02 2.83 + 0,01 0.49 + 0.03h 2.11 +0.07' 1.99 + 0.25% 92.58 + 0.16°°
N21 78.09 +0.28° 3.29 + 0.00 0.51 + 0.01°feN 3.02 +0.05%" 1.96 + 0.02%° 91.22 + 0.01°"
N24 77.90 + 0.31¢ 3.29 +0.03 0.45 + 0.05' 4.00 + 0.02° 0.99 + 0.02¢ 91.27 + 0.074f¢
M9 75.94 + 0.15% 3.54 +0.15¢ 0.58 + 0.01Pcdef 2.13 +0.07' 1.71 + 0.02"° 92.04 +0.18%°
M30 74.82 +0.33°f 3.73+0.23° 0.57 + 0.04%fe 2.63 + 0.04% 2.29 +0.112 90.78 + 0.138
M32 73.76 + 0.49% 3.27 +0.01° 0.59 + 0.03bcde 411 +0.14° 1.62 + 0,12 90.41 + 0.19'
M33 72.50 + 0.248" 2.81 +0.13 0.55 + 0.03%fen 2.56 + 0.06 1.37 + 0.12¢¢¢ 92.71 + 0.06°
179145-24 74.46 + 0.02¢f 3.45 +0.18° 0.58 + 0.07Pcdef 3.43 £0.02° 0.99 + 0.01° 91.55 + 0.16
Muvubo 73.19 + 0.10%" 3.44 +0.62° 0.58 + 0.020b¢def 4.94 +0.512 1.74 + 0.24%¢ 89.30 + 0.20°
Kibuzi 77.19 + 0.05 3.16 + 0.308 0.67 + 0.03* 2.53 + 0.04 1.85 + 0.13%° 91.79 + 0.03°%
Nakitembe 77.94 + 0.08° 2.88 + 0.02) 0.59 + 0.03< 2,08 +0.17' 1.87 + 0.13%° 92.58 + 0.10%°
Mpologoma 80.95 + 0.36? 4.93 +0.04* 0.69 + 0.03? 4.63 +0.22° 1.86 + 0.13% 87.89 + 0.03%
Nfuuka 76.76 +0.37°¢ 2.95 +0.53' 0.72 + 0.02? 3.75 + 0.14¢ 1.73 £ 0.02"° 90.85 + 0.16¢'
Mbwazirume 73.62 +0.21%" 402 +0.07° 0.56 + 0.07°4¢fe 2.81 +0.05" 1.96 + 0.27%° 90.65 + 0.27"
Kabucuragye 76.09 + 0.24% 3.09 + 0.08" 0.65 + 0.02%¢ 3.05 + 0.027" 1.37 £ 0.13%¢ 91.84 +0.29°¢
Enzirabahima 76.16 + 0.56% 3.32 +0.07f 0.53 + 0.04%¢feni 3.19+0.11" 1.95 + 0.04%° 91.01 + 0.01"
Nakawere 72.34 +0.138" 2.85 + 0.48 0.58 + 0.02°¢def 3.23 + 0.09°f 1.61 + 0.10° 91.73 + 0.58%

Note: Values are expressed as mean + standard error (n = 3 biological replicates). Means within a column carrying different superscript letters differ

significantly as per one way analysis of variance (ANOVA) (p < 0.05).

landraces had significantly higher crude protein contents than hybrid
cultivars (p < 0.05). Muvubo and Mpologoma had the highest crude
protein contents, but these were not statistically different from that
of N2 (p > 0.05). Cultivars N17, M9, and Nakitembe had the lowest
crude protein contents. Interestingly, the crude protein content of
hybrids (N6, N21, and N14) was not significantly different from that
of local COB (Nakawere, Enzirabahima, and Kabucuragye) (p > 0.05).
The crude protein contents obtained were comparable with literature
values of 0.6% to 4.8%,.50:51:60-62:64.65

The measured crude fibre contents were between 0.99% and
2.29%, with N2, N24, and 17914S-24 having the lowest crude fibre
values. Conversely, local cultivars (Mbwazirume, Muvubo, and Kibuzi)
had fiber contents that were not significantly different from hybrids
such as M30, N17, and N21 (p > 0.05). These results were compara-
ble to 0.65% to 2.92% for Ugandan COB.%%¢?

The total carbohydrate content of banana flours calculated by
difference ranged from 87.89% + 0.03% for Mpologoma to 92.71%
+0.06% for M33 (Table 3). One Way ANOVA showed that there
were statistical differences in the carbohydrate contents of the
COB (p < 0.05), although these contents were comparable. The
results showed that carbohydrates were the major nutrients in
the COB.

Starch and its composition in the COB

Starch content of the COB was between 63.89% and 73.25% on a dry
weight basis (Figure 3; Table S1). The local COB (Nfuuka, Mbwazir-
ume, and Kibuzi) had relatively high starch contents, which were,
however, not significantly different from hybrids N15, N17, M9, and
M33 (p > 0.05). On the other hand, N8, 17914S-24, and N6 had the
lowest starch contents. The results of the current study were higher
than those reported by Aquino et al.*’ (11%-39.3% dry weight basis
for 15 banana cultivars). Nevertheless, the starch content of COB in
the present study is slightly lower than 70%-85% reported in previ-
ous studies.>1*%4% High starch content in unripe bananas is associated
with hardness after cooking due to starch retrogradation.3>54¢”

The amylose content (11.73%-33.68%; Figure 4; Table S1) was
highest in Mbwazirume, Nfuuka, and Muvubo than N8, M9, and N14
(11.73%, 18.47%, and 18.99%, respectively). In the United Kingdom,
Qi et al.? also reported amylose contents of Green Cavendish dessert
banana and Big Ebanga plantain pulp to be 27.35% and 33.37%, which
are comparable to those observed in the present study. The lower
amylose content of the hybrids in the present study could contribute
to their high cooking abilities due to their low pasting and gelatiniza-

tion temperatures.®®
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FIGURE 3 Mean starch content (%) of the cooking bananas
investigated. Standard error bars are indicated in red.
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FIGURE 4 Radar plot of mean * standard error of amylose and
amylopectin contents (%) of the cooking banana cultivars.

Considering the amylopectin content, it ranged from 34.53% to
52.31% (Figure 4; Table S1). Hybrids (M9, N8, and N15) tended
to have the highest amylopectin contents, while 179145-24, N2, and
Mbwazirume had the lowest contents. Local COB such as Mbwazir-
ume, Nfuuka, Mpologoma, and Nakawere were not significantly
(p > 0.05) different from some of the hybrid cultivars (M30, 17914S-
24, N2, N6, N17, and N21) on the basis of their amylopectin contents.
High levels of starch, amylose, and dry matter in food crops have been
associated with a harder texture of cooked bananas.®”**~7! Firmness

in raw and cooked food products with high amylose content has been

attributed to the transfer of calcium ions to galacturonan and the for-
mation of hydrogen bonds within the plant tissue.®®’272 In the pre-
sent study, Nfuuka and N2, which had high amylose contents, were
found to be among the hardest when cooked. Thus, amylose and amy-
lopectin content could be used as indices for predicting firmness in
COB.%> However, more studies are needed to investigate the effect
of different amylose/amylopectin ratios on the cooling rate and hard-

ening of cooked matooke products.

Essential mineral composition of the COB

Mineral composition of the banana flour samples in mg/100 g was Zn
(0.13-2.53), Ca (10.44-38.59), Fe (0.46-1.25), K (308.29-877.05), Mg
(32.90-110.09), and Na (1.83-10.92) (Table S2). Hybrid COB had sig-
nificantly (p < 0.05) higher levels of Zn than local cultivars. Hybrids
N11, N21, and N15 had significantly higher levels of Zn than local cul-
tivars (Enzirabahima, Muvubo, and Mbwazirume), which had the low-
est. Generally, the Fe content in hybrids was significantly higher than
that in the landraces (p < 0.05). Cultivars N8, Mpologoma, and N15
had the highest levels of Fe, while Muvubo, Enzirabahima, and Nfuuka
had the lowest. Mineral elements (Zn and Fe) together with polyphe-
nols, vitamin C, and carotenoids are free radical scavengers in the
human body, preventing loss of cell integrity.*”

The Ca content of the hybrid cultivars was significantly (p < 0.05)
different from that in local COB. In particular, N15, N11, and Né had
the highest Ca contents, while local cultivars Mpologoma and Enzira-
bahima, and hybrids (17914S-24 and N17) had the lowest. Magne-
sium content of hybrids was mostly higher than in local cultivars.
Hybrids N11, N24, and N21 had the highest levels of Mg, while land-
races (Nfuuka, Nakitembe, and Enzirabahima) had the lowest. There
were no significant differences between local and hybrid COB on the
basis of K content (p > 0.05). Mpologoma and the hybrids (N8 and
M9) had the highest levels of K, while N6, N2, and Enzirabahima had
the lowest contents. The local cultivar (Muvubo) and hybrids (N11
and N15) had the highest levels of Na, which were significantly differ-
ent from those of M30, M9, and Enzirabahima (p < 0.05). Earlier stud-
ies on the mineral content of COB reported similar mineral
compositions with Zn, Ca, Fe, K, Mg, and Na concentrations of 0.1-
0.5, 10.1-132.4, 0.3-12.2, 259.0-733.9, 21.2-106.0, and 0.1-

23.9 mg/100 g, respectively.?8074-7¢

Phytochemical composition of the COB
Total tannin content

Varietal significant differences were observed in the total tannin con-
tent of the selected COB under study (Table 4). Mbwazirume and
hybrids (N15, N2, and M30) had significantly higher total tannin con-
tent (p < 0.05) than N24, Nakitembe, Nfuuka, and Kibuzi. Unlike juice
bananas, COB are not expected to have high tannin content, which

causes an astringent impression in the mouth.>? In Uganda,
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TABLE 4 Phytochemical composition of the selected cooking banana cultivars (expressed on a dry weight basis).

373

Cultivars Total tannins (mg TA/100 g) Total phenolic content (mg GAE/100 g) Total flavonoid content (mg CE/100 g)
N2 8.68 + 0.79%"¢ 37.36 + 0.62° 20.59 + 1.65%
N6 8.60 + 0.35%¢ 14.86 + 0.12fh 9.26 + 0.41¢%
N8 8.49 + 1,04%<d 17.84 + 0.29°d=fe 6.85 +0.30°
N11 8.22 +0.123><d 34,06 + 0.56° 11.65 + 1.11%
N14 8.47 + 0,933 21.88 + 0.20°¢ 10.37 £ 0.96%
N15 8.89 + 0.46 13.42 £ 0.718" 11.81 +0.04%
N17 8.14 + 1.50° 18.58 + 1.24°def 10.53 + 0.02%
N21 8.39 + 0,930 19.61 + 0.4159f 7.78 £ 0.03%°
N24 7.76 +0.35¢ 20.44 + .21 15.48 + 0.16°
M9 8.10 + 0.58° 13.01 + 0.62" 12.45 + 0.96%
M30 8.69 + 0.46°°¢ 25.80 + 0.73¢eh 7.34 £0.55°
M32 8.28 + 0.23%<d 17.55 + 0.21°dfe 10.37 + 0.48%
M33 8.10 + 0.58° 15.69 + 2.48°fn 10.05 + 0.16%
179145-24 8.51 + 0.692< 24.67 +0.15° 9.58 +0.77°
Muvubo 8.56 + 0.35%><d 17.34 + 0.419¢feh 2.65+0.13f
Kibuzi 8.07 +0.81°¢ 18.99 + 0.10%¢f 10.85 + 0.64%
Nakitembe 7.95 +0.23% 14.66 + 0.20f" 1.58 + 0.05f
Mpologoma 8.33 +0.12%<d 17.55 + 0.21°dfe 15.48 + 0.16°
Nfuuka 8.05 + 0.23 14.66 + 0.21f" 1.88 + 0.29f
Mbwazirume 9.00 + 0.69° 35.29 + 0.622 20.90 + 1.44<
Kabucuragye 8.25 + 1.28%<d 29.61 + 0.21% 18.51 + 2.87°%
Enzirabahima 8.53 + 1.273<d 38.39 +0.83? 14.36 + 0.96°%
Nakawere 8.16 + 0.93° 18.58 + 0.28%4¢f 12.13 + 0.96%

Note: Values are expressed as mean + standard error (n = 3 biological replicates). Means within a column carrying different superscript letters differ

significantly as per one way analysis of variance (ANOVA) (p < 0.05).

.77 obtained average tannin contents of 54.4 and

Kyamuhangire et a
52.1 mg/100 g for green Musakala and Kibuzi fresh banana pulp,
respectively, which are close to those obtained in the current study.
The differences in the tannin contents can be attributed to differences
in the extraction and analysis methods since we worked on dry pow-
der samples rather than fresh samples. The variation could also be due
to differences in banana cultivars, growth conditions, and post-harvest
storage conditions.”® This data suggests that hybrid COB in the cur-
rent study may not differ much from local cultivars with respect to

the low astringent taste when cooked.

Total phenolic content

The TPC of the COB was 13.01-37.36 mg GAE/100 g (Table 4). Local
COB (Enzirabahima and Mbwazirume) and hybrids (N2 and N11) had
significantly higher TPC compared to hybrids M9, N15, and Né
(p < 0.05). The TPC of COB obtained was comparable with the find-
ings of Aquino et al.*” who reported TPC in unripe bananas grown in
Brazil in the range of 23.15-33.28 mg GAE/100 g. Results of the pre-
sent study were also close to those reported for Pisang Mas banana
(51-56.1 mg GAE/100g).**>’? Phenolic compounds act as

antioxidants, inhibiting the decomposition of hydroperoxides into free
radicals®®*”? but they can also participate in undesirable enzymatic
browning of bananas after peeling, affecting their colour and impart-
ing a puckering taste.® For instance, the L* value for Enzirabahima
and Mbwazirume (23.70 and 24.15) suggested that they were dark in
colour yet the b* values were relatively low (20.25 and 19.55), which
meant the darkness in colour was not due to the intensity of pulp yel-
lowness (Table 2). The pulp darkness could have been due to phenolic

compounds causing enzymatic browning in the banana pulp.8*

Total flavonoid content

The TFC of the COB varied from 1.58 to 20.90 mg CE/100 g on a dry
weight basis. Hybrids such as 179145-24, N21, and N8 exhibited sig-
nificantly higher TFC (p < 0.05) compared to local cultivars Kibuzi,
Nakawere, and Enzirabahima. These values are comparable to the
range reported by Alothman et al®° for Pisang Mas bananas in
Malaysia (23.7-47.0 mg CE/100 g fresh weight) but lower than those
observed by Fatemeh et al.”® in the green and ripe pulp and peel of
Cavendish and Dream banana cultivars in Malaysia (39.01-
389.33 mg CE/100 g dry weight). Differences in TFC and TPC across
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TABLE 5 Textural attributes of selected cooked bananas grown

KISENYI ET AL.

in Uganda.
Cultivars Hardness (N) Cohesiveness Adhesiveness (N)
N2 443 +0.13° 0.55%0.09%  _0.37 £ 0.02%
N6 8.66 +0.18° 0.52 £0.06™¢  —0.65+0.11*
N8 3.16+0.15%% 053 +0.03¢ _0.69 + 0.08°°
N11 1.72 +0.07" 0.46 + 0.01¢ —0.36 + 0.01%*
N14 349 £0.15%f 051+008°¢ -091+0.10%*
N15 6.32 £ 0.04° 0.41 + 0.09¢ —-0.59 £ 0.04%°
N17 2.11+0.12¢8" 0.53+0.03°¢  _0.55+0.09%
N21 1.34 +0.19" 0.87 + 0.02° —1.26 + 0.06°
N24 1.56 £ 0.01" 0.46 + 0.07¢ -0.24 £ 0.02°
M9 241+011%"  082+001*  -1372x0.11%
M30 3.02+0.16°  078+0.04°°¢ _131+0.05>
M32 291029 056 +0.07**¢ _0.67 +£0.01%°
M33 401+005  0.51+005°  —0.72+0.08%
Muvubo 3.01+0.17°® 048 +0.01¢ —0.47 +0.06%°
Kibuzi 2.34 +0.148" 0.50 + 0.04 —-0.52 £ 0.03%
Nakitembe 355+0.03  055+002°°¢ _0.60+0.07%°
Mpologoma ~ 2.99 +0.05°®  0.49 + 0,08 —0.45 +0.03%°
Nfuuka 2.32+0.128" 0.520.017  —0.54 £0.01%
Mbwazirume  3.50 + 0.07°%"  0.61 £0.05  _0.61 + 0.04*
Kabucuragye ~ 3.01 £0.04°®  0.73+0.03% _172+0.12
Enzirabahima ~ 2.94 +0.09°® 051 £0.02°¢  —0.65 + 0.02*°
Nakawere 4.16 + 0.05% 0.84 + 0.06® —1.74 + 0.05¢

Note: Hardness and adhesiveness are expressed in Newtons (N), while
cohesiveness is a dimensionless ratio. Values are expressed as mean

+ standard error (n = 3 biological replicates). Means within a column
carrying different superscript letters differ significantly as per one way
analysis of variance (ANOVA) (p < 0.05). More negative adhesiveness
values indicate greater stickiness of the cooked banana sample.

studies can be attributed to variations in cultivars, physiological matu-
rity at harvest, postharvest storage conditions, chemical composition
of the banana fruit, and soil fertility.2? Furthermore, flavonoids
together with other metabolites contribute to the pulp color of
matooke,>? suggesting that TFC may influence consumer acceptability

for food preparation.

Textural characteristics of the cooked bananas
Hardness

Hardness of COB varied considerably from 1.34 to 8.66 N (Table 5).
For instance, N6, N15, and N2 were significantly harder than local cul-
tivars Kibuzi, Mpologoma, and Kabucuragye (p < 0.05). Hardness data
indicated that N21, N24, and N11 produced the softest cooked
bananas among all the cultivars studied, while hybrids (M30, M32,
and N8) were not significantly different (p < 0.05) from local cultivars

|35

(Kabucuragye, Muvubo, and Mpologoma). Gafuma et al.>> concluded

that Kibuzi and Mpologoma were the softest local COB in Uganda.
The differences in experimental results could be due to differences in
the method of analysis used since the TPA method involved moulding
the sample into a cylindrical shape for uniformity before analysis,
which could have led to the observed slight hardening.

Hardness of cooked bananas is an undesirable characteristic.
Ssemwanga et al.!! reported that the banana hybrid FHIA 3 was
rejected as a cooking cultivar in Uganda due to its hardness and
astringent taste. Hardness in cooked bananas is typically linked to
high dry matter content, elevated starch levels, high amylose content,
and low pectin content in the cell walls, which increases starch-starch
interactions within the banana matrix.®” Notably, hybrids (N21, N24,
and N11), which had the softest texture, also had the lowest dry mat-
ter contents (20%-22%; Table 2). High dry matter content is further
associated with reduced water-holding capacity of starch, resulting in
lower water activity and hardening of cooked bananas.>>”* Based on
their soft texture, comparable to or nearing that of local AAA-EA
COB, hybrids (N21, N24, N11, M30, M32, and N8) would be suitable
as COB.

Cohesiveness

Cohesiveness of cooked bananas varied from 0.41 to 0.84. Results
showed that N21, Nakawere, and M9 had the highest degree of
cohesiveness, while N24, N11, and N15 had the lowest. Overall,
there were significant differences (p < 0.05) in cohesiveness among
the COB (Table 5). Cohesiveness is desirable in lower amounts by
consumers.** A high degree of cohesiveness is associated with ele-
vated pectin content, which causes cooked bananas to stick
together, making them less resistant to stress during processing,
packaging, and delivery.3®> Hybrid N15 exhibited the lowest degree
of cohesiveness, rendering it less moldable into a bolus, a less desir-
able quality of cooked bananas. Future research should prioritize
quantifying and optimizing pectin levels in both the local and hybrid
COB to enhance their processing and handling characteristics for
consumers.

Adhesiveness

Adhesiveness of cooked bananas varied from —1.74 to —0.24 N
(Table 5). Nakawere, Kabucuragye, and the hybrid M9 had the high-
est degree of adhesiveness to the probe (-1.74, —1.72, and
—1.37 N). Excessive adhesiveness in cooked bananas has been
reported as an undesired sensory quality characteristic.** High
starch content provides more gelatinizable material that can create
binding sites via hydroxyl groups. In practice, adhesiveness is deter-
mined by a complex interplay between starch composition, dry mat-
ter content, and moisture availability. For example, samples with
higher amylose and dry matter contents may form stronger internal
gel networks upon cooling, reducing surface stickiness and resulting

in lower adhesiveness.2
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Sensory characteristics of the cooked bananas
Descriptors for the quality characteristics

During sensory analysis, panelists generated 40 descriptors for the
quality characteristics of COB, which were grouped into six categories
used in our previous study.?° The list of descriptors was used as the
quality screening tool to measure the differences in consumer eating
quality attributes of the cooked bananas. The core sensory quality
characteristics of the cooked bananas included a yellow homogeneous
colour by appearance, moist smooth soft texture by mouth, a soft
cooked banana that sticks between fingers, which is easily moldable
by hand, an aroma of cooked banana leaves, a mild sweet taste tend-
ing to flatness, and a very low sensation of astringency. Panelists also
mentioned that sourness “sap like taste” was considered a bad sen-
sory quality characteristic since it is associated with the immaturity of
the bananas, while astringency was associated with juice bananas and
good for beer brewing but not cooked bananas. An astringent taste
due to tannins in cooked bananas was reported previously in FHIA
03, IITA hybrids, and Yangambi KM5.5* The astringent taste caused
by tannins in cooked bananas is an undesirable eating characteristic,
predominantly observed in Ugandan hybrid banana varieties.*>4¢

The other inferior sensory characteristics of cooked bananas
mentioned by panelists were a pale yellow colour, blackish, and mot-
tled colour homogeneity, which gave a visual impression of immatu-
rity. Firm and hard texture was undesired. Panelists desired moderate
softness; excessive softness was regarded as an inferior quality attri-
bute. Similar textural desirability was reported about Ugandan COB
by preceding authors.1%2%:355%

Sweet taste and banana juice aroma were classified as undesir-
able characteristics of the cooked matooke since they gave an impres-
sion of ripeness. Cooked bananas are superior in sensory
characteristics when prepared from physiologically green mature
bananas with a relatively blunt taste. When asked about the taste of
bananas, panelists indicated that some samples were mildly sweet.
These findings are in agreement with previous reports of Ssem-
wanga.® In the study, the author identified a total of 80 quality char-
acteristics of COBs falling under three categories, that is, physical,
sensory, and socio-economic descriptors. The majority of this sensory
descriptors were identical to the ones we obtained in the current

study.

Taste and aroma

Sensory evaluation indicated that generally hybrid COB had signifi-
cantly (p < 0.0001) lower scores for the desired eating attributes than
the local cultivars (Table S3). All hybrid cultivars were scored signifi-
cantly lower (p < 0.05) in regard to sweetness compared to local culti-
vars, except for Nfuuka and Kabucuragye, which were not
significantly different from hybrid cultivars such as N2, N11, N17, and
N24. Local bananas were scored similarly to each other in respect to

astringency with exception of Muvubo. The perceived sweetness of

JSFA Reports el *”

cooked products was not related to the°Brix of raw bananas, which
may arise from interference of the sugar: acid balance by phenols and
tannins in the fruit pulp.&°

In regards to matooke taste, hybrids were perceived to be signifi-
cantly inferior to local cultivars. Hybrid cultivars M9 and N17 were
not significantly (p > 0.05) different from local cultivars Kabucuragye
and Nakawere (Table S3). The cultivars M32, N17, and N8 were not
significantly (p > 0.05) different from local cooking cultivars
(Nakitembe, Muvubo, and Musakala), suggesting that these hybrids
are advantageous. These results also indicated that cultivars N8, N21,
N15, N11, N2, and N6 are undesirable with respect to yellow colour
intensity and uniformity.

Texture

Panelists mentioned an uneven mouth feel of hybrid cultivars such as
N6, N2, and N15, indicating that they were of an inferior eating qual-
ity as COB. The same hybrids were also described as the hardest culti-
vars, significantly different (p < 0.05) from local cultivars Kibuzi,
Musakala, and Nakitembe, which were scored as the softest cooked
bananas (Table S3). Hardness is an undesirable sensory characteristic
of bananas among Ugandan consumers. The results of this part of the
study were congruent with instrumental measurement of hardness,
which indicated that hybrids were harder than local cultivars.

Stickiness between cultivars was scored in the range 2.56 to
7.22, with cooked products of N21, N8, and Musakala scored as the
stickiest cooked bananas, significantly (p < 0.05) higher than hybrids
N2, N6, and N15 and the local cultivar Nfuuka. The stickiness of
bananas is only desired in low amounts; too much of it is referred to
as a poor quality attribute by consumers.** Hybrid cultivars N2, Né,
and N15 were lumpier than the rest of the samples studied. Hybrid
cultivars M33, N24, and N17 were not significantly different from
local cultivars Nakitembe, Kibuzi, and Kabucuragye, with respect to
stickiness. This therefore showed that these hybrids could be pre-
ferred for their sensory stickiness since consumers of cooked bananas
prefer moderately sticky cooked bananas.

Yellowness

Colour of cooked bananas ranged from 1.50 to 9.08 with local culti-
vars Muvubo, Musakala, and Kibuzi having the deepest intensity of
yellow colour (9.08, 8.89, and 8.78, respectively), while hybrids
179145-24, N21, and N8 had the lowest (Table S3). This could there-
fore imply that local cultivars are still being preferred for cooking on
the basis of yellow colour. To some extent, the results of this
section were in agreement with the instrumental colour measure-
ments. However, much as the measured yellowness of the banana
pulp indicated no major differences between local and hybrid culti-
vars, panelists scored hybrids N8, N21, 17914S-24, and N15 as infe-
rior in intensity of the yellow colour compared to their local

counterparts. Nowakunda and Tushemereirwe* earlier reported that
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Kisansa, a local AAA-EA banana, was superior in eating quality charac-
teristics than hybrids under their study (Pita-14, Pita-17, FHIA
01, FHIA 03, FHIA 17, FHIA 21, FHIA 23, and KM5). In the present
study, however, hybrids M32, N17, N24, M33, and M9 were not sig-
nificantly different (p > 0.05) from local cultivars Kibuzi, Nakawere,
Kabucuragye, Nakitembe, and Enzirabahima on the basis of yellow
colour. This indicates that the above hybrids could be easily adopted
by banana consumers since they do not vary much from local AAA-EA

COBs on the basis of colour of the cooked bananas.

Sweetness

Landraces (Musakala, Kibuzi, and Muvubo) had significantly higher
mean scores for sweetness, while hybrids 17914S-24, N15, and N21
had the lowest (p < 0.05). However, the results were in disagreement
with measurements, which indicated that N2, Mpologoma, and N8
raw pulp had the highest levels of sugar that were significantly lower
than Kibuzi and Muvubo (Table S3). The differences could be attrib-
uted to the interferences from astringent chemicals disrupting the
sugar: acid balance in the pulp, and hence a reduction in the percep-
tion of sweetness.®° This probably explains why N2, Né, and Mpolo-
goma were not perceived as the sweetest cooked products even
though their raw banana pulps had the highest brix.

Matooke taste

Local COB (Kibuzi, Musakala, Muvubo, and Nakitembe) had the high-
est mean scores for matooke taste, while hybrids N21, N8, and
179145-24 had the lowest. Earlier studies'**?#4 indicated that con-
sumers of COB prefer those that are slightly sweet and not highly

1.85 reported that sweetness in bananas is best

astringent. Bugaud et a
predicted as a function of pH and TSS, while sourness is often a func-
tion of TA. Results of the current study agree with the foregoing
report since Kibuzi, Musakala, Muvubo, and Nakitembe, which had
the highest scores for taste also had relatively lower values of these

physicochemical properties.

Astringency

Panelists cited an astringent taste of the cooked samples, which was
significantly higher (p < 0.0001) in hybrid cultivars than the local COB
(Table S3). Hybrids N11, N21, and N24 were more astringent
(p < 0.05) than local cultivars (Kibuzi, Nakawere, and Nakitembe).
These results agreed with the analytical tests, which indicated that
the hybrid COB had higher phytochemicals than local cultivars
(Table 4). The results were concordant with the findings of Nowa-
kunda et al.*>*¢ who reported higher astringency due to higher levels
of tannins (20.7-67.0g/100 g) in hybrid bananas than 0.8 and
1.0 g/100 g for Mbwazirume and Kisansa local COB. However, the
astringency of the cooked hybrids (N24, M9, N17, N14, and N8) was

not significantly different from the local COB (Musakala, Enziraba-
hima, Nakitembe, and Nfuuka). Thus, N24, N2, M9, M33, M32, N17,
N14, and N8 could be adopted by consumers of COB for food prepa-

ration on the basis of their astringency.

Relationships among physicochemical properties and
sensory characteristics of cooked bananas

Principal component analysis was performed to determine the relative
importance of the major sensory quality characteristics of cooked
bananas in relation to their chemical properties (Figure S1). The first
two principal components (PC1 and PC2) had eigenvalues greater
than 1 and together explained 76.2% of the total variance. This indi-
cates that they adequately captured the major variability among the
cultivars of COB.

As shown, PC1 accounted for 46.3% of the total variance and
was positively associated with starch content, amylose proportion,
and dry matter, while negatively associated with moist texture,
smoothness, moldability, astringency, tannin content, and titratable
acidity. This principal component thus represents a structural-textural
axis contrasting firm, hard, starch-rich banana cultivars with softer,
moist, and more astringent samples. The strong contribution of starch
and dry matter confirms their central role in determining firmness and
mouthfeel perception. The second principal component (PC2)
explained 29.9% of the total variance and separated cultivars charac-
terized by sour and astringent sensory attributes, higher total pheno-
lics, and greater cohesiveness from those exhibiting yellow
homogeneous colour, characteristic matooke and sweet tastes, higher
amylopectin proportion, thicker peels, and longer fingers. This compo-
nent reflects a sensory-compositional dimension, linking phenolic-
driven astringency with structural cohesiveness, versus sweetness
and desirable traditional matooke flavor associated with amylopectin-
rich starch.

For breeding purposes, cultivars positioned positively along PC1
(M32, N8, N21, N18, N14, N24) can be targeted for desirable attri-
butes such as yellow colour, sweetness, lower stickiness, and matooke
taste. Selection of cultivars such as N2, N6, N15, and N11 along PC2
will allow for differentiation between phenolics-induced astringency
and undesirable attributes such as firmness and hardness. The PCA
biplot loading thus provided multivariate relationships among starch
composition, phenolic content, and sensory attributes, providing a
framework for simultaneous improvement of texture and consumer
acceptability.

Astringency showed negligible correlation with TFC (r = 0.014)
and total tannins (r = —0.006). The TFC and ash content were weakly
correlated with stickiness (r=0.310, r= 0.402), mouldability
(r=0.121, r=0.226), and smoothness (r=0.130, r=0.295) of
hybrids N8, N21, and 17914S-24. On the other hand, the correlation
of ash content with a sticky, moldable smooth texture is explained by
the effect of minerals such as calcium and sodium in the fruit pulp of
bananas.®® For instance, calcium ions induce the formation of ionic

Ca?* gels that cement the pectin chains and reduce their hydration
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and solubilization abilities, hence delaying cell wall softening and
separation.®¢

Total tannin content was moderately correlated with moistness
(r = 0.454) of cooked bananas as observed in Nakitembe, M32, and
Enzirabahima. Amylopectin is a highly branched water-soluble glucose
polymer but is weakly correlated with moistness (r = 0.190). Hydroly-
sable tannins are generally water-soluble phenolics; therefore, the
water absorption capacity of both amylopectin and tannins could have
contributed to the moist texture of the cooked bananas.””

Sourness showed a moderate positive correlation with total phe-
nol content (r = 0.453) in hybrids N11 and N15. This could have been
due to interference of the sugar/acid balance by organic acids in the
fruit pulp, leading to increased intensity of sourness in cooked
bananas.f® The correlation between polyphenols, sugars, and taste
suggested that the levels of phenolic compounds significantly
(p <0.05) reduce the consumer preferred taste of the cooked
bananas.*14¢

Finger circumference was not present in the same principal com-
ponent as dry matter and amylose content and had very weak nega-
tive and positive correlations (r = —0.064 and r = 0.090) in N11 and
N15. Zhang et al.*® indicated that a high dry matter content leads to
high bunch weight and vyield as well as high starch content since
starch is a principal component in bananas. In the present study, N24
was the most closely related to the starch content and finger circum-
ference. Similarly, firmness and hardness could be explained by high
amylopectin (r = 0.244 and r = 0.282) content mainly in hybrids (N2,
N6, M9, and M33) and a local cultivar, Nfuuka. More amylopectin and
amylose are correlated with a firm tissue due to a cementing effect of
amylose via hydrogen bonding with other polysaccharides within the
cell walls.¢®

Matooke taste was correlated with high TA (r = 0.404), while
sweetness, yellow, and homogeneous colour were associated with
TSS (r = 0.405, r = 0.581 and r = 0.578) in Kibuzi, Nakitembe, Naka-
were, Muvubo, Enzirabahima, Kabucuragye, N14, and N17. As banana
berries grow, the sugar content and organic acids increases, and more
carotenoids are formed, responsible for a yellow homogeneous colour
and desired taste due to a well-balanced ratio of acids/sugars.*%28°
The PCA results indicated that high tannin content could influence
the homogeneity of the desired yellow colour of cooked bananas
since tannins, pale yellow, and mottled yellow colours are associated
with immature bananas.*®

The hybrids (N14, N17, N24, and M32) had physicochemical
properties (thick peels, long fingers, high pulp/peel ratio, high titrat-
able acidity, and high amylopectin content) similar to or close to those
of the female parents Kabucuragye, Nakawere, and Enzirabahima.

The correlation between dry matter, starch content, and hard tex-
ture suggested that cultivars with high starch content and high dry
matter exhibited a hard texture, dry and rough mouth feel, and were
not easy to mould with the hand. The correlation between polyphe-
nols, sugars, and taste suggested that the levels of phenolic com-
pounds reduces the taste of cooked bananas.**#¢
Taken together, sensory and physicochemical results supported

that the hybrid bananas were superior to local cultivars on the basis
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of physical characteristics but of inferior eating quality. The promising
hybrids identified in the present study (N14, N17, N24, and M32)
would benefit from integration into ongoing biotechnology and tissue
culture programs in the Eastern African region. Micropropagation
approaches using meristem-derived explants to Musa species could
ensure rapid multiplication of disease-free planting materials and
year-round availability. Furthermore, growth regulators such as
6-benzylaminopurine and naphthalene acetic acid could be used to
enhance shoot proliferation in the matoke -cultivars, supporting
large-scale dissemination of improved hybrids.®” Integrating sensory-
preferred and nutritionally superior hybrids with tissue culture propa-
gation systems could accelerate adoption among farmers while main-
taining phytosanitary quality.

The present study has some limitations that need to be taken
into consideration while interpreting its results. The cultivars were
evaluated from two trial stations and a single harvest period. Thus,
the influence of environments and seasons on the physicochemical
and sensory characteristics of the COB may not be fully captured.
Furthermore, sensory assessment was conducted under controlled
experimental conditions to ensure consistency in sample prepara-
tion and evaluation. Although this approach was intended to
enhance comparability among cultivars, it may not fully capture
variability in consumer perception under typical household prepa-
ration conditions. Thus, future research efforts need to consider
samples from different locations, which can be evaluated across

several seasons.

CONCLUSIONS

Overall, hybrids tended to have superior physical characteristics
(e.g., finger length, pulp/peel ratio) but showed variable eating qual-
ity. Hybrids (N14, N17, N24, M32) approached local cultivars in sen-
sory acceptability, making them promising candidates for adoption.
The local cultivars tended to have superior proximate composition,
which still makes them more desirable from a nutritional point of
view. Principal component analysis indicated that correlations
existed between certain physicochemical properties (flavonoids, tan-
nins, and amylopectin contents) and sensory characteristics, indicat-
ing their potential as screening parameters for food quality and
consumer acceptability in COB breeding programs. Since physico-
chemical characteristics of TSS, titratable acidity, pH, phenols, tan-
nins, starch, amylose, moisture, and minerals composition were
associated with a yellow homogeneous colour, sweet and matooke
tastes, low astringency, low sourness, moist, soft, and moldable tex-
ture with a smooth mouth feel, breeders could select for these attri-
butes to enhance the adoption and consumption of the hybrid COB.
However, further work is needed to establish acceptability thresh-
olds of these parameters.
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