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ABSTRACT

This study explores the influence of ripening and cooking on colour parameters of plantain pulp and peel. It is a preliminary study for
the establishment of a correlation between colour parameters, ripening and cooking time. Bunches of a plantain landrace (BATARD)
and a plantain-like hybrid (CARBAP K74) were harvested in an experimental plot in Njombé-Cameroon. Fruits at three postharvest
maturity stages: unripe, starting ripe and ripe were boiled according to two cooking methods: boiling with peel and boiling without
peel at different cooking times: 0, 10, 20, 30, 40, 50 and 60 minutes. Colour values L* (lightness), a* (redness) and b* (yellowness)
were determined using a chromameter, while AE (colour intensity) was computed. During ripening, pulp and peel colour parameters
changed significantly depending on Musa clone. Irrespective of boiling method and maturity stage, pulp AE values were significantly
different and higher for BATARD compared to CARBAP K74. Maximum AE values were observed when boiled with peel for each
genotype, with BATARD presenting the greatest AE (40.68) at T30 while CARBAP K74 had 28.91 at T60. Moreover, when boiled
without peel, maximum AE values were obtained at T60 for BATARD (34.56) and CARBAP K74 (27.57). R2 values for the relationship
between L*, a* and b* values versus cooking time were in the range of 0.01 and 0.76. This study highlights the importance of colour in
foods and their changes during ripening and processing. The b* parameter is crucial for evaluating the acceptability of a high-quality
boiled plantain pulp. Investigations, including a large number of plantain clones may enable food scientists to define references that
could help breeders to rapidly screen and select new clones that meet users’and consumers’requirements regarding boiled plantains.

Keywords of plantains [1]. Banana production in Cameroon was estimated in
Boiling, Colour parameters, Cooking time, Plantain, Ripening. 2024 at 805,352 MT, while plantain production reached 4,663,349

MT [2]. Bananas represent an essential source of income for
Introduction value chain actors as they constitute the third most important

The production of banana fruits (Musa sp) including plantains, commodity after rice and cassava [3]. Plantains constitute a staple
cooking bananas and dessert bananas was estimated in 2018 at  food crop for about 70 million people and serve as an important
about 139,470,376 metric tons (MT), with 15% representing that source of carbohydrates for the populations of West and Central
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Africa [4]. Cultivated in about 120 countries mainly in tropical
and subtropical regions, plantains are classified into 4 main types:
French, French horn, False horn and True horn [5]. In addition,
plantains contribute significantly to the diversification of the diet,
to the energy intake complemented by minerals and vitamins
important for health [6]. In Cameroon, the consumption of'its fruits
varies according to the production areas and it is estimated at 109
- 128 kg/year/inhabitant [3]. They are consumed mainly as fresh
fruit or as a cooked or fried vegetable, but are also subject to many
processing techniques (boiling, frying, boiling and pounding,
boiling and mashing, roasting, etc.) for the production of fried,
roasted, mashed, boiled, kneaded foodstuffs such as chips, fries,
fritters, puree, jam, ketchup, alcohol, wine, beer, flours consumed
worldwide in general, and in Cameroon in particular [7,8].

Boiling is the most used cooking method by the majority of African
households [9,10]. Despite improving some sensory qualities of
foods, boiling seems to have a negative influence on the nutritional
profile of foods. Plantains and cooking bananas can be mainly
cooked and consumed at different stages of maturity with or without
peel [11-13]. As a climacteric fruit, plantain undergoes ripening by
the release of ethylene characterized by changes in peel colour,
softening of the fruit, loss of astringency and development of a
characteristic flavour [14]. It is also characterised by significant
changes in physicochemical properties of the fruit such as pulp to
peel ration, pulp and peel pH, pulp and peel dry matter content,
pulp total soluble solids, pulp total titratable acidity [13]. The
green to golden yellow colour change in plantains during ripening
is due to the unmasking of carotenoid pigments in the plastids by
the degradation of chlorophyll [15]. Heat treatments are widely
applied in food processing. Chlorophyll is sensitive to heat
treatments, which cause some structural changes [16].

Agronomic yield and technological performance are considered
important criteria by plantain producers and processors, but the
main criterion for consumers is the sensory quality including
colour, taste, and texture [13]. Consumers rely primarily on
pulp colour to judge the quality of boiled plantain. The colours
of both peel and pulp are therefore important selection criteria
since consumers make specific correlations between the colour
and the overall quality of boiled plantain products. Thus, colour
is a key visual criterion for assessing the quality of raw and boiled
plantain. Consumers associate peel colour with a specific flavour
or use [17]. Although the current demand for plantains and their
products is high, consumer needs and tastes are changing over
time [18]. According to studies conducted by [13] on consumer-
oriented analyses, good quality raw plantains should have a green
peel colour and yellow or orange pulp colour. When cooked they
should be presentable with an attractive colour. However, in-
depth knowledge of the traits that consumers prefer will enable
researchers to select new plantain clones with acceptable attributes.
The use of a colour chart to determine the colour of plantain, is
subjective and subject to several errors. Several objective and
reliable instrumental methods have been established to determine
the colour of plantains using a chromameter.

This study therefore aims at contributing to the knowledge related
to colour changes during plantain ripening and processing, with
the main objective of determining the effect of boiling on plantain
pulps and peel colour kinetics at three postharvest maturity stages.

Materials and Methods

Sampling

A local plantain variety (BATARD) and a plantain-like hybrid
(CARBAP K74), a free BSV plantain clone selected within the
CARBAP/CIRAD breeding partnership were considered in
this study. Bunches were harvested at optimum physiological
maturity (i.e presence of a ripe fruit on the 1% or 2° hand). They
were collected from a CARBAP’s experimental plot located in
Njombe — Penja Subdivision, Moungo Division, Littoral Region
of Cameroon (latitude 4°35° N, longitude 9°39’ E and 80m altitude
above sea level). This plot was put into use in September 2019
within the framework of the RTBfoods Project. After bunch
harvest early in the morning, fruits from the 2" and 3" hands were
selected, randomized and allowed to ripen at room temperature
(23-25°C) in rectangular opened cartons. Maturity stages were
defined based on peel colour change described by [17]. Thus, fruits
at stage 1 (unripe), stage 3 (start ripe) and stage 5 (ripe) presented
green peel colour, mixed green and yellow peel colour and yellow
peel colour with green ends respectively as shown in Figure 1.
At each ripening stage, plantain fruits were separated into three
batches: the first batch (raw) served as a control, the second batch
was used for boiling without peel, and the third batch was boiled
with peel. In this study, boiling refers to cooking by immersion of
pulps or entire fruits in boiling water. The cooking processes were
carried out in triplicate for each batch that subsequently undergoes
colour measurements on the raw fruit, the cooked pulp and the
cooked peel using a Chromameter.

Boiling treatments

Boiling was carried out under similar household conditions using
aluminium pots (30 cm wide, 16.5 cm high and 4 cm thick), gas
stoves, cooking knives, strainers, trays, plastic basins and running
tap water. For each clone, depending on the cooking methods (with
peel or without peel) whole fruits or pulps, weighing approximately
150-300 g were introduced into 3 L of boiling water (at 100°C) to
keep the fruits or pulps completely immersed in water. For each
cooking time, three fruits or pulps of the same genotype at the
same ripening stage were boiled, removed and placed in a tray
for cooling (5 minutes) at room temperature (23-25°C). Colour
measurements were then carried out on the cooled boiled products.

Colour measurement

The chromameter was standardized and the samples were placed
in the sample holder. The CIE L*, a* and b* tristimulus parameters
of the pulps and peels before and after cooking were determined in
triplicate using a chromameter (CR-410, Konica Minolta Sensing
Inc. Osaka, Japan). The chromameter operates according to the
CIE L*, a* and b* colour schemes with:

L* representing brightness (ranging from 0 = black and 100 =
white);

a* representing red-green (positive values are red, negative values
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are green and 0 is neutral);
b* representing yellow-blue (positive values are yellow, negative
values are blue and 0 is neutral).

Colour was assessed by using the protocol described by [17].
Peel colour was measured by placing the measuring head on the
fruit surface (peel surface) and taking approximately 2-3 readings
(at the middle, at the apex and the peduncle of each fruit). The
mean value was considered as the peel colour of the fruit. Pulp
colour on the other hand was measured by cutting the fruit or pulp
transversely at the midpoint and placing the measuring head at
the centre of each half. After obtaining each parameter, the colour
intensity (AE) was calculated using the following equations [19].

Where AL, Aa, Ab represent the derivation of the individual values
from their respective sample.

AE = J((AL)? + (Aa)? + (AD)?)

Where subscript <’0” is the initial values of L*, a* and b* at time
TO for each maturity stage.

AE = ((Lrg— L #)? + (a o= a ) + (b rg— b )))?

Statistical analysis of data

Analyses were performed in triplicate. Data obtained were
expressed as mean + standard deviation and were analysed using
XLSTAT 2014. Pearson correlation coefficients and regression
equations were obtained between colour parameters and cooking
time of boiled plantain at three postharvest maturity stages.

Results and Discussion

i) Effect of ripening on peel and pulp colours

Colour appreciation is a very subjective issue which depends on
various factors that might make consumers like or dislike a food
product. Hence, depending on the cooking time, the maturity stage
and the genotype itself, the colour of plantain pulps could vary
significantly (Figure 1).

Table 1 shows that for CARBAP K74 raw pulps, brightness (L)
decreases significantly (p<0.05) during postharvest ripening,
while yellowness (b*) increases, reflecting the progressive
degradation of chlorophyll and the exposure of carotenoids. For
BATARD raw pulps, L* values vary between unripe and ripe
stages, with a maximum at the start-ripe stage. Meanwhile, b*

Table 1: Colour parameters of analysed fruits during ripening.

values also increase during ripening, although the differences are
not statistically significant. Regarding raw peel colour, it appears
that the parameters L*, a* and b* of BATARD cultivar increase
significantly (p<0.05) with ripening. For CARBAP K74, only the
redness index (a*) increases significantly (p<0.05) with ripening.
The colour variation observed between BATARD and CARBAP
K74 may be explained by their genotypic differences, pigment
composition, and browning potential. BATARD is a triploid 44AB
cultivar, while CARBAP K74 is an improved hybrid with A44B
genomic constitution. Pigment analyses indicate that BATARD
pulps generally contain higher carotenoid levels, which contribute
to stronger yellowness (b), whereas CARBAP K74 maintains
higher brightness (L*) at the unripe stage. Differences in browning
potential also play a role: BATARD shows higher susceptibility
to enzymatic browning due to polyphenol oxidase activity, while
CARBAP K74 exhibits greater postharvest stability [20].

ii) Effect of boiling on plantain pulp colour

Plantain pulp derived from boiling with or without its peel is the
final product consumed. Photos of pulp slices from BATARD fruits
boiled without peel at three cooking times and three maturity
stages are displayed in Figure 2. These cooking times were chosen
because of their significant change in pulp colour.

Whether processed with or without peel, the change in colour
of the cooked pulp after 10 min is visible to the naked eye. The
colouration observed intensifies as cooking time increases (Figure
1). Instrumental data presented in Table 2 confirm this trend :
while brightness values (L) decrease progressively with longer
cooking times, the redness (a*), yellowness (b*), and overall
colour intensity (AE) increase. Boiling with peel better preserves
pulp brightness, but irrespective of cultivars and ripening stages,
the same pattern of decreasing L* and increasing a*, b*, and AE is
consistently observed. At harvest, CARBAP K74 pulps generally
presented higher brightness (L) values compared to BATARD,
particularly at the unripe stage, which corresponds to the cream
or ivory colour reported in preliminary studies. However, during
cooking the differences in brightness between the two clones were
not always statistically significant, especially at the start-ripe
stage. At stage 5 (ripe), BATARD pulps tended to exhibit higher
L values compared to CARBAP K74, although the differences
were not consistently statistically significant according to the data
presented in Table 2.

Genotype Maturity stage L+ Pulp ca(llour b* L+ Peel ;2lour b*
Unripe (ST1) 77.51° 1.38 27.55% 55.21° -15.10° 36.97°
CARBAP K74 Start ripe (ST3) 77.50° -0.232 31.97® 63.06° -8.84%® 41.58°
Ripe (STS) 67.45° 2.112 36.54° 58.45° -1.75% 37.98*
Unripe (ST1) 74.48° 5.25° 36.12° 58.17° -16.23¢ 37.24°
BATARD Start ripe (ST3) 78.72¢ 2.94° 36.35° 66.27° -8.44° 43.512
Ripe (STS) 74.09* 4.23% 42.45° 71.28° -1.49° 45.62°

Colour values are described by L*=lightness, a*=redness, b*=yellowness on the CIE LAB Colour Chart (CIE=International Commission on

1llumination), AE=Colour intensity. ST=stage.

The averages of the three trials in the same column, with the same superscripts, for each genotype are not significantly different at p<0.05 (Tukey s test)-
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Table 2: Colour parameters of Musa pulps boiled without and with peels.

Pulp colour parameters

Plantain clone | Ripening | Cooking Pulp boiled without peel Pulp boiled with peel
stage time (min)
L* a* b* AE L* a* b* AE
TO 77510 1.3gebed 27.55%4 | 0,004 77518 | 1.38% | 27.55% | 0.00°
T10 68.07° 2.8¢ 3022 | [134%0 | 77.090 | -2.89% | 2939% | 5.10¢
_ T20 62,630 .57 2943k | 16030 | 65.17°0 | 226 | 28.61% | 1321
:JS“T”I"; T30 56.4604 2.11% 26250 | 21530 | 59,07« | 3179 31.03% | 19.30%
T40 51.64% -0.89edel | 29 1kl | D6 480 56.64%% | 18504 | 28470 | 2120w
T50 53.97¢ 044t | DG gbeder | D378 | 5416 | -0.26™ | 27.82% | 23.49%c
T60 51.90% 113k | 30,34 | 25970 5461 | 1.56% | 27.13% | 2321
TO 77.500 -0.23el | 31,97 | (.00 7750 | -0.23%4 | 31.97% | 0.00"
T10 6124 23.02¢ BLA7™ | 1658 | 63.57%k | 2.44%d | 30.11% | 14320
) T20 53.92¢ 2.93¢ 27.570 | 24420 5378 | 2.81% | 27.04% | 2421
CARBAP K74 (Sst;r;)“pe T30 52.974 1579 | 25180 | 25510 | 51.87% | -226%0 | 28.41® | 26.09%
T40 56.00° ~0.93%cdet | p7.30bdel | 22030 | 52.14% | -].15%< | 2573 | 26.37°
T50 52.00% -0.44a% | 2776 | 26,090 5235 | -1.24m4 | 2831% | 26.20%
T60 51.28 2.58® 2415 | 2758 51.80% | -0.03% | 28.05° | 27.40°
TO 67.45% 2110 36.54 0.00¢ 67.45% | 2.11% 3654 | 0.00°
T10 63.100 3.14° 31410 | 878 70.67% | 2624 | 30.72% | 8.63%
) T20 58,520 2.08% 2558w | 15080 | 51.50% | 25700 | 24.800 | 20.920
:‘S‘Tpes) T30 51.82¢ SL30%0 | 23.90% | 20.53% | 55.13¢% | -1.50%d | 25640 17.99:bd
T40 53.69< 0.60% | 2308 | 19.79% | 5520 | -1 46" | 25.66° 17360
T50 52,13 166 22.60° 20.83% | 48798 | 0.95%¢ | 21.50° | 24.68%
T60 49.514 2.66° 2226° 23.06% | 5223% | 2.47° 22410 | 21.06%
TO 74,48 525 36.12¢ | 0.00¢ 74480 | 525 36,24 | 0.00¢
T10 71,58 1,330 34.90¢ 6.41¢ 72970 | 1550 | 33714 | 7.34%

_ T20 66.750% | _0.95¢ 414700 | 92600 | 6921 | 0594 | 3978k | 10.75%
Unripe T30 58.98bedeieh | (] 6ede 411200 | 18450 | 63.18%dk | _0.80% | 40.07 | 14.00%"
(ST 1)

T40 5090 | 0.49% 36.92¢ | 18.6300 | 6040 | -0.55% | 40310 | 16,160
T50 5508 | ] (7ee 36.804 | 13.87%0 | 5805 | 027 | 38.72%d | ]7.83hede
T60 5094 | (.95%e 34.73¢ 17.95%4 | 5365t | 1330k | 40.78bed | 2D ]be
TO 78.720 2,94 36354 | 0.00¢ 78720 | 2.94% | 36354 | 0.00¢
T10 71,88 118 44.81%0 | 116804 | 75270 | 0.84%% | 433020 | 835
) T20 65200t | _] 2 46.35% | 19.01% | 68.87™ | _0.96% | 49.54%® | 17.050dr
BATARD (Sstir;)"pe T30 66,170 | 03¢ 48.57% | 17.92%0 | 62.61%k | _1.67¢ 46.60" | 20.05%
T40 5838k | _(0.74° 424420 | 22.16% | 61.24% | _1.18% | 44.36% | 20.25%d
T50 5121 | _0.08% 38.10%0 | 27.73% | 60.68%E | 0.68% | 42364 | 19,630
T60 48.77" 0.99%% 3761 | 30.12° | 49.90" | 0.60 | 37.25%¢ | 28.96*
TO 74.09%¢ 423 42.45%4 | 0,00 74.00% | 423 42.45% | 0.00¢
T10 67.16™0 | -0,06% 49.61° 10,940 | 67.83mede | | 40bede | 45 64eed | 10240
) T20 5833k | _0.73¢ 46.07% | 17.50% | 62.60<¢% | -1.05% | 49.99° 16.74bcder
?Slges) T30 53.23%8 [ -0.65° 40,120 | 21.58% | 5325% | _1.01% | 42.61%% | 21.77%
T40 51.38%h | (.30 40710 | 23.09% | 50.78% | -0.36% | 41.48% | 24.04%
T50 50.26% 0.71%% 38500 | 24470 | 51.75% | _038% | 3817« | 233w
T60 49,768 2250 36.80 | 25.05% | 50.17" | 0.00% | 37.57%¢ | 24.88%®

Colour values are described by L*=lightness, a*=redness, b*=yellowness on the CIE LAB Colour Chart (CIE=International Commission on
Illumination), AE=Colour intensity. ST: Stage

The averages of the three trials in the same column, with the same superscripts, for each variety are not significantly different at p<0.05 (Tukey s test)
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Photo 1. Unripe fruit (Stage 1 or ST
1)

Photo 4. A slice of unripe fruit

Photo 2. Start ripe fruit {Stage 3 or 5T

Photo 5. A slice of start ripe frail

Photo 3. Ripe fruit (Stage| 5 or ST 5)

Photo 6. A slice of ripe frui

Figure 1: Images of fruits at different ripening stages and their respective cross sections.

The colour parameter a* represents red-green with positive values
for red, negative values for green, and 0 for neutral. At harvest,
the pulp of CARBAP K74 exhibited the lowest positive value of
a* index compared to that of BATARD. Whether treated with or
without peel, the redness values of the pulps decreased significantly
for the two genotypes at stages 1 and 3. For stage 3 and stage
5, a spectacular increase of a* parameter is observed at the end
of the cooking process (between the 50" and the 60™ minutes of
boiling). BATARD pulps present the highest values compared to
the CARBAP K74 irrespective of the ripening stages.

The colour parameter b*, also called the yellowing index,
represents the yellow—blue axis, with positive values for yellow
and negative values for blue. It is characteristic of the pulp colour
sought by consumers. Irrespective of the genotypes, b* increases
significantly during ripening because chlorophyll pigments are
degraded, thereby unmasking carotenoids such as B-carotene and
lutein. These pigments accumulate and become more visible as
the fruit matures, explaining the rise in b* values. Whether treated
with or without peel, BATARD pulps presented a higher yellowing
index compared to CARBAP K74, consistent with their greater
carotenoid content (Table 2). During boiling, b* values also
increase progressively with cooking time, particularly in BATARD
pulps, as heat promotes the release and visibility of carotenoids.
This explains why there is the more intense yellow colour observed
in ripe and long-boiled samples. In fact, [21] suggest that during
ripening there is the degradation of chlorophyll pigments revealing
the carotenoids that are already at their peak in the fruit at maturity.
In general, b* values were higher in BATARD than in CARBAP
K74 irrespective of the boiling methods.

Considering both boiling methods, the colour intensity (AE)
increased significantly with cooking times for all three ripening

stages; but it was less intense with unripe pulps boiled without
peel for both varieties. This could be explained by the degradation
of chlorophyll pigments which is not seen in pulps cooked with
peel as the latter plays a role of a barrier for the degradation of
flavanols. The increase in colour intensity (AE) in the pulps of
BATARD and CARBAP K74 after more than 40 minutes of boiling
is mainly due to the release and enhanced visibility of carotenoids,
rather than a true increase in their content. Heat treatment disrupts
cell structures, allowing carotenoids to be more exposed, which
intensifies the yellow—orange colour observed [22]. Hence, this
confirms that to obtain the attractive colour always mentioned by
consumers, plantain should be boiled between 40 and 60 minutes
either without peel or with peel.

iii) Effect of boiling on the colour of plantain peels

Boiling plantains with peel induces colour changes similar to
those observed in boiled green vegetables. These changes are
characterized by the degradation of pigments and the loss of the
initial vivid colour, leading to faded and indistinct hues depending
on the maturity stage (Figure 2). The colour parameters of boiled
plantain peels are presented in Table 3. Significant differences are
observed mostly for a* and b* parameters than for L*. Indeed,
plantain peels are generally green in colour when unripe, turning
yellow when start ripe or yellow when ripe. Therefore, depending
on the stage of maturity, a* or b* values will show more significant
differences than the L* values. The variation from green to red is
given by the monochromatic variable “a”. The a* values of the
peels of the two genotypes analysed increase significantly during
ripening and boiling with changes from negative to positive values
at the end of the cooking process of start ripe and ripe fruits of
CARBAP K74 meanwhile no negative values were exhibited at
the same ripening stages with BATARD.
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Fhoto 7. Boilled varipe pulp (10 min)

r

e eei?

Photo 10. Boiled start ripe pulp (10 min)

)

FPhoto 13. Boiled npe pulp { 10 mumn)

Fhoto 8. Boiled unripe pulp (30 min)

- *'}
. N’

Photo 11. Boiled start ripe pulp (30 maa)

Photo 14. Botled nipe pulp (30 mink

Photo 9. Boiled unnipe pulp (60 min)

Photo 12. Boiled start ripe pulp (60
mian)

Photo 15. Boiled npe pulp (60 min}

Figure 2: Cross sections of BATARD pulps boiled without peel at three ripening stages and boiling times.

During ripening, b* values of CARBAP K74 peels show a U trend
meanwhile BATARD peels presented a continuous significant
increasing values. Boiling enables b* values decrease with
lowest values at the end of the cooking process independently to
genotypes. The loss of green and yellow colour in plantain peels
during cooking may be due to the activation of the chlorophyll
degradation pathway. It has been shown that chlorophylls and
their degradation products are present in plantains during ripening
[21,23]. However, the degradation of chlorophyll in bananas and
plantains follows the same path as the senescence of the leaves [23].
Besides, temperature plays an important role in the degradation
of chlorophyll, hence the decrease of the a* (green - red) value
during boiling. It has been proven that high temperatures, over
a short period (blanching), could be a beneficial approach to
preserve chlorophyll [16]. Considering both varieties of plantains,
the colour intensity (AE) of the peels increased significantly with
cooking time for all three stages of ripeness; but it was intense in
the peels of the landrace at all stages compared to the plantain-like
hybrid. The more pronounced colour of BATARD peels can be
attributed to a higher concentration of carotenoids, resulting from
genetic and enzymatic differences in pigment biosynthesis, as well
as an increased extraction of these pigments during boiling, which
enhances their release and intensity [24].

iv) Analysis of correlations between colour parameters of
plantain pulps and peels, and cooking time

Table 4 shows Pearson correlation coefficients between colour
parameters of pulp and peel as well as cooking time at three
postharvest maturity stages. A significant strong negative
correlation exists between L* values of boiled pulp and cooking
time at all postharvest maturity stages, while b* values exhibited a
significant medium negative correlation with cooking time only at

stage 5. With respect to peel colour, a significant (p<0.01) positive
correlation was observed between a* values and cooking time at
all ripening stages while a significant negative correlation was
observed between b* values and cooking time at stages 3 and 5.
Also, cooking time influence negatively L* values. In terms of
colour parameters, a significant positive correlation was observed
between L* and b* values. This correlation was medium for the
pulp colour and strong for the peel colour. These parameters (L*
and b*) were on the other hand significantly strongly negatively
correlated with a* values for the peel colour.

v) Regression analysis between colour parameters of plantain
pulp, peel and cooking time

A regression analysis was performed between L*, a* and b* values
of pulp and peel against cooking time at three postharvest maturity
stages. Table 5 highlights regression equations and coefficients of
determination. The R? values for the various models illustrate the
proportion of variability in the data accounted by the model. L*
value of unripe pulp has the highest R? with cooking time. Similar
trends are observed at stages 3 and 5 of ripening. Peels exhibited
high R? values with the cooking time for the a* value especially at
stage 1. Overall, for plantain pulp and peel, the R? values for the
relationship between L*, a* and b* values versus cooking time
range between 0.01 and 0.76. These R? values showed that most
of the variability in cooking time was accounted for by L* and a*
values respectively for the plantain pulp and the plantain peel at
all postharvest maturity stages. The analysis of the equations for
the b* parameter of plantain pulps shows that it has a significant
influence on the perceived quality of boiled plantain pulps, with a
stronger relationship at stages 1 and 3. Colour variations strongly
impact the product's acceptability. At stage 1, its impact is reduced,
suggesting that other factors may become more important at this
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Table 3: Colour parameters of plantain peel after boiling.

Plantain Ripening Cooking time Peel colour parameters
clone stage (min) L* a¥ b* AE

TO 55210 -15.10° 3697 0.00°
T10 5027 -5.44% 31,98 12.30
) T20 5404 3,18 31320 13.38
PS“T“IP)C T30 53.20° 2.020d 29,860 15.04
T40 50.71° 1260 28.144 17.12%
T50 53.49° -0.93:%d 28.95b 16.45®
T60 49.73¢ -0.247hd 23.82¢ 2135

TO 63.06° -8.84°8 41.58° 0.00°
T10 5443 -5.78% 36,85 11.07%
) T20 57.47° 281 34,5000 11.07
CARBAP K74 (SStaTr;)r 'pe T30 57230 ~1.82bd 32,60 13.00%
T40 54.63 -0, 1700 30.0504 16.81°
T50 54.61° RIS 30,110 17.47%
T60 55.120 136 29,480 17.88

TO 58.45° ~1.75 37,98 0.00°
TI10 60.79° .95 39.47% 11.23%
) T20 56.56° 0.243bed 33,0700 12.97
Ripe T30 59.26" 20,03 34,56 17.08%

(ST 5)

T40 55.81° 1.30% 33 ggebed 14.16®
T50 55.76" 3.95%® 27.59% 16.76
T60 51.57° 4.62° 26.93% 16.33%

TO 58.17% 1623 37.24% 0.00°
TI10 41.49¢ 2.72¢ 14.38¢ 31.48°
) T20 47.07 2.26¢ 2043 24.78°
FS“T“II;e T30 46.09% 1,370 19.62¢ 26.30°
T40 46.99" S1.83% 19.73¢ 25.47°
T50 4420 -0.65% 17.25¢ 29.04°
T60 44.57" ~0.47°0cfe 17.07¢ 29.14°

TO 66.27° _8.44" 43.51° 0.00°
T10 47.70 0.80bdez 22.14% 30.32°
) T20 4830 1.70ebeder 22.02 30.23°
BATARD (SstaTr;)r Ipe T30 46.59% 2,78 21.56% 3211
T40 50240 1.68ebeder 2170 29.37°
T50 46.08" 2.20wbede 19.26¢ 33.72°
T60 4585 424 20,12 33.79°

TO 71.28° -1.49% 45.62° 0.00°
T10 50.07% 1 8abeder 22.30 31.73
) T20 46.62 3 24 19.33¢ 36.41°
Ripe T30 46.03 3.68% 18.37¢ 37.56°

(ST 5)

T40 45.11% 4.50° 18.32¢ 38.38°
T50 42.76° 4.79° 18.25¢ 40.13°
T60 48120 495 20700 34.74°

Colour values are described by L*=lightness, a*=redness, b*=yellowness on the CIE LAB Colour Chart (CIE=International Commission on
Hllumination), AE=Colour intensity. ST=stage.

The averages of the three trials in the same column, with the same superscripts, for each variety are not significantly different at p<0.05 (Tukey s test)
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Table 4: Pearson correlation coefficient between colour parameters of pulp and peel as well as cooking time of boiled plantain at three postharvest

maturity stages.

Ripening stage Parameter — Pulp P Peel
Cooking time | L* value | a* value | b* value | Cooking time | L* value | a* value | b* value

Cooking time 1 1

Unripe L* value -0.872%%* 1 -0.307* 1

CLRY a* value -0.161 0212 1 0.739%* -0.589%% |1
b* value 0.048 0.034 0.151 1 -0.457** 0.928%** -0.686** |1
Cooking time 1 1

Start ripe L* value -0.791%* 1 -0.461%* 1

(T3 a* value 0.064 0.148 1 0.747%* -0.784%% |1
b* value -0.138 0.468** |-0.072 1 -0.529%* 0.930%* -0.799%* | 1
Cooking time 1 1

Ripe L* value -0.807** 1 -0.473%* 1

(STS3) a* value 0.036 0.156 1 0.730%* -0.740%% |1
b* value -0.390%** 0.453** 10.072 1 -0.522%* 0.936%* -0.796** |1

* Significant at p < 0.05 for correlative relationships
** Significant at p < 0.01 for correlative relationships

Colour values are described by L*=lightness, a*=redness, b*=yellowness on the CIE LAB Colour Chart (CIE=International Commission on

[llumination), AE=Colour intensity. ST: Stage.

Table 5: Regression analysis between L*, a* and b* values of pulp and peel versus cooking time at three postharvest maturity stages.

L pulp peel
Ripening stage Colour Parameter Regression equation R? Regression equation R?

Unri L* y=0.01L7-2.73L + 173.17 0.76 y=-0.17L2 + 15.37L - 306.29 0.19
(S“Tnlp)e a* y=-1.11a2- 0.13a + 35.70 0.18 y = 0.33a + 8.40a + 48.65 0.68

b* y = 0.05b” - 3.44b + 83.78 0.01 y=-0.15b>+ 6.05b - 19.85 0.42
Start ri L* y=-0.002L2- 1.34L+117.42 | 0.63 y=-0.12L2 + 11.09L - 228.85 032
(SaTrs)r 'pe a* y=-0.63a’ + 0.28a + 32.68 0.03 y=0.12a>+ 4.35a + 31.47 0.57

b* y = 0.05b” - 4.03b + 105.93 0.05 y = -0.12b2 + 5.62b - 23.94 0.51
Ri L* y=0.02L - 4.14L + 204.13 0.65 y=-0.09L2 + 8.64L - 173.51 0.35
(ST"eS) a* y=-1.53a>+ 2.23a + 36.54 0.15 y=0.3522 +4.18a + 17.57 0.56

b* y=0.01b” - 1.75b + 73.50 0.16 y=-0.096> + 4.31b - 10.20 0.44

L= L*value; a= a* value; b= b* value; y= cooking time (minutes)
Colour values are described by L*=lightness, a*=redness, b*=yellowness on the CIE LAB Colour Chart (CIE=International Commission on
1llumination), AE = Colour intensity. ST: Stage.

Photo 18, Boiled unripe BATARD fruit (60
i}

Photo 16. Boiled unripe BATARD
Fruit 10 miny

Photo 21. Boiled start ripe BATARD fruit
after 60 minutes

Photo 17. Boiled unrips BATARD
Fruit {30 muin)

Photo 19. Boiled start ripe BATARD
fruit { 10 min}

Phota 24. Boiled ripe BATARD fruit after 60
minutes

Photo 20. Boiled start ripe
BATARD fruit {30 min)

Phota 22. Boiled ripe BATARD fruit
{10 min)

Photo 23, Boiled :’ipe BATARD
fruit {30 min)

Figure 3: Photos of BATARD fruits at various ripening stages and boiling times.
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stage. It is crucial to control the b* parameter during the cooking
of boiled pulps, particularly at stages 1 and 3, to optimize the
visual quality and acceptability of the final product. The same
observations are made with a* in plantain peels.

Conclusion

Colour is among the important criteria that guide boiled plantain
choice. The boiling methods, the boiling time and the ripening
stages influenced the colour of the pulps and the colour of the peels
of analysed genotypes. The colour parameters (L*, a*, b* and
AE) varied significantly during ripening, between raw and boiled
pulps, and also between raw and boiled peels. The degradation of
starch and chlorophyll pigments during ripening, as well as the
water absorption capacity and the degradation of chlorophyll
during boiling, are precursors of colour changes in plantains fruits.
The values of AE, a* and b* were the best predictors of colour
for both genotypes. It was found that regardless of boiling and
ripening stage, the pulp colour of the local variety (BATARD) is
more intense and attractive than that of the plantain-like hybrid
(CARBAP K74); which is a key quality trait for boiled plantain
preferences. The b* parameter is crucial for evaluating the
acceptability of a high-quality cooked plantain pulp. It appears that
the pulps are perceived as more attractive when cooked with the
peel. This phenomenon can be explained by better preservation of
colour characteristics related to the b* parameter during cooking
with the peel, which positively influences the visual acceptability
of the final product. In addition, the setting up of the relationship
between colour parameters of plantain pulps and peels as well as
cooking time could improve varietal selection.
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