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1 | INTRODUCTION
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Abstract

The increasing implication of plantain flour in various food formulations calls for the
need to evaluate the effects of ripening stage, packaging materials, and storage dura-
tion on its proximal composition and functional properties. For this study, plantain
flours were produced from the cultivar Alloga at unripe and semiripe stage 3. They
were stored both in transparent polyethylene bags and in an opaque aluminum foil.
Physicochemical analyses and functional characterization of the plantain flour were
performed on samples taken prior to storage and on monthly basis for 6 months dur-
ing storage. Ash and carbohydrate contents decreased while the yellowness and red-
ness increased with ripening. Pasting viscosity drastically decreased with ripening.
During storage, significant differences in color and among most functional character-
istics were observed as a consequence of both storage duration and packaging mate-
rials. Based on this research, flour from semiripe plantain could be recommended for
use in formulations requiring low viscosity. Besides, it is suggested to store plantain
flours in opaque containers to reduce the variability in its properties, thus maintaining

its original quality.
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pounded, fried, or roasted. Plantain pulp is also processed into flour

Plantain is an important food crop in tropical and subtropical re-
gions worldwide. In sub-Saharan Africa, banana and plantain provide
more than 25% of the energy needs of 70 million people (Daniells
etal., 2011; FAOSTAT, 2019). Pulp from mature green plantain is rich
in sugar (2%-31%), micronutrients, viz. potassium (440mg/100g),
phosphorus (32mg/100g), and magnesium (32mg/100g), vitamin
C (20mg/100g), and vitamin B (Kouadio, 2015; Robinson & Galan
Sauco, 2010).

In plantain production areas, plantain pulps are consumed be-

tween the green and the yellow stages of ripening, after being boiled,

for bakery and pastry. Besides, semiripe or ripe plantain can be used
in infant food formulations as well as food for invalids who may have
challenges in digesting carbohydrates (Yomeni et al., 2004). Ripening
in plantain occurs once the fruit matures. During ripening, chloro-
phyll is degraded by the chlorophyllase enzyme to a colorless product
(Fatemeh et al., 2012). In addition, carbohydrates are converted into
simple sugars through - and p-amylases activity (Okezie et al., 2003).
As such, semiripe or ripe plantain flour can be incorporated into food
products requiring solubility, sweetness, and a small quantity of sugar.

However, the ripening stages of fruits and vegetables are deter-

minants in the technical aspects of their processing. For example,
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banana pulp flour prepared using fruits at different ripening stages
has been shown to behave differently during the manufacturing of
food products such as cakes and extruded products (Gamlath, 2008;
Yomeni et al., 2004). Moreover, the level of incorporation of plan-
tain flour into food and bakery products is primarily governed by
its physicochemical and functional properties (Fadimu et al., 2018).
Many studies have characterized plantain flours in terms of their
composition and functional properties and found that plantain flour
is a good substitute for wheat flour and other similar starch flours in
some food products (Aziz et al., 2014; Mepba et al., 2007; Onwuka
& Onwuka, 2005). However, semiripe or ripe plantain flour is less
known by consumers, although these products may offer a high
content of carbohydrates due to the increase in sugar level during
ripening.

Storage of plantain flour, for a few days up to several weeks, for
further uses after processing, is a common practice. However, during
storage, several factors could affect product quality. These factors
are as follows: type of packaging materials used, storage environ-
ment (viz. temperature, light, oxygen, relative humidity), and storage
duration (Gunstone, 2002; Obadina et al., 2016). Various changes
caused by these factors, particularly regarding physicochemical re-
actions during storage, are reflected in many quality characteristics
such as rancid flavor, changes in color, texture, and functional prop-
erties (Asikin et al., 2014). Therefore, adequate storage conditions
are essential for maintaining the quality of plantain flour for a long
duration.

While several researchers have focused on changes in plantain
fruit during storage (Adi et al., 2019; Yang et al., 2009), specific stud-
ies on plantain flour storage are limited. Moreover, since plantain
flour must be carefully handled and stored after production, it is
necessary to test the different packaging materials used to deter-
mine which ones are suitable to preserve the flour quality during
storage. In addition, information on physicochemical and functional
changes in flours derived from plantain at different ripening stages,
during storage, is necessary to predict flour quality for further uses.
The present study, therefore, investigated the proximal composition
and functional properties of flours derived from plantain at two rip-
ening stages, and packaged in different materials during storage. The
hypothesis underlying this objective was that physicochemical reac-
tions cause changes in the functional quality of plantain flour during
storage, depending on storage period, ripeness stage, and packaging
materials used.

2 | MATERIALS AND METHODS

2.1 | Materials

Bunches of the local plantain cultivar “Alloga” were randomly har-
vested at the commercial stage (mature and unripe) in the farm
named “Cité de Banane” located in the municipality of Zé (latitude:
6° 46' 59.99“ N longitude: 2° 17’ 60.00” E), in Southern Benin. They

were, then, divided into two parts: the first part was processed im-
mediately into flour, whereas the second one was kept at room tem-
perature (28 +2°C) until it reached the semiripening stage 3 (more
green than yellow), according to the scale of Medlicott (1992), before
being processed into flours. Two types of packaging materials with
a capacity of 500g and of rectangular shape (transparent polyethyl-
ene bag and opaque aluminum film bag) were purchased in a super-

market in Cotonou (Benin) for this purpose.

2.2 | Methods

2.2.1 | Processing of flours

Flours were produced from unripe and semiripe plantain, following
the procedure described below. After being washed and peeled, the
pulp of the plantain was sliced (2-3mm of thickness) and immersed
in lemon water (1%-2%) to prevent enzymatic browning reaction
(Gbadamosi & Oladeji, 2013). The slices were then oven dried at
55°C for 5-6 hours before being ground into powder, and sieved
(Ndayambaje et al., 2019). Flours obtained were characterized for
their proximal composition, pasting, and functional properties be-
fore being stored.

2.2.2 | Storage of unripe and semiripe plantain flour
Batches of 250g of each type of flours were prepared, put in each
type of packaging bag (transparent vs. black) in duplicated layer and
then sealed properly with a sealing machine. They were then stored
in a room at ambient conditions (temperature: 28 + 2°C; relative hu-
midity: 81% +3%) for 6 (6) months. A total of 24 samples were pro-
duced for each type of packaging: 12 for unripe plantain flours and
12 for semiripe plantain flours. Every month, two batches of each
type of flour were taken from each packaging material to assess their
dry matter content, color, and functional properties until the end of

the storage period.

2.2.3 | Proximal composition assessment

Dry matter, ash, fat, and protein (N-x 6.25) contents were as-
sessed by using the standard methods of analysis (AOAC, 2002).
Carbohydrates content was determined by using the following

Equation 1:

% Carbohydrates = % Drymatter — (% Protein + % Fat + %Ash). (1)

Color characteristics were analyzed using a Hunter colorimeter
(Hunter Associates Laboratory Inc. Reston. VA. USA), on the basis of
L*(brightness; 100 = white, 0 = black), a* (+, red; -, green), and b* (+,
yellow; -, blue) values.
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process of plantain and some cooking bananas (Alkarkhi et al., 2011;
Campuzano et al., 2018; Yomeni et al., 2004). The decrease in dry
matter content (i.e., increase in moisture) might be attributed to anin-
crease in sugar content in the pulp during ripening due to conversion
of carbohydrates into simple sugars through enzymatic hydrolysis.
This process generally modifies the osmotic pressure and facilitates
migration of water from the peel to the pulp (Watharkar et al., 2021).
Additionally, the conversion of carbohydrates into volatile aroma
and the utilization of sugars in respiration during ripening may result
in the reduction in carbohydrates content (Watharkar et al., 2021). In
general, protein content increases during fruit ripening (Ayo-Omogie
et al., 2010); and this increase has been attributed to the possible
enzyme synthesis and/or protein synthesis during ripening (Mamiro
et al., 2007). During banana ripening, protein synthesis is, indeed,
required for the development of flavor and texture, and for ethylene
synthesis (Toledo et al., 2012). In the present study, a slight increase
in protein content was observed, probably due to the stage of ripen-
ing chosen for the trial. In fact, significant increases may be expected
from unripe to fully ripe fruit, thereby explaining the slight increase
observed in the semiripe plantain. A low value of ash content was
found in the flour from semiripe plantain compared to that in the
unripe plantain flour, thereby witnessing the decrease in minerals
content during ripening (Seraglio et al., 2018). However, the mean
values of protein, fat, and ash contents recorded here are in line with
those reported earlier for plantain flours by several authors (Kaur &
Singh, 2005; Rodriguez-Ambriz et al., 2008). A decrease in mineral
content composition during ripening is a crucial physical event in the
softening of banana fruits (Ahenkora et al., 1997).

As for flour color, significant increases were noticed for a* and
b* values (Table 1), meaning that flours from unripe plantain were
less red and less yellow than those from semiripe plantain. In that
respect, Yang et al. (2009) observed that the color of the plantain
pulp tends to increase in redness and yellowness during ripening;
and they attributed this finding to the chlorophyll degradation that
occurs during this period.

3.2 | Functional characteristics of flours from
unripe and semiripe plantain
3.2.1 | Pasting characteristics

Significant differences were observed for most pasting parameters

evaluated among flours derived from plantain at the two stages of

ripening (Table 2). Ripening tends to decrease the viscosity of the
flours along with the viscosity profile. This observation is consistent
with that by Campuzano et al. (2018) who noticed that the values,
respectively, of the peak, final, setback, and breakdown viscosities
in flours decreased with the ripening of plantain; and that decrease
was the highest in flours from the third and fourth ripening stages.
According to these authors, this decrease could be attributed to the
degradation of starch into sugar, and to the enzymatic hydrolysis
of carbohydrates. Thus, they stated that flours from the first and
second ripening stages lead to firmer gels, with a higher tendency
for retrogradation. Peak viscosity reflects the maximum viscosity
developed during or immediately after cooking, and high value of
this viscosity is referred to the strength of viscous pastes formed
from gelatinization during processing (Adebowale et al., 2011;
Fadimu et al., 2018). The differences recorded could be attributed
to the sugar content that increases during ripening and that may tie
up water molecules, making them unavailable for starch production
(Ayo-Omogie et al., 2010). Breakdown viscosity is linked to peak vis-
cosity and often reflects the stability of the paste during cooking
(Newport Scientific, 1998). Lower the breakdown viscosity, higher
the ability of the sample to withstand heating and shear stress dur-
ing cooking (Adebowale et al., 2011). In the present study, flours de-
rived from semiripe plantain are expected to have the highest paste
stability during cooking due to their lower value of breakdown vis-
cosity (4.27 P vs. 16.09 P) (Table 2). The setback viscosity is linked
to the retrogradation of starch molecules, and has an implication
on the digestibility of the products derived from the flour (Sandhu
et al., 2007). A high value of setback viscosity may, therefore, af-
fect paste digestibility while its lower value could increase it (Sandhu
et al., 2007). Lower values of the setback viscosity were found with
flours from semiripe plantain compared to those from unripe plan-
tain. In contrast, no significant differences were observed in peak

times and pasting temperatures between the two types of flours.

3.2.2 | Other functional characteristics of flours
from unripe and semiripe plantain

Ripening had a significant effect on most functional characteristics
investigated, except on the bulk density (Table 3). Water and oil
absorption capacities, swelling power, as well as emulsion capacity
decreased significantly with ripening. A similar trend has been re-
ported by Ayo-Omogie et al. (2010), who found that the decrease

was more pronounced at the ripening stages 5 to 7. Most of these

TABLE 2 Pasting characteristics of unripe and semiripe plantain flours

Peak viscosity Breakdown Final viscosity Setback viscosity Peak time Pasting
Flours (Poise) viscosity (Poise) (Poise) (Poise) (min) temperature (°C)
Unripe plantain 76.51+0.33" 16.09+£1.00 81.85+0.07 21.43+0.61 12.68+0.0 77.60+0.42
Semiripe plantain 43.78+2.07 4.27+0.04 53.15+1.03 13.05+0.49 13.14+0.15 76.75+3.04
p-value .000 .000 .000 .000 .023 .063

*Mean + standard error of mean.
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TABLE 3 Other functional characteristics of unripe and semiripe plantain flours

Flours

Unripe plantain

Semiripe plantain

P of ripening

P of packaging

P of storage duration

P of ripening x packaging

P of ripening x duration

P of packaging x duration

P of ripening x packaging x duration

Abbreviation: NS, nonsignificant.
*Mean +standard error of mean.

Water absorption
capacity (%)
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FIGURE 1 Effects of packaging on color parameters of flours during 6 months of storage. (a) Dry matter; (b) Luminance L¥; (c) Redness
(@*); (d) Yellowness (b*); M1: Flour from unripe plantain; M2: Flour from semiripe plantain; E1: Transparent packaging; E2: Opaque packaging

decreases were attributed to the conversion of starch into simple
sugars (Fagbemi, 1999), which are known to inhibit starch hydra-
tion, thereby, leading to a reduction in water absorption by flours.

Moreover, Tortoe et al. (2009), associated the higher values of water
absorption to the higher starch content in flour from unripe plan-
tain whose complex molecules would request more water during
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hydration than sugar molecules. However, high water absorption
and swelling capacities have both economic and culinary advan-
tages, since flour from unripe plantain appears to be better suited
for the production of pastry and baking foods.

Values of bulk density did not differ between the two types of
flours (Table 3). Bulk density is an important characteristic in de-
termining the choice of the packaging materials to be used during
handling and preservation of food (Ixtaina et al., 2008). Its low value
may constitute an advantage in the formulation of infants' foods in
which high nutrient content and low bulk density are rather desired
(Abass et al., 2009).

Emulsion capacity (EC) is generally related to the volume of oil
that can be emulsified per gram of protein (Fagbemi, 1999). A signifi-
cantly lower EC value was observed in flour from semiripe plantain
compared to that from the unripe one (Table 3). This may probably
be due to differences in protein contents between the two types
of flours. Similar results have been reported in previous studies
that pointed out significant decreases in the emulsion capacity (EC)
from stages 1 to 7 of plantain ripening (Ayo-Omogie et al., 2010;
Fagbemi, 1999). In addition, significant interactions between the rip-
ening stage and the storage duration were recorded on EC whose

values increased during flour storage (Table 3).

3.3 | Effects of packaging on color and dry
matter of flours during storage

Between the two types of flour packaged in the different packag-
ing materials, fluctuations of luminance (L*) values followed similar
trend throughout the storage period (Figure 1a). Packaging materi-
als and storage duration had, therefore, no significant effects on
L* values; however, L* values were significantly affected by their
interaction (Table 1). Redness (a*) of flours was significantly influ-
enced by packaging materials during storage period, as its values
significantly increased in the two types of flours, regardless of
the packaging materials used (Table 1; Figure 1b). In contrast, a
gradual decrease in the b* values for the two types of flours was
observed during the storage period (Figure 1c). However, the de-
crease did not significantly differ compared to the values recorded
before the storage (Table 1), whereas significant interactive ef-
fects of both ripening stage and storage duration were observed
on all the color characteristics targeted (Table 1). The varying be-
havior observed in the color characteristics during storage is cer-
tainly due mainly to the chemical reactions that occurred in the
flours, especially by the oxidation and hydrolysis reactions of fatty
acid (Jiang et al., 2021), and also the Maillard reaction (Karathanos
et al., 2006).

During storage, the dry matter content of flours was significantly
affected by the packaging materials (Figure 1d). The interactions
between storage duration and ripening stage also had significant
effects on the dry matter through a reduction in its content after
6 months of storage, witnessing the increasing moisture content of
flours (Table 1).

Comparison between packaging materials revealed a more pro-
nounced decrease in dry matter content in flours packaged in the
transparent material probably due to its texture (i.e., particle compo-
sition). However, the increase in moisture during storage can mostly
be linked to the hygroscopic nature of flours, as reported by Pragati
et al. (2014). According to these authors, hygroscopicity is due to the
attainment of equilibrium between the product and the surrounding
environment at a particular relative humidity and temperature con-
ditions. However, dry matter contents recorded in all flours at the
end of the storage period (91-93%) were comparable to the thresh-
old tolerated (90%) for a long-term storage at ambient temperatures
(27-29°C) (Sugri et al., 2017).

3.4 | Effects of packaging on functional
characteristics of flours during storage

Water absorption capacity (WAC) of flours fluctuated during
storage, following a decreasing trend until 5 months (Figure 2a).
However, the fluctuation was most pronounced in flours pack-
aged in transparent plastic (145%) versus for opaque packaging
(155%), thereby resulting in a significant difference between the
values recorded for this parameter (Table 3). According to Pragati
et al. (2014), the decrease in WAC values during flour storage
is mainly due to the increase in moisture content (i.e., moisture
uptake decrease) caused by the establishment of equilibrium
moisture content of the flour during storage. However, Awoyale
etal. (2016) attributed the decrease in WAC values to the chemical
composition of flour, coupled with sunlight resistance of the pack-
aging materials used. In fact, opaque packaging materials resist
more to sunlight than transparent packaging materials. In addition,
the rate of water absorption increased gradually from polyvinyl
chloride packaging to polyethylene packaging, and then to poly-
propylene packaging materials (Awoyale et al., 2016). However,
interactive actions of factors taken two by two as well as the in-
teraction of the three factors (i.e., ripening x packaging x storage
duration) altogether had significant effects on the WAC values
of flours (Table 3); thereby, suggesting that the impact of storage
conditions on WAC of plantain flours can well be altered by the
ripening stage of the plantain.

Packaging material as well as its interaction with the storage du-
ration had a significant effect on the oil absorption capacity (OAC)
of the flours (Table 3). OAC values decreased from 87% to 83% in
transparent packaging, and from 87% to 79% in opaque packaging,
at the end of the storage period (Figure 2b). Such a decrease in OAC
values during storage has been observed in earlier studies and has
been associated with the reduced ability of the flour to entrap fat
to the polar end of its protein chain due to the probable reduction
in protein content during storage (Abeshu et al., 2016; Awoyale
et al., 2020). However, the OAC of flour, in the present study, was
influenced by the interaction of the three factors (Table 3).

The results of this study showed significant differences in the
swelling power (SP) of flours at 80°C in relation to the packaging
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materials, the ripening stage, and the storage duration (Table 3). In
fact, during the first 3 months of storage, a significant fluctuation of
SP was similarly observed for the two types of flours (Figure 2c). After
6 months of storage, the decrease in SP values, in both packaging
materials, was significantly pronounced compared to the values ob-
tained before storage. However, since SP is the ability of flour starch
to adsorb water to the extent that it causes the starch granules size to
increase, its decrease toward the end of the storage period could be
explained by the decrease in the flour's ability to adsorb water after
a certain storage time. A long storage period would, therefore, have a
reducing effect on the water absorption capacity (WAC) of the flour.

The emulsion capacity (EC) was significantly affected by the pack-
aging materials during storage with significant interactions among
the three factors, either taken two by two or altogether (Table 3).
Overall, an increase in EC values was recorded in both packaging
systems during storage, with a greater increase in flours packaged
in the transparent materials (Figure 2d). A similar trend of increase

in EC values was reported by Awoyale et al. (2016) in plantain flours
stored in different materials. However, according to Liu et al. (2008),
fluctuations of EC values during storage of flours were more com-
plex and could be affected by many factors including particles size,
protein content, packaging materials, storage conditions, etc. In a re-
cent study, Awoyale et al. (2020) revealed that functional and pasting
properties of unripe plantain flours were affected both by packaging
materials and storage periods; thereby resulting in decreasing the
viscosity aptitude of the flours. With regards to these findings, it ap-
pears that storage duration and packaging materials can affect the
viscosity properties of flours from both unripe and semiripe plantain.

4 | CONCLUSION

This study showed that the ripening stage of plantain modified most
of the proximal composition, and functional properties of flours
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derived from it. While pasting viscosity drastically decreased with
the ripening, packaging materials and storage duration significantly
influenced dry matter content, colors, and most of the functional
parameters of plantain flours, regardless of the ripening stage of the
plantain used. Changes were, however, less pronounced in flours
packaged in opaque materials compared with transparent materials.
It derives from these results that flour from semiripe plantain could
be used in formulations requiring low viscosity such as infant food
formula. It can also be suggested to store plantain flours in opaque
materials to reduce fluctuations in its functional properties and color
parameters. For further research, FTIR or X-ray analysis is advised
for an in-depth analysis on the physicochemical changes that gener-

ally occur during plantain storage.
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