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Abstract— Post-harvest loss of plantain peeks at senescence. 

Drying senescent plantain enhances its culinary applications. This 

study aimed to determine the biochemical and functional 

properties of foam-mat dried senescent plantain samples, and 

their respective powdered mixes prepared for baking ofam (an 

Indigenous spicy cake). The nutritional benefits of foam-mat dried 

senescent plantain, with its high vitamin C and total carotenoid 

content, make it a valuable addition to dietary interventions. 

Foam-mat dried plantain samples and their respective powdered 

mixes were evaluated for their proximate composition, vitamin C, 

total carotenoids, amino acid contents, water and oil absorption 

capacities, and least gelation concentration using standard 

methods. The products were predominantly carbohydrates (73.3g 

- 80.4g/100g) with low moisture contents (9.19 - 20.68 g/100g). 

Vitamin C and total carotenoids ranged from 17.42 mg/100g to 

33.99 mg/100g and 3.4 to 7.2 µg/g respectively. The samples had 

appreciable amounts of calcium (78.90 - 175.18 mg/100g), 

magnesium (112.13 - 113/79 mg/100g), potassium (95.76 - 77.09 

mg/100g), iron (17.65 - 12.76 mg/100g) and zinc (10.94 - 15.82 

mg/100 g). The most abundant amino acids were phenylalanine, 

histidine, methionine and aspartic acid. Sample SPPFSCF 

exhibited the best gelation capacity (22 g/100 mL). The water 

absorption capacities of the samples were influenced by the flour 

type used. However, the variations in the oil absorption capacities 

of the powdered mixes were statistically insignificant. EAPFRCF 

absorbed the least oil (0.84 g/g) while SPPFSCF absorbed the most 

(0.94 g/g). Foam-mat dried senescent plantain and their powdered 

mixes have the potential for utilization in nutritional 

interventions.  Its low moisture content will support a longer shelf-

life than the fresh overripe plantain.  

Keywords— Foam-mat drying, Nutritional characteristics, Ofam 

powdered mix, Senescent plantain,  

I. INTRODUCTION 

Senescent plantain is a good source of nutrition for 
consumers in growing areas, especially in the global South. It is 
used for snack products such as cakes, fritters, beverages, jams 
and vinegar [1]. Senescent plantains have high sugar and 
moisture content and deteriorate rapidly [2]. The very nature of 
senescent plantains makes them challenging to dry. The sugars 
in senescent plantains are glucose, fructose, sucrose, maltose 

and rhamnose, the last two being in very minute quantities [3, 
4].  It is a good source of minerals such as iron (Fe), phosphorus 
(P), potassium (K) and even calcium (Ca). These minerals are 
essential to proper body function. 

The mineral concentration of plantain varies depending on 
their geographical location and ripeness. In the works of  
Hardisson et al. [5] and Forster et al. [6], they observed 
significant differences in the amount of Potassium (K), 
Magnesium (Mg) and Phosphorus (P) in the same species of 
banana found at different locations on an island. This 
phenomenon was also observed for minerals such as Iron (Fe), 
Copper (Cu), Zinc (Zn), Calcium (Ca) and Sodium (Na). 
Izonfuo and Omuaru [7] observed an increase in plantain pulp 
ash and macromineral contents during ripening. Adeyemi and 
Oladiji [8] similarly, observed an increasing trend in fruits' ash 
and mineral contents during ripening. Carotenoids and vitamin 
C are the two most important vitamins found in significant 
amounts in plantains [9].  Major carotenoids identified in ripe 
banana fruits are lutein, α-carotene and β-carotene, most of 
which are found in the peels and relatively low amounts in the 
pulp [10, 11, 12, 13]. 

Carotenoids in banana fruits are temperature-dependent. 
Fruits ripened at 35oC and have higher carotenoid levels in the 
peels than those ripened at lower temperatures, where the 
carotenoid levels remain relatively constant [14]. Some 
researchers have indicated that carotenoid levels increase during 
maturation and ripening.  However, Innocent et al. [15] observed 
reduced β-carotene levels in ripe plantains compared to their 
unripe counterparts. They also indicated that cooking methods 
such as steaming, charcoal roasting and frying significantly 
reduce the levels of β-carotene and vitamin C in plantains and 
sweet potatoes. The loss of vitamin C in fried plantains has also 
been reported by Rojas-Gonzalez et al. [16]. This is expected as 
vitamin C is a heat-sensitive water-soluble vitamin [17]. 
Predictably, the provitamin A content of banana fruits varies and 
depends on the fruit pulp color [18]. The yellow and orange 
varieties have recorded provitamin A levels as high as 3500 
µg/100g on a fresh weight basis [18]. Other vitamins such as 
niacin (700 µg), pantothenic acid (370 µg), riboflavin (50 µg) 
and thiamine (50 µg) have been identified in plantain pulp [3, 

mailto:ddadi@aamusted.edu.gh
https://doi.org/10.46676/ij-fanres.v5i3.350
https://crossmark.crossref.org/dialog/?doi=10.46676/ij-fanres.v5i3.350&domain=pdf


 

 126 

19, 20]. Ripe plantain pulp is low in protein but has essential 
amino acids [21]. Despite the nutritional contribution of 
senescent plantain to the human diet, there is a need for 
processing to extend shelf life and enhance utilization due to its 
rapid deterioration.  The application of foam-mat drying 
techniques has made drying of the senescent plant possible. 
Dried senescent plantain has potential applications in the bakery 
industry. Earlier studies have successfully formulated an 
acceptable powdered mix from dried senescent plantains for 
preparing an indigenous spicy cake known as ofam. The 
formulated powdered mixes are expected to have a peculiar 
nutritional composition different from their ingredients. 
However, the functional properties of the powdered mixes are 
yet to be investigated. This study aims to determine the 
nutritional composition and functional properties of formulated 
senescent plantain powdered mixes. 

II. MATERIALS AND METHODS 

A. Sources of raw materials 

Matured plantains at ripening stage 1 were harvested at JE 
farms in Mankesim in the Central Region. The plantains were 
de-handed, kept on a bench in a room at ambient temperature 

(27 ℃ ), and allowed to ripen to stage 9 for processing. At 

ripening stage nine, the plantain samples were washed, peeled, 
packaged in Ziploc bags (in 1 kg portions), and kept frozen for 
further use. Powdered table salt, onion powder (Badia), ginger 
powder, African pepper, calabash nutmeg, dried cayenne and 
unrefined palm oil was obtained from a local market in Accra. 
Steeped corn flour (SCF) and roasted corn flour (RCF) were 
obtained from the processing unit of the Food Research Institute 
(FRI) of the Council of Scientific and Industrial Research 
(CSIR). 

B. Preparation of foam mat dried senescent plantain 

Senescent plantain samples were washed, hand peeled, 
sliced with a kitchen knife to 5 mm thickness, and steam 
blanched using a rational self-cooking centre (dual combi 
steamer/oven) at 100 oC for 5 min.  A weighed amount (200 g) 
of pulp was blended with 100 mL of water using a warring 
blender (model 51BL30, PA USA) for 2 minutes to form a 
smooth paste. The plantain puree was mixed with a foaming 
agent with a ratio of 93.75% plantain to 6.75% foaming agent. 
The foaming agent concentration was based on a preliminary 
study. The mixture was whisked using a 5-speed control Rival 
hand mixer (HM 1002-ET, Guangdong, China) at speed setting 
5 to attain a foam density of 0.5 g/mL. The foams were dried on 
rectangular trays at a foam thickness of 1 cm at 70oC for 7 hours 
using a forced air dryer. The dried plantain foam mats were 
cooled at 18oC for 4 minutes to obtain a crisp, easy-to-mill 
product. The dried foam mat was milled, packaged into Ziploc 
bags, and stored in a desiccator for further analysis. 

C. Sample preparation 

The formulation for the powdered mix is presented in Table 
1. The ingredient composition is based on optimization studies  

 

of foam. Weighed amounts of the plantain foam mats are 
mixed with other ingredients such as flour, and powders of 
ginger, onion, African pepper, cayenne pepper, and calabash 
nutmeg as presented in the formulation table. The mixture was 
milled in an electric grinder to obtain the powdered mix. The 
powder mix was sieved with a sieve aperture of 250 µm and 
packaged in a vacuum sealer bag for further analysis (Figure 1). 

 

Fig. 1. Process flow diagram for senescent plantain powdered mix 

1) Proximate analysis 

The moisture (AOAC 925.10), crude protein (AOAC 

984.13), crude fat (AOAC 920.39C), ash (AOAC 923.03), and 

crude fibre (AOAC 962.09) contents of the samples were 

determined by standard methods [22, 23]. The difference 

determined the total carbohydrate. The energy value was 

calculated as the sum of the mean protein, fat and carbohydrate 

values multiplied by their respective Atwater factors 4, 9 and 4 

[24]. 
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TABLE 1. DESCRIPTION AND COMPOSITION OF SAMPLES FOR ANALYSIS 

 

2) Mineral analysis 

The atomic absorption spectroscopy method was used to 
determine the potassium, magnesium, iron, zinc, calcium and 
sodium concentrations of the samples [25]. 

Total carotenoids 

The low volume hexane extraction method (LVHEM) 
described by Fish et al. [26] was used with slight modification. 
A weighed amount of samples (1 g) was put in an amber screw-
top vial.  A measured volume of cold acetone (5 ml), ethanol (5 
ml) and hexane (5 ml) were added.  The mixture was placed in 
an ice bath with constant shaking for 30 minutes. Three 
millilitres of deionized water was added with the mixture still in 
the ice bath for an additional 5 minutes. The mixture was then 
left at room temperature for 5 minutes for phase separation. The 
absorbance of upper hexane layer was read in 1 cm quartz 
cuvette at 468 nm. 

The concentration of the extract was calculated as follows: 

C (µg/g sample) = (∆A X volume of extract X dilution)/ (0.2 
X weight of sample used in grams) 

3) Vitamin C 

Vitamin C was determined by using the indophenol method 
[27] 

4) Amino Acid Profile 
A volume of 10 mL of 6 N Hydrochloric acid was added to 

2 g of the sample to form a slurry and thoroughly mixed. The 
slurry was heated for 24 hours at 110 °C. The sample was cooled 
and centrifuged at 4000 rpm for 5 minutes. The supernatant was 
then used as the sample solution. Pre-column derivatization was 
done at room temperature using OPA and FMOC. An aliquot of 
200 µL of digested samples was added to 200 µl of 0.4 M borate 
buffer (pH, 10.2). To the solution, 100 µl of OPA reagent and 
15 Mm FMOC-Cl (in acetonitrile) were each added for 
derivatization to occur. After 5 minutes, 600 µl of distilled water 
was added and 100 µl injected into a Cecil-Adept Series Binary 

Pump HPLC (Cecil Instruments, Cambridge, England). The 
HPLC Conditions were as follows: mobile phase A: 40mM 
CH3COONa (pH 7.8); mobile phase B: CH3CN: CH3OH: H2O 
(45:45:10 v/v/v); flow rate:  1 mL/min; column:  Phenomenex 
3.5 µm, 4.6 mm ID, 15 cm; temperature:  40°C ; detector:  
Shimadzu 10AxL Fluorescence Detector  run time:  60 min  
wavelength:  Ex: 340 nm   Em: 450 nm; flow rate: 1 mL/min 
[28, 29, 30]. 

5) Water and oil absorption capacity  

The water absorption capacity of the powdered mixes was 
evaluated by placing 2 g samples in centrifuge tubes and adding 
40 mL of distilled water. The resultant slurry was shaken for 1 
hour and centrifuged at 2200 rpm for 15 minutes. The 
supernatant was decanted and the amount of water in grams 
gained by a 100 g sample was determined for the water 
absorption capacity [31]. The same procedure was carried out 
using refined vegetable oil (Frytol®) for the oil absorption 
capacity. The density of water was taken to be 1 gcm-3 and the 
density of oil was taken to be 0.93 gcm-3. 

6) Least gelation concentration 

The least gelation concentration was determined by the 

method described by [32]. Suspensions of the powdered mixes 

at concentrations of 2–20% w/v were prepared in distilled 

water. Ten millilitres of each prepared suspension were 

transferred into a test tube. The test tubes were heated in a 

boiling water bath for 1 hour, cooled rapidly under running 

water, and further cooled in a refrigerator at 4oC for 2 hours. 

The least gelation concentration was taken as the concentration 

at which the sample did not fall from the inverted test tube. 

III. RESULTS AND DISCUSSION 

A. Nutritional composition  of  senescent plantain powdered 

mixes 

 

 

 

 

Sample ID Sample Description Amount of ingredients added (g) 

Plantain Flour      

 SCF RCF Ginger Onion African 

pepper 

Cayenne 

pepper 

Calabash 
nut meg 

EAPF Egg albumen plantain foam mat         

EAPFRCF 

mix 

Ofam powdered mix prepared from egg 

albumen plantain Foam mat using roast corn 

flour as binder 

241.7 - 114.7 16 50 4 16 0.5 

EAPFSCF 

mix 

Ofam powdered mix prepared from egg 

albumen plantain Foam mat using steeped 

corn flour as binder 

241.7 114.7 - 16 50 4 16 0.5 

SPPF Soy protein plantain foam mat         

SPPFRCF 

mix 

 

Ofam powdered mix prepared from soy 
protein plantain Foam mat using roast corn 

flour as binder 

242.1 - 111.2 16 50 4 16 0.5 

SPPFSCF 

mix 

Ofam powdered mix prepared from soy 

protein plantain foam mat using steeped corn 

flour as binder 

242.1 111.2 - 16 50 4 16 0.5 
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TABLE 2. MEAN PROXIMATE COMPOSITION OF SENESCENT PLANTAIN FOAM MAT AND POWDERED MIXES 

Means followed by different superscript within a column indicate significant difference (p < 0.05)

The proximate composition of the foam mat dried senescent 
plantains EAPF and SPPF and their respective powdered mixes 
EAPFRCF, EAPFSCF, SPPFRCF and SPPFSCF are presented 
in Table 2. 

The moisture of the samples ranged between 9.10 g/100g 
and 10.68 g/ 100g for SPPFSCF and EAPFSCF, respectively. 
The powdered mixes formulated with EAPF had relatively 
higher moisture content compared to those formulated with 
SPPF. Generally, there were significant differences among the 
samples (p < 0.05). However, samples SPPFRCF and SPPF did 
not show any significant difference. Also, the SPPFRCF and 
EAPFRCF samples did not show any significant difference. 
Samples EAPFRCF were also statistically similar to samples 
EAPF and EAPFSCF. The moisture content of food is an 
indication of its quality and influences its stability.  To ensure 
shelf stability (of at least 6 months), food powders are expected 
to have moisture contents below 12 g/100g, and the data from 
this study fall within this range (Kaur et al., 2011). The values 
obtained are comparable to the moisture contents of wheat flour 
(10.3 g/100g), enriched, dry macaroni (9.9) [27], soy-plantain 
flour (ranging from 9.65 to 9.80 g/100g) [33], and taro powder 
(ranging between 8 to 10 g/100g) [34]. The low moisture 
contents of the samples are expected to give them a relatively 
longer shelf life compared to the senescent plantain products, 
which had higher moisture contents ranging between 47.6 and 
64.2 [35]. 

The protein levels ranged from 1.59 g/100g for EAPF and 
2.6 g/100g for SPPF. The variation in the protein contents of the 
samples may be attributed to differences in the protein contents 
of the foaming agents used (i.e., egg albumen and soy protein 
extract). These foaming agents have different protein 
compositions, except that the egg albumen was in liquid form 
and the soy protein extract was in powdered form. Additionally, 
the differences in the formulations could also contribute to the 
variations in the protein contents of the samples, which were 
statistically significant (p < 0.05).  The addition of the foaming 
agent did not significantly improve the protein content of the 
powdered mix, as it was added in very minute quantities 
(6.25%). Crude protein levels of 1.66 g/100g, 2.6 g/100g and 
2.2% have been reported for senescent plantain products, 
overripe plantain and ripe dessert bananas, respectively [20, 
35,36]. 

The crude fibre contents of the samples ranged from 0.75 
g/100 g to 3.19 g/100g. Sample EAPF had the lowest crude fibre 
content, and the SPPFSCF sample had the highest crude fibre 
content.  The variations in the crude fibre content of the samples 
were statistically significant (p < 0.05). 

Yusufu et al. (37) recorded a crude fibre content of 2.3 
g/100g for enriched Apulia, a roasted maize meal, and Oduro et 
al. [38] also reported a crude fibre range between 1.47 g/100g 
and 2.50 g/100g for gari, both of which are within the range of 
results obtained for the samples. Crude fibre has an important 
nutritional role in controlling bowel movement, keeping the 
colon clean, and lowering blood cholesterol [39]. 

The ash content of the samples reflects the mineral levels in 
the sample. The variations in the ash contents were significant 
(p < 0.05). Sample EAPF recorded a total ash content of 2.4 
g/100 g, while SPPFRCF had the highest total ash content (3.7 
g/100g).  The ash content of the samples is similar to that of 
dried fruits, which have been reported to range between 2.4 and 
3.5 g/100g [27]. It is also comparable to the ash content of taro 
powder, which ranges between 1.7 and 2.2 g/100g [35] and ripe 
apem plantain (2.68 g/100g) [40]. 

The samples had appreciable amounts of magnesium, 
potassium, iron and zinc (Figure 2). The differences in the 
magnesium contents of the samples were not statistically 
significant (p > 0.05). It ranged between 11.2 and 11.4 mg/100g 
for EAPFSCF and SPPFSCF, respectively. The samples' 
magnesium levels were lower than those reported for tiger nut 
wheat cake (83.7–152.46 mg/100g) [41]. Magnesium is a very 
important mineral that helps in fluid balance, along with sodium, 
potassium, and calcium, as well as in the transmission of nerve 
impulses, muscle contraction, and the regulation of the heartbeat 
[37]. The potassium levels ranged from 7.7 mg/100g to 9.6 
mg/100g for SPPFSCF and EAPFSCF, respectively. The 
potassium contents of EAPFSCF and EAPFSCF were 
statistically insignificant (p > 0.05). The iron composition of the 
samples was between 1.3 mg/100g and 1.8 mg/100g for SPPPF 
and EAPFRCF, respectively. The variations in the iron 
composition for all the samples except SPPF were insignificant 
(p > 0.05). Lower levels of iron (0.56–0.699 mg/100g) and 
higher magnesium (334–39 mg/100g) have been reported for 
dockounou (an Ivorian senescent plantain dish) [42]. Since the 
iron in the samples is non-haem, an acid medium such as 

Sample Moisture 

(g/100g) 

Crude protein 

(g/100g) 

Crude fibre 

((g/100g) 

Ash 

(g/100g) 

Crude fat 

(g/100g) 

Carbohydrate 

(g/100g) 

Energy 

(kcal) 

EAPF 10.44de ± 0.02 1.59a ± 0.09 0.75a 2.40a ± 0.14 4.44a ± 0.01 80.39c ± 0.05 367.86a ± 0.4 

EAPFRCF 10.15cd ± 0.09 2.37d ± 0.40 2.33b ± 0.08 3.01bc ± 0.48 8.24c± 0.08 73.90a ± 0.17 379.24bc ± 3.05 

EAPFSCF 10.68e ± 0.08 1.89b ± 0.03 2.55c ± 0.02 3.41cd ± 0.02 7.54b ± 0.15 73.94a ± 0.02 371.15a ±1.34 

SPPF 9.63b ± 0.13 2.63e ± 0.08 2.64 cd ± 0.01 2.75ab ± 0.01 8.44c ± 0.28 73.92a ± 0.23 382.14c ± 1.88 

SPPFRCF 9.91bc ± 0.05 2.02c ± 0.03 2.72d ± 0.02 3.69d ± 0.05 8.41c ± 0.04 73.27a ± 0.07 376.81b ± 0.49 

SPPFSCF  9.13a ± 0.37 1.87b ± 0.13 3.19e ±0.02 3.49cd ± 0.11 7.61 b ± 0.31 74.73b ± 0.73 374.84b ± 0.40 
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Vitamin C would be needed for proper absorption and utilisation 
in the body. Zinc is an essential micro mineral for the body’s 
metabolism, functioning of insulin and normal taste acuity [39]. 
Sample SPPF had the highest zinc content (1.6 mg/100 g), and 
sample EPPF had the lowest zinc content (0.9 mg/100g). The 
zinc content reported for dockounou was relatively small (0.19–
0.23 mg/100 g) [42]. The differences in the zinc contents could 
result from differences in the formulations. The calcium 
contents of the samples were also very high. SPPF had the least 
Ca content (7.5 mg/200 g), while EAPFSCF had the highest 
(17.5 mg/100g).  The range of calcium values reported for tiger 
nut wheat cake (54–56 mg/100g) is relatively higher than the 
samples evaluated [39]. However, reported calcium values for 
rice bran (5.6–9.5 mg/100 g) [41] were within the range of the 
results obtained for this study. 

 

Fig. 2. Mean potassium, magnesium, iron, zinc and calcium contents of 
the powdered mix samples 

 

Fig. 3. Mean glucose, fructose and sucrose contents of the powdered 
mix samples 

The variations in the crude fat contents of the samples were 
statistically significant (p < 0.05). Sample EAPF contained the 
lowest amount of crude fat (4.4 g/100 g), while SPPF had the 
highest crude fat content (8.44 g/100g). The crude fat contents 
of the samples are consistent with the range reported for 
senescent plantain products (0.06 – 9.5 g/100g) [35] and Apula 
(2.6 – 6 g/100g) [37]. The crude fat content of ofam is expected 
to increase from the powdered mixes since the formulation 
requires palm oil. Too high crude fat levels predispose the 
products to oxidative rancidity during normal room-temperature 
storage. 

The samples were mainly carbohydrates. High carbohydrate 
values were obtained for the samples, which ranged from 73.3 

g/100 g (SPPRCF) to 80.4 g/100g (EAPF). The range recorded 
is comparable to the total carbohydrate contents of cornflakes 
(80.4 g/100g), dried enriched macaroni (74.7 g/100 g), and 
honey (82.4 g/100 g) [27]. The differences in the carbohydrate 
contents of the samples were statistically significant (p < 0.05). 

Results indicate that the samples were high in calories, and 
the difference in the caloric values of the samples was significant 
(p < 0.05). The total energy of sample SPPF was the highest 
(382.1 kcal), and EPPF recorded the least energy (367.9 kcal).  
The energy values for EPPF and EPPFSCF were statistically 
insignificant (p >0.05), as were those for EAPFRCF, SPPFRCF 
and SPPFSCF. According to Robinson [42], plantains' average 
total energy value is 128 kcal/100g. The higher values recorded 
for these samples could be attributed to the ripening stage and 
the formulation differences. 

Since the products contain senescent plantain as the main 
material, glucose, fructose and sucrose are expected to be the 
main carbohydrates. Results in figure 3 indicate that the majority 
of the sugars were fructose, followed by sucrose and then 
glucose. The glucose content ranged from 0.41 g/100g to 3.73 
g/100g for SPPFRCF and EAPF, respectively. The sucrose 
content of the samples was relatively higher than the glucose 
content; it ranged between 7.2 g/100g and 16.45 g/100g for 
EAPF and SPPFSCF, respectively. The fructose content of the 
samples was generally higher than the values obtained for both 
glucose and sucrose (Figure 3). The variations in the glucose, 
sucrose and fructose contents of the samples were significant (p 
< 0.05). 

The total carotenoids were highest in the SPPFSC (7.2 µg/g) 
and lowest in the EAPF (3.4 µg/g) (Figure 4).  The variations in 
the total carotenoids of the samples were significant (p < 0.05). 

 

Fig. 4. Mean total carotenoid levels of the powdered mix samples 

Vitamin C was also found in appreciable amounts in the 
samples. It ranged from 17.42 mg/100g to 33.99 mg/100g for 
EAPF and SPPFSCF, respectively (Figure 5). The variations in 
Vitamin C were significant (p < 0.05). However, differences in 
EAPF and SPPFSCF were insignificant (p > 0.05). The presence 
of vitamin C is important for the optimal utilisation of the iron 
present in the samples. 
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The amino acid concentration of the samples is presented in 
Table 3. The essential amino acids identified in the samples were 
histidine, isoleucine, leucine, lysine, methionine, phenylalanine, 
valine and threonine. Tryptophan was conspicuously missing in 
the essential amino acids identified. The amount of histidine in 
the samples was relatively the same, ranging from 0.20 g/100g 
for samples SPPFSCF, EAPF and EAPFRCF to 0.28 g/100g for 
the EAPFRCF sample. Sample SPPF recorded the highest value 
of 0.18 g/100g for isoleucine, followed by EAPF.  EAPFSCF 
was highest in leucine (23 g/100g), and SPPF recorded the 
highest values for methionine (0.19 g/100 g) and phenylalanine 
(0.33 g/100g). Aspartic acid was the most abundant non-
essential amino acid found in the samples. It ranged from 0.40 
g/100g to 0.53 g/100g for samples SPPF and EAPFSCF, 
respectively. EAPFRCF was highest in glutamic acid (0.25 
g/100g) and glycine (0.31 g/100g). Substantial amounts of 
arginine (0.18 g/100g) and cystine (0.19 g/100g) were also 
found in SPPF. The values obtained for the various amino acids 
in this study were higher than those obtained by Ketiku [23] for 
overripe plantains and Shamla and Nisha [45] for plantain chips 
fried at stages I, II, III, IV and V ripening. The addition of 
foaming agents such as egg albumen in EAPF, EAPFRCF and 
EAPFSCF and soy protein isolates in SPPF, SPPFSCF and 
SPPFRCF could have increased the concentration of amino 
acids in the plantain samples and their respective powder mixes, 
thereby improving protein quality. 

B. Water and oil absorption capacity 

The water absorption capacity of a material is its ability to 
be associated with water under limited quantities [44]. The 
powdered mixes containing roast corn flour (RCF) had a higher 
water absorption capacity than those containing steeped corn 
flour (SCF) (Figure 6). EAPFSCF and SPPFSCF had the lowest 
water absorption capacity (0.82 g/g), while EAPFRCF recorded 
the highest value (1.10 g/g) (Figure 6). The variation in the water 
absorption capacity of EAPFRCF and SPPFRCF were not 
statistically significant (p > 0.05). The results indicate that there 
are more hydrophilic sites in the samples containing RCF, 
allowing for more water to be absorbed.  Mepba et al. [47] 
reported a water absorption capacity ranging from 1.10 to 1.30 
g for wheat/plantain composite flour. Kaur and Singh [48] also 
reported slightly higher values for chicken peas (1.33 to 1.47 
g/g). 

EAPFRCF absorbed the least oil (0.84 g/g), while SPPFSCF 
absorbed the most (0.94 g/g). This implies that EAPFRCF has 
the least lipophilic tendency. The variations in the oil absorption 
of the products were statistically insignificant (p > 0.05). The 
samples' ability to bind oil may be similar because they both 
have a non-polar side that binds the hydrocarbon chains of the 
oil to the flour. The fat absorption in the powdered mix is useful 
for flavour retention and improves palatability when used to 
bake ofam [49]. The results show that EAPFSCF, EAPFRCF, 
SPPFSCF and SPPFRCF may be lower flavour retainers than 
tiger nut flour (1.09 to 1.13 g/g) [50], chicken peas (1.05 to 1.24 
g/g) [51]. However, the oil absorption capacity for lima beans 
(0.97 g/g) and lentils (0.93 g/g) [52] was within the value 
obtained for this study. 

 

Fig. 5. Mean vitamin C content of the powdered mix samples 

 

Fig. 6. Mean water and oil absorption capacities of the powdered mix 
samples 

C. Least gelation concentration 

This is the minimum amount of flour needed to form a stable 

gel in 100 mL of water after boiling and cooling. The difference 

in the gelation capacity of the powdered mix samples was 

significant (p < 0.05). SPPFSCF (22 g/100 mL), which required 

the least flour to gel, had the best gelation capacity (Figure 7). 

The difference in the least gelation concentrations of EAPFSCF 

and SPPFSCF was insignificant (p < 0.05). 

 
Fig. 7. Mean least gelation of the powdered mix samples 

The presence of starch and proteins in the powdered mix is 

responsible for the gelation. The size of proteins, 

carbohydrates, and lipids in food suggests the extent of 

interactions present, hence the gelation property [53]. The least 

gelation concentration of the samples in this study is higher than 
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values reported for sesame (16 g/100 mL), rice (18 g/100 mL), 

wheat (14 g/100 mL) and millet (18 g/100 mL) [54]. 

IV. CONCLUSIONS 

The presence of potassium, magnesium, zinc, calcium, total 

carotenoids, and vitamin C, in addition to the other nutrients 

present, gives the foam mat dried senescent plantain and 

powdered mixes the potential for their use in nutritional 

interventions. The most abundant essential amino acids were 

phenylalanine, histidine, and methionine, while aspartic acid 

was the most abundant non-essential amino acid in the samples. 

Hopefully that the samples with relatively lower moisture 

content than the fresh overripe plantain will have a relatively 

longer shelf-life. 
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