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Chapter

Impact of Ripening and Processing
on Color, Proximate and Mineral
Properties of Improved Plantain

(Musa spp AAB) Cultivars

Anajekwu Ekpereka Oluchukwu, Alamu Emmanuel Oladeji,
Awoyale Wasiu, Amah Delphine, Akinoso Rahman
and Busie Maziya-Dixon

Abstract

Recently breeders have developed high-yielding and disease-resistant hybrid
plantain varieties that need evaluation for end-use. This study evaluated the effect of
ripening and processing methods on the color, nutritional, and mineral properties of
hybrid plantain cultivars. Plantain pulps were subjected to frying (170°C for 2 min),
boiling (100°C for 15 min), and drying (65°C for 48 h) at unripe and ripe stages before
analysis. Ripening and processing methods had a highly significant (p < 0.05) effect
on all color and nutritional composition but significant on some minerals such as
potassium. There was an interactive effect between ripening and processing methods
on all color parameters and nutritional composition. In conclusion, fried samples
recorded the highest mineral composition and vitamin C values, while boiled samples
had the highest total carotenoid and color properties. Unripe plantain showed the
most increased potassium, magnesium, calcium, and sodium contents. Processing
plantain fruits at unripe stages were the best option to optimize nutrient availability.

Keywords: plantain, ripeness, processing, color, nutritional qualities

1. Introduction

Plantain (Musa parasidiaca) is a staple food consumed throughout the tropics aside
from maize, rice, and wheat and is consumed as an essential food crop in West and
Central Africa [1, 2]. The world production of plantain is over 76 million metric tons, out
of which over 12 million metric tons are harvested in Africa yearly. Despite its promi-
nence, Nigeria does not feature among plantain exporting nations because it has more for
local consumption than export. Nigeria is one of the largest plantains producing countries
in the world and have been regarded as a primarily starchy staple from some food
consumption surveys [3]. It has been reported that in Nigeria, plantain fruits can be
consumed unripe (green), yellowish-green (fairly ripe), or fully ripe after boiling, frying
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and drying/milling into flour to be taken with vegetable sauce after turning the flour in
boiling water to form a textured dough [4]. Households in Nigeria consume different
varieties of plantain. Still, the most preferred (plantain) varieties are the type locally
known as “Agbagba” (Musa paradisiaca) is a significant food and is particularly desired
for the variability in the stages of ripeness and cooking methods [5].

Processing plantains before storage rather than directly storing freshly harvested
fruit has been advocated as one of the alternatives to reduce postharvest losses.
Processing improves the digestibility of foods, promotes palatability, improves their
keeping quality, and makes the food safer. However, processing may affect food’s
nutritional and mineral composition. Many nutritive minerals are essential to living
organisms because they activate enzymes, hormones, and other organic molecules
that participate in the growth, function, and maintenance of life processes. The con-
sumption of plantain have been reported to provide an invaluable source of carbohy-
drate and caters to the calorific need of many developing countries ([6]). According to
Anajekwu et al. [2], plantain are a good source of mineral especially potassium in the
diet but low in protein, fat and vitamin C. Ayodele et al. [7] reported a significant
variation in the proximate composition of plantain fruits following the natural ripen-
ing and cooking (processing) method employed.

Plantains contains high amount of bioactive compounds like phenolic compounds,
flavonoids, carotenoids and bio-genic amines. Phenolic compounds such as gallic acid,
catechin, epicatechin, tannins and anthocyanins. The bioactive compounds have a
clear therapeutic benefits to human health by contributing towards antioxidant activ-
ities [8]. These bioactive compounds are present in the raw and ripened plantains.
Plantain pulps also contain a low levels of some phytosterols. Carotenoids are pro-
vitamins which provide health benefits due to their physiological functions and serve
as an antioxidants that scavenge singlet oxygen released in human body. Phytosterols
are naturally plant sterols which serve as a functional ingredient that have health
benefits such as lowering blood cholesterol level and its absorption in the intestine.
Generally, the antioxidant activities of these bioactive compounds play a major role in
reducing the risk of diseases such as, diabetes, heart problems and eye diseases which
is on the rise throughout the world [9].

Black Sigatoka disease Mycosphaerella fijiensis (a Musa leaf spot disease) in the early
1980s threatened the livelihood and welfare of millions of sub-Saharan Africa, of which
Nigeria is inclusive [2]. International Institute of Tropical Agriculture (IITA), in collab-
oration with other International Agricultural Research Centers (IARCs), developed
varieties of hybrid cultivars of plantain and banana that are pest and disease resistant
and high yielding, combined with good postharvest qualities to counteract the severe
threat posed by Black Sigatoka diseases to Musa spp production in Nigeria ([2]).

However, until now, published studies are scarce on the effect of ripening and
processing methods on the nutritional, mineral, color, dry matter, ascorbic acid (Vita-
min C), and total carotenoid content of hybrid plantain cultivars. Therefore, the main
objective of this study is to determine the impact of ripening and processing methods on
the color, nutritional and mineral composition of selected hybrid plantain cultivars.

2. Materials and methods
2.1 Materials

The selected hybrid plantain cultivars were harvested from the International Insti-
tute of Tropical Agriculture (IITA) plantain and banana research farm, Ibadan, Oyo
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state, South/West Nigeria (7°22'N, 3°58'E, altitude 225 m). Four plantain varieties
were evaluated: PITA 26 and PITA 27, Mbi egome, and Agbagba (control). The selected
plantain cultivars were divided into two batches; a batch was processed at the matured
green (stage 1) and the other at ripe yellow (allowed to ripen after harvesting to stage
5). The ripening stages of the fruits were determined following a ripening chart [10].
The chemicals used for the research study were of analytical grade. All analyses were
carried out in duplicates at the Food and Nutrition Sciences Laboratory of IITA,
Ibadan, Oyo state.

2.2 Frying of plantain fingers

Unripe and ripe plantain bunches were separated into individual fingers, washed,
peeled, and then sliced longitudinally into small round slices (2 mm thickness) with
the aid of a sterile stainless-steel kitchen knife and fried in vegetable oil (specific
gravity of 0.92 g/cm?) for 2 minutes at 170°C. After frying, it was cooled and packaged
in a polyethylene bag for further analysis at 30 + 2°C [11].

2.3 Boiling of plantain fingers

Fingers of plantain were selected randomly from each set (unripe and ripe) and cut
into a cooking pot containing 2 L of water each and then cooked for 15 min at 100°C.
The peel of the plantain was not removed to prevent the leaching of nutrients into the
boiling water during cooking. After the boiling, each set of plantain was drained out of
hot water and cooled for 10 min before the peels were removed according to the
method described by [12] with slight modification.

2.4 Production of plantain flour by drying

The method described by Anajekwu et al. [2] was used to prepare the Plantain
flour. The plantain fruits were removed from bunches, washed, peeled manually,
sliced (2 mm thickness) using a stainless-steel kitchen slicer, blanched at 80°C for
5 min, and dried in a cabinet drier at 65°C for 48 h. The dried sliced plantain fruits
were milled, sieved, packaged in a low-density polyethylene bag, sealed, and stored
for subsequent use.

2.5 Chemical composition of plantain

The plantain samples’ moisture, ash, fat, protein, fiber, sugar, starch, and dry
matter contents were determined as described by AOAC methods.

2.5.1 Moisture and dry matter content

Moisture content was determined using the method of AOAC [13]. Plantain sam-
ple (5 g) was weighed into a pre-weighed clean dried dish, after which the dish was
placed in a well-ventilated oven (UF55 Memmert Oven model) maintained at 103 + 2°
C for 16 h. Transferred to the desiccator at room temperature to cool. After cooling for
about 30 min, it was weighed as quickly as possible. The loss in weight was recorded
as moisture and moisture content was calculated using the equation below:
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M; — M, x100
Moisture content = 1M1 _21\)/([0 (1)

where M, = Weight in g of dish.

M, = Weight in g of dish and sample before drying.

M, = Weight in g of dish and sample after drying.

Note that M;-M, = weight of sample prepared for drying.
% Dry Matter Content = 100 - % Moisture Content.

2.5.2 Ash content

This was determined by the method of AOAC [13]. It involves burning off all
organic constituents at 600°C for 6 h in a furnace (VULCANTM furnace model
3-1750). Crucibles were washed, dried and allowed to cool in the desiccators. Each
sample (3 g) was weighed into weighed crucibles. The weight of the residue after
incineration was recorded as the ash content.

W3 — W1X 100

Ash content =
W,

(2)

W3 = Weight of crucible+ ash.
W, = Weight of sample only.
W, = Weight of empty crucible.

PITA 27(Hybrid) PITA 26 (Hybrid) Mbi Egome (Hybrid) Agbagba

2.5.3 Protein content

Crude protein was determined using Kjeldahl method ([14], Method 46-12.01).
Exactly 0.2 g of sample was weighed in a paper and transferred into a digestion tube
and one tablet of Kjeldahl catalyst (copper) and 4 ml of conc. H,SO, were added. This
was transferred into a fume cupboard and 4 ml of H,0, was added, fuming was
allowed to stop. The mixture was placed on Tecator digestion block pre-set at 420°C
and digested for 1 h; at the end of which all organically-bound nitrogen was converted
to Ammonium Hydrogen Sulphate. With the addition of a strong alkali (NaOH, 40%)
and the application of heat, ammonia NH; was distilled out, and collected in 1% boric
acid receiver solution containing Bromocresol green/methyl red mix indicator. Blanks
(Paper plus Kjeldahl catalyst) were prepared and treated similarly. Rack of digestion
tubes was removed from the block and allowed to cool to room temperature.
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The tube containing the blank sample was placed in the distillation unit of the
system, and the weight of the sample to be analyzed was entered using the key board
on the system and the system was programmed to automatically perform the distilla-
tion and titration of the sample. Likewise, in turns, the tubes containing the samples
digest were placed in the distilling unit of the system. The system was also
programmed to automatically perform the distillation and titration. Results were
displayed automatically at the end of each analysis according to the following
equation:

Calculation:

(sample titre-blank titre) x M x 14.007 x100

Sample weight (3)

%Nitrogen =

% Protein (crude) = % g Nitrogen x Conversion factor.
M = Molarity of the acid.

2.5.4 Fat content

An automated method (Soxtec™ 8000 System, [14]) was used to determine crude
fat. About 3 g of samples was weighed; transferred into a clean thimble plugged with
cotton wool and inserted into the Soxtec™ 8000 apparatus. Clean pre-weighed
extraction cup containing 50 ml n-hexane was placed on the heating mantle of the
apparatus previously heated up to 120°C and then the thimble containing the sample
was lowered into it. This set up was left in this boiling position for 15 minutes. After
the extraction the thimble (i.e. sample) was lifted up and left in the rinsing position
for 45 minutes. Thereafter, air knob was turned on and the hexane was allowed to
evaporate for some 10 m minute. Extraction cup was further dried in hot-air oven for
20-30 minutes at 105°C to rid it of residual hexane. This was cooled in the desiccator
and weighed. Fat content was calculated as follows:

W; — W, X 100
Wi

%Fat = (4)
W3 = Weight of the cup with extracted oil.

W, = Weight of the empty cup.

W; = Weight of sample.

2.5.5 Fiber content

An automated method (Fibertec™, [13]) was used to determine crude fiber con-
tent. About 0.5 g of celite and 1 g of already defatted samples was weighed into the
pre-weighed glass crucibles. The equipment was turned on and R1 was pressed to heat
the reagents. The crucibles were inserted using the holder and lock into position in
front of the radiator in the Fibretec hot extraction unit ensuring that the safety latch
engages. Placed the reflector in front of the crucibles and put all the valves in closed
position. The cold water tap was opened for 1-2 minutes for reflux system. The pre-
heated reagents were added into each column and 2-4 drops of n-octanol was added to
prevent foaming, turned on the heater control fully clockwise. When the reagents
started boiling, adjustment was made to moderate boiling using the heater control.
The boiling time was measured from the time when the solution has reached the

5



Banana - Cultivation and Nutrition

boiling point. At the end of extraction, the heater was turned off and placed the valves
in Vacuum position and the cold water tap was opened to full flow rate for the water
suction pump and started filtration. The crucible containing the residue was released
with the safety hook. The crucible containing residue was dried overnight in 70°C
vacuum oven. Cooled in desiccator and took the weight. The crucible containing
residue was incinerated for at least 3 h at 525 + 15°C, removed crucible from the
furnace after it is cooled down 250°C. Cooled in desiccator and weighed.

%Crude fiber = Difference in weight x 100. (5)

2.5.6 Carbohydrate content
%Carbohydrate = 100—(Moisture + Ash + Fat + Protein + Fiber) contents. (6)

2.5.7 Starch and sugar content

This was carried out according to the method described by AOAC [14]. Finely
ground sample (0.02 g) was weighed into centrifuge tubes and 1 ml of 95% ethanol
was added, followed by 2 ml of distilled water and 10 ml hot ethanol. The mixture was
vortexed and centrifuged at 2000 rpm for 10 min. The supernatant was collected and
used for free sugar analysis, while the residue was used for starch analysis.

To the residue 7.5 ml of concentrated perchloric acid was added and allowed to
hydrolyze for 1 h. It was then diluted to 25 ml with distilled water and filtered through
Whatman No. 2 filter papers. From the filtrate 0.05 ml was taken, made up to 1 ml
with distilled water, vortexed and the color was developed by adding 0.5 ml phenol
followed by 2.5 ml of conc. H,SO,. This was vortexed, allowed to cool to room
temperature and the absorbance was read on a spectrophotometer (Genesys 10S UV-
VIS, USA, Model) at 490 nm. To the supernatant made up to 20 ml with distilled
water, an aliquot of 0.2 ml was taken, 0.5 ml (5%) phenol and 2.5 ml conc. H,SO4 was
added. This was allowed to cool and the absorbance read at 490 nm.

The glucose standard solution was prepared by weighing 0.01 g of D-glucose into a
100 ml volumetric flask. This was dissolved and made up to 100 ml mark with
distilled water. 0.1, 0.2, 0.3, 0.4 and 0.5 ml of the stock (100 pg/ml glucose) solution
was dispensed into test tubes and each was made up to 1.0 ml with distilled water.
This corresponds to 10, 20, 30, 40, and 50 pg glucose per ml. this was then followed by
the addition of 0.5 ml of 5% phenol and 2.5 ml of H,SO,, vortexed, cooled and the
absorbance read at 490 nm. Then a graph (standard glucose curve) of Absorbance
against Concentration was plotted to determine the slope and intercept.

The sugar and starch content was determined by the calculation below:

(A-TI)xD.FxVx100

%Sugar = B2 W x 106 (7)
A-DHxDFxVxO0. 100
%Starch = ( ) XB - V\);X 1}86 o X (8)

A = Absorbance of sample

I = Intercept of sample

D.F = Dilution factor (depends on aliquot taken for assay)
V = Volume

B = Slope of the standard curve

W = Weight of the sample
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2.6 Mineral composition of plantain

The mineral analysis was determined using an inductively coupled plasma optical
emission spectrometer (ICP-OES) by the method described by AOAC [13] and
Anajekwu et al. [2]. About 0.4-0.5 g of the sample was mixed with 2 ml of concen-
trated redistilled Nitric acid (HNOs;) in a 50 ml digestion tube and then left overnight
for the cold digestion process. The mixture was placed in a digestion block at the
temperature of 120°C starting and increased to 150°C. As the liquid dried off, 2 ml of
concentrated Nitric acid was added until the solution was clear. A solution of 50/50
(v/v) Nitric acid and Perchloric acid was added, increasing the temperature to 180 to
220°C. The whitish ash-like residue was obtained, and the ash residue was dissolved
using 1 ml of Hydrochloric acid (HCI) and 10 ml of 5% Nitric acid, vortexed, and
transferred into 15 ml centrifuge tubes. The solution was injected into the ICP-OES to
determine the mineral content. The mineral content (mg/kg) of each sample was
calculated as follows:

Concentration (ppm) x DF

Sample weight (g) ©)

Mineral content (mg/kg) =

D.F = Dilution factor
2.7 Color parameters

The method described by Anajekwu et al. [2] was used for the color parameters
(L*, a%, and b*) determination using a Chromater (Color-Tec-PCM TM, Omega Engi-
neering Inc., Stanford, CT). The colorimeter was standardized, and samples were
placed in the sample holder. The color measurement (L*, a*, b*) was done in tripli-
cates. The color intensity (AE) was calculated using the formular:

1/2
)

AE = (AL* + A2’ + Ab? (10)

2.8 Vitamin C content

Vitamin C content was determined according to the method described by Amoros
et al. [15] with slight modification. 7.5 g of the sample was weighed and mixed directly
in the extraction tube. 38 ml of extracting solution (0.4% oxalic acid and 20% ace-
tone) was added and homogenized in the Ultra Turrax for 1 minute. The mixer with
the extracting solution and the glass tube walls (approximately 3 ml) were rinsed. The
extract was filtered through Whatman # 2 filter paper using a vacuum pump and
rinsed the glass tube and filter walls. The filtered extract was transferred into a
volumetric flask (protected from light) and brought to 50 ml with extracting solution
and mixed. The reagent blank contains 1 ml of the extracting solution was mixed with
9 ml of 2,6 dichloroindophenol (DCIP) diluted solutions, and after 1 minute, the blank
absorbance was read at 520 nm. About 1 ml of the extract (filtered solution of the
sample) was with 9 ml of 2.6 DCIP diluted solutions, and the absorbance (Sample
Absorbance) was read at 520 nm (read twice for each volumetric flask) after 1 minute.
Sample blank contains 1 ml of the extract was mixed with 9 ml of distilled water, and
the absorbance (Sample Blank: SB) was read at 520 nm. The sample blank was
subtracted from the absorbance and then subtracted from the reagent blank. This final
value (Real Absorbance) was used to estimate the concentration of ascorbic acid.
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2.9 Total carotenoid composition

The method described by Anajekwu et al. [2] was used for total carotenoid deter-
mination. About 50 ml of cold acetone and 2 g of cellite were added to 5 g of plantain
samples and crushed with a pestle. It was filtered with suction through the Buchner
funnel using Filter paper (Whatman 90 mm). Washed mortar, pestle, and residue
with small amounts of acetone, and the washings were received in the funnel. The
crushing and filtration were repeated twice (until the residue was colorless). Petro-
leum ether was used for the extraction of carotenoids and quantified using a UV-VIS
spectrophotometer at 450 nm.

Total carotenoid (TC spec) was calculated as follows:

A total x volume (ml) x DF x 104
Al%

lcm

(11)

TC =
(hg/g) x sample weight (g)

where, A.a = absorbance at 450 nm, DF = dilution factor, Volume (ml) = total
volume of extract (25mls), A, = 2592 (absorption coefficient of beta-Carotene in
petroleum ether (PE).

2.10 Statistical analysis

The data obtained in the laboratory were subjected to analysis of variance
(ANOVA) using the Statistical Analytical System (SAS) package (SAS 9.3 version)
[16], and the means were separated using Least Significant Difference (LSD). The
significance test was done at the 5% probability level (p < 0.05).

3. Results and discussion

3.1 Color parameters of plantain cultivars as affected by ripening and processing
methods

Table 1 shows the color parameters of PITA 26, PITA 27, Mbi Egome and Agbagba
fruit pulp as affected by ripening and processing methods. The analysis of variance
(ANOVA) result showed that varieties, processing methods, ripening stages and had a
highly significant effect (p < 0.001) on the color properties (L*, a*, b* and AE) of
the plantain varieties studied. Color parameters significantly increased with ripeness
(P < 0.05), particularly for PITA 26 and PITA 27. The lightness L* ranged from
26.55-62.88 for PITA 26, 29.99-63.24 for PITA 27, 28.18-68.15 for Mbi Egome and
32.05-65.60 for Agbagba. Dried fruits had the highest lightness for all ripening
stages, followed by boiled fruits. The drying process significantly impacted increased
lightness, which could be attributed to the loss of moisture and non-enzymatic
Maillard browning, which occurred under the conditions prevailing during the drying
process, favoring color change [17]. Similar result of lightness (L > 50) was observed
for plantain flour reported by Fadimu et al. [17]. Mba et al. [18] observed that at all the
ripening stages, evaluated fried plantain chips had bright colors (L > 50) which is
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Sample/Ripening stage Processing Methods L* a* b* AE
PITA 26 Unripe (Stage 1) Frying 30.18" 4.28f 11.07° 1.79°
Drying 62.888 —4.17° 12124 34748
Boiling 49.78¢ —4.91° 18.59" 23.34°
Raw 49.434 0.17¢ 16.68°  21.20¢
PITA 26 Ripe (Stage 5) Frying 26.55° 2.67° 8.34% 4.55°
Drying 60.12° ~7.11° 10.22° 33.17¢
Boiling 55.60° ~7.51° 2373 3105
Raw 4499  -0.15  16.42°  16.98°
PITA 27 Unripe(Stage 1) Frying 38.84° 0.17° 14.58°  10.68"
Drying 63.24" ~5.22° 13.36 35.368
Boiling 53.80° ~5.63° 2137 28.01°
Raw 4850%  —0.01° 15.724 20.15¢
PITA 27 Ripe(Stage 5) Frying 29.99° —0.49" 3.35° 9.65°
Drying 61.328 ~7.344 3.33° 39.42"
Boiling 58.83F  —7.414 2286 3353F
Raw 41.57° —0.57° 14.76°  13.47°
Mbi Egome Unripe (Stage 1) Frying 52.38¢ —4.48° 26.95% 28.82°
Drying 67.00'  —6.78¢ 17.26° 39.718
Boiling 53.17¢ ~2.98* 074 27.20¢
Raw 50.35 2.33¢ 20.05¢  22.82°
Mbi Egome Ripe (Stage 5) Frying 28.18% 2.04f 10.46° 2317
Drying 68.158 ~5.16° 7.45° 38.14"
Boiling 61.93° —426>  31.60"  39.058
Raw 50.80P 1.75° 21.12¢ 23.67°
Agbagba Unripe (Stage 1) Frying 52.94¢ —4.34° 2659 29.07¢
Drying 65.60" ~5.55° 13.69° 37.76"
Boiling 59.74° ~3.73* 2598 34.49
Raw 48.02° 1.82° 1797 19.99"
Agbagba Ripe (Stage 5) Frying 32.05° 1.13¢ 7.25° 6.20°
Drying 63.118 —3.20° 5.20° 36.488
Boiling 54.58° 346 2725"  30.54°
Raw 50.87° 1.45° 19.08°  23.06°

Means followed by different superscripts within a column indicate a significant difference (p < 0.05). L* = lightness,
a* = Redness, b* = Yellowness, AE = Color intensity.

Table 1.
Mean value of color parameters of plantain cultivars by ripening and processing methods.
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similar to results generated for Mbi egome and Agbagba fried unripe plantain chips in
this study.

However, the lightness of the fried chips significantly decreased as ripening
progressed [18], this is similar to the results in this study. Frying reduced the lightness
of the fruits. Redness a* varied across the ripening stages and processing methods.
Redness significantly (P < 0.05) decreased with ripeness for PITA 26 and PITA 27 but
increased with ripeness for Mbi egome and Agbagba which is similar to the report by
Mba et al. [18]. Fried fruits had the highest redness for all ripening stages. Yellowness
b* ranged from 8.34-18.59 for PITA 26, 3.33-22.86 for PITA 27, 7.45-31.60 for Mbi
Egome and 5.20-27.25 for Agbagba. Boiling increased the yellowness of fruits at all
ripening stages. The more desired color of fried chips is the yellowness and the
decrease in lightness positively correlated with increase in redness a* and yellowness
b* of fried chips with time [18]. The data also showed that frying was significantly
affected by ripening. The color intensity AE ranged from 1.79-34.74 for PITA 26,
9.65-39.42 for PITA 27, 2.31-39.71 for Mbi Egome and 6.20-37.76 for Agbagba. Boiled
and dried fruits had the highest color intensity at all ripening stages. Fried fruits
recorded the least color intensity.

3.2 Chemical composition of plantain cultivars as affected by ripening and
processing methods

Table 2 shows the chemical compositions of selected plantain cultivars as affected
by the ripening and processing method. The analysis of variance (ANOVA) showed
that variety had a significant (p < 0.001) effect on all the chemical properties except
protein. However, the processing method and ripening stage had a highly significant
(p < 0.001) effect on the chemical components of the plantain cultivars. However,
the second level interaction of variety x processing method, processing method x
ripening stage, and variety x processing method had a significant (p < 0.001) on all
the chemical parameters, except a slight significance (p < 0.05) for protein.

It implies that variety, processing method, and ripening stage affect the chemical
contents of plantain cultivars. Among the explanatory variables, the variable variety is
more influential for all the chemical components except protein, where the processing
method and ripening stage are the most influential variables. Thus, the processing
methods and ripening stages strongly affected the concentration of ash, fat, protein,
carbohydrate, sugar, starch, moisture, vitamin C and total carotenoid content of
plantain cultivars. The result agrees with what Ayodele ez al. [7] reported that the
natural ripening and cooking method significantly affect the proximate composition
of plantain fruits. The mean separation results showed a significant difference
(P < 0.05) for most of the proximate components of plantain cultivars studied.
Moreover, the ash, protein, total carbohydrate, vitamin C, and starch contents
decreased with ripeness, whereas fat, sugar, and total carotenoid contents increased
notably at the fully ripe stage(stage 5).

Ash content reflects mineral status and the inorganic residue after the water and
organic matter have been removed by burning a food sample [19]. Ash content ranged
from 1.20-3.33 g/100 g for PITA 26, 1.29-3.69 g/100 g for PITA 27, 1.05-2.09 g/100 g
for Mbi Egome and 1.06-3.34 g/100 g for Agbagba respectively. Dried fruits had the
highest ash content for PITA 26, PITA 27 and Agbagba at the unripe stages. However,
boiled fruits had the least ash content for Mbi Egome and Agbagba. The ash contents
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Sample/ Processing Ash Fat Protein CHO Sugar Starch MC Vit. C TC
Ripening Methods (mg/ ng/g
stage 100 g)

PITA 26 Frying  229% 1791 1.43% 6891° 8.82° 9154" 8.60° 829°  119*
B““Pe (Stage 1 ving 333 1200 293 8566 629° 8937 615 10250 292"

Boiling 153> 0.72° 0.49° 28.17° 2.00* 49.12¢ 6856° 731  4.18°

Raw 125 1.69°  0.90° 27.84° 210 46.90° 67.13° 14.94% 1.71a

PITA26 Ripe  Frying  1.65° 28978 1.90° 4127% 18.99% 3514* 2553 549>  1.99°

St
(Stage 5) Drying 151" 133¢ 065" 8221f 11667 8373 724"  621° 209"

Boiling 126 0.79° 0.52* 23.42* 6.97° 56.98° 72.84" 423"  504¢

Raw 120* 0.60° 0.70° 26.82° 758 3728" 69388 7719  4.92°

PITA 27 Frying 248" 1131° 155 74.43" 539" 80.07° 9.48° 913%  589¢

Unripe

: e a f h c g e d
(Stage 1) Drying 3.69° 0.78 2.99 85.27% 8.59° 81.228 6.47a 10.97 5.18

Boiling  1.64" 0.47° 0.69° 2850° 178 57.24% 67.42¢ 743>  6.85°

Raw 1.49® 0.99° 0.90° 29.68¢ 1.61° 66.46° 6623% 16967 4.67°

PITA27Ripe  Frying  1.90° 25.44% 1.60° 39.97° 33.13%8 3521° 28.64° 714> 198

(Stage 5) Drying 166" 2.02° 125% 80.15% 13.79° 84.45" 624° 818° 321"

Boiling ~ 1.41° 0.81* 058 19.92* 12.88% 30.43" 7514° 6.06° 528!

Raw 129° 0.72*  0.54* 27.46° 14.65° 29.96* 68.61° 9.40¢  7.12f

Mbi Egome Frying 160" 11.94° 2.02° 78568 6.30° 85478 520  7.89®  543°
;J)mipe (Stage hiving  201° 080° 286° 8695 933 8434° 648" 827  18.08'
Boiling ~ 1.05* 0.62> 0.53* 30.58" 1.90° 43.62° 64.91° 6.02* 24.19"
Raw 107 0.60° 0.81° 3658 159* 54.02° 6031 9.42¢ 19778
Mbi Egome Frying  1.44° 23.68° 1.90° 64.56° 2321 51.02¢ 717¢ 735" 629"

Ripe (St
ipe (Stage 5) Drying  1.66° 250¢ 177 7560° 16.82° 85.33¢ 642> 830° 10.42°

Boiling ~ 2.09° 0.12* 0.65* 2321° 656" 33.23* 73.358  7.31°  13.58¢

Raw 1.06* 0.50° 0.86> 34.63° 10.28% 39.54° 62.16° 10.37° 14.72°

Agbagba Frying  273% 11272 176% 73.945 895> 90138 929 921" 598"

Unripe (Stage

1 Drying  3.34° 0.49° 247° 8546" 675 93.96" 7274 10.54° 4.87°

Boiling  1.06* 1.82° 0.76* 33.07° 634 67.33% 62.78' 9.04° 17.42°

Raw 1.50° 0.15*  1.00> 37.52¢ 6.30*° 78.80° 56.69¢ 14.19¢ 11.46¢

Agbagba Ripe Frying  2.69° 2218" 1.48° 39.39° 20.13' 61.48° 32.58° 870°  7.06°

(Stage 5) Drying  2.01° 211% 137 81068 13.10° 8211°F 712 896 11.23¢

Boiling 121> 024* 0.82* 26.64° 9.26° 3288 69.23% 869  19.518

Raw 142> 0.13* 0.36* 34.81° 10509 3534> 6258 9.50°  18.81F

Means followed by different superscripts within a column indicate a significant difference (p < 0.05). TC = Total
Carotenoid, MC = Moisture content, Vit = Vitamin, CHO=Carbohydrate.

Table 2.
Mean value of some chemical composition of plantain cultivars (g/100 g) by ripening and processing methods.
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of the raw plantain fruits at both unripe and ripe stages is similar to the result reported
by Okareh et al. [20].

Fat contents ranged from 0.60-28.97 g/100 g for PITA 26, 0.47-25.44 g/100 g for
PITA 27, 0.12-23.68 g/100 g for Mbi Egome, 0.13-22.18 g/100 g for Agbagba respec-
tively and significantly (P < 0.05) increased with ripeness. Fried fruits had the
highest content of fat at the ripe and unripe stages for all cultivars, which can be
attributed to the addition of fat from the frying oil. A similar higher result was
reported by Omotosho et al. [21] for plantain chips stating that frying influenced the
fat level of plantain with vegetable oil. Agbagba cultivar (control) had the least fat
content at the raw unripe and ripe stages compared to the other cultivars. Boiled and
dried fruits had relatively low fat across the ripening stages and processing methods.

Protein content was not significantly influenced by ripeness and the processing
methods employed. Still, it was correspondingly low in all the boiled fruits across the
ripening stages for all the cultivars studied. The low protein content is characteristic of
plantain [1, 19]. Protein content ranged from 0.49-2.93 g/100 g for PITA 26, 0.54—
2.99 g/100 g for PITA 27, 0.53-2.86 g/100 g for Mbi Egome and 0.36-2.47 g/100 g for
Agbagba respectively. Protein is essential in the human diet to grow and repair worn-
out tissues. Dried fruits at the unripe stage had the highest protein for all cultivars
studied, whereas fried fruits at the ripe stage recorded the least protein for all cultivars
studied. Relatively high protein content in dried fruits may be due to protein modifi-
cation or loss of moisture during the drying process, which eventually increases other
nutrient compositions [19].

The carbohydrate levels were significantly (P < 0.05) higher at the unripe stages.
Carbohydrate was relatively high in dried and fried fruits at all the fruit ripening
stages but correspondingly low in boiled fruits. The carbohydrate content ranged from
23.42-85.66 g/100 g for PITA 26, 19.92-85.27 g/100 g for PITA 27, 23.21-86.95 g/100 g
for Mbi Egome and 26.64-85.46 g/100 g for Agbagba respectively. Higher carbohy-
drates in dried and fried fruits may be due to moisture loss during drying and frying,
which increases the concentration of soluble matter [19]. At the same time, the boiling
process adds more moisture to the fruits leading to a drop in the concentration of
soluble matters. Processing methods had been reported to improve carbohydrate
availability in a more digestible form ([22]) which explained the significant increase
in carbohydrates of dried and fried fruits. Similar result of carbohydrate for dried
plantain flour was obtained as that reported by Okole et al. [19] and Fadimu et al. [17].

The moisture content of processed food gives an indication of its anticipated shelf
life. Food with low moisture contents remains in good condition for a longer time than
the one with high moisture content [19]. The moisture content significantly
(P < 0.05) increased with ripening and was correspondingly low in dried and fried
fruits across the ripening stages because of heat application. Moisture content was
significantly (P < 0.05) high in boiled and raw fruits at all ripening) stages. The
moisture ranged from 6.15-72.84 g/100 g for PITA 26, 6.24-75.14 g/100 g for PITA 27,
6.42-73.35 g/100 g for Mbi Egome and 7.21-69.28 g/100 g for Agbagba respectively.
Okole et al. [19] reported high values of moisture content for dried plantain flour
compared to that obtained in this study. A well dried food withstands microbial
infestation better during storage.

The sugar content ranged from 2.00-18.99 g/100 g for PITA 26, 1.61-33.13 g/100 g
for PITA 27, 1.59-23.21 g/100 g for Mbi Egome, 6.30-20.13 g/100 g for Agbagba and
significantly (P < 0.05) increased with ripeness. Fried fruits at the ripe stage had the
highest sugar content. Sugar was relatively high in fried and dried fruits at ripening
stages but correspondingly low in boiled fruits. Raw fruits at the ripe stage showed
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higher sugar content than those at the unripe stage for all cultivars studied. As ripen-
ing continues, the starch content is broken down to sugar. As the ripening process
increased, the starch content decreased. Fried and dried fruits had the highest starch
at the unripe stage. The starch content ranged from 35.14-91.54 g/100 g for PITA 26,
29.96-81.22 g/100 g for PITA 27, 33.23-85.47 g/100gfor Mbi Egome and 32.88-

93.96 g/100gfor Agbagba respectively. Raw fruits at the unripe stage of ripeness
recorded higher starch content than the raw ones at ripe stages. As ripening continues,
the starch content breaks down into sugars.

Vitamin C is a very good antioxidant, and highly cherished in mopping up reactive
oxygen species in the body. Since the meals from this food sample are usually eaten
with vegetables, it means this difference can always be made up from other ingredi-
ents used in cooking plantain meals [23]. Vitamin C content ranged from 4.23-

14.94 mg/100 g for PITA 26, 6.06-16.96 mg/100 g for PITA 27, 6.02-10.37 mg/100 g
for Mbi Egome and 8.69-14.19 mg/100 g for Agbagba respectively. Raw fruits at the
unripe stage recorded the highest vitamin C for all cultivars except Mbi Egome. This
may be due to varietal differences between the cultivars. Vitamin C was relatively
high in dried and fried fruits at all the fruit ripening stages but correspondingly low in
boiled fruits. This suggests that drying and frying significantly affected fruits by
increasing the ascorbic acid because of moisture removal, which raised other nutri-
tional components. Yarkwan and Uvir [23] reported vitamin C content of 5.00 mg/
100 g for fresh unripe plantain which is lower than the values reported for raw unripe
plantain in this study and this may be due to differences in variety of plantains.

Total carotenoid content significantly (P < 0.05) improved with ripening. Carot-
enoid is one of the most important classes of plant pigment and plays a critical role in
defining the quality parameters of fruit and vegetables. The total carotenoid content
ranged from 1.19-5.04 pg/g for PITA 26, 1.98-5.28 pg/g for PITA 27, 6.29-24.19 pg/g
for Mbi Egome and 7.06-19.51 pg/g for Agbagba respectively. Boiling seemingly
increased the total carotenoid content across the fruit ripening stages. In most cases,
boiled and dried fruits had a relatively higher total carotenoid content. The raw fruits
at the ripe stage recorded higher total carotenoid content than the raw fruits at the
unripe stage. The increase in carotenoid content observed in this study could be
explained by the fact that maturation or ripening of fruits and vegetables is usually
accompanied by enhanced carotenogenesis and provided the fruit or vegetable
remains intact; this continues to occur even after harvest [24].

3.3 Mineral composition of plantain cultivars as affected by ripening and
processing methods

Table 3 shows the effects of varying fruit ripening stages and processing methods
on the mineral composition of PITA 26, PITA 27, Mbi Egome and Agbagba fruit pulp.
Calcium content ranged from 7.82-10.85 mg/Kg for PITA 26, 8.00-11.98 mg/Kg for
PITA 27, 7.43-10.30 mg/Kg for Mbi Egome and 7.48-10.41 mg/Kg respectively. Dried
fruits had the highest concentration of calcium in all ripening stages. Fried fruits, in
most cases, had a relatively high calcium content. Processing by boiling seemingly
reduced the fruit’s calcium content. Excessive level of calcium can cause constipation.
This high calcium concentration might also impede the body’s ability to absorb other
minerals like iron and zinc [25]. Fruit Magnesium content significantly (P < 0.05)
decreased with ripeness, particularly for PITA 27, Mbi Egome and Agbagba cultivars.
Boiling seemingly reduced the fruit’s Magnesium content. Fried and dried fruits had
the highest magnesium concentration in most ripening stages for all cultivars studied.
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Sample/Ripening  Processing Ca Mg K Na Mn  Fe Cu Zn Al
stage Methods

PITA 26 Unripe Frying 10749 25328 365208 639 0.16° 0.59° 0.19* 0.05* 0.86¢

Stage 1
(Stage 1) Drying ~ 1077% 2473° 366.45¢ 6304 015° 0.66* 025" 0.12° 0.59°

Boiling 8.08> 8.56* 8823 529 0.03* 0.372 0.12* 0.01* 0.47°

Raw 7.82* 973" 114.34> 5.01* 0.05 1.53% 029" 0.01* 0.54°
PITA 26 Ripe Frying 10259 21.39¢ 311.60° 6.06° 0.13° 0.57° 023" 0.05* 0.66°
(Stage 5) Drying  10.85¢ 21.13° 309.23° 6.00° 0.11° 058> 0.31° 0.10° 0.61°
Boiling 8.74° 12.45° 153.65° 5.53° 0.06* 056 0.41¢ 0.02a 0.58"
Raw 8.48° 13.51% 184.45% 545" 0.06° 0.72° 0.26" 0.03* 0.58"
PITA 27 Unripe Frying 10.39° 21.52° 358.858 6.30° 0.09° 0.64° 0.16* 0.45% 0.62°
(Stage 1) Drying  11.98° 29.118 528.50" 630" 0.03° 0.67° 0.40° 0.29° 0.68"
Boiling 9.45 978" 126.66" 5.80* 0.02* 0.47° 0.18* 0.24° 0.62°
Raw 9.99¢ 1226 176.90 5.60* 0.03* 0.49° 026" 0.01* 0.79"
PITA 27 (Ripe Frying 9.13° 21.83° 34695 622° 0.07° 0.43* 023" 0.10° 0.50*
Stage 5) Drying  1012° 22147 35110° 624" 0.04* 0.42° 0.33° 0.06° 0.41°
Boiling 8.86" 10.62° 1239 582* 0.03* 0.92° 0.39° 0.01° 0.68"
Raw 8.00* 11.62° 150.70° 548 0.04a 0.55° 0.29° 0.02* 0.56
Mbi Egome Frying  10.30% 23.67° 291.20f 6.20° 0.08* 0.77° 0.31> 0.08" 0.77¢

Unripe (Stage 1
nripe (Stage 1) Drying  10.08% 28.99° 380.65% 6.48° 0.09° 0.85 039" 018" 0.77°

Boiling 9.51° 9.48 79.30* 5.11° 0.02* 055 026* 0.01* 0.61°

Raw 8.85° 10.78" 100.59% 576" 0.02* 0.41* 0.22° 0.01* 0.52°
Mbi Egome Ripe Frying 8.63° 24.05¢ 287.65° 6.01° 0.08" 0.75° 027 0.11° 0.53
(Stage 5) Drying  8.61° 2512° 29022° 610° 0.10° 0.80° 031° 017 0.56"

Boiling 743 9.91* 90.01° 520" 0.02* 0.49* 0.22* 0.03* 0.48"

Raw 7.93* 10.06° 94.37° 4.72* 0.02* 0.48 0.50° 0.07* 0.53"
Agbagba Unripe Frying 7.56* 23.83" 342.85" 6.66° 0.10° 0.58* 0.29° 0.12° 0.52*
(Stage 1) Drying  9.46° 2725% 328308 724° 015" 0.84° 030° 0.19° 0.53°

Boiling 7.58* 10.45* 119.27° 5.40* 0.02* 0.79° 0.13* 0.05* 0.64°

Raw 7.93* 14.37% 160.10% 6.15° 0.04* 0.63* 027° 013" 0.61°
Agbagba Ripe Frying 10.30° 21.88° 268.65° 636" 0.14° 0.90 0.45° 0.08* 0.76°
(Stage 5)

Drying  10.41° 23.61° 264.11° 6.40° 0.16° 0.96% 0.51° 0.10° 0.77°

Boiling 7.69° 1125 108.81* 5.54* 0.04* 0.53* 0.18* 0.02* 0.54*

Raw 7.48* 12.36° 140.55° 5.36* 0.06* 0.45* 0.18* 0.04* 0.59*

Means followed by different superscript within a column indicate a significant difference (p < 0.05). Ca = calcium,
Mg = magnesium, K=Potassium, Na = sodium, Mn = manganese, Fe = ivon, Cu = copper, Zn = ginc, Al = Aluminum.

Table 3.
Mean value of mineral composition of plantain cultivars (mg/Kg) by ripening and processing methods.
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Magnesium content ranged from 8.56-25.32 mg/Kg for PITA 26, 9.78-29.11 mg/Kg for
PITA 27, 9.48-28.99 mg/Kg for Mbi Egome and 11.25-27.25 mg/Kg for Agbagba
respectively.

The potassium content of the fruits was significantly influenced by fruit ripeness
and the processing method. Still, there was a progressive decrease in potassium levels
as ripening progressed across all processing methods studied. Potassium content
ranged from 88.23-366.45 mg/Kg for PITA 26, 123.90-528.50 mg/Kg for PITA 27,
90.01-380.65 mg/Kg and 108.81-342.85 mg/Kg for Agbagba respectively. Inyang et al.
[26] reported a similarly high value (476.09 mg/Kg) for dried plantain fruit. Dried
fruits, followed by fried fruits, had the highest potassium content across the fruit
ripening stages. High potassium is essential to help balance body sodium level to keep
blood pressure from getting too high as well as playing an important role in heart,
muscle and digestive function [25]. Potassium is required in a relatively large quantity
in the human body because it functions as an electrolyte in the nervous system,
helpful in osmoregulation and controlling high blood pressure.

Sodium ranged from 5.01-6.39 mg/Kg for PITA 26, 5.48-6.30 mg/Kg for PITA 27,
4.72-6.48 mg/Kg for Mbi Egome and 5.36-7.24 mg/Kg for Agbagba. Fried and dried
fruits recorded the highest sodium at all ripening stages. Generally, the amount of
sodium for all fruits at different processing methods and ripening stages were low
compared to other nutrients like calcium, magnesium, and potassium. The low amount
of sodium recorded in fruits makes them suitable for hypertensive patients ([25]).

Manganese, Iron, Zinc and Aluminum content was not significantly influenced by
the stage of fruit ripeness and recorded low values across all the processing methods.
Iron is a vital nutrient in the body but is relatively more minor in the samples studied.
The highest Mn, Fe, Zn and Al concentrations were recorded for dried and fried fruits
for all ripening stages. The boiling process significantly (P < 0.05) reduced the fruit
Mn, Fe, Zn and Al contents, particularly at the ripe stages. Boiling had been implicated
in reducing iron, copper, and zinc in plantain pulp.

The ANOVA results showed that variety had a no significant(P > 0.05) effect on
the minerals but a slightly significant (p < 0.05) effect on potassium However, the
processing method had a significant (p < 0.001) effect on calcium, magnesium,
potassium, and sodium but was not significant for other minerals. The effect of
ripening on calcium, magnesium, potassium, manganese and aluminum contents was
highly significant (p < 0.001) but had a slightly significant (p < 0.01) effect on iron
and copper. Variety x processing method interaction had a slightly significant effect
(p < 0.05) for potassium and manganese, but variety x ripening stage interaction had
a slight significant effect (p < 0.05) on only potassium. However, it is imperative to
note that the processing method x ripening stage interaction had no significant
(P > 0.05) effect on all the minerals. The result agrees with banana varieties’ reported
results. Thus, the ripening stage is the only factor that showed a pronounced effect on
all the minerals, while the processing method primarily affects the macro-elements
(calcium, magnesium, potassium). This could be due to the leaching of those minerals
into the water used for the processing, and these minerals have been identified as
water-soluble.

Further studies should be conducted on the effect of processing methods on quality
attributes and nutrient retention of other types of plantain hybrids and valorization of
plantain peels used in this study. Other forms of processing methods not used in this
study should be applied for further studies.
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4, Conclusion

Generally, the plantain cultivars showed high moisture, carbohydrate and starch
content but lower fat, ash, protein and sugar content. The unripe stage showed high
ash, protein, carbohydrate and starch content but low moisture content, while the ripe
stage showed high moisture, fat, and sugar content. At the unripe ripening stage,
plantain showed the most increased potassium, magnesium, calcium, sodium, man-
ganese, and iron mineral content over the ripe stage. Processing at the unripe stage is
the best option to obtain the maximum nutrients in plantain fruits. Also, Pita 26
(hybrid) showed the highest potassium, magnesium, calcium, sodium, manganese
and iron mineral compositions over Pita 27 (hybrid), Mbi egome and Agbagba
(control) plantain cultivars. It implies that hybrid plantain can be commercialized
because of the inherent nutrients after processing.

Moreover, the frying method maintained high ash, fat, carbohydrate, protein, sugar
and starch content than other processing methods. Fried and dried fruits at the unripe
stage kept high potassium, magnesium, calcium, manganese and low sodium mineral
content over other processing methods; therefore, it stands as the best ripening stage.
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Limitation of the study
As a climacteric fruit, plantains (Musa spp.) undergo a fast-ripening process upon

maturity by the release of ethylene gas leading to post harvest losses, and made it
difficult to assess many hybrids and exploring other stages of ripening.
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