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Abstract: The effect of stage of ripening and cooking methods (boiling, roasting and frying) on the nutritional compositions
of plantain (Musa spp.) were studied. Plantain fruits (Musa spp.) at the unripe (deep green), semi-ripe (yellow green) and fully
ripe (deep yellow) stages of ripeness were analyzed for proximate, total sugar and mineral compositions, after boiling, roasting
and frying alongside the uncooked (raw) fruits as control. Proximate and mineral compositions of the plantain flours were
determined by standard AOAC methods. Total sugar contents of the plantain flours were determined using the volumetric
method (Lane-Eynon method) described by Pearson’s compositions and analysis of foods. Result showed that ash, protein, fat,
fibre, carbohydrate and total sugar contents ranged from 6.04% to 22.70%, 1.54% to 4.52%, 3.25% to 4.83%, 0.07% to
16.02%, 1.26% to 5.57% and 57.12% to 86.27%, 4.06% to 14.14% respectively. The mineral contents were 17.07 to 28.44
mg/100g, 4.92 to 9.36 mg/100g, 364.80 to 487.55 mg/100g, 0.10% to 0.39% and 0.16% to 0.42% for iron, zinc, potassium,
magnesium and calcium respectively. On the whole, the result showed that roasting and boiling of semi-ripened and unripened
plantain best conserved its nutrients.

Keywords: Boiling, Roasting, Frying, Proximate Composition, Fiber, Carbohydrate

Understanding the chemical changes associated with
ripening would form a basis for expanding the utilization of
plantain. Mature unripened plantain pulp is very rich in iron,
potassium, vitamin A and ascorbic acid but quite low in
protein [6]. Unripened plantain meal is usually consumed by

1. Introduction

Plantain (Musa spp.) is a perennial crop used as a source of
starchy staple for millions of people in West and Central
Africa and it is cultivated in many tropical and sub-tropical - . 5 .
countries of the world [1, 2]. In West and Central Africa and ~ Many diabetic patients to reduce post pyramidal glucose
the Caribbean, plantain is of great economic and nutritional level. .Earhe'r studies on .the. blochemlc.al.c'omposmonl of
significance. It generates considerable income for plantain fruits reported significant variability in nutrient
smallholders who produce them in compound farms either in ~ cOmposition of ripe and unripe fruits. Baiyeri [7] found
mixtures or sole plots. Nearly 90% of the total plantain  Significantly higher doses of N, P, K, Mg and Ca in fully ripe
produced worldwide (63 million tonnes) are consumed Plantain pulp (when compared to the unripe), but lower
locally in the producing countries leaving merely 10% for congen'tratlons .of Fe,'Cu,. Zn and Na' in the ripe sta‘Fe. Results
export [3], and only a very small proportion is processed to of similar 'studles Baiyeri anq Upadlke [8]5 Baiyeri e't al. [9]
storable products [4]. Plantain can be eaten boiled, roasted, reported higher ash content in ripened fruits suggesting that

grilled or fried. When not yet ripe, it contains lots of starch, ~ tissue breakdown during ripening causes some mineral
its skin remains green and it has a neutral taste. Plantain may elements to be freed and more available. About 40 percent of

be consumed unripe (green), yellow green or fully ripe pregnant women and more than 40 percent of children under
(yellow) after cooking [5]. 5 in developing countries are anaemic. About half of these
cases are estimated to result from iron deficiency [10]. The
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deficiency of zinc has been implicated in poor growth,
hypogonadism and anaemia [11].

Plantains unlike bananas which are conventionally
consumed raw as dessert are mostly eaten after cooking.
Boiling, steaming, roasting and deep-frying are the major
cooking methods employed in plantain fruit utilization. It is
unfortunate that the extent to which the composition of
plantain is affected by the various ripening stages and heat
processing methods are not known. Knowledge on how the
ripening stages and cooking methods affect the level of the
composition could help establish the best cooking method
and the ripening stage that maintain the integrity of the
components. The objective of this study was to assess the
effect of three cooking methods employed in cooking
plantain (boiling, roasting and frying) and control (raw fruit)
at three ripening stages ( dark green, yellowish green and
fully-ripe yellow) on the proximate and some minerals
compositions of the plantain as food.

2. Materials and Methods
2.1. Study Area

The study was conducted on a plantain plantation at Abura
Dunkwa in the Abura-Asebu-Kwamankese District, Central
region of Ghana. The district covers a total area of 380
square kilometers.

2.2. Experiment Design

The study was carried out on one variety of plantain
(Apantu) and also three cooking methods (boiling, roasting
and frying) and ripening stages (deep-green, yellow-green
and deep-yellow) were observed. The experiment was a 4 x 3
factorial in completely randomized design (CRD). Factor A
was the cooking methods: boiling, frying, roasting and the
no-cooking (raw) fruit as control. Factor B was stages of fruit
ripeness, which are deep green (harvest stage greenness),
yellowish green stage and the deep yellow stage following
the ten ripening stages described by Baiyeri (2005).

2.3. Sample Collection and Treatment

A bunch of mature plantain was randomly selected from
a commercial plantation located within the study area. A
total of 30 fingers of plantain were randomly selected, of
which 10 were dark green, 10 yellowish green and the other
10 fully-ripened. The plantain fingers were peeled and cut
into equal size and subjected to boiling, roasting and frying
while some portions were left uncooked (control). The
plantain samples were then chopped into smaller pieces and
were placed in the oven pre-set at 60°C for 24 hours to dry
off the moisture. After oven drying, the samples were
ground into powder with the aid of a pestle and mortar
(porcelain mortar) prior to analysis. The analysis was
carried out in the School of Agriculture Research
Laboratory, University of Cape Coast Ghana. The flow
chart of the entire process is given in Plate 1.

Plantain (unripe semi-n'lpe and fully ripe) ‘

‘ Cooking (raw, boiline roasting and frying) ‘

‘ Drying (alr oven at 60°C) |

‘ Unripe, Semi-ripe and Ripe Plantain flour ‘

Figure 1. Flow chart for the production of plantain flour.

2.4. Analysis of Proximate, Total Sugar and Mineral
Compositions

2.4.1. Proximate and Total Sugar Analysis

Moisture contents of the plantain flour samples were
determined using the oven drying method, ash content by
incinerating the plantain flour samples at 550°C in a muffle
furnace, protein contents by Kjeldahl method (Nx6.5), fat
contents by Soxhlet extraction and fibre contents by
weighing the acid and alkaline treated defatted sample all as
described by AOAC [12]. Carbohydrate contents of the
plantain flour samples were determined by difference (%
carbohydrate = 100 -% moisture +% ash +% protein +% fat
+% fibre) [13]. Total sugar contents of the plantain flours
were determined using the volumetric method (Lane-Eynon
method) described by Kirk and Sawyer [13].

2.4.2. Mineral Composition Analysis

Iron and zinc contents were determined by Atomic
Absorption Spectrometry as described by AOAC [12],
potassium contents of the plantain flour samples were
determined by flame photometry, calcium and magnesium
contents by EDTA titration described by AOAC [12]. All
chemicals used were of Analar grade.

2.5. Statistical Analysis

The results are presented as the mean and standard
deviation of two replicates each. Two-way analysis of
variance (ANOVA) was used to analyse the effect of different
ripening stages and different cooking methods on the
proximate and mineral composition of plantain using
Graphpad Prism version 6.1 package. Significant differences
between means were determined by Tukey’s post hoc test at
95% confidence level.

3. Results and Discussion

The results of the proximate, total sugar and mineral
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compositions (dry weight basis) of plantain at various stages
of ripening and different cooking methods are presented in
tables 1-11.

On dry basis, moisture content ranged from 6.04% to
22.70% and was significantly (p<0.05) influenced by the
ripening stages and cooking methods with roasted plantain

fruit of the yellow-green (semi-ripe) having the lowest
moisture content (Table 1). Moisture content of food gives an
indication of the shelf- life and nutritive values. Moisture
content in plantain fruit gradually increased during ripening
due to carbohydrate breakdown and osmotic transfer from
peel to fruit pulp.

Table 1. Moisture content (%) of plantain at different ripening stages and different cooking methods.

S o iy Cooking Methods

Control (Raw) Boiling Roasting Frying
Deep green (Unripe) 12.90* £ 0.02 12.41°+0.03 12.05°+0.07 10.85%+0.07
Yellow green (Semi- ripe) 8.33°+0.08 6.93°+0.03 6.04%+0.04 6.29°+0.07
Deep yellow (Fully ripe) 22.70°+0.01 19.67°+ 0.02 14.42°+0.01 15.35"+0.02

Mean of two replicates with standard deviation. Means with same letters along the same column and along the same row are not significantly different at

p<0.05

The moisture content was high in the deep-yellow (fully
ripe) ripening stage thus making it not suitable for storage.
Moisture content is a key to determining when a substance is
safe to be packaged [14]. In general moisture content of
plantain as compared other food substances like cereals,
fruits, vegetables and root crops are quite low. The high
moisture levels of these food crops suggest that the staple
foods may not store for a long time due to high water
activity. This may cause quality problem as the samples may
be liable to bacterial spoilage during storage [15, 16]. The
low values of moisture for the various plantain samples

analyzed are indicative that plantains store better than the
other staples [16].

The result of the effect of ripening stages and cooking
methods on the ash content of plantain is shown in Table 2.
The ash content of the plantain samples ranged from 1.54%
to 4.52% with frying cooking method of deep-green ripening
stage as lowest and deep yellow ripening stage as highest.
Significant differences (p<0.05) existed in the ash contents of
the plantain samples at the various ripening stages and
cooking methods.

Table 2. Ash content (%) of plantain at different ripening stages and different cooking methods.

Stages of Ripening Cooking Methods

Control (Raw) Boiling Roasting Frying
Deep green (Unripe) 2.92*+0.01 2.47°+0.02 3.03*+0.05 1.54°+0.08
Yellow green (Semi- ripe) 2.87%+0.02 2.77°+0.02 2.88%+0.01 2.56°+ 0.04
Deep yellow (Fully ripe) 3.31°+£0.03 3.14°+0.03 4.38°+0.02 4.52"+0.07

Mean of two replicates with standard deviation. Means with same letters along the same column and along the same row are not significantly different at

p<0.05

Ash content of a food gives an indication of the mineral
composition of the food sample. Roasting as cooking method
had the highest ash content for all ripening stages. Water
losses, occurring during frying and roasting may have
resulted in higher ash content in roasted and fried plantain.
The lower ash contents obtained for the boiled plantain
samples may be due to loss of minerals into the cooking
water. Values obtained were comparable to the ranges of
1.75% to 3.00% dry weight as reported by Baiyeri ef al. [9].

Protein content ranged from 3.25% to 4.83% with the
yellow-green (semi-ripe) ripening stage and roasting cooking
method having the highest. There were significant
differences (p<0.05) in the protein content of ripening stages

and cooking methods of plantain fruit (Table 3).

Decrease in crude protein content could be attributed to
denaturation and decomposition of its product at high
cooking temperatures. Ijeh et al. [17] reported similar
reduction in the protein contents of boiled and roasted
African breadfruit (Treculia africana) seeds. The changes in
the protein content of plantain could also be attributed to
leaching of nitrogen—containing compounds to the cooking
medium or possible interaction of proteins with other food
components [18]. The values obtained were comparable to
the ranges of 2.48% to 3.50% as reported by Baiyeri et al.

[9].

Table 3. Protein content (%) of plantain at different ripening stages and different cooking methods.

Stages of Ripening Cooking Methods

Control (Raw) Boiling Roasting Frying
Deep green (Unripe) 3.85+0.12 3.69°+0.12 3.54°+0.15 4.01*+0.00
Yellow green (Semi- ripe) 424" +0.03 4,03 +0.24 4.83°+0.06 34244021
Deep yellow (Fully ripe) 444" £0.29 4.59°+0.24 3.854+0.12 3.25%+0.29

Mean of two replicates with standard deviation. Means with same letters along the same column and along the same row are not significantly different at

p<0.05
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Fat content ranged from 0.07% to 16.02%. There were
significant differences (p<0.05) in fat content for ripening
and cooking methods of the plantain (Table 4). Frying
cooking method of deep-green (unripe) stage of ripening
recorded the highest fat content. The high fat content of the

fried plantain samples may be due to oil absorption during
the frying process. Furthermore, the increase of fat content of
the fried samples can be attributed to the oil penetration on
the food after water is partially lost by evaporation [19].

Table 4. Fat content (%) of plantain at different ripening stages and different cooking methods.

L Cooking Methods
Stages of Ripening — - "
Control (Raw) Boiling Roasting Frying
Deep green (Unripe) 0.82+£0.01 0.64™+0.01 0.42°+0.01 16.02° £ 0.29
Yellow green (Semi- ripe) 0.67°+0.01 0.18°+£0.01 0.13°+£0.01 14.19+ 0.04
Deep yellow (Fully ripe) 0.14°+0.05 0.55*+0.01 0.07° £ 0.00 15.06"+ 0.07

Mean of two replicates with standard deviation. Means with same letters along the same column and along the same row are not significantly different at

p<0.05

Roasting as a cooking method had low fat for the three
ripening stages of plantain of which deep-yellow (fully ripe)
stage had the lowest fat. Fat content decreased with increase
in ripeness. The low fat content of the roasted samples would
enhance the storage life of the plantain due to the lowered
chance of rancid flavour development. Values obtained were
comparable to ranges of 0.33% to 2.33% as reported by
Baiyeri et al. [9].

Values obtained for crude fibre content ranged from 1.26%
to 5.57%. Fibre was high for the three ripening stages under

the frying cooking method with the yellow-green (semi-ripe)
as the highest. There were significant differences (p<0.05)
for the ripening stages and cooking methods (Table 5). The
effect of thermal treatment (extrusion cooking, boiling and
frying) on the dietary fibre composition of cereals and potato
samples was reported by Varo et al. [20], who stated that heat
treated potato samples contained more water insoluble
dietary fibre and less starch than raw samples. Frying of
plantain has been found to lead to a significant increase the
fibre content for all stages of ripeness.

Table 5. Fibre content (%) of plantain at different ripening stages and different cooking methods.

L. Cooking Methods
Stages of Ripening - . .
Control (Raw) Boiling Roasting Frying
Deep green (Unripe) 1.80* £ 0.02 2.11°+0.00 2.67°+0.02 4,547+ 0.05
Yellow green (Semi- ripe) 1.26°+0.01 1.82¢+0.02 1.82¢+0.01 5.57°+£0.02
Deep yellow (Fully ripe) 1.46°+0.02 1.49°£0.01 2.44°+0.02 4.66"+0.04

Mean of two replicates with standard deviation. Means with same letters along the same column and along the same row are not significantly different at

p<0.05

Carbohydrate content was found to range from 57.12% to
86.27%. It was observed that carbohydrate content
decreased with ripening and it might be as a result of the
conversion of soluble carbohydrates to simple sugars.
Yellow-green (semi-ripe) ripening stage had high

carbohydrate contents under the various cooking methods
with boiling as the highest. There were significant
differences (p<0.05) in carbohydrate contents for the
ripening stages and cooking methods (Table 6).

Table 6. Carbohydrate content (%) of plantain at different repining stages and different cooking methods.

L. Cooking Methods
Stages of Ripening — - -
Control (Raw) Boiling Roasting Frying
Deep green (Unripe) 78.01* £ 0.50 79.61°+0.16 80.13°+0.38 63.24°+0.23
Yellow green (Semi- ripe) 82.69° +0.27 86.27°+£0.13 84.95°+ 1.06 68.124+0.29
Deep yellow (Fully ripe) 67.47°+0.31 75.884+0.07 70.62°+ 1.11 57.125+0.01

Mean of two replicates with standard deviation. Means with same letters along the same column and along the same row are not significantly different at

p<0.05

The increase in carbohydrate content with boiling might
have been due to the fact that carbohydrates might have
absorbed water to bulk up via cross-linking reaction probably
induced by heat generated by boiling. This may increase the
stability of the carbohydrates thereby enhancing resistance to
further heat [21].

Sugar content increased significantly (p<0.05) with
ripeness of the plantain fruit. This could be as a result of
decrease in starch contents as the plantain ripens due to the
conversion of starch to sugar which leads to the increase in
the sugar contents of the ripeness of plantain [22]. Values
ranged from 4.06% to 14.14% (Table 7).
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Table 7. Sugar content (%) of plantain at different repining stages and different cooking methods.

Stages of Ripening Cooking Methods

Control (Raw) Boiling Roasting Frying
Deep green (Unripe) 4.39°+0.35 4.26°+£0.23 4.68"+£1.38 4.06"+0.22
Yellow green (Semi- ripe) 8.49°+1.18 8.47°+0.84 8.88°+1.23 8.17°+ 1.34
Deep yellow (Fully ripe) 14.14°+ 1.87 13.57°£0.16 13.72°£0.21 13.36°+0.27

Mean of two replicates with standard deviation. Means with same letters along the same column and along the same row are not significantly different at

p<0.05

Roasting as a cooking method had high sugar contents
compared to the other cooking methods whiles deep green
(unripe) and yellow green (semi-ripe) had low sugar content
compared to the deep yellow (fully ripe). There no significant
differences (p>0.05) the total sugar content of the plantain for
the various the cooking methods. Values were comparable to

5.53% for unripe and 12.8% for ripe plantain fruits as
reported by Egbebi and Bademosi [23].

Iron is an essential component of hemoglobin and it is
critical to the proper functioning of the immune system and
the production of energy. Iron contents obtained from this
study ranged from 17.07 mg/100g to 27.99 mg/100g.

Table 8. Iron content (mg/100g) of plantain at different ripening stages and different cooking methods.

Stages of Ripening Cooking Methods

Control (Raw) Boiling Roasting Frying
Deep green (Unripe) 17.07* £0.21 20.44'+0.15 25.65°+1.68 21.91% +0.74
Yellow green (Semi- ripe) 20.73%* £ 0.36 19.61%+1.87 20.32+0.08 27.99°+0.01
Deep yellow (Fully ripe) 21.80%" + 1.68 19.01°+0.26 20.66“"+ 0.38 23.60" + 0.45

Mean of two replicates with standard deviation. Means with same letters along the same column and along the same row are not significantly different at

p<0.05

Frying as a cooking method for yellow green ripening
stage had highest iron content and boiling cooking method
for deep yellow ripening stage had the lowest iron content.
Significant differences (p<0.05) were observed in the iron
contents of the plantain for ripening stages and cooking
methods (Table 8). Minerals are not destroyed by heating and
they have low volatility compared to other food components.

The increase in iron content observed could be as a result of
the removal of moisture which tends to increase the
concentration of the iron.

Zinc plays a key role in the regulation of insulin
production by pancreatic tissues and glucose utilization by
muscles and fat cells [24]. It was observed in this study that
zinc content ranged from 4.92 mg/100g to 9.36 mg/100g.

Table 9. Zinc content (mg/100g) of plantain at different ripening stages and different cooking methods.

Stages of Ripening Cooking Methods

Control (Raw) Boiling Roasting Frying
Deep green (Unripe) 8.19°+0.13 7.93*+0.29 7.50™ +0.08 8.19°+0.50
Yellow green (Semi- ripe) 9.36™ £ 0.68 6.02° +0.26 7.50¢+£0.61 6.53°£0.13
Deep yellow (Fully ripe) 5907+ 1.20 54277+ 0.47 6.35%+£0.19 4.92"+031

Mean of two replicates with standard deviation. Means with same letters along the same column and along the same row are not significantly different at

p<0.05

Roasting and frying as cooking methods had high amount
of zinc content for deep green (unripe) and yellow green
(semi-ripe) ripening stages. Zinc content significantly
decreased (p<0.05) at various ripening stages (Table 9).
Significant differences (p<0.05) in the zinc contents of the
plantain were observed for ripening stages and cooking
methods. The values were comparable to ranges of 5.52
mg/100g to 8.26 mg/100g as reported by Baiyeri ef al. [9].

Potassium content ranged from 364.80 mg/100g to 487.55
mg/100g. Roasted plantain had highest potassium content as
compared to boiling and frying for deep green (unripe) and
yellow green (semi-ripe) ripening stages of plantain.
Significant differences (p<0.05) in the potassium content of
the plantain were observed for ripening stages and cooking
methods (Table 10).

Table 10. Potassium content (mg/100g) of plantain at different ripening stages and different cooking methods.

Stages of Ripenin: Cooking Methods
g P g Control (Raw) Boiling Roasting Frying
Deep green (Unripe) 434.28"+0.08 393.89°+2.63 440.66% £ 2.51 364.80%+ 0.09

458.52°+2.52
482.22°+1.19

421.80°+4.15
438.69Y+0.51

Yellow green (Semi- ripe)
Deep yellow (Fully ripe)

404.32¢"+ 1.51
405.16"+0.21

487.559+0.26
436.43°+ 1.85

Mean of two replicates with standard deviation. Means with same letters along the same column and along the same row are not significantly different at

p<0.05
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The increase in concentration potassium in the roasted
plantain could be due to increase in minerals in the pulp
through loss of water during the roasting process. A surface
crust is readily formed around the plantain during roasting
resulting in the sealing of the intracellular spaces; this could
be the reason for the minimized losses that might have arisen
as result of possible volatilization. Values obtained are
comparable to 499 mg/100g as reported by USDA [25].

Calcium content ranged from 0.16% to 0.42%. Frying and
roasting cooking methods showed high calcium contents of

the plantain for yellow green (semi-ripe) and deep yellow
(fully ripe) ripening stages. No significant differences
(p>0.05) were observed in the calcium contents of the
plantain for the ripening stages and cooking methods (Table
11). Calcium is an important component of intracellular
processes that occur within insulin responsive tissues like
skeletal muscle and adipose tissue. Alteration in calcium flux
can have adverse effects on insulin secretion which is a
calcium-dependent process [26].

Table 11. Calcium content (%) of plantain at different ripening stages and at different cooking methods.

Cooking Methods
Stages of Ripening

Control (Raw) Boiling Roasting Frying
Deep green (Unripe) 0.23*+0.13 0.16" + 0.04 0.21*+0.00 0.21*+0.00
Yellow green (Semi- ripe) 0.21* £ 0.09 0.27*£0.00 0.32°+0.13 0.26" £ 0.04
Deep yellow (Fully ripe) 0.25+£0.14 027°£0.16 0.21* £ 0.00 0.42*+0.18

Mean of two replicates with standard deviation. Means with same letters along the same column and along the same row are not significantly different at p <

0.05

Magnesium content ranged from 0.10% to 0.39%. Boiling and roasting cooking methods had high content of magnesium
compared to frying. There were no significant differences (p>0.05) in the magnesium contents of the plantain for ripening

stages and cooking methods (Table 12).

Table 12. Magnesium content (%) of plantain at different ripening stages and at different cooking methods.

Cooking Methods
Stages of Ripening

Control (Raw) Boiling Roasting Frying
Deep green (Unripe) 0.19"+0.18 0.39% + 0.09 0.20* +0.09 0.24° +0.04
Yellow green (Semi- ripe) 0.29°+0.21 0.23*+0.04 0.31*+£0.13 0.21*+0.09
Deep yellow (Fully ripe) 0.20"+0.03 0.11*£0.05 0.17*+0.04 0.10° + 0.04

Mean of two replicates with standard deviation. Means with same letters along the same column and along the same row are not significantly different at p <

0.05

Magnesium is a cofactor of hexokinase and pyruvate
kinase and it also modulates glucose transport across cell
membranes [27].

Plantain fruit at the unripened and semi-ripened stages was
observed to be rich in iron, potassium, zinc and calcium.
Similar findings have been reported in banana and other
plantain varieties [8, 28], suggesting that maximum dietary
benefit of these minerals could be obtained when plantain
fruits are consumed at the unripe stage.

4. Conclusion

The study revealed that roasting as method of cooking
plantain conserved the largest amount of nutrients followed
by boiling and frying. The study also revealed that cooking
plantain at the semi-ripened stage retains most of the
nutrients analyzed. It is therefore recommended that for the
maximum amount of nutrients to be derived from plantain
when eaten, the plantain should be cooked by roasting or
boiling at the semi-ripened stage.
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