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A B S T R A C T

Foods frequently eaten supply both micro and macro nutrients to humans which are important in the total
assessment of public health status of an individual. The analysis of these foods will provide evidence on their
nutritional values, guide to appropriate choice of meal and encourage intake of varieties of food with better
qualities during illness while preventing diet-associated disorders. In this study, the proximate and mineral
composition of unripe, naturally ripe and the effects of ripening agents on plantain (Musa paradisiaca) commonly
consumed in Nigeria were examined. The plantain fruits were analysed for proximate and mineral composition.
Proximate composition analysis revealed an increase in moisture content and fat content for all the plantain
ripened with ripening agents when compared with the naturally ripened plantain. Furthermore, the mineral
composition of the plantain fruits was determined by means of Atomic Absorption Spectrophotometry (AAS). The
result showed that plantain is a good source of minerals such as calcium (Ca), potassium (K) and iron (Fe). A
relatively high level of K of 1690.55 � 0.02; 1672.35 � 0.03 mg kg�1 were found for both unripe and natural ripe
plantain while the ripening agents had K values of 1677.45 � 0.01; 1656.10 � 0.02; 1589.45 � 0.01 mg kg�1 for
Ethylene glycol, Potassium Dihydrogen Phosphate, Calcium carbide respectively. Also, low level of Fe was ob-
tained in plantain ripened with the different ripening agents.
1. Introduction

Plantain (Musa paradisiaca) is one of the fruit crops that are of high
importance to people of Nigeria. It serves as food for human beings; while
the peels serve as feed for animals (Adeyemi et al., 2018). The benefits of
plantain to man and animals has increased the demand for plantain in
various parts of Nigeria. Ripe and unripe plantain contains substantial
amount of essential nutrients in a high proportion, antioxidants and other
biologically active substances that makes them effective in treatment of a
number of diseases (Habauzit and Horcajada, 2008; Tucker, 2009; Park
et al., 2011; Maduwanthi and Marapana, 2019) as well as prevention of
some diseases (e.g. goiter) and keeps the consumer energetic throughout
his life (Zahir et al., 2009). Plantain contains high quantities of chemi-
cally active compounds that have positive effects on human health status
in particular such as phenolic compounds, polysaccharides, sugars, vi-
tamins, minerals and organic acids which provide their good taste and
excellent medicinal properties (Hui et al., 2006). Plantain as contained in
Food and Agricultural Organization (FAO) report (2003) can be eaten in
many forms either ripe or unripe (Food and Agricultural Organization,
2003). Plantain is an economic crop of which parts of the crop plant can
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be used as food, fodder or as raw materials by some industries, majorly
for manufacturing acids (Ekunwe and Ajayi, 2010; Nura et al., 2018). The
leaves are also used for wrapping food items. Also, it is free from
cholesterol, high in fibre and low in sodium (Adewole and Duruji, 2010).
High potassium content found in plantain made it useful in the preven-
tion of High blood pressure and muscle cramp (Ng and Fong, 2000).

Fruits account for a significant fraction of the world's agricultural
output (Per et al., 2007). Research revealed that the health enriching
factors of some fruits are as a result of the additive and synergistic
combinations in a mixture of phytochemicals with a lot of them pos-
sessing potent antioxidant capabilities including ascorbic acid, flavo-
noids, carotenoids etc (Liu, 2003; Nationat Agency For Food and Drug
Administration (NAFDAC), 2018; Ojetayo et al., 2018; Singh et al.,
2018). In the process of hastening fruit ripening, ripening agents are used
by fruit sellers as well as farmers in some emerging economies (Nigeria
inclusive) (Dudley, 2004). A number of natural/chemical ripening agents
are available and have been applied recurrently on fruits to hasten
ripening process, but pure taste and nutritional values have become ca-
sualties of the process. According to Singh and Janes (2001) the fast
ripening of fruits could lead to production of harmful substances such as
2021
he CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

http://www.cell.com/heliyon
mailto:journal_logo
http://crossmark.crossref.org/dialog/?doi=10.1016/j.heliyon.2021.e07123&domain=pdf


O.S. Sojinu et al. Heliyon 7 (2021) e07123
ethylene. Consequently, this study was aimed at investigating the effects
of selected ripening agents on the proximate, nutritional value and
mineral composition of plantain fruit.

2. Materials and methods

The chemicals and reagents used in this study were of analytical
grade. The reagents include; ethanol, ammonia, diethyl ether, petroleum
ether, 0.255 N H2SO4, 0.313 N NaOH, conc. H2SO4 (98 %), conc. HCl
(35.5 %), potassium sulphate, cupric sulphate, selenium, boric acid so-
lution, phenolphthalein indicator.

2.1. Sample collection and preparation

Freshly harvested bunch of unripe plantain was purchased from
Osiele market, Abeokuta, Ogun state, Nigeria. The plantain samples were
washed with clean water, air dried, and kept in clean polyethylene bags
before treatment with calcium carbide, ethylene glycol and potassium
dihydrogen phosphate (PDP) to induce the ripening process. 5 g of each
of calcium carbide and PDP was weighed and dissolved separately in 20
mL of deionized water and 10 mL of ethylene glycol were sprinkled
separately on each set of 4 plantains for each group while the control
(naturally ripened) was sprinkled with deionized water and allowed to
ripe naturally. The CaC2 sample group was treated for a week to fully ripe
while PDP and ethylene glycol groups were treated for two weeks to ripe.
After ripening, the samples were cut opened to obtain the edible part and
separated from the peel. The edible part was sliced into pieces and was
oven dried for 24 h at 60 �C. After oven drying, the samples were then
pulverized to fine powder using mortar and pestle. The pulverized
samples were stored in air tight bags for further analysis.

2.2. Proximate analysis

2.2.1. Determination of moisture content
The moisture content of the plantain samples was determined using

oven dry method (Abano and Amoah, 2011). Briefly, 1 g of the sample
was taken into a pre-weighed crucible, oven dried at 105 �C for 4 h then
cooled and reweighed. The weight difference (wet weight – dry weight)
is the moisture content in the sample.

2.2.2. Determination of fat content
The percentage fat content was determined by Rose-Gottlieb method.

Briefly, 5 g of the sample was weighed into 5 mL of distilled water and
transferred into a separating funnel, then 2 mL of ammonia solution and
10 mL of ethanol was added to aid breakdown of the protein content. 25
mL of diethyl ether-petroleum ether solution (1:1) was then added as the
extracting solvent and shook vigorously; after separation, the upper layer
was decanted into a flask (repeated thrice and combined) and boiled in a
water bath for fewminutes. This was oven dried at 60 �C until the solvent
has completely dried.

2.2.3. Determination of ash content
About 1.0 g of the sample was taken into a pre-weighed crucible and

placed in the muffle furnace at 300 �C for 30 min to pre-ash. Thereafter,
the temperature was raised to 500 �C for 4 h. The crucible were cooled
and reweighed.

2.2.4. Determination of crude fibre
2.0 g of the sample was weighed into 100 mL of 0.255 N H2SO4 and

heated under reflux for 1 h. The hot mixture was filtered through a sieve
and the residue was transferred into 100 mL of 0.313 N NaOH. The
mixture was further heated under reflux for additional 1 h, again the
mixture was filtered followed by addition of 10 mL of acetone to dissolve
any undissolved organic compound. The residue was washed with about
50 mL hot water and transferred into a crucible. The crucible and its
contents were oven dried at 105 �C overnight, cooled and then weighed.
2

The crucible was then ignited in the muffle furnace at 550 �C for 4 h,
cooled and reweighed. The loss in weight was then noted and taken as
crude fibre content (AOAC, 1990).

2.2.5. Determination of protein content
The protein content was assessed by Kjeldahl method (AOAC, 1990).

Briefly, 2.0 g of oven dried plantain sample was taken into a digestion
flask with subsequent addition of 25 mL concentrated sulphuric acid,
0.1 g of CuSO4 and 1.0 g of selenium (tablet). This was heated until the
appearance of greenish clear solution. After cooling for about 30 min,
the digested sample was poured into a 100 mL volumetric flask and
made up to the mark with distilled water. 10 mL of boric acid-indicator
solution was put under a condenser such that the tip of the condenser
was totally dipped in the solution. The digested sample was transferred
through the funnel stopcock on the steam jacket into the chamber and
20 mL of NaOH was added. The funnel stopcock and the stopcock on the
steam trap outlet was closed which compelled steam through the
decomposition chamber and in the process pushed the liberated
ammonia into the collection flask. After few minutes, the receiving flask
was lowered such that the condenser tip was just above the liquid and
later rinsed with distilled water. About 10 mL of the distillate (ammonia
borate solution) was titrated with 0.1 M HCl solution. The titre values of
the duplicate samples were noted and the percentage protein calculated
equation Eq. (1):

ð% total nitrogen� 6:25Þ (1)

2.2.6. Determination of carbohydrate content
The carbohydrate content was empirically determined using Eq. (2)

(AOAC, 2002):

% Total Carbohydrate¼f100�% ðProteinþ Fat þ Moisture þ Ash
þ FiberÞg (2)

2.2.7. Determination of total titratable acidity (TTA)
The TTA was determined according to the AOAC Official Method.

942.15 (AOAC, 2000). Briefly, 100 mL of aliquot sample containing 3
drops of phenolphthalein indicator was titrated against 0.1 M NaOH.
Titration was done in triplicates and titre values was recorded. The result
was expressed in gram acetic acid/100 g of fruit stem (Ozgur and
Koyuncu, 2002) and references therein.

2.2.8. Determination of pH
The pHmeter was calibrated using buffer solutions of 4, 7 and 10. The

pH of the sample was determined by immersing the standardized elec-
trode tip of the pH meter into the aliquot sample. The observed pH was
read and recorded.

2.2.9. Determination of total soluble solid (TSS)
A portion of the aliquot sample was poured into 100 mL of distilled

water and filtered. The residue was weighed and dried in the oven at 105
�C for 1 h, then cooled and reweighed. The change in weight was
expressed in ppm.

2.3. Elemental determination

2.0 g of the powdered sample was weighed and 20 mL of Aqua Regia
(3:1) was added and heated for 1 h. The digested sample was filtered
into a 50 mL volumetric flask and made up to the mark with distilled
water. The samples were run in an Atomic Absorption Spectrophotom-
eter for the determination of the elemental composition (potassium (K),
calcium (Ca), Iron (Fe)) in mg Kg�1 using 7 Point Calibration curve and
the limit of quantification was taken as the least concentration of the
calibration curve at 0.1 ppm. Relevant references of previous workers
who used this method and references therein have been cited where
necessary.
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2.4. Sensory evaluation

Sensory evaluation of the samples was achieved by a highly cited
method described by Ihekeronye and Ngoddy (1985). A 10-member
panel was educated on sensory characteristics for the evaluation. The
evaluations were based on the richness of organoleptic quality attributes
of taste, colour, flavour, texture and overall acceptability using a 9-point
hedonic scale, 9 for liked extremely and 1 for disliked extremely. Samples
were coded for the participating judges’ ratings (Onwuka and Onwuka,
2005; Braghieri et al., 2015; Wang et al., 2019).

Ethical approval was sought and approval given by the Department of
Chemistry, Federal University of Agriculture, Abeokuta, Nigeria, Ethical
Committee and the consent of all evaluators was obtained.
Figure 1. The Physico-chemical analysis of natural ripened, unripe and plantain
ripened with different ripening agents.
2.5. Statistical analyses

The generated data were subjected to analysis of variance (ANOVA)
at 5% level of significance using OriginPro 2019b.

3. Results and discussions

3.1. The Physico-chemical analysis of the samples

The moisture content of foods or its processed products gives an
indication of its freshness and potential shelf life. The results presented in
Table 1 and Figure 1 showed that the unripe plantain has the lowest
moisture content (50.66 � 0.50 %). Reduction in moisture content may
be majorly due to water loss through transpiration process, while some
weight loss could be due to loss of carbon in respiration process (Liu,
2003; Onwuka and Onwuka, 2005; Maduwanthi and Marapana, 2019).
The plantain that was ripened using Potassium Dihydrogen Phosphate
(PDP) has the highest moisture of 64.68 � 0.10 %, while the naturally
ripened plantain had a moisture content of 62.53 � 0.20%. The results
obtained showed that the use of artificial ripening agent increased the
moisture content in fruits thereby subjecting such food items to faster
rate of microbial degradation and shorter shelf life, which can lead to
quicker deterioration (Adepoju and Adeniji, 2008; Maduwanthi and
Marapana, 2019). Figure 1 showed the ash content ranging from 3.07 �
0.10 % to 3.50 � 0.00 % for CaC2 and PDP respectively. These findings
revealed that fruits do not only lose their weight through respiration
where significant carbon is lost but could also occur during ripening.
However, the high ash content of the samples treated with PDP clearly
suggests an increase in the metabolism of the fruits (Kulkarni et al.,
2004). The results presented in Table 1 also showed that the 1.04 � 0.00
and 2.29 � 0.00 lowest and highest crude fibre content for the plantain
samples were % for unripe and samples ripened by ethylene glycol
respectively. The crude fibre contents of the samples were lower than the
previously reported values (8.50–20.90 %) of some Nigerian fruits (US
Table 1. The mean and standard deviation of the physico-chemical parameters of na

Samples Moisture
Cont (%)

Ash
Cont (%)

Fat
Cont (%)

Crude fibre
Cont (%)

Natural ripe 62.53 � 0.20 3.12 � 0.10 2.17 � 0.00 1.90 � 0.00

Ethylene glycol 63.90 � 0.00 3.40 � 0.00 2.53 � 0.30 2.29 � 0.00

P D P 64.68 � 0.10 3.50 � 0.00 2.29 � 0.00 1.62 � 0.00

Ca carbide 63.04 � 0.00 3.07 � 0.10 2.84 � 0.00 2.28 � 0.00

Unripe plantain 50.66 � 0.50 3.25 � 0.20 2.63 � 0.10 1.04 � 0.00

Mean 60.96 � 0.16 3.27 � 0.08 2.49 � 0.08 1.83 � 0.00

Std. Dev 5.82 0.18 0.27 0.52

*TSS: Total Suspended Solid.
*PDP: Potassium Dihydrogen Phosphate.
*Ca: Calcium.
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Department of Agriculture, 2005; Sajib et al., 2014). The
fibre-recommended dietary allowance values for children, adults, preg-
nant and breast-feeding mothers are 19–25 %, 21–38 %, 28 % and 29 %,
respectively. The reduced fibre content in the studied samples may be
attributed to the low total dietary fibre content found in plantain samples
(Haslinda et al., 2009). Protein is an important component of diet needed
for survival of animals and humans, their basic role in diet is to supply
adequate amount of required amino acids. Table 1 showed that the
calculated protein content for the plantain samples ranged from 1.59 �
0.00 to 2.03 � 0.10 %. Food crops that provide more than 12 % of their
calorific value of protein are a great source of protein (Elegbede, 1998;
Maduwanthi and Marapana, 2019). In this context, the plantain fruits
investigated are not a relatively good source of protein. Figure 1 indi-
cated that there was a major increase in carbohydrate content for the
plantain samples. Unripe plantain showed the highest carbohydrate
content of 40.48 � 0.00%. This was expected because all the starch in an
unripe plantain is contained in the unripe green fruit. However, the
tural ripened, unripe and plantain ripened with different ripening agents.

TSS mgL�1 Protein
Content (%)

Acidity pH Carbohydrate
Content (%)

18.87 � 0.00 2.03 � 0.10 4.61 � 0.00 1.29 � 0.00 28.25 � 0.00

18.81 � 0.00 1.64 � 0.00 4.37 � 0.00 1.05 � 0.00 28.24 � 0.00

20.28 � 0.10 1.59 � 0.00 3.64 � 0.00 1.05 � 0.00 28.32 � 0.00

22.02 � 0.00 1.64 � 0.00 4.81 � 0.00 1.38 � 0.00 27.13 � 0.00

15.71 � 0.10 1.94 � 0.00 6.48 � 0.00 1.50 � 0.00 40.48 � 0.00

19.14 � 0.04 1.77 � 0.02 4.78 � 0.00 1.25 � 0.00 30.48 � 0.00

2.32 0.20 1.05 0.20 5.61

mailto:Image of Figure 1|tif


Figure 2. Mineral composition of natural ripened, unripe and plantain ripened
with different ripening agents.
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ripened plantains showed a carbohydrate levels that ranged between
27.13� 0.00 to28.32� 0.00 and a mean value of 30.48� 0.00 for all the
samples which is consistent with previous studies (Joon et al., 2001;
Ojetayo et al., 2018). In addition, the high carbohydrate content in the
plantain samples implies that the fruit is a vital source of energy for man
and animals. The results obtained showed that the ripening agent had no
significant effect on the carbohydrate content of the plantain samples.
The results obtained in Table 1 also showed that there was no significant
difference in the fat content values as the lowest and highest fat content
ranged between 2.17 � 0.00 to 2.84 � 0.00 %. The low crude fat content
of the plantain samples suggests that they may not be a good source of
fat-soluble vitamins. One of the purposes of using ripening agents in
fruits is to increase the level of Total Suspended Solid (TSS). The results
obtained showed that there was a slight effect of ripening agents on the
TSS values as it ranged between 18.81 � 0.00 to 22.02 � 0.00 mgL-1 for
the treated samples. However, the lowest TSS level was observed in the
unripe plantain at 15.71 � 0.10 mgL-1 while TSS level recorded for the
natural ripe plantain was 18.87� 0.00 mgL-1 (Table 1 and Figure 1). The
increased TSS level in the ripened fruit may be due to the hydrolysis of
starch to soluble sugars. This could be because during the process of
ripening and fruit softening, starch is broken down into the simple sol-
uble sugars-sucrose, glucose, fructose, acids and soluble pectin which
increase fruit softening (Bindu et al., 2017). There was no significant
difference in the pH values of the plantain samples as it ranged between
1.05 � 0.00 and 1.50 � 0.00 (Table 1 and Figure 1). The acidity of the
samples was not significantly affected with the use of ripening agents as
the interaction effect between the natural ripe, unripe and ripening
agents was found to be negligible. Hence, it can be said that treatment of
fruits with ripening agents resulted in a slight decrease in the pH value of
1.38 � 0.00 for CaC2 while ethylene glycol and PDP were at pH 1.05 �
0.00 when compared to the pH of 1.50 � 0.00 for the unripe plantain.
The low level of acidity for the plantain samples obtained ranged be-
tween 3.64� 0.00 and 6.48� 0.00. The reduction in acidity levels aligns
with an increase in concentration of sugar in the plantain fruits. It has
been suggested that during storage, fruits utilize organic acids for
metabolic activities which results in a reduction in the acidity levels
(Bindu et al., 2017).

3.2. Mineral composition of the samples

The mineral composition of plantain shows that plantain is a good
source of minerals such as calcium (Ca), potassium (K) and iron (Fe). In
Figure 2, a relatively high amount of K (1589.45 � 0.01–1690.55 � 0.02
mg kg�1) which 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 was reported in all the samples
investigated (Ng and Fong, 2000). The source of the excess calcium found
in the samples treated with CaC2 could be traced to the calcium in the
ripening agent (730.02 � 0.01 mg kg�1). 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. In addition,
the unripe plantain was found to have the highest concentration of iron
(103.03 � 0.03 mg kg�1) which is necessary for the cure of diabetes;
while the naturally ripened plantain gave a concentration of 89.60 �
0.03 mg kg�1, this implies that ripening definitely has decreasing effect
on the concentration of iron. In the study of Wills and Tirmazi (1979) on
the effect of calcium and other minerals on ripening of Tomatoes they
concluded that calcium, manganese, cobalt and magnesium inhibited
ripening while sodium and potassium were less effective as the divalent
metals. These metals also caused reduction in respiration and ethylene
generation (Wills and Tirmazi, 1979). The lowest concentrations of iron
were reported in plantain ripened with the different ripening agents. This
low content of Fe might be due to the chemical interaction between the
ripening agent and iron as previously reported (Bergman et al., 2009).
However, further studies might be needed to establish the reduction of
iron and other essential nutrients during ripening of fruits.
4

The results obtained in the sensory evaluation analysis showed that
there is no significant difference in the colour, taste, texture and aroma
among the various forms of ripening agents used.

4. Conclusions

Food safety and security are frontline issues among food chemists, as
such there is the need to continue to monitor the safety of food. With this
mind set, this studywas conceptualized andexecuted. Fromthefindings in
this study, the proximate composition of the fruit samples showed that the
naturally ripened fruits will have a longer shelf-life than the artificially
ripened fruits due to their higher moisture content. Also, the administra-
tion of ripening agent for fruit may result in the reduction of some food
nutrients such as ash content, protein and carbohydrate contents.

In addition, therewas a very higher concentration of Ca in the plantain
ripened with CaC2 as compared with other samples, which could cause
constipation. The result obtained from the study also showeda low level of
Fe when compared to the naturally ripened and the unripe plantain fruits.
This could be due to the chemical interaction between the ripening agent
and iron. It can be concluded that the use of ripening agent is not
encouraged due to the reduction in the quality of the fruit as seen in this
study. However further study will be required to understand the reasons
for the reduction of some the mineral contents in the studied samples.
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