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Abstract

The present research aimed to evaluate and compare the antioxidant activity in both pulp and peel
and the physicochemical contents in the pulp of four local varieties of banana, i.e. Musa acuminate
species named Sagor, Champa, Shail and Bichi, available in Sylhet region of Bangladesh. The antioxi-
dant activity from a methanolic extract of banana peels and pulps was evaluated by determination of
total phenolic content and DPPH scavenging activity. The physicochemical contents of banana pulp
such as protein, fat, moisture, ash and carbohydrate were also determined. The results showed that the
overall antioxidant activity of banana peel was higher than the pulp of banana. The pulp of the Shail
variety had the highest antioxidant activity (TPC = 80.14 mg GAE/100 g, DPPH radical scavenging
activity =91.37%) among the four varieties. Fat (1.38%) and moisture (76.23%) contents were higher
in the pulp of Shail, while protein (1.82%) and carbohydrate (22.71%) contents were higher in the pulp
of Bichi. The Champa variety contained higher ash content (1.05%). Among the jellies prepared from
those banana varieties, the jelly of the Shail variety showed the highest score for overall acceptance
(6.8) whilst the jelly prepared from the Bichi variety showed the highest score for taste (7.75). This
may be due to higher carbohydrate content. The study suggests that banana peel could be used in
the food industry as a raw material to produce bakery products and in cosmetics and pharmaceutical
industries as an antioxidant supplement.
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1 Introduction

Bananas are the creamy flesh and sweet fruit,
with firmness, which are packaged in their yel-
low jackets. Banana is one of the most consumed
fruits in the world (Alkarkhi, Saifullah, Yong, &
Azhar, 2010).
Nutritionally, banana is a good source of miner-
als, vitamins, flavonoids, carbohydrate and phe-
nolic compounds (Aurore, Parfait, & Fahras-
mane, 2009). People of all classes of society can
easily get banana. Banana can be utilized in

the treatment of pains, intestinal lesions of coli-
tis, inflammation and snakebite (Coe & Ander-
son, 1999). Diabetes mellitus is treated by the
methanolic extract from banana.
In our body, free radicals may be produced con-
tinuously which cause serious diseases, like heart
disease, cancer, arthritis, inflammation and ag-
ing. Antioxidants are those agents which can
scavenge the free radicals and inhibit the dam-
age caused by them. Musa spp. (banana) is the
world’s leading fruit and in terms of economic
value, it is the number five agricultural crop in
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world trade. Banana contains antioxidants and
phytochemicals such as Vitamin-C, Vitamin-E,
flavonoids and β-carotene (Macheix, Fleuriet, &
Billot, 1990) which have free radical scavenging
activity. Some enzymes of banana flesh increase
the antioxidant capacity (Someya, Yoshiki, &
Okubo, 2002). That is why, banana consump-
tion is so important to reduce the risk of those
diseases. Since banana is a tropical plant, it is
able to prevent the oxidative stress that is caused
by sunlight of high intensity and the elevated
temperature by means of increasing the antiox-
idant ability (Kanazawa & Sakakibara, 2000).
Banana’s antioxidant ability depends on cultivar,
maturity and the stage of ripening. The ripen-
ing process of banana influences the changes in
the antioxidant capacity (Sisler, Alwan, Goren,
Serek, & Apelbaum, 2003).
The peel of banana is one of the main agricul-
tural wastes that is being used in soap making,
medicine, animal feed, fillers in rubber and black-
ening of leather (Olalekan & Ayodeji, 2010). It
is about 40% of the total weight of the banana
(Anhwange, Ugye, & Nyiaatagher, 2009). There
is an increasing quantity of banana peel, much
of which goes unused and is disposed of as waste
at a large expense. That is why, it is important
to find applications for this huge amount of ba-
nana peels to minimize environmental problems
(Zhang, Whistler, BeMiller, & Hamaker, 2005).
The banana peel is a good source of phenolic
compounds which are considered to act as antiox-
idants against heart disease and cancer (Someya
et al., 2002). The banana peel contains different
antioxidant compounds, including gallocatechin
(Someya et al., 2002) and dopamine (Umamah-
eswari & Chatterjee, 2008). In banana peel, the
total phenolic compounds range from 0.90 to 3.0
g/100 g dry weight (Someya et al., 2002; Nguyen,
Ketsa, & van Doorn, 2003). Gallocatechin exists
at a concentration of 160 mg/100 g dry weight
(Someya et al., 2002). Many other phytochemi-
cals like delphinidin, anthocyanin, cyanidin and
catecholamines (Kanazawa & Sakakibara, 2000)
are found in ripe banana pulp and peel. Accord-
ing to Someya et al. (2002), total phenolics are
higher in banana peel (907 mg/ 100 g dry wt.)
than in the pulp of banana (232 mg/100 g dry
wt.).
The present study aimed to compare the physico-

chemical and antioxidant properties of both peel
and pulp of banana varieties found in the Sylhet
region of Bangladesh and to evaluate the senso-
rial properties of jelly prepared from those vari-
eties.

2 Materials and Methods

2.1 Sample collection

The banana samples (Sagor, Champa, Shail, and
Bichi varieties) were collected from the local mar-
ket of Bondor, Sylhet in Bangladesh.

Sample extraction and preparation

Two types of samples were prepared from ba-
nana. One was from banana peel and the other
was from banana pulp. At first the four types
of bananas were peeled. Then, the peels of the
banana varieties were dried in a freeze dryer for
12 h. The dried samples were powdered using
a blender. Then 1 g from each dried powder
was taken in a falcon tube and dissolved into
30 ml methanol for each sample. The samples
were then centrifuged at 3000 rpm for 5 minutes.
Then, the banana peel samples were filtered.
The samples from banana pulps were prepared
by taking 1 g of banana pulp from each vari-
ety and dissolved into 15 ml methanol for each
sample in a falcon tube. Then, the samples were
centrifuged at 3000 rpm for 5 minutes. After cen-
trifuging, the banana pulp samples were filtered.

2.2 Antioxidant activity
determination by UV-vis
spectrophotometer

The antioxidant activity of banana peels and
pulps were evaluated by determination of: (1)to-
tal phenolic content and (2) DPPH scavenging
activity.

Total phenolic content determination
by spectrophotometer

The total phenolic content was determined by
using the Folin-Ciocalteu phenol reagent as re-
ported by Amorim et al. (2008). 0.5 ml of the
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sample extract of four banana varieties, includ-
ing both banana peel and pulp, was added to 8.5
ml of distilled water separately. 0.5 ml of the
Folin-Ciocalteu phenol reagent was then added
to each sample and kept at room temperature for
5 minutes. After that, 1 ml of 35% sodium car-
bonate solution was added to each sample. Then
the mixtures were shaken well, and kept at room
temperature for 20 minutes. The absorbance of
the mixtures was then measured at 765 nm. A
blank was prepared using distilled water. Then,
a set of Gallic acid standard solutions was read
against a blank. The results of phenolics were
expressed in terms of Gallic acid in mg/g of dry
extract. Total phenolic contents of banana vari-
eties including both banana peel and pulp were
determined as mg of Gallic acid equivalent per
gram using the equation obtained from a stan-
dard Gallic acid calibration curve (R2 =0.999).

DPPH radical scavenging activity
determination by spectrophotometer

The DPPH radical scavenging activity of ba-
nana varieties was measured using the modified
method described by Chang et al. (2001). 2 ml
of 0.2 mM methanol DPPH solution was added
to 2 ml of each solution which were extracted
from both banana peel and pulp. Then the
mixtures were vortexed vigorously for 1 minute
and left to stand at room temperature for 10
minutes in the dark for the reaction to occur.
After 10 minutes, absorbance was measured
against a blank at 517 nm. The ability to
scavenge the DPPH radical was calculated using
the following formula:

DPPH(%) = 1− Sample absorbance

Control absorbance
×100 (1)

2.3 Physicochemical properties

For proximate analysis, the protein of pulp of the
banana varieties was determined by the Micro-
Kjeldahl method as described by Association of
the Official Analytical Chemists (2004). A pro-
tein conversion factor of 5.2 was used to calcu-
late the percent protein from the Nitrogen de-
termination. The fat content of pulp of the ba-
nana varieties was determined according to the

method of Ravichandran and Parthiban (2000).
In this method, Chloroform/Methanol (2:1) so-
lution was added toeach sample to separate the
fat content from the banana pulp. The mois-
ture content of pulp of the banana varieties was
determined according to the official method 44-
01 of American Association of Cereal Chemists
(2000). The total ash of banana varieties was
measured by direct incineration of each sample
in a crucible, according to American Association
of Cereal Chemists (2000) method 08-01. The
carbohydrate content of the banana varieties was
calculated by subtracting the protein, fat, mois-
ture and ash contents from 100 (Lim, Lim, &
Tee, 2007).

2.4 Sensory analysis

Jellies were made from the banana pulp of those
varieties available in Sylhet region. Sensory eval-
uation was conducted using a 7 point hedonic
scale (1=dislike very much to 7= like very much)
in order to determine the acceptance of jelly by
consumers. The sensory evaluation panel com-
prised thirty professors and students from Shah-
jalal University of Science and Technology, Syl-
het, Bangladesh. Among the panel members,
twenty were men and ten were women, and their
age ranged from 18-45. Panel members met the
following criteria: have affinity for the consump-
tion of banana, able to feel the basic tastes, pos-
sess the ability to recognize aroma and smell,
non-smoking, interested in this study and willing
to reveal their decisions (Plemmons & Resurrec-
cion, 1998). The attributes for the sensory eval-
uation were color, aroma, bitterness, taste and
overall acceptance.

2.5 Statistical analysis

The experiments were performed in triplicate
and data attained from experiments were col-
lated and analyzed using the Statistical Pack-
age for the Social Sciences (Version 21; IBM
Corporation). The mean scores were calcu-
lated for each attribute and one-way analysis
of variance, using the Duncan test, was car-
ried out (Maisuthisakul, Suttajit, & Pongsawat-
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manit, 2007). Significant differences were deter-
mined at p < 0.05.

3 Results and Discussions

3.1 Antioxidant activity

Total phenolic content

Phenolic compounds are essential fruit con-
stituents since they inactivate lipid free radi-
cals or prohibit decomposition of hydroperox-
ides to free radicals (Maisuthisakul et al., 2007).
Table 1 shows that the total phenolic content
(TPC) of tested banana varieties varied signifi-
cantly (p<0.05) from 7.47 to 80.14 mg GAE/100
g for banana pulp and from 34.43 to 119.47 mg
GAE/100 g for banana peel. In the present
study, methanol was used, which resulted in
higher extraction yields of phenolic compounds
due to its high polarity. The banana peel has a
higher total phenolic content than the pulp of ba-
nana. The TPC of banana pulp recorded in the
literature were 56.1 mg GAE/100 g (Sun, Chu,
Wu, & Liu, 2002), 51 to 54 mg GAE/100 g in
Pisang Mas banana (Lim et al., 2007; Alothman,
Bhat, & Karim, 2009) and 90.4 mg GAE/100 g
in Pisang Awak banana (Choo & Aziz, 2010).
The TPC of pulp from the Sagor variety (7.47
mg GAE/100 g) was not in agreement with pre-
vious studies. The value may differ since it is
a different variety. According to Fatemeh, Sai-
fullah, Abbas, and Azhar (2012), the TPC was
generally higher in the peel than in the pulp for
a particular banana component which supports
the present study.

DPPH radical scavenging activity

DPPH radicals react with reducing agents when
the electrons pair off and the color of solu-
tion is lost stoichiometrically, which depends
on the number of electrons taken up (Sub-
hasree, Baskar, Keerthana, Susan, & Ra-
jasekaran, 2009). The ability of banana
peel extracts to scavenge DPPH radicals had
been demonstrated (Okonogi, Duangrat, Anuch-
preeda, Tachakittirungrod, & Chowwanapoon-
pohn, 2007). Therefore, the DPPH scavenging

activity of each sample was reported as the per-
centage of DPPH inhibition, where a higher value
is associated with a stronger antioxidant activity
(Fatemeh et al., 2012). As the condensation of
phenolic compounds increased, the DPPH radi-
cal scavenging activity also increased (Alothman
et al., 2009; Gonzalez-Montelongo, Gloria Lobo,
& Gonzalez, 2010) which is typical for plant ma-
terials. The DPPH radical scavenging activity of
various banana pulp extracts are shown in Ta-
ble 1. The DPPH radical scavenging activity
was highest in the pulp of Shail (91.37±0.05%)
and the peel of Shail (94.04±0.73%) although the
peel of all varieties contained similar values. Ac-
cording to Baskar et al. (2011), the DPPH radi-
cal scavenging activity of banana was 98.19% at
10 mg ml−1. It is evident that the extract ob-
tained from the peel has higher antioxidant ac-
tivity than that obtained from the pulp (Fatemeh
et al., 2012).

3.2 Physicochemical properties

Proximate analysis provides information on the
basic chemical composition of agricultural waste
(Adeolu & Enesi, 2013). The carbohydrate, pro-
tein, fat and energy contents of banana were re-
ported as higher than those of apple (Auta &
Kumurya, 2015). The protein content of ba-
nana varieties ranged from 1.28% to 1.82% as
shown in Table 2. The maximum protein con-
tent (1.82%) was in the Bichi variety and the
minimum was in the Shail variety. Champa and
Sagor varieties contained almost equal amounts
of protein. The percentage of crude protein for
banana was 7.30 according to Auta and Kumurya
(2015). The protein content of banana reported
in the previous study is higher than the present
study due to regional differences. The fat con-
tent in banana varieties is also shown in Ta-
ble 2. This attribute may be used as the ba-
sis to confirmiprocessing temperatures and auto-
oxidation that may lead to rancidity which af-
fects the flavour of food (Adeolu & Enesi, 2013).
The fat content of banana varieties ranged from
0.98% to 1.38%. The Shail variety contained the
highest amount of fat (1.38%) among the four ba-
nana varieties while the Sagor variety contained
the lowest fat content (0.98%). According to the
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Table 1: Total phenolic content and DPPH radical scavenging activity of different banana peel and pulp

Antioxidant Activity Sagor Champa Shail Bichi

Total phenolic content of
119.47±4.77d 70.03±2.7c 35.88±3.37b 34.43±1.43a

banana peel (mg GAE/100 g)
Total phenolic content of

7.47±0.94a 38.92±0.58c 80.14±4.11d 9.8±0.38b
banana pulp (mg GAE/100 g)
DPPH radical scavenging

93.26±0.12b 93.54±0.09b 94.04±0.73b 92.27±0.05a
activity of banana peel (%)
DPPH radical scavenging

64.49±0.25b 90.83±0.44c 91.37±0.05c 62.14±3.23a
activity of banana pulp (%)

Values are mean ± standard deviation. Within column values followed by different superscript letter(s) are significantly different (p<0.05).

Table 2: Proximate analysis of various banana pulps

Composition Sagor Champa Shail Bichi

Protein (%) 1.45±0.05a 1.46±0.03a 1.28±0.02a 1.82±0.06a

Fat (%) 0.98±0.06a 1.17±0.09b 1.38±0.08c 1.29±0.04b
Moisture (%) 75.47±0.05b 76.13±0.34c 76.23±0.17c 73.49±0.49a

Ash (%) 0.96±0.005ns 1.05±0.350ns 0.75±0.007ns 0.72±0.008ns

Carbohydrate (%) 21.13±0.13b 20.17±0.76a 20.37±2.11a 22.71±0.04c

Values are mean ± standard deviation. Within column values followed by different superscript letter(s) are significantly different (p<0.05).

Table 3: Sensory evaluation of jelly

Sensory Attribute Sagor Champa Shail Bichi

Color 5.2±0.42b 6.33±0.52c 5.67±0.52b 4.5±0.53a

Aroma 5.75±0.46b 4.8±0.79a 5.8±0.79b 6.4±0.52c

Bitterness 3.6±0.49ns 4.2±0.42ns 4.5±0.53ns 3.75±0.46ns

Taste 6.25±0.46b 4.6±0.51a 6.5±0.5b 6.75±0.46c

Overall acceptance 6.20±0.78c 5.25±0.88a 6.8±0.42c 5.4±0.84b

Values are mean ± standard deviation. Within column values followed by different superscript letter(s) are significantly different (p<0.05).
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USDA National Nutrient data base, the fat per-
centage of banana pulp was 1% which is similar
to the present value. Auta and Kumurya (2015)
reported that the crude fat of banana was 1.05%
which also supports the present value. The mois-
ture content inthe pulp of banana varieties is
also shown in Table 2. High moisture content
food items are more susceptible to microbial at-
tack and a shorter shelf life (Adepoju, 2012).
The Shail variety contained the highest amount
of moisture (76.23%) whereas the Bichi variety
contained less moisture (73.49%). The approxi-
mate moisture content of Embul, Seeni and Ko-
likuttu varieties of banana at the harvest ma-
turity were 77.86%, 72.46% and 75.97% respec-
tively, according to Wasala, Dharmasena, Dis-
sanayake, and Thilakarathne (2012) which sup-
ports the present study. Similar values were re-
ported by Kachru, Kotwaliwale, and Balasubra-
manian (1995) for some Indian banana varieties
at maturity. Auta and Kumurya (2015) found
the moisture content of banana to be 73.63%.
According to Ikegwu and Ekwu (2009), the mois-
ture content of fruits has an impact on a number
of engineering properties. Fraser, Verma, and
Muir (1978) indicate that the moisture content of
agricultural produce dominances their bulk den-
sity. The ash content of banana varieties is also
shown in Table 2. A high percentage of ash is
indicative of a high mineral content, particularly
the macro-minerals (Adeolu & Enesi, 2013). Ash
content was highest in the Champa variety at
1.05% while the Bichi variety contained the low-
est amount of ash (0.72%). The percentage of
ash content of banana should be 4.93% according
to Auta and Kumurya (2015) which was higher
than the present study. The carbohydrate con-
tent of the banana varieties is also shown in Table
2. Carbohydrate could be a good source of en-
ergy for animals (Adeolu & Enesi, 2013). The
Bichi variety contained the highest carbohydrate
(22.71%) content, while the Champa variety con-
tained 20.17% carbohydrate. According to the
USDA National Nutrient data base, the carbo-
hydrate percentage of banana pulp is 18%. The
total percentage carbohydrate content of banana
found by Auta and Kumurya (2015) was 22.01%.

3.3 Sensory evaluation of jelly

Sensory evaluation results for jellies which were
made from the pulp of the four banana vari-
eties are shown in Table 3. Reducing sugars
and amino acids are responsible for the Maillard
reaction that provides food flavor and a desir-
able brown color. Sucrose was the main ingre-
dient for the production of the jellies to provide
a sweet taste and contribute to jelly formation
(Silva, Lacerda, Santos, & Martins, 2008). A
previous study found that fat content influences
the taste (Bus & Worsley, 2003). The color of
jelly prepared from the Champa variety was the
best while the color of jelly of the Bichi variety
was not accepted by the panelists. The panelists
described the jelly from the Champa variety as
having a fascinating color that was more attrac-
tive to the eye compared with the darker color
of the jelly from the Bichi variety. As color is of
primary importance in consumers’ acceptability
of a product, the color of the jelly of the Bichi va-
riety should be improved. The aroma score was
highest (6.4±0.52) in the jelly prepared from the
Bichi variety which may be due to the higher car-
bohydrate content. The bitterness scores of the
jelly from all banana varieties were almost av-
erage. The taste of the jelly prepared from the
Bichi variety (6.25±0.46) was the best but not
much better than the taste of the jelly prepared
from the Shail variety. The jelly prepared from
the Shail variety showed the highest overall ac-
ceptance (6.8±0.42).

4 Conclusion

The study showed that the Shail, Bichi, Champa
and Sagor banana varieties of the Sylhet region
in Bangladesh contained appreciable levels of nu-
trients. The Shail variety had the highest antiox-
idant activity as determined by the total pheno-
lic content and DPPH scavenging activity, and
contained the highest carbohydrate content and
a protein content which was higher than in the
Bichi variety. Among the jellies prepared from
the banana varieties, the jelly of Shail variety
showed the highest overall acceptance among the
panelists. The peel of the bananas well as the
pulp is a good source of antioxidants which may
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help reduce the risk of a variety of chronic dis-
eases. Banana is widely available in Bangladesh
and can be found throughout the year. Both the
pulp and peel of banana offer new product devel-
opment opportunities in the food, cosmetics and
pharmaceutical industries.
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