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Abstract: Ecuador, one of the big banana exporters, produces approximately 240 000 tons of fruit that are not
exported. This by-product generates a serious environmental problem due to its high organic load. Banana peel is a
source of antioxidant compounds such as phenolic compounds. These compounds have anti-cancer, anti-aging and
anti-inflammatory properties, and therefore their importance in human health. However there are no studies of the
content of phenolic compounds in varieties of banana. The aim of this study was to quantitatively determine the
content of phenolic compounds and tannins in the peel of Musa cavendish, Musa acuminata and Musa cavandanaish
during the fruit ripening process. The quantification of phenolic compounds and tannins was done with a
spectrophotometer after an ethanol extraction and was expressed as gallic acid equivalents (GAE) and tannic acid
equivalents (TAE) respectively. The results showed that the highest content of phenolic compounds and tannins was
6 411 mg/100 g peel (dry basis) and 1 056 mg/100 g peel (d.b.) respectively. The results correspond to the peel of
Musa cavendish after two days of being cut. Additionally, it was found that the ripening process leads to a reduction
of phenolic compounds (GAE) and tannins (TAE). The three varieties of banana are a good source of phenolic
compounds and tannins in the early stages of organoleptic maturity.
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Compuestos fenolicos a partir de la corteza de Musa cavendish,
Musa acuminata y Musa cavandanaish

Resumen: Ecuador, uno de los grandes exportadores de banano, produce aproximadamente 240 000 toneladas de
fruta que no se exportan. Este subproducto genera un grave problema ambiental debido a su alta carga orgéanica. La
corteza de platano es una fuente de compuestos antioxidantes tales como compuestos fendlicos. Estos compuestos
tienen propiedades anticancerigenas, anti-envejecimiento y anti-inflamatorias, y por ello su importancia en la salud
humana. Sin embargo, no hay estudios sobre el contenido de compuestos fendlicos en las variedades de platano. El
objetivo de este estudio fue determinar cuantitativamente el contenido de compuestos fenolicos y taninos en la corteza
de Musa cavendish, Musa acuminata y Musa cavandanaish durante el proceso de maduracion de la fruta. La
cuantificacién de los compuestos fendlicos y taninos se realiz6 con un espectrofotdmetro después de una extraccion
con etanol y se expres6 como equivalentes de &cido galico (GAE) y equivalentes de acido tanico (TAE)
respectivamente. Los resultados mostraron que el mayor contenido de compuestos fendlicos y taninos era 6411 mg /
100 g corteza (base seca) y 1056 mg / 100 g corteza (b.s.), respectivamente. Los resultados corresponden a la corteza
de Musa cavendish después de dos dias de haber sido cortado. Adicionalmente, se encontré que el proceso de
maduracion lleva a una reduccion de compuestos fenélicos (GAE) y taninos (TAE). Las tres variedades de platano
son una buena fuente de compuestos fenélicos y taninos en las primeras etapas de la madurez organoléptica.

Palabras clave: platano, fenoles, &cido galico, &cido tanico, corteza de platano.

1. INTRODUCTION

Banana is Ecuador’s second largest export after oil. Exports
grew from 1.3 million tons in 2007 to 2 million tons in 2012.
In 2010, the Ecuadorian banana industry exported the
equivalent of 32% of world trade in bananas. The massive
production leads to a big quantity of bananas which is not
exported, due to problems during harvest, transport or natural
defects of the fruit. Paredes (2010) estimates that
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approximately 240 000 tons of Ecuadorian bananas are not
exported every year. An important way to use such by-product
has been as livestock food, especially for cattle. However, the
majority is not properly managed and generates a serious
environmental problem due to its high organic load (Intriago
and Paz 2000) and air contamination due to the generation of
methane gas.
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Banana peel is a source of antioxidant compounds such as
vitamin C, vitamin E, and phenolic compounds, which may
offer great benefits to the consumer. Studies have confirmed
that tannins present in bananas form insoluble complexes with
proteins, among other compounds, leading to low digestibility
of protein and therefore a low level of growth in animals
(Calderon and Latorre 1999; Silanikove et al. 2001; Makkar
2003; Velasquez 2004). Several cultures have used banana
leaves to relieve diabetes, diarrhea, heart and stomach
problems (Mahmood et al., 2011). Kahkonen et al. (2011)
showed the beneficial effect of phenolic compounds on
human health, such as antimutagenic, anti-cancer, anti-aging,
anti-inflammatory and antiviral among other properties.
Epidemiological evidence has shown that regular
consumption of fruits and vegetables provides enough amount
of compounds that protect the immune system and help to
prevent the development of coronary heart disease (Paladino
and Zuritz 2011).

Studies on antioxidants have been conducted primarily with
grapes (Meng et al. 2012; Dos Santos et al. 2014). However,
there is a wide variety of fruits and vegetables that provide
this type of beneficial components (Robbins 2003; Heim et al.
2002; Clifford 2000; Hollman and Arts 2000; Santos-Buelga
and Scalbert 2000). Several ecuadorian fruits belonging to
Anacardiaceae, Passifloraceae, Rosaceae and Solanaceae
among other families have showed high levels of phenolic
compounds (Vasco et al., 2008).

Phenols are associated with colour, sensory characteristics
(flavour, astringency, hardness) and antioxidant properties of
plant foods. In nature there are approximately 8000 phenolic
compounds. The antioxidant activity of the different
polyphenols depends of the structure and molecular weight
among other factors. There are studies that identify the
polyphenols present in the Musa cavendish variety
(Mahmood et al., 2011). However there are no studies on the
polyphenol content in other varieties of banana, neither a
comparison of the type of polyphenols present in banana.

A study of the content of total phenolic compounds in banana
peel may serve to reduce the impact of banana by-products to
the environment. Therefore, the aim of this study is to
compare the content of phenolic compounds, galllic acid and
tannins from the peel of three varieties of banana, Musa
cavendish, Musa acuminata and Musa cavandanaish, during
fruit ripening.

2. MATERIALS AND METHODS

Musa cavendish, Musa acuminata and Musa cavandaneish
samples were obtained in Santo Domingo de Los Colorados,
Ecuador. Bananas were cut and stored in a room at 35 °C in
the absence of light. Soluble solids (°Brix) were measured
with an ABBE refractometer (Fisher Scientific, USA) daily
until the value began to decrease.

2.1 Determination of soluble solids
Banana pulp (30 g) was disintegrated in a mixer with 90 mL

of distilled water for 2 minutes. Afterwards, the suspension
was filtered (filter paper 7-12 um particle retention,

Macherey-Nagel, USA). The filtrate was examined with an
ABBE refractometer (Fisher Scientific, USA) and °Brix
reported.

2.2 Determination of total phenolic compounds extraction

The extraction was carried according to the method proposed
by Slinkard and Singleton (1977). The peel was removed from
the fruit and dried in an oven (Precision, USA) at 40 °C for 2
days. After drying, samples were milled (Toastmaster, China)
to a particle size of approximately 170 pum. The powder
sample (15 g) was dissolved in 150 mL of ethanol (95% v/v)
and stirred for 24 h at 20°C. Afterwards, the mixture was
filtered and the filtrate was concentrated in a rotary evaporator
(Buchi, Switzerland) until a dry residue was obtained.

The total phenolic compounds were determined according to
the Folin-Ciocalteu method proposed by Slinkard and
Singleton (1977). A dry residue previously obtained (0,1 g)
was mixed with 5 mL of ethanol (95% v/v) and water to get a
total volume of 100 mL (stock solution). The stock solution
(0,4 mL) was mixed with 2 mL of Folin-Ciocalteu reagent and
the mixture was allowed to stand for 5 min. Afterwards, 4 mL
of sodium carbonate solution (5 %) were added to the mixture,
and diluted to 25 mL with distilled water. The solution was
left in darkness for 1 hour. The absorbance of the resulting
solution was measured at 760 nm in a spectrophotometer
(ThermoSpectronic, USA). Quantification of total phenolic
compounds was done by using a calibration curve and gallic
acid as standard.

All experiments were performed in triplicate and results were
expressed in mg of GAE (gallic acid equivalent)/100 g peel
(dry basis).

2.3 Determination of tannin content

Tannin content was performed according to the method
proposed by Slinkard and Singleton (1977). A stock solution
of tannic acid was prepared by dissolving 10 mg of tannic acid
in 100 mL of distilled water. A proper amount of the stock
solution was mixed with 1,25 mL of Folin-Ciocalteu reagent
and 2,5 mL of sodium carbonate solution (5%). The resulting
mixture was diluted to 25 mL with distilled water and the
absorbance was measured after 30 minutes at 760 nm. A
calibration curve in the range from 0 to 0,25 mg/mL of tannic
acid was prepared using proper amounts of stock solution.

Samples were prepared by mixing 1 g of previously prepared
powdered peel with 80 mL of distilled water. The mixture was
boiled for 30 minutes. Afterwards, the mixture was cooled to
20 °C and the volume adjusted to 100 mL with distilled water.
The resulting solution was filtered using filter paper
(Macherey-Nagel, USA). An aliquot of 1 mL of filtrate was
taken and treated in a similar way as the stock solution of
tannic acid. The results were expressed in mg of TAE (tannic
acid equivalent)/100 g of peel (d.b.). All experiments were
performed in triplicate.
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2.4 Experimental Design

A completely randomized design with a factorial arrangement
3% was used. The factors were the varieties of banana (Musa
cavendish, Musa acuminata, Musa cavandanaish) and the
number of days after cutting (bananas stored at 35 °C).
Previous studies showed that °Brix did no increase after the
10th day of storage and therefore the days after cutting were
2, 6 and 10. All experiments were performed in triplicate.

The response variables were total soluble solids expressed as
°Brix, total phenolic content expressed in mg of GAE/100 g
peel (d.b) and tannin content, expressed in mg of TAE/100 g
peel (d.b.). The results of the response variables were
analysed using analysis of variance (ANOVA) and mean
separation test Tukey.

3. RESULTS AND DISCUSSION

Figure 1 shows the effect of maturation in GAE content of the
three varieties of banana. In the case of Musa cavendish the
largest decrease in the content of GAE occurred between the
second and sixth day after cutting with values of 6411 and
2832 mg GAE/100 g peel (d.b.) respectively. In the case of
varieties Musa cavandanaish and Musa acuminata the
differences between the second and sixth day were smaller
and the values varied between 2821 and 1622 mg GAE/100 g
peel (d.b.). After the sixth day GAE content remained
constant. Statistical analyses (data not shown) revealed that
there was no difference on the GAE content among the three
varieties for a fixed stage of maturity, except for Musa
cavendish two days after cutting, which showed a statistical
higher content compared to the other two banana varieties.

7000

6000 -

5000 ~

4000 -

3000 A

2000 A

mg GAE/100g peel(d.b.)

S

6 10
Days after cutting

1000 -

0

N

Figure 1. Total phenolic compounds content, mg GAE/100 g peel
(d.b.), on three varieties of banana after cutting, stored at 35°C.

—e—M. cavendish, === M. acuminate, —&~— M. cavandanaish

According to Canales (2009), the decrease of the content of
phenolic compounds is due to the process of fruit ripening.
During this stage an oxidation of phenolic compounds to
quinones occurs. Mahmood et al. (2011) reported an average
GAE content of 5830 mg/100 g sample for the variety of
banana Musa paradisiaca. This value is similar to the average
obtained on day 2 after cutting for Musa cavendish variety.
However we must take into account that the study performed
by Mahmood et al. (2011) was conducted on the flower of

Musa paradisiaca plant and not in banana’s peel. Fariza et al.
(2011) reported a maximum GAE value of 7640 mg/100 g
sample (fresh basis) in the peel of banana (Musa spp.), which
is similar to the maximum values found in the present study.

The content of polyphenols in Musa cavendish peel was
similar to Rubus glaucus Benth (7300 mg/100 g sample, f.b.)
and V. floribundum Kunth (3000 mg/100 g sample, f.b.)
which are considered to have high levels of phenolic
compounds (Vasco 2009). According to the obtained results,
Musa cavendish peel could be a good source of polyphenals.
However, to obtain larger quantities of polyphenols the
extraction must be done before the fruit begins with the
organoleptic maturation.

As shown in Figure 2, there was an increase in the content of
soluble solids from day 2 until day 10, being Musa acuminata
the variety which presented the highest value (33,03 °Brix)
and was also statistically different than the others. This
increase was due to the hydrolysis of starch into the fruit
(Linaza 1976), resulting in the formation of sugars. The
largest increase in sugar production occurred between day 2
and day 6 after cutting.

According to Arcila et al. (2002) the value of °Brix in the
Dominico-Harton banana variety ranged between 6,2 and
32,2°Brix. These values are very similar to those found in the
present study which varied between 4,33 and 33,03°Brix.
Buitrago and Escobar (2009) showed that the total soluble
solids content ranges from 17% on day 0 to 27% on day 20 of
maturation at 20 °C. The difference in the content of soluble
solids, particularly in the first few days of maturation may be
due to a different variety of banana, the days of ripening and
maturation conditions (Linaza 1976).
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Figure 2. Soluble solids content (°Brix) on three varieties of
banana after cutting, stored at 35°C. . ——M. Cavendish, =8=— M.
acuminate, —&— M. cavandanaish

Figure 3 showed the effect of maturation on the TAE content
of the three varieties of banana. The trend was similar for the
three varieties. The decrease in TAE content was almost linear
along the three maturation stages. Statistical analyses showed
that Musa cavandanaish had the lowest content of TAE along
the storage, which varied between 793 and 248 mg TAE/100
g peel (d.b.), and were also statistically different than the other
two varieties.
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Musa cavendish and Musa acuminata had the highest content
of TAE on the second day after cutting, with values of 1056
and 1005 mg TAE/100 g peel (d.b.) respectively, which were
also statistically different than the other variety.

A study performed by Mahmood et al. (2011) reported an
average TAE content of 88,31 mg/100 g of peel (d.b.) from
Musa paradisiaca. This value is much lower than the values
found in the present study which range between 248 and 1056
mg TAE/100 g peel (d.b.) for the three varieties of banana.
The study by Mahmood et al. (2011) focused on the plant of
Musa paradisiaca, while the present study was focused on the
peel of different varieties. Vipa and Chidchom (1994)
reported the tannin content of the peel extracts from Musa
paradisiaca at different stages of maturation. In ripening
stage one, the tannin content was 5800 mg TAE/100 g peel
(d.b.), whereas in the maturation stage six, tannin content was
1130 mg TAE/100 g peel (d.b.).
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Figure 3. Total tannin content, mg TAE/100 g peel (d.b.), on three
varieties of banana after cutting, stored at 35 °C. ——M.
Cavendish, ==— M. acuminate, —&— M. cavandanaish

The difference in the content of tannins may be due to
different fruit varieties utilised and different maturation stages
of the studies.

Musa cavendish, Musa cavandanaish and Musa acuminata
peels had higher content of tannins than blackberry or grapes,
which are good sources of these compounds and reported
values of 209 mg/100 g (d.b.) and 154,5 mg/100 g (d.b.)
respectively (Vasco 2009). The three varieties of banana peel
could be a good source of tannins. An extraction with a high
yield of tannin can be obtained before the fruit reaches
organoleptic maturity.

4. CONCLUSION

The present work showed differences in the content of total
phenolic compounds (GAE) and total tannins (TAE) between
the three varieties of banana. Musa cavendish peel had the
highest content of both compounds, which were lowered
along the maturation stages. The three varieties of banana are
a good source of phenolic compounds and tannins in the early
stages of organoleptic maturity.
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