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Abstract. Banana (Musa sp.) has received wide interest in popular and scientific
medicine because of its rich composition in bioactive metabolites, e.g., phenolic
compounds, found in interesting concentrations in its peel. Banana peel is a
residue that is under-exploited by the industry. Thus, with the intention to give a
destination to this by-product towards health care or cosmetics industries, we
evaluated its aqueous extract (AE) as a source of bioactive phenolic compounds,
aiming at to apply them in future studies of biological activities. For that, in this
study samples of banana peels were chemically profiled throughout the year to
identify the best harvest time of those biomasses regarding their phenolic compo‐
sition. In this sense, we used additional information on the chemical heterogeneity
of the samples determined by the seasoning, through a set of analytical and
climatic data to elaborate chemometric models, supported by bioinformatics
tools. Through PCA and HCA analyzes, it was detected that low temperatures;
normally observed in winter; strongly modulate the banana metabolism, leading
to increased amounts of phenolic compounds, and improving the antioxidant
activity of the banana peel AE. The samples collected during the months of winter
showed a similar profile and a relatively high concentration of phenolic
compounds with potential for future studies of biological activities.

Keywords: Banana · Musa sp. · Peels · Phenolic compounds · Antioxidant
activity · Spectrophotometry · Chemometrics · Seasonality · Metabolic profile

1 Introduction

Banana (Musa sp.) is an edible fruit grown in tropical and subtropical regions with
seasonal chemical variation in its pulp and peel composition due to the effect of climatic
factors, e.g., rainfall and temperature [1]. In Brazil, one of the largest banana producers
worldwide [2], the peel is the main by-product of the banana industrial processing,
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accounting for approximately 38% of the total weight of the fruit. This residual biomass
is considered a waste with low economical value [3]. Studies have shown that banana
is a good source of carbohydrates, mostly starch, minerals, vitamin B6, natural antiox‐
idants [4, 5], as well as carotenoids and biogenic amines [6].

In the last few decades, banana has been evaluated by scientific and medicinal inter‐
ests as an important source of bioactive compounds, such as flavonoids, anthocyanins,
condensed tannins, and biogenic amines. These compounds have been extensively docu‐
mented for their actions in promoting health in the reduction of chronic diseases, e.g.,
cancer, cardiovascular dysfunction, and muscular degeneration [4], besides the antibacte‐
rial, antiulcerogenic, antihypertensive antidiabetic, and antioxidant activities [7].

Phenolic compounds are secondary metabolites responsible for several of these
therapeutic properties, mainly due to their antioxidant potential, and obtained in inter‐
esting concentrations in banana peels [3]. In local and traditional Brazilian medicine,
the banana peel has a useful history to promote the healing of wounds mainly by burns
when used topically [6], assigning an interesting destination to this residual biomass.
Thus, our group aims to recover the phenolic compounds from the banana peel and
confer a use to this residue. In this study, we determined the chemical profiles of AEs
of banana peels collected over the year to better understand their seasonal heterogeneity.
For that, we used a set of analytical and climatic data to build chemometric models,
supported by bioinformatics tools. By applying multivariate statistical techniques (prin‐
cipal component analysis - PCA and hierarchical clustering analysis - HCA), we inves‐
tigated the influence of climatic variables and their relation with biosynthesis of phenolic
compounds and their antioxidant activity in samples of banana peel, collected over the
seasons in the Santa Catarina State, southern Brazil. This strategy aims to obtain addi‐
tional information about the biochemical heterogeneity of the samples caused by the
seasonality, in order to select the best samples for future studies of biological activities,
also driving eventual technological usage.

2 Materials and Methods

2.1 Banana Samples and Processing of Plant Material

Samples of banana peels (Musa sp., cv. Prata Anã) were monthly collected (February
2015 to January 2016) from an orchard agroecologically managed, and provided by the
Agricultural Research and Rural Extension Company of Santa Catarina (EPAGRI -
Criciúma County, 28º40′39′′ S, 49º22′11′′ W, Santa Catarina State, southern Brazil).
The banana samples were sanitized in running water and dried with a paper towel. Then,
the fruit peels were manually removed and dried in an oven (45 °C), with air flow, until
constant weight. The dry biomass was packed in polyethylene bags and stored at −20 °C.
Dried banana peels samples (0.5 g) were added of 7.5 ml distilled water and incubated
(water bath, 37 °C, 30 min), followed by centrifuging and recovering of the supernatant
as the aqueous extract (AE) according to Pereira (2014) [8].
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2.2 Spectrophotometric Analysis

The AE’s chemical profiles were determined through UV-Vis scanning spectrophotom‐
etry (Gold Spectrum lab 53 UV-Vis spectrophotometer, BEL photonics, Brazil) over a
spectral window of 200 to 800 nm (1 nm resolution/data point). The content of total
phenolic compounds was determined according to Randhir, Shetty and Shetty (2002)
[9], while the total flavonoids amounts followed the methodology proposed by Woisky
and Salatino (1998) [10]. The ability of the AE’s to scavenge the 1, 1-diphenyl-2-
picrylhydrazyl (DPPH) free radical was determined based on the method of Ribeiro et al.
(2008) [11].

2.3 Statistical and Chemometric Analysis

Data were collected, summarized, and submitted to analysis of variance (ANOVA)
followed by the post-hoc Tukey’s test (p < 0.05) for mean comparison. All procedures
were performed in triplicate, in three independent experiments (n = 9). The processing
of the spectrophotometric profile considered the definition of the spectral window of
interest (200–800 nm), baseline correction, normalization, and optimization of the
signal/noise ratio (smoothing). The processed data set was subjected to multivariate
statistical analysis, by applying principal component analysis (PCA) and clustering
methods, as well as predictive machine learning tools. All analyses were supported by
scripts written in the R language using tools developed by our research group (the spec‐
mine package) [12] and some functions from the packages Chemospec [13], HyperSpec
[14], and ggplot2. All R scripts, raw data, and additional chemometric analysis are
available in supplementary material, in http://darwin.di.uminho.pt/pacbb2017/banana-
peels, as well as the data analysis report automatically generated from the R scripts using
the features provided by R Markdown. This allows anyone to fully reproduce and docu‐
ment the experiments.

3 Results and Discussion

Phenolic compounds are secondary metabolites found in plants with important biolog‐
ical activities. We propose to recover these compounds by producing AE's of banana
peels collected over the seasons, to select the best sample for future biological assays.
Initially, biochemical (total contents of phenolic compounds and flavonoids, and the
inhibition activity of the DPPH radical) and spectrophotometric (absorbance at λ = 200–
800 nm) assays were done, followed by chemometric analysis.

Initial exploratory analysis, with simple descriptive statistics and boxplots of the main
variables, indicated differences, namely in the total phenolics and flavonoids concentra‐
tions, which appear to be higher in the winter samples. By performing a linear regression
relating phenolic and flavonoid contents and climatic factors, the results indicated that
lower temperatures increased the amounts of total phenolics and flavonoids in banana
peels. This trend was clearer for the total phenolics (mg gallic acid equivalent/g dry peels;
i.e., mg GAEq/g), where for the minimum temperature (°C) (Fig. 1) the variance explained
(R2 = 0,702) is over 70%, with a quite low p-value (4 × 10−4).
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Fig. 1. Linear regression overlapping the data points (sample/month) of the variables total
phenolic compounds (mg GAEq/g) vs. minimum temperature (°C). R2 (0,702) is above 70%.

Further, the Pearson correlations for the dataset were calculated, corroborating the
previous findings, where a significant relationship (r = −0.854) between the minimum
temperature and the total phenolic compounds was detected (Fig. 2). In a similar stat‐
istical approach, the variables air moisture, total rainfall, and insolation (amount of solar
energy/cm2/min) did not show significant relationship with the biochemical variables.

Fig. 2. Pearson correlation between biochemical and climatic variables. The correlation increases
in blue and decreases in red.

In a second stage, the UV-Vis dataset (λ = 200–800 nm) of the AE's was pre-
processed, where an offset correction and smoothing were applied. All the spectral
profiles (λ = 200–800 nm) of AE's showed absorbances unity (Au) in the spectral
window typical of phenolics (λ = 280–320 nm), indicating that the extraction system
was able to recover the secondary metabolites from the residual biomass. In addition,
the spectral profiles were similar, suggesting a homogeneous chemical composition
among samples over the seasons (Fig. 3).
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Fig. 3. UV-Vis spectroscopic profiles (λ = 200–800 nm - Au) of 12 representative samples of
aqueous extracts of banana peels, collected during the seasons of 2015 (summer, fall, winter and
spring) and 2016 (summer) in southern Brazil.

Further, PCA of the spectroscopic profiles, an unsupervised multivariate statistical
technique, revealed a clear seasoning effect on the grouping of samples. PC1 (58.1%)
and PC2 (37.3%) comprised 95.4% of the total variance of the dataset, making possible
to explain the data variability with a few latent orthogonal variables. Overall, the results
showed a certain degree of discrimination among the samples over the seasons regarding
their chemical composition (Fig. 4).

Fig. 4. Score scatter plot of the UV-Vis spectral data (λ = 200–800 nm) on the PC1 and PC2
axes of samples (n = 108) of aqueous extracts of banana peels. Each set of points of the same
coloration represents a season.

In a follow-up experiment, hierarchical cluster analysis (HCA) was applied to the
spectroscopic dataset and a better sample discrimination seems to be found in compar‐
ison to PCA. Again, the findings revealed that unsupervised methods end up merging
the data into a pattern that fits well into the natural groups in the sample season
(Fig. 5).
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Fig. 5. Hierarchical cluster analysis (HCA) of the UV-Vis absorbances (λ = 200–800 nm) of
aqueous extracts of banana peels.

Since phenolic compounds are usually the majoritarian ones in AE's of banana peels,
we further performed PCA and HCA aiming at to extract additional information corre‐
lating the seasonality with the maximum absorption of peaks of those secondary metab‐
olites (λ = 280–320 nm). In the PCA, PC1 (96.9%) and PC2 (2.8%) explained 99.7% of
the total variance of the data set, but an improved sample discrimination regarding the
full spectroscopic dataset (λ = 200–800 nm) was not achieved.

Thus, HCA using the same spectral dataset was done affording a better discrimi‐
nation (Fig. 6). From the root, the first split separates the MAR/2015 samples (fall
season) from the remaining, which corroborates the biochemical assays where the
lowest amounts of secondary metabolites were found. Navigating the tree down‐
wards, the samples from the second group are clustered by similarity in 3 groups,
which have a majority of winter, summer and spring samples in each. Winter samples
are grouped integrally, giving a similarity between the JUN/15, JUL/15 and AUG/15

Fig. 6. Hierarchical cluster analysis of the UV-Vis absorbance region of phenolic compounds
(λ = 280–320 nm) of crude aqueous extract of banana peels.
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samples with respect to the spectral region of interest. In the right, we can see a
cluster that mixes summer, autumn, and spring samples.

4 Conclusions

The analytical approach employed in this work, supported by bioinformatics tools,
allowed a better understanding of the chemical variability of the banana peels collected
during seasons associated to the climatic factors. Low temperatures typically found in
the winter were determinant to modulate the banana metabolism for the production of
increased amounts of phenolic compounds, also improving the antioxidant activity of
AE's. Thus, PCA and HCA demonstrated a discrimination of samples collected in the
winter as promising for future biological studies. Besides, HCA allowed identifying
autumn-collected samples, i.e., MAR/2015, which showed reduced amounts of bioac‐
tive secondary metabolites.
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