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This study is aimed at performing the determination of bioactive compounds, antioxidant activity, and the
identification of the minerals in the flours produced with the tropical fruit peels of mango, papaya, melon, and
pineapple. The results showed that the papaya peel flour has the highest amount of ascorbic acid and lycopene when
compared with the other studied flours. The mango peel flour has a high content of total extractable polyphenols and
a high antioxidant activity. Regarding the mineral content, the by-product of melon stood out with 523.24+26.12
mg/100 g of potassium, 104.15+3.52 mg/100 g of calcium and 6.62+0.30 mg/100 g of iron. The flours prepared with
mango, papaya, melon, and pineapple peels are potential sources of bioactive compounds and minerals, also
presenting good antioxidant activity, being, therefore, recommended to be used in food products to improve the
nutritional quality of the product.

Keywords: Ananas comosus L., Carica papaya L., Cucumis melo L., Mangifera indica L., nutritional value,
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Tropical fruits, like mango, papaya, melon, and pineapple, being good sources of bioactive
compounds (e.g. carotenoids and polyphenols), are recognized for their excellent nutritional
value, which led to an increase in their consumption (Sicva et al., 2014).

Fruit and vegetable processing generates around one third of byproducts or waste
(O’SHEA et al., 2012), constituting a form of environmental pollution, even representing a
risk to human health (Uchoa et al., 2008; GALINDO-ESTRELLA et al., 2009). It is known that
many of these byproducts contain vitamins, minerals, fiber, and antioxidants that are important
for physiological functions (MaTias et al., 2005; FELIPE et al., 2006; Sousa et al., 2011; SiLva
etal., 2014), thus, the use of these byproducts in the production of new food products appears
to be a nutritious alternative source of low cost.

Due to the growing commercialization and consumption of tropical fruit and the
importance of the utilization of agro-industrial byproducts, this study aimed to quantify the
bioactive compounds, the antioxidant activity, and the minerals in the flours produced with
the tropical fruit peels of mango, papaya, melon, and pineapple, bringing important
information on nutritional compounds in fruit by-products, characterized as an original
research.
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1. Materials and methods

Mango, papaya, melon, and pineapple were purchased in the local market of Fortaleza/
Ceara/Brazil. The description of each fruit cultivar and the selection criteria used are shown
in Table 1.

Table 1. Type of fruit, their characteristics and drying conditions used in the determination of the bioactive
compounds, antioxidant activity, and mineral content.

Fruit Cultivars Appearance of the peel  Drying temperature and
time

Mango (Mangifera indica L.) Coité GP/NI 70 °C/5 hours

Papaya (Carica papaya L.) Formosa YP/NI 70 °C/6 hours

Melon (Cucumis melo L.) Cantaloupe OP/NI 70 °C/6 hours

Pineapple (Ananas comosus L.) Perola YP/NI 70 °C/8 hours

NI: No injuries; GP: green predominant; YP: yellow predominant; OP: orange predominant

The fruits were washed in water with mild detergent, then manually peeled. The peels
were sanitized with sodium hypochlorite. After sanitization, about 500 g of each peel was
dried in a forced circulation oven (Quimis, model 314D222, Brazil) as described in Table 1.
The drying performance was established so that papaya, melon, and pineapple presented final
moisture contents of 11% and mango 12%, which are the same moisture values as described
by MoraEgs and co-workers (2012) in their work on the dehydration of fruits. The determination
of the final moisture was performed using a portable water activity measuring device
(Aqualab, USA). After drying, the peels were subjected to crushing using a semi-industrial
depulper (Arno, Brazil). The flours were stored protected from light in polyethylene containers
in a freezer (=20 °C) until analysis.

Analyses of the bioactive compounds occurred from the following aspects: ascorbic
acid (STROHECKER & HENNING, 1967), lycopene and B-carotene (NAGATA & YAMASHITA, 1992),
total extractable polyphenols (LARRAURI et al., 1997), and antioxidant activity (RE et al.,
1999).

Analyses of the minerals: potassium, calcium, magnesium, iron, copper, manganese,
and zinc were performed. The operating conditions for the analysis and quantification of the
mineral contents and their respective references are summarized in Table 2. The digestion of
the samples for the determination of the minerals was performed in a hotplate, which was
administered consecutive rising temperatures until 220 °C, as described by Siva (1999). The
minerals were determined by atomic absorption spectrometry, flame photometry (Analyser,
model 910M, Brazil), and a flame atomic absorption spectrometer (Atomic, model GBC-933
Plus, USA).

All analyses were performed in triplicate. For comparison of averages, the analysis of
variance (ANOVA) and Tukey’s test were performed. The Pearson correlation test was used
to evaluate the correlation between the compounds and the antioxidant activity. All statistic
tests were performed using the software Assistat 7.6 beta. The significance level was of 5%
probability (P<0.05).
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Table 2. Operating conditions used in the quantification of minerals in mango, papaya, melon,
and pineapple peel flours

Mineral Technique . Linear range Reference

Na FP 589.0 - AOAC (1980)

K FP 766.5 - AOAC (1980)
Ca AAS 4227 1.0-5.0mg 1! WELZ (1999)

Mg AAS 285.2 0.1-0.5 mg 1! WELz (1999)

Fe AAS 248.3 1.0-5.0 mg 1! CHRISTIAN (2003)
Cu AAS 324.7 0.03-10 mg 1! WEeLz (1999)

Mn AAS 279.5 1.0-5.0mg 17! WELz (1999)

Zn AAS 2139 0.1-0.4 mg 17! WELZ (1999)

FP: Flame photometry; AAS: atomic absorption spectrometry

2. Results and discussion

2.1. Bioactive compounds and antioxidant activity

The papaya peel flour presented the highest amount of ascorbic acid among those studied
(Table 3). No significant difference (P<0.05) between the ascorbic acid content of the flours
prepared with mango, melon, and pineapple peels were observed. It is important to underline
the high levels of ascorbic acid observed in the present study, since this compound is heat
sensitive and may suffer oxidation and/or thermal degradation during processing (IVERSEN,
1999). The observed values in the flours prepared with mango, papaya, melon, and pineapple
peels were quite high, corresponding to 50, 80, 40, and 50%, respectively, of the recommended
daily intake (RDI) of this compound, which is 60 mg based on a 2000 calorie intake (FDA,
2013).

Table 3. Bioactive compounds and antioxidant activity in mango, papaya, melon, and pineapple peel flours

Fruit Ascorbic acid Lycopene B-Carotene Total extractable Antioxidant
(mg/100 g) (ng/100 g) (ng/100 g) polyphenols activity (uM

(mg GA 100 g™ Trolox g™
Mango 31.0043.05° 25.74+0.01° 104.50£0.05°  5459.10+48.00°  402.05+2.81°
Papaya 48.70+5.16° 225.49+0.01° 208.45+0.03°  2281.70+242.40° 41.69+1.60°
Melon 26.27+2.28° 64.53+0.02° 821.45+0.08" 919.07+45.90°¢ 27.40+£2.97°
Pineapple 29.70+0.26" ND 110.70+0.01° 770.33+10.35°¢ 31.82+1.36°¢

Means in the same column followed by different letters differ significantly by Tukey test at 5% probability.
Mean values + standard deviation expressed in a dry matter basis. ND: Not detected; GA: gallic acid

Carotenoids were only detected in mango, papaya, and melon, the highest values were
observed in papaya (Table 3).
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Regarding the antioxidant activity, the mango peel flour stands out (Table 3). Socr and
co-workers (2013) studied the effect of different drying methods on the antioxidant activity
of the mango peel, and observed averages of 1724 and 1233 Trolox pM g in the peel of
mango dried by lyophilization and cabin dryer, respectively. The difference between the
results of this work and the work of Socr and co-workers (2013) was expected, since applying
heat during the drying process reduces the content of certain bioactive compounds, and as a
result, reduces the antioxidant activity of the product (AmaN et al., 2005).

2.2. Minerals

The mineral content of the peel flours and their contribution to the recommended daily intake
of these minerals can be seen in Table 4.

The sodium content in the studied fruit peel flours is low, which is important, since the
excessive intake of sodium is related to the development of chronic diseases (WHO, 2007).

For the mineral potassium, the highest amount was observed in the melon peel flour
(Table 4). Soares and co-workers (2004) studied the potassium content in a concentrate juice
of mango and observed values of 140 mg/100 g, lower than that observed in the present study
(159.16£7.19 mg/100 g).

The level of zinc in the fruit peel flours studied is important, because, in addition to
providing high amount of the RDI, this mineral also has favourable participation in antioxidant
defense (Prasap, 2007).

The high difference in the content of minerals, bioactive compounds, and antioxidant
activity of pulp fruit when compared to their peels is expected, since there are many reports
in the literature confirming that the nutrients and antioxidant compounds are found mainly in
the fruit peels and seeds (MELo et al., 2008; SiLva et al., 2014). Thus, knowing that many of
these compounds bring beneficial effects to the body, the ingestion of peels and seeds in the
daily diet becomes important to health.

2.3. Correlations between the studied components

The Pearson correlation analysis between the minerals copper (r=0.730, P=0.040) and
manganese (r=0.742, P=0.035) presented positive correlation with the antioxidant activity,
while magnesium presented negative correlation (r= —0.757, P=0.030). The high level of
copper caused a reduction of the numbers of tumors cells in tissues (GriGoLo et al. 1998),
which characterizes an antioxidant activity of this mineral. A higher positive correlation with
the antioxidant activity was observed for total extractable polyphenols (r=0.952, P=0.000).
This positive correlation between phenolic compounds and antioxidant activity was also
observed in other studies (SanTos et al., 2010; CoNTRERAS-CALDERON et al., 2011).

High values of correlations were observed between the minerals magnesium and sodium
(r=0.949, P<0.0001), and iron and calcium (r=0.978, P<0.0001).

It is important to emphasize the positive correlation between the bioactive compounds
and some minerals, as observed among ascorbic acid and zinc (r=0.873, P=0.000), lycopene
and potassium (r=0.653, P=0.041), lycopene and zinc (r=0.974, P<0.0001), B-carotene and
sodium (r=0.921, P<0.0001), B-carotene and calcium (r=0.978, P<0.0001), B-carotene and
iron (r=0.919, P<0.0001), B-carotene and magnesium (r=0.855, P=0.001), total extractable
polyphenols and copper (r=0.871, P=0.005).

No studies of Pearson correlation analysis between bioactive compounds and minerals
can be found in the literature. As the Pearson correlations for these compounds have not been
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determined for individual peel flours in this study, the data presented here is not sufficient to
confirm such relationships. However, revealing such potential connections between minerals
and bioactive compounds or minerals and minerals could be subjects of further research.

3. Conclusions

The evaluation of the tropical fruit peels flours showed that, in general, these industrial wastes
have significant amounts of bioactive compounds, antioxidant activity, and minerals.

Thus, their use is recommended for food applications through their addition to other
food products, adding value and bringing potential nutritional benefits to the health. These
materials can be converted into commercial products or raw materials for secondary
processes, which are justified not only by the composition, but also by the availability and
low price of these products. There are several possible uses of these products, for example,
for the preparation of cookies, pasta, and cereal bars, however it is necessary to realize
specific toxicological studies that will actually guarantee and prove the safety of their use for
consumers.
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