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1 Introduction
The active principles contained in fruits, namely organic 

acids, vitamins, mucilage, polyphenolic pigments, flavonoids, 
minerals, proteins and amino acids, are important components 
in dealing with aging effects, and on prevention of chronically 
degenerative diseases (Ordoñez-Santos et al., 2014). Epidemiological 
studies have shown the correlation between the consumption 
of foods derived from plants and plural health benefits. Several 
plants have been studied as natural antioxidant sources that are 
potentially safe for the food industry, and some compounds have 
been isolated (Figueiredo, 2010; Finetto, 2009).

Due to these beneficial features, which are present in 
foods of plant origin, there is a growth in interest in products 
derived from fruit because of the consumer’s profile, who sees a 
correlation between quality and daily health protection obtained 
by its direct consumption or, through products containing parts, 
extracts or components of fruits (Finetto, 2009). These products 
development are available for companies on the primary or 
secondary sectors. The secondary transformation consists in 
manufacturing finished products with semi-processed raw 
material. Some examples of products from this segment are 
candied fruits, jellies, fruit pastes, juices, pulps, nectars and still 
drinks (Cunha et al., 2008).

In order to evaluate the potential health protection afforded 
by fresh fruits and their products, as already documented in 
the literature (Omena et al., 2012; Paz et al., 2015; Rufino et al., 
2010; Valente et al., 2011), other studies should point out the 
maximum utilization of products and materials generated by the 
agroindustrial activity. This perspective has arisen an interest 
in the use of byproducts, which also brings an opportunity to 
prospect chemical compounds for new uses (Damiani et al., 
2012; Figueiredo, 2010; Ordoñez-Santos et al., 2014; Pereira et al., 
2013; Saratale et al., 2017; Silva et al., 2012; Sousa et al., 2011).

Fruit processing render high amounts of byproducts, which 
lead to losses of biomass, nutrients and energy, and as a secondary 
side effect they enhances environmental problems due to the great 
volume of residues inadequately stored, leading to soil and water 
pollution from the leaching organic compounds, resulting also in 
public health problems. To solve these issues, huge investments 
are required for their treatment, transportation and disposal, 
which influence the price of the final product (Damiani et al, 
2012; Ordoñez-Santos et al, 2014; Sousa et al., 2011).

The problem of agri-food industrial byproducts and waste 
generation has attracted scientific, economic, political and 
commercial interest and urged the European Union towards a 
zero-waste economy by 2025. To this direction, some scientific 
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findings provide opportunities for reuse of food outputs leading 
to the development of innovative products (Naziri et al., 2014). 
However, most of those scientific findings focused on the primary 
transformation.

The secondary sector transformations do not produce 
vast amounts of byproducts rather acquire them at different 
stages, such as pulp, in the refinement, which contains unique 
characteristics while still keeping bioactive molecules in its 
composition (Finetto, 2009). The author mentions the case of the 
passion fruit, where cosmetic companies acquire seeds, which 
are byproducts, generated from the refining of the pulp of juices 
in large processing industries, given the quantity and quality of 
essential oils that are extracted and used to make their products.

Information about quality, bioactive compounds content and 
antioxidant activity of byproducts are essential to guide ways for 
their reuse and map industrial sectors interested in their usage 
as food additives (Damiani et al., 2012), or further as substrate 
for extracting of relevant compounds, such as antioxidants 
(Naziri et al., 2014; Pereira et al., 2013), for pharmaceutical and 
cosmetic purposes.

Sousa et al. (2011) characterized, nutrition wise, byproducts 
from fruit processing for frozen pulp, originated from an 
agroindustry, and have concluded that acerola and guava 
byproducts are potential sources of carotenoids, polyphenols 
and vitamin C, which highlights their potential reuse. However, 
the influence of growing conditions on fruit quality, the type 
of processing and stage at which byproducts are generated, 
account for specific research and actions for different realities. 
These actions would be supportive of a clear identification of the 
opportunities of reprocessing when taking into consideration 
the differentiated characteristics of materials originated from 
different regions.

Byproducts originated from different raw materials and 
stages of fruit processing require knowledge in order to be 
transformed into value-added materials. It is necessary to know 
the components that attribute them quality, such as carbohydrates, 
pectins, pigments and others. Therefore, the aim of this study was 
to characterize chemical composition and antioxidant capacity 
retained within byproducts of fruit processing generated at the 
pulp refinement stage.

2 Materials and methods
The byproducts from the fruit processing stage, called 

refining or pulping were obtained from a company located 
in Juazeiro, State of Bahia. The fruit processing pulp industry 
that supplied the byproducts, purchases the raw materials from 
companies of the primary sector already pre-processed (cut and 
peeled) and frozen in barrels with an average capacity of 180L 
and then processes them (Figure 1). The byproducts originated 
from the refining of pre-processed and frozen pulps of the 
following fruits: cashew (Anacardium occidentale L.), cocoa 
(Theobroma cacao L.), cupuassu (Theobroma grandiflorum Schum.), 
genipap (Genipa  americana  L.), papaya (Carica papaya  L.), 
passion fruit (Passiflora edulis Sims. f. flavicarpa Degener), 
plum (Prunus  salicina Lindl.), soursop (Annona  muricata 
L.), strawberry (Fragaria  x ananassa Duch.), tamarind 

(Tamarindus indica L.), umbu (Spondias tuberosa Arr. Câm.) 
and yellow mombin (Spondias mombin L.) fruits. Most of the 
byproducts constituted of pulpy material, except for soursop, 
that had materials supplied separately, fibrous material of pulp 
and seeds; passion fruit, corresponding to seeds; and tamarind, 
which had pulp and seed supplied separately.

The collection of samples happened from the second semester 
of 2014 to the first semester of 2015. After each collection of 
byproducts samples, they were transported in thermal boxes to 
the Postharvest Physiology Laboratory of Embrapa Semiárido. 
They were stored in freezers for further evaluation.

The evaluation of the quality of the byproducts, originated 
from refinement, included the following variables: water 
activity (Aw), measured with Aqualab device CX-2T model 
(Decagon Devices Inc., Pullman, WA); soluble solids (SS) 
content, determined in ºBrix directly from samples for most 
byproducts, with the exception of soursop and tamarind seeds, 
which used 1g of the grounded sample diluted in 1 mL of distilled 
water for further reading, by the use of a digital refractometer 
with automatic temperature compensation (ATAGO, model 
PAL-1 Digital Pocket Refractometer, USA) (Association 
of Official Agricultural Chemists, 1992); titratable acidity 
(g prevailing acid.100 mL-1): titration with 0.1N NaOH solution 
using phenolphthalein as an indicator (Instituto Adolfo Lutz, 
2008); hydrogenionic potential - pH (Association of Official 
Agricultural Chemists, 1992), by immersion of the electrode 
into the sample for most byproducts, except for the soursop 
and tamarind seeds, which used 1g of grounded sample diluted 
in 10 mL of distilled water for subsequent determination; total 
soluble sugars – TSS, with assay done with anthrone reagent 
(Yemn & Willis, 1954), and reducing sugars - RS (Miller, 
1959), quantified with the 3,5-dinitrosalicylic acid (DNS), 
both expressed in g.100 g-1; starch content, extraction with acid 
hydrolysis and assay with DNS, expressed in g.100 g-1 (Miller, 
1959); and total pectic compounds (mg.100 g-1), according 
to the extraction described by McCready & McComb (1952) 
and assay with galacturonic acid as standard (Blumenkrantz & 
Asboe-Hansen, 1973).

The bioactive compounds analyzed were: ascorbic acid, 
expressed in mg.100 g-1 (Strohecker & Henning, 1967); total 
carotenoids, quantified with petroleum ether and expressed in 
μg.g-1 (Rodriguez-Amaya, 2001); and total extractable polyphenols 
(TEP), extracted with methyl alcohol (50%) and acetone (70%), 
corresponding to the first and second extractor solvents and 
results expressed in mg gallic acid.100 g-1 (Larrauri  et  al., 
1997). The total antioxidant activity was determined by the 

Figure 1. General flow process diagram for fruit pulp processing 
showing the stage where byproducts were collected for characterizing.
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ABTS radical capture method, with the results expressed in μM 
Trolox.g pulp-1 (Miller et al., 1993, with the adaptations adopted 
by Rufino et al., 2010).

A completely randomized experimental design was adopted, 
with treatments corresponding to the byproducts from the pulp 
refinement. The byproducts were evaluated counting with four 
replicates, of approximately 2 kg of fresh material each. Results 
were expressed as the means ± standard deviation.

3 Results and discussion
The byproducts that were analyzed presented values that had 

intrinsic characteristic for each one, for the majority of studied 
variables. The byproducts represented by soursop and tamarind 
seeds showed lower water activity (Aw) values of 0.52 and 0.59 
(Table  1), which potentially enhances the preservation of 
compounds of interest and prevents losses due to degradative 
reactions or contamination by microorganisms.

The other byproducts obtained from pulp refining showed 
Aw higher than 0.89, similar to what was observed by Diniz et al. 
(2003) in acerola concentrated pulp, which is within the expected 
range for high-moisture foods. These authors explain that Aw is 
a measure of water availability for the growth of microorganisms, 
whether deteriorating or not, and also for the occurrence of 
reactions such as browning, oxidation and hydrolysis, which 
may greatly influence food quality or provide information to 
processing, storage and even products fermentation.

Considering the variable soluble solids content (SSC), the 
byproduct from soursop seed generated in the pulp refining 
exhibited the lowest value (1.8 °Brix), and the highest values 
were found in byproducts of passion fruit seed, cocoa and 

plum, with the respective averages of 12.3, 12.9 and 13.7 °Brix 
(Table  1). Intermediate values (5.4-7.3 °Brix) were found in 
the pulp refining byproducts of cashew, strawberry, umbu, 
yellow mombin, genipap and cupuassu. The byproducts from 
pulp refinement of papaya, soursop, tamarind and tamarind 
seed showed SSC around 9º Brix. In this study, the byproducts 
characterized by intermediate and high SSC values be suggested 
as a natural additive to improve flavor in industrial foods.

Higher values of SSC were found by Alcântara et al. (2012) in 
cashew peduncle byproducts and passion fruit peel, with values 
of 30-36.7 °Brix, but they were measured on dry weight basis. 
These high concentrations of sugars could be useful to support 
fermentative processes as they supply the carbohydrates needs 
for the growth of microorganisms. Different SS values may be 
required either for human consumption or even for use as food 
additives.

The byproduct of the tamarind pulp refinement showed 
10.11 g of citric acid.100 mL-1, standing out from the others 
(Table 1). The byproducts from genipap, umbu, passion fruit 
seed, yellow mombin and cupuassu pulp refining had an average 
of titratable acidity from 1.04 to 2.13 g of citric acid. 100 mL-1, 
while the others had values below 1 g of prevailing acid.100 mL-1. 
Pereira et al. (2013) identified a titratable acidity of 4.68 g of 
malic acid. 100 mL-1 for acerola byproduct flour and suggested 
that high acidity is a good indicator of conservation, since acidic 
products are less prone to the growth of microorganisms.

Citric acid is widely used by the food industry, pharmaceutical 
products, among others, as it forms complex molecules that 
capture and inactivate metabolic ions. One of the major issues 
faced in its production is the high cost of the substrate. As an 
alternative, industrial byproducts with a proper acidity have 
been used as a culture medium in fermentations performed by 
microorganisms, as suggested by Silva et al. (2012). Similarly, 
byproducts from pulp refining of tamarind might be suggested 
for that same use.

From the values of pH, the byproducts may be divided into 
two groups: the first corresponding to a low acid, above 4.5, 
which includes byproducts corresponding to papaya pulp and 
tamarind seed; and the second group of acids, which includes 
the others (Table 1). Higher acidity and pH were observed by 
Ordoñez-Santos et al. (2014) for the papaya processing byproducts: 
0.27 g of citric acid.100 mL-1 and 5.22, respectively. Differences 
in the raw material, processing, water content of byproducts or 
others factors can explain the variation on values.

Soursop marketed in Sergipe State, Brazil, was evaluated 
by Marcellini et al. (2003) for physicochemical characteristics, 
it was recorded values for SSC of 12.2 °Brix, acidity of 0.57 g 
of citric acid.100 mL-1 and 4.36 pH. The values observed in 
the present study for the byproduct from the pre-processed 
soursop pulp refinement were lower; this may be attributed to 
a less advanced maturity stage of the processed raw material, 
to specific growing conditions, and to the means of processing 
used. For example, the fruit pressing for pulp extracts soluble 
compounds, such as sugars and organic acids, which results in 
byproducts with reduced levels of these components.

Table 1. Water Activity - Aw, soluble solids content - SSC (°Brix), titratable 
acidity - TA (g of prevailing acid.100 mL-1) and pH of byproducts from 
pre-processed fruit pulp refining.

pre-processed 
fruit pulp Aw SSC TA* pH

cashew 0.91 ± 0.01 5.5 ± 0.8 0.55 ± 0.05 4.01 ± 0.11
cocoa 0.95 ± 0.01 12.9 ± 0.1 0.78 ± 0.01 3.92 ± 0.03
cupuassu 0.92 ± 0.01 7.3 ± 0.6 2.13 ± 0.03 3.12 ± 0.01
genipap 0.91 ± 0.01 6.9 ± 0.9 1.0 ± 0.1 3.41 ± 0.03
papaya 0.94 ± 0.00 9.5 ± 0.1 0.19 ± 0.01 5.3 ± 0.3
passion fruit - 
seeds

0.94 ± 0.01 12.3 ± 0.2 1.5 ± 0.2 3.6 ± 0.2

plum 0.92 ± 0.01 13.7 ± 0.4 0.32 ± 0.03 3.7 ± 0.3
soursop 0.94 ± 0.00 10 ± 1 0.65 ± 0.04 3.3 ± 0.3
soursop - 
seeds

0.52 ± 0.02 1.8 ± 0.1 0.61 ± 0.04 3.9 ± 0.9

strawberry 0.95 ± 0.01 5.5 ± 0.1 0.96 ± 0.08 3.17 ± 0.04
tamarind 0.89 ± 0.02 9.8 ± 0.5 10 ± 1 2.5 ± 0.3
tamarind - 
seed

0.59 ± 0.01 9.9 ± 0.2 0.6 ± 0.1 4.5 ± 0.2

umbu 0.94 ± 0.01 5.5 ± 0.3 1.32 ± 0.08 2.7 ± 0.1
yellow 
mombin

0.90 ± 0.03 6.5 ± 0.7 1.68 ± 0.08 2.90 ± 0.07

*Expressed in g malic acid.100 mL-1, for plum and soursop; g citric acid.100 mL-1 for 
cashew, cocoa, cupuacu, genipap, papaya, passionfruit, strawberry, tamarind, umbu 
and yellow mombin.
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The byproducts that presented higher total soluble sugars 
(TSS) were generated from the refining of cocoa pulp, followed 
by soursop, papaya and plum (Table  2). The TSS content in 
relation to SSC displayed contents above 60% in the byproducts 
of cocoa, yellow mombin, cashew, soursop, genipap, papaya pulp 
refining and to the soursop seed.

For reducing sugars (RS) content, the byproducts of 
soursop and papaya pulp refinement had the highest values: 
6.07 and 5.28 g.100 g-1, respectively (Table 2). In general, the 
RS content of the byproducts followed the same trend, when 
rendering high proportion of TSS content, except for the cocoa, 
in which RS represented only 39% of the TSS.

Flours obtained from byproducts of the cashew peduncle and 
passion fruit albedo were characterized by Alcântara et al. (2012) 
for RS content, showing values of 31.12 and 17.73 g.100 g-1 on 
a dry basis, respectively. According to the authors, those values 
justify their use as a carbon source in semisolid fermentative 
processes for obtaining products.

Silva  et  al. (2012) while characterizing the byproduct of 
soursop for citric acid extraction and observed that the RS content, 
on a dry basis, were close to those obtained in this work in fresh 
matter basis. For the contents observed, the authors indicated 
the complementary use of glucose and yeast extract as sources 
of carbon and nitrogen in the fermentation process for the 
extraction of citric acid. The same can be suggested for soursop 
and papaya byproducts according to the results of this study.

There are opportunities of using other byproducts due to 
their composition as mentioned by some authors. For example, 
the use of apple dried bagasse for manufacturing bakery products 
resulted in foods rich in soluble sugars, pectins and fibers, but 
their contents present in this byproduct are influenced by the 

process in which they are obtained (type of milling and extraction 
process of soluble solids) and the processing, such as time and 
temperature (Coelho & Wosiacki, 2010). Therefore, the byproducts 
that presented the highest TSS content, even after the second 
transformation, can be used for manufacturing food products.

From all the products which were evaluated, only the ones 
generated in the refining of plum and soursop pulps kept the 
highest pectic compounds content (Table  2). According to 
Alcântara et al. (2012), flours of the byproducts processing of 
cashew apple and passion fruit peel have both the potential to be 
used as a substrate for the production of enzymes used in food 
processing (pectinases) as for ethanol production (cellulases), 
since both show 10.67 and 16.66% calcium pectate on dry matter 
(dm), respectively. The quantification of pectic compounds on 
dry basis is essential to show the potential of a byproduct to 
extract a component. The authors point out that food sources 
are rich in pectins, when values exceed 15% (dm).

In this study, the byproducts were originated from a second 
processing; therefore, it is possible that higher values of pectic 
compounds could have been observed in byproducts from the 
first processing.

The seed byproducts from the refining of tamarind and soursop 
pulps differed by higher starch content: 31.10 and 12.50 g.100 g-1, 
respectively (Table 2). The lower contents were observed in the 
byproducts of pulp refining from cocoa, cupuassu, papaya and 
strawberry.

The employment of starch by the food industry provides 
opportunities for using different sources. Silva  et  al. (2013) 
characterized the starch of ‘Tommy Atkins’ mango kernel and 
studied its incorporation into a milk drink, and identified the 
concentration of 0.3% as satisfactory, enabling its action as a 
thickener which provided nice sensory and physicochemical 
attributes, qualifying it to be used in the food industry. It is 
suggested that the starch contents in byproducts from tamarind 
and soursop pulps are sufficient for its insertion in food products 
by offering a proper texture, increase in carbohydrates levels or 
other industrial aspects of interest.

Among the bioactive compounds, ascorbic acid is an 
excellent antioxidant, by capturing free radicals and preventing 
oxidative stress (Valente et al., 2011) through a daily intake of 
60 mg.100 g-1, as mentioned by Pereira et al. (2013). This study 
showed that byproducts of pulp refinement from the pulp of 
yellow mombin, cashew, cupuacu, strawberry, tamarind and 
umbu retained values above the recommendation (Table 3).

The pulpy byproduct of cashew stood out among the 
others, especially in regards to the high content of ascorbic 
acid, which was considerably higher than the ones described by 
Sousa et al. (2011) in byproducts of acerola and guava, which 
are raw materials widely known as sources of this bioactive 
compound. The contents of ascorbic acid that have been observed 
in the byproducts mentioned can be isolated, considering the 
protective action of ascorbic acid in animal and plant tissues, 
to offer an antioxidant protection during or after processing to 
obtain products for different uses, such as food, pharmacological, 
therapeutic and cosmetic.

Table 2. Total soluble sugars - TSS (g.100 g-1), reducing sugars - RS 
(g.100 g-1), total pectic compounds - Pectin (mg.100 g-1) and starch 
(g.100 g-1) contents of byproducts from pre-processed fruit pulp 
refinement.

pre-processed 
fruit TSS RS Pectin Starch

cashew 4.5 ± 0.7 4 ± 1 0.31 ± 0.08 1.01 ± 0.07
cocoa 9.5 ± 0.2 3.7 ± 0.1 0.55 ± 0.02 0.22 ± 0.03
cupuassu 3.6 ± 0.1 3.4 ± 0.3 0.25 ± 0.06 0.43 ± 0.07
genipap 5.1 ± 0.8 4.8 ± 0.2 0.82 ± 0.05 1.6 ± 0.2
papaya 6.28 ± 0.09 5.3 ± 0.1 0.9 ± 0.2 0.20 ± 0.03
passion fruit - 
seeds

3.51 ± 0.08 3.2 ± 0.2 0.31 ± 0.06 1.4 ± 0.2

plum 6.74 ± 0.07 4.7 ± 0.3 1.7 ± 0.1 2.5 ± 0.28
soursop 6.11 ± 0.08 6.1 ± 0.5 1.4 ± 0.1 1.04 ± 0.2
soursop - 
seeds

1.15 ± 0.06 1.0 ± 0.1 0.23 ± 0.04 12.5 ± 0.5

strawberry 3.1 ± 0.1 2.7 ± 0.1 0.58 ± 0.07 0.63 ± 0.05
tamarind 5.2 ± 0.8 4.6 ± 0.3 0.57 ± 0.08 1.32 ± 0.04
tamarind - 
seed

5.5 ± 0.1 4.8 ± 0.2 0.76 ± 0.04 31 ± 2

umbu 2.55 ± 0.06 2.24 ± 0.09 1.0 ± 0.1 1.5 ± 0.5
yellow 
mombin

4.8 ± 0.5 4.2 ± 0.2 0.30 ± 0.08 1.0 ± 0.1
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Pereira et al. (2013), studying an acerola byproduct flour 
detected an ascorbic acid content of 31.03 mg.100 g-1, therefore it 
could be considered as a complementary source for this nutrient. 
In addition, they also reported the influence of the maturity 
stage of the raw material, and especially of the processing, on 
the ascorbic acid content.

Carotenoids have received considerable attention as a bioactive 
compound due to its distinctive physiological functions, such as 
pro-vitamins and antioxidant effects, especially in capturing the 
singlet oxygen (Ordoñez-Santos et al., 2014; Sousa et al., 2011).

Byproducts from pulp refining of yellow mombin and papaya 
showed the highest total carotenoids content: 70.60 and 49.76 μg.g-1, 
respectively (Table 3). Both are classified as having very high 
levels of these pigments and even the byproducts, which are in 
the range of 5-20 μg.g-1 in carotenoids content. Those values 
confirm the potential of reprocessing byproducts from the pulp 
refining of fruits aforementioned to increase the provitamin A 
activity, mainly in food products deprived of these pigments. 
For  example, it is possible to enrich products of restricted 
nutritional value, such as extrudates, with these compounds or 
simply use it as a natural pigment.

Sousa  et  al. (2011), also evaluated the total carotenoids 
content in cupuassu and soursop by-products from the refining, 
and they determined values of 1.27 and 0.21 μg.g-1, respectively. 
In byproducts from papaya processing, it was reported a content 
of 58.8 μg.g-1 by Ordoñez-Santos et al. (2014).

Paz et al. (2015) disclose that many food products need to 
be protected by the addition of preservatives, and the trend to 
avoid chemical compounds in foods is leading to the exploration 
and development of alternative natural substances that are able 
to increase the shelf life of foods. Some may also provide some 
safety, regarding foodborne pathogens, with a reduced potential 
of promoting hypersensitivity reactions.

Another important group of chemical compounds for 
the human diet are polyphenols. The following pulp refining 
byproducts displayed high polyphenol content: yellow mombin, 

cashew, strawberry, tamarind pulp and its seed, with values above 
500 mg EAG.100 g-1 (Table 3). The polyphenol content in the 
byproducts from tamarind pulp and seed showed the highest 
values. In a previous study carried out by Luzia & Jorge (2011) 
it is reported a high polyphenol content in fresh tamarind seed 
extract, registered as 4930 mg EAG.100 g-1. The present study 
distinguish the potential of these byproducts as sources of 
phenolic compounds.

The byproducts of the refining of plum and strawberry 
presented a total extractable polyphenol content of 
80.72 and 814.76 mg EAG.100 g-1 (Table 3). Machado et al. (2013) 
studied the effect of processing and storage (rise in temperature, pH 
changes and cycle freeze/thaw) on phenolic compounds content in 
aqueous extracts of black plum and freshly processed strawberry, 
and observed averages of 57.67 and 107.30 mg EAG.100 g-1. 
The authors have concluded that temperature changes, and the 
grinding of samples, account for the highest degradation rates 
for the total phenolic compounds.

The refined pulp of passion fruit presented a polyphenol 
contents of 70.6 mg EAG.100 g-1 (Table 3). Rufino et al. (2010) 
reported a concentration for the total extractable polyphenol 
content from the fresh and intact passion fruit of 72 mg EAG.100 g-1, 
while Paz et al. (2015) observed that the lyophilization process 
have contributed to the maintenance of the polyphenol contents 
of 744 mg EAG.100 g-1.

Polyphenol content extracted with ethanol in genipap pulp 
and umbu peel were analyzed on a dry basis by Omena et al. 
(2012), and values of 6160 and 5250 mg EAG.100 g-1 were 
observed. Sousa  et  al. (2011) quantified the total phenolic 
content in byproducts from fresh tropical fruit and observed 
the value of 4.66 mg.100 g-1 for the aqueous extract of cupuassu. 
This value, which is below the mean registered in this research, 
might be associated with the extractor solvent used during the 
analytical procedure, which may have been less efficient than 
the one utilized for the byproducts in this study.

Table 3. Ascorbic acid - AA (mg.100 g-1), total carotenoids - TC (μg.g-1), total extractable polyphenols - TEP (mg gallic acid.100 g-1) content and 
antioxidant activity - ABTS (μM Trolox.g-1 pulp) of byproducts of pre-processed fruit pulp refinement.

pre-processed fruit pulp AA TC TEP ABTS
Cashew 232.60 ± 12.37 9.3 ± 0.4 753 ± 207 77 ± 4
Cocoa 39.16 ± 0.01 n.d. 105 ± 3 7.7 ± 0.7

cupuassu 64 ± 10 6.2 ± 0.7 118 ± 4 19 ± 1
genipap 31 ± 8 n.d. 84 ± 2 5.47 ± 0.04
Papaya 39.17 ± 0.01 50 ± 1 84 ± 8 99 ± 7

passion fruit - seeds 56 ± 5 11 ± 1 297 ± 14 17 ± 2
Plum 34.17 ± 0.01 3.9 ± 0.6 81 ± 6 30 ± 4

Soursop 39.19 ± 0.01 n.d. 188 ± 6 50 ± 5
soursop - seeds 39.18 ± 0.03 n.d. 37 ± 1 63 ± 3

strawberry 64 ± 10 13 ± 1 815 ± 23 174 ± 18
tamarind 76 ± 17 2.8 ±0.1 1011 ± 86 264 ± 10

tamarind - seed 39.19 ± 0.02 n.d. 5920 ± 98 7783 ± 78
umbu 69 ± 20 7.4 ± 0.5 24 ± 2 8.8 ± 0.9

yellow mombin 71 ± 9 70 ± 4 502 ± 58 115 ± 4
n.d.= non determined, since these compounds were not present in the pulp of fruit.
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The bioavailability of polyphenols may be affected by factors 
of environmental nature, such as radiation, maturity stage and 
processing (heat treatments and homogenization), and internal 
factors, such as interaction with other compounds (proteins and 
even other polyphenols with similar uptake mechanism). It is 
essential to point out that the methods and the solvent used 
in the extraction can greatly influence the phenolic content in 
food, as the extraction efficiency is associated with the polarity 
(Machado et al., 2013).

The antioxidant activity, registered for byproducts from 
pulp refinement of yellow mombin, strawberry and tamarind, 
was elevated: ranging from 115.24 to 264.16 μM Trolox.g-1 
(Table 3). In correlation to the high TEP content, the byproduct 
of tamarind seeds showed the highest antioxidant capacity 
by the ABTS method (7782.69 μM Trolox.g-1), indicating a 
relationship between those variables. As recommended by 
Omena et al. (2012), natural sources of antioxidant activity, such 
as byproducts from umbu peel and genipap pulp, can be used 
in the preparation of foods or in pharmaceutical and cosmetics 
industries for the development of different products to delay 
and/or prevent the action of free radicals. This study shows the 
potential application of byproducts from pulp refining of some 
fruit for the uses mentioned above. However, the complexity of 
biological systems does not always lead to predictable responses. 
Then, Paz et al. (2015) reinforce that synergistic or antagonistic 
effect between the different phenols present cannot be ruled 
out. In addition to the structure-function relation of natural 
antioxidants present in constituent fruits parts, factors such as 
food physical condition, storage conditions and water activity, 
affect also those compounds efficiency.

As suggested by Saratale  et  al. (2017), the recovered 
biomolecules from byproducts and that are related to biological 
properties, such as antimicrobials, antioxidants, flavorings, 
pigments and thickening agents, can be a wide field of exploitation 
for producing functional foods or additives in food products 
to extend their shelf-life besides medicinal and pharmaceutical 
preparations. And  the chemical composition of byproducts 
from refining studied in this work revealed some of them as 
a promising source of compounds that can be used for their 
nutritional properties and biological potential. These compounds 
can be incorporated as functional and technical ingredients for 
new industrial products.

4 Conclusions
Although the byproducts studied were originated from 

secondary transformations, they held considerable amounts 
of chemical properties and bioactive components and held the 
potential use in food industry as well as in other uses. The uses 
vary according to the predominant chemical compound, which 
content allow other stage of industrialization. The byproducts from 
soursop fibrous pulp refinement constituted a natural source of 
soluble solids and pectic compounds, and those from the seeds 
represented a source of starch. Regarding the byproducts from 
pulp refining of yellow mombin and papaya they were indicated 
as sources of carotenoids and the byproducts from the refinement 
of cashews contained high ascorbic acid content. Lastly, the 
highest polyphenols content, as well as elevated antioxidant 

activities gathered around the byproducts from the refinement 
of tamarind seeds and fibrous pulp. Observing all characteristics, 
the byproducts from tamarind and of yellow mombin pulp were 
better in relation to their antioxidant properties.
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