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Most fruit residues are known for being rich in bioactive phytochemicals 
such as polyphenols (natural antioxidants), responsible for major 
health benefi ts when consumed regularly due to their role in the 
prevention of degenerative diseases. The objective of this study was 
to determine the phytochemical composition (condensed tannins, 
total fl avonoids, and total phenolic content) and evaluate the 
antioxidant capacity (DPPH and ABTS assays) of the fl our prepared 
from yellow passion fruit residues, composed of epicarp and 
mesocarp, generated by fruit pulp processing industries. Passion fruit 
residues were subjected to heat treatment in an oven with renewal 
and air circulation and processed into fl our. The phytochemical 
composition results revealed the following: condensed tannins, 
0.31 mg.100g-1; total fl avonoids, 23.87 mg.100g-1; and total phenolic 
content, 24.87 mg.100g-1. The DPPH assay showed that yellow 
passion fruit residue fl our has a signifi cant antioxidant activity, and 
there was a positive correlation between antioxidant activity and the 
total phenolic content according to the ABTS assay and the DPPH 
radical scavenging method. Passion fruit residue fl our is a source 
of natural antioxidants with potential to be used in the food industry 
as an ingredient in the development of food products with functional 
claims.
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1 INTRODUCTION

The agro-industrial production of fruit pulp generates large amount of residue. This issue 
has been addressed in some studies that focus on the recovery of fruit residues with the preparation 
of dehydrated residue fl our (NAGEL et al., 2014; DHILLON, KAUR and BRAR, 2013; ABUD and 
NARAIN, 2009).

The use of by-products from fruit pulp processing industries to produce residue fl ours is an 
alternative to reduce environmental impact related to the improper disposal of this kind of residue.

Brazil stands out as the largest producer of passion fruit, accounting for about 90 % of total 
world production. In 2012 its production totaled 776,090 tons with an average yield of 13.42 t/ha in 
an estimated an area of   57.84 thousand hectares. The Northeast region is responsible for 77.67 % 
of this production, and the state of Bahia is the largest producer, followed by the states of Ceará and 
Sergipe (EMBRAPA, 2014).

The yellow passion fruit (Passifl ora edulis f. fl avicarpa), native to tropical America, is the 
most cultivated and most important species of passion fruit in Brazil. The national production exceeds 
that of lemon and melon, and it is primarily intended for the production of juice (MELETTI, 2011; 
OLIVEIRA et al., 2002). Passion fruit basically consists of an epicarp, mesocarp (white part), fl eshy 
arillus, endocarp or pulp, and seeds. Its peel represents about 60 % of the total fruit weight and can 
be used in animal feed and in human food (OLIVEIRA et al., 2002).

Among other substances, passion fruits have phenolic compounds (ZERAIK and 
YARIWAKE, 2010; KOBORI and JORGE, 2005), phytomolecules that have been subject of extensive 
research due to their functional claims. Among the main countries that have been investing in 
research on polyphenols are the United States, Spain, Italy, China, and Brazil (HAMINIUK et al., 
2012).

Recent studies have indicated antioxidant activity and the presence of bioactive 
phytochemicals in yellow passion fruit. Studying passion fruits, Zeraik et al. (2010) found that most of 
the substances present in the peel and pulp of this fruit can contribute to benefi cial health eff ects, such 
as antioxidant activity, anti-hypertension, and lower blood glucose and cholesterol levels. They also 
found that the commercial species of passion fruit are sources of alkaloids, fl avonoids, carotenoids, 
minerals, provitamin A, and vitamin C, substances responsible for the functional eff ect in foods.

Evaluating the proximate composition and antioxidant activity of dehydrated passion fruit 
seed extract, Jorge et al. (2009) observed that this agro-industrial residue generated after juice 
extraction has antioxidant activity, and therefore it can be used as a natural alternative to produce 
food products.

Therefore, further studies on the characterization of agro-industrial residues to evaluate 
the potential of fruit by-products as sources of bioactive phytochemicals in the food industry are 
necessary.

 The objective of this study was to determine the phytochemical composition (condensed 
tannins, total fl avonoids, and total phenolic content) and evaluate the antioxidant capacity (DPPH 
and ABTS assays) of the fl our prepared from yellow passion fruit residues generated by fruit pulp 
processing industries.

2 MATERIALS AND METHODS

The yellow passion fruit residues used in this study were kindly provided by the pulp 
processing industries Frutar and Nutrical, located in the municipalities of Vitoria da Conquista and 
Ibirataia, Bahia, respectively. Ten kg of residue were collected in three diff erent periods, between 
November 2011 and April 2012, totaling 30 kg of agro-industrial residue.

The passion fruit residues collected were placed in plastic bags and stored under the 
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temperature of -18 (± 2 °C). In the preparation step, the passion fruit by-products were selected and 
only the epicarp and the mesocarp were used. The fruit residues were thoroughly washed in running 
water to remove traces of dirt and were immersed in a solution containing 50 ppm of available chlorine 
for 15 minutes (EMBRAPA, 2011). They were then manually cut into smaller pieces (approximately 6 
cm2) to facilitate the grinding and drying processes. 

The residues were dried in an oven with renewal and air circulation under temperature of 
60 (± 2 °C) for 48 hours, conditions necessary to achieve the desired water content of approximately 
10%. Subsequently, the residues were stored in a desiccator for two hours. During the grinding 
process, the residues were initially Wiley-milled and then processed using a household blender 
(properly cleaned and sanitized) to reduce particle size. An 80-mesh sieve was used to standardize 
the particle size of the fl our, and the product obtained was packed in polyethylene containers with lid 
and maintained at -18 (± 2 °C) until analysis. 

The phytochemical composition of passion fruit residue fl our was determined based 
on the estimated levels of condensed tannin (proanthocyanidins), total fl avonoids, and phenolic 
compounds. The analyses were performed in triplicate, and the results expressed as mean ± 
standard deviation.

2.1 DETERMINATION OF TOTAL FLAVONOID CONTENT

Total flavonoid content was determined according to the method of Woisky and 
Salatino (1998) using aluminum chloride. The extracts were prepared with 0.5 g of the sample 
diluted in 50 ml of an ethanol/water (80:20 v.v-1) solution and placed into an ultrasound bath 
for 20 minutes, as suggested by Marinova, Ribarova and Atanassova (2005). All absorbance 
measurements were performed at 445 nm using a spectrophotometer. Total flavonoid content 
was quantified as equivalent of quercetin over a concentration range of 0.005 and 0.100 
mg.mL-1, and a calibration curve was produced (R2=0.909). The result was expressed as mg 
of quercetin.100g-1 dry weight.

2.2 DETERMINATION OF CONDENSED TANNINS CONTENT

Condensed tannins (proanthocyanidins) content was determined using the acid-butanol 
assay, according to the method described by Porter, Hrstich and Chan (1986). This method is 
based on acid catalyzed oxidative depolymerization of condensed tannins into anthocyanidins. 
All absorbance measurements were performed at 550 nm using a spectrophotometer. The 
condensed tannins (CT) content was expressed as mg catechin.100g-1 dry weight using the 
following equation: TC = (reading of the sample at 550 nm x 78.26 x dilution factor)/(% dry 
matter).

2.3 DETERMINATION OF TOTAL PHENOLIC CONTENT

The ethanolic extract was obtained according to the procedure proposed by Zhao and Hall 
(2008), and the sample was homogenized with hydroethanol solution (80:20 v.v-1).

The determination of total phenolic content was performed according to the procedure 
proposed by Wettasinghe and Shahidi (1999) using the Folin-Ciocalteu reagent (FCR). It was 
measured using a gallic acid standard curve over a concentration range of 0.001 and 0.040 mg. ml-1 
and linear regression (R2 = 0.998). The results were expressed as mg gallic acid.100g-1 dry weight. 
All absorbance measurements were performed at 773 nm using a spectrophotometer. Based on the 
total phenolic content results, the antioxidant capacity was evaluated using the DPPH and ABTS 
radical scavenging methods.

2.4 DETERMINATION OF ANTIOXIDANT CAPACITY BY DPPH RADICAL METHOD
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DPPH free radical scavenging activity was determined according to the modifi ed method 
proposed by Brand-Willians, Cuvelier and Berset (1995).This method is based on the reduction of 
DPPH● (2,2-diphenyl-1-picryl-hydrazyl), a phenolic antioxidant present in the sample, resulting in a 
decrease in absorbance, measured at 517 nm. The activity of free radicals was calculated using the 
following equation:

100% I
0

10 ×
−

=
Abs

AbsAbs                                                                                               (1)

Where: I % = percentage inhibition; 0Abs = Absorbance of the control reaction; 1Abs = Absorbance of the extract at diff e-

rent concentrations.

2.5 DETERMINATION OF ANTIOXIDANT CAPACITY BY ABTS RADICAL METHOD

The determination of the antioxidant capacity using the 2.2’-Azino-bis-(3-
ethylbenzthiazoline-6-sulfonic acid) (ABTS) was performed according to the method described 
by Re et al. (1999). The ABTS●+ was generated by the reaction of a 7 mM aqueous solution of 
ABTS with 2.45 mM potassium persulphate. This solution was maintained in the dark at room 
temperature for 16 hours. Subsequently, the ABTS●+ solution was diluted in ethanol to a fi nal 
absorbance of 0.7 ± 0.05 to 734 nm.

The hydroethanolic extracts with diff erent total phenolic concentrations (0.02 to 0.1 mg.mL-1) 
obtained according to the procedure proposed by Zhao and Hall (2008) were added to the ABTS●+ 
solution, and the absorbance was measured using a spectrophotometer at 734 nm after reaction 
for 6 min. The antioxidant capacity of the sample was calculated based on the ascorbic acid activity 
under the same conditions. The results were expressed as ascorbic acid equivalent antioxidant 
capacity (mg VEAC.g-1 dry weight).

3 RESULTS AND DISCUSSION

Under the conditions used in this study, the passion fruit residue fl our produced a yield of 
9.67 % (± 2.01) in relation to the content in raw material (Table 1). This result can be attributed to 
losses during processing such as handling, milling, sieving, and water loss.

TABLE 1 - YIELD OF YELLOW PASSION FRUIT RESIDUE FLOUR

Yield (%)

Passion fruit residue fl our 9.67 ± 2.01

  1 mean ± standard deviation.

With regard to the average levels of phytochemicals present in the passion fruit residue 
fl our (Table 2), it can be observed that the fl avonoids had 23.87 mg-1 quercetin.100g mg-1 dry weight. 
Cohen et al. (2008) analyzed the functional compounds present in the pulp of the fruits of the sour 
passion fruit hybrid (BRS Sol do Cerrado) and found 3.28 mg.100g-1 in conventional farming, a value 
lower than that found in the present study. This result is indicative that passion fruit residues have 
higher fl avonoid concentrations than those of the pulp this fruit.
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TABLE 2 - LEVELS OF BIOACTIVE PHYTOCHEMICAL EXTRACTS OF YELLOW PASSION 
FRUIT RESIDUE FLOUR EXPRESSED ON DRY WEIGHT BASIS.

Bioactive phytochemical Yellow passion fruit residue fl our

Total fl avonoids 2 (mg.100g-1) 23.87 ± 0.03

Condensed tannins 3(mg.100g-1) 0.31± 0.15

Total phenolic4 (mg.100g-1) 24.87 ± 0.18

1mean ± standard deviation; 2mg of quercetin.100 g-1; 3 mg of catechin.100 g-1; 
4 mg of gallic acid.100 g-1 

Studies on the determination of fl avonoid content in passion fruit have focused on leaves 
and aerial plant parts (ZERAIK et al., 2010). Chabariberi et al. (2009) evaluated the fl avonoid content 
in the leaves of Passifl ora edulis and found 10.77 mg g-1 (expressed as mg rutin equivalent), a value 
higher than that found in the present study. The diff erence between these results can be attributed to 
losses during the residue dehydration and to the diff erent standards used for quantifi cation.

Flavonoids are secondary metabolites synthesized by plants belonging to the group of 
phenolic compounds, which are important due to their antioxidant activity against free radicals. These 
phytochemicals have potential biological activity related to the prevention of chronic diseases and 
highly benefi cial eff ects to humans, especially their antioxidant, anti-infl ammatory, antiulcerogenic, 
antihypertensive, antimicrobial, antiviral, anti-hepatotoxic, and antiplatelet activities (XIAO, CHEN 
and CAO, 2014; MORAES and COLA, 2006; PETERSON and DWYER, 1998).

The passion fruit residue fl our prepared showed low content of condensed tannins. Analyzing 
Brazilian cerrado (savanna) native fruits, Rocha et al. (2011) found similar results for pitanga-do-
cerrado (Eugenia punicifolia) (51 mg.100 g-1), pera-do-cerrado (Eugenia klotzchiana) (30 mg.100 g-1), 
and cagaita (Eugenia dysenterica) (4 mg.100 g-1); values expressed as mg catechin equivalents. Low 
tannin concentration in fruits is associated with desirable sensory attributes. On the other hand, the 
presence of high levels of tannins is associated to the undesirable astringency in some fruits, which 
is attributed to the precipitation of the glycoproteins leading to loss of saliva lubricity (MONTEIRO et 
al., 2005).

The total phenolic content found in the passion fruit residue fl our was higher than that 
reported for other fruit residues, as those found by Sousa et al., (2011), who evaluated residue 
fl our of tropical fruits such as pineapple (8.60 mg GAE.100g-1), soursop (18.60 mg GAE.100g-1) 
and cupuaçu (Theobroma grandifl orum) (4.66 mg GAE. 100g-1); results obtained   using whole fruit 
residues (peel, seeds, and bagasse,) On the other hand, evaluating the phenolic content of tropical 
fruit residues, Oliveira et al., (2009a) obtained 41.2 mg GAE.g-1 for passion fruit peel fl our. Although 
the total phenolic content found in the present study is lower than that reported by Oliveira et al. 
(2009a), it is worth mentioning that the residue used by these authors to obtain the extract consisted 
of endocarp and seeds. Several studies have reported that seeds have higher total phenolic content 
than the peel (BABBAR, OBEROI and PATIL, 2011; SOONG and BARLOW, 2004).

Fruits are important source of polyphenols, but the content of these phytochemicals, in both 
qualitative and quantitative terms, varies due to factors such as fruit part, processing characteristics, 
extraction methods, cultivar, variety, maturation stage, and edaphoclimatic conditions (MELO et al., 
2008). Therefore, the diff erent contents of total phenolic and carotenoid found may be associated 
with these factors and with the interaction between phytochemical fractions, which, in turn, may 
infl uence the content of these constituents in the food.
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It is important to note that the total phenolic content obtained may have been infl uenced by 
factors such as the presence of heterogeneous species of phenolic compounds and easily oxidized 
non-phenolic substances. Furthermore, the total phenolic content obtained by the Folin-Ciocalteu 
method underestimates the fl avonoid content when gallic acid is used as standard (RAMIREZ-
SANCHEZ et al., 2010; CHANDRA and MEJIA, 2004), which may have occurred in the present study.

The antioxidant effi  cacy of phenolic compounds depends on the chemical structure and 
concentration of these phytochemicals in the food (MELO et al., 2008). On the other hand, the 
analysis of bioactive compounds in plant materials is somewhat complex since it can be infl uenced by 
several diff erent factors such as chemical characteristics of the compound, extraction method used, 
sample type and size, storage time and conditions, analysis method used, type of analytical standard 
used, and the presence interfering substances, such as waxes, fats, terpenes, and chlorophylls 
(NACZK and SHAHIDI, 2006).

With regard to the evaluation of the antioxidant effi  cacy of the hydroethanolic extract of 
the passion fruit residue fl our evaluated by DPPH, its free radical-scavenging activity exceeded 60 
% (Table 3). The value of the correlation coeffi  cient between antioxidant activity and total phenolic 
content obtained by DPPH method (Figure 1) indicates that the fl our analyzed has signifi cant 
antioxidant capacity and is positively correlated with total phenolic content.

 TABLE 3 - ANTIOXIDANT CAPACITY OF HYDROETHANOLIC EXTRACTS OF YELLOW PASSION 
FRUIT RESIDUE FLOUR BY DPPH AND ABTS METHODS.

SAMPLE DPPH
(% inhibition)

ABTS
(mg VEAC. 100g-1)

Passion fruit residue fl our 65.31 36.09

1 VEAC: ascorbic acid equivalent

FIGURE 1. CORRELATION BETWEEN ANTIOXIDANT CAPACITY AND TOTAL PHENOLIC 
CONTENT OF THE EXTRACT OF PASSION FRUIT RESIDUE FLOUR (PASSIFLORA 

EDULIS F. FLAVICARPA) BY DPPH METHOD.
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Melo et al. (2008) evaluated the total phenolic content and antioxidant activity of frozen fruit 
pulps. These authors classifi ed the samples that exhibited sequestration capacity of DPPH above 
70 %, between 50 and 70 %, and below 50 % as strong, moderate, and weak, respectively. In their 
study, the values found for pulps of cashew, guava, acerola (Malpighia glabra), grape, and mango 
stood out and were classifi ed as strong. Therefore, according to Melo et al. (2008), the capacity of 
the passion fruit residue fl our extract evaluated to sequester radicals DPPH can be classifi ed as 
moderate.

With regard to the evaluation of antioxidant capacity by ABTS assay, it was found that 
the hydroethanolic extract had an average value of 36.09 mg VEAC.100g-1 (Table 3). The value 
of the correlation coeffi  cient between antioxidant activity and total phenolic content obtained by 
ABTS method indicates that the fl our evaluated has signifi cant antioxidant capacity and is positively 
correlated with total phenolic content.

FIGURE 2.   CORRELATION BETWEEN ANTIOXIDANT CAPACITY (VEAC) AND TOTAL 
PHENOLIC CONTENT OF THE EXTRACT OF YELLOW PASSION FRUIT RESIDUE FLOUR 

(PASSIFLORA EDULIS F. FLAVICARPA).

Several studies have demonstrated antioxidant potential by determining the total 
phenolic content and using antioxidant assays in a wide variety of plants. However, there are 
few studies on the antioxidant activity of fruit residues, especially passion fruit by-products. 
Additionally, it seems like there is no consensus among researchers regarding the evaluation of 
antioxidant activity.

Vasconcelos et al. (2011) argue for the total antioxidant capacity evaluation because 
of the diffi  culty in measuring each antioxidant component separately and their interaction in the 
plasma. On the other hand, Sies (2007) disagrees with this idea since he believes that dietary 
phytochemicals undergo diff erent absorption processes and metabolism and due to the fact that 
enzymes act as antioxidants. Thus, this author believes that antioxidants should be assessed 
separately.

Since there is a lack of offi  cial standard method for evaluation of antioxidant activity and 
due to the diversity of the existing methods, it is necessary to carry out diff erent specifi cally designed 
assays (PERTUZATTI et al., 2014; OLIVEIRA et al., 2009b).

Accordingly, further studies on the identifi cation and quantifi cation of phytochemicals in fruit 
residues, in addition to the evaluation of the antioxidant capacity of these by-products, are necessary 
to help the food industry develop food products with functional claims.
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4 CONCLUSIONS

The present study revealed the presence of condensed tannins, total fl avonoids, and total 
phenolics in the Passifl ora edulis f. fl avicarpa residue fl our. The passion fruit residue fl our prepared 
showed signifi cant antioxidant activity by the DPPH method, and there was a positive correlation between 
antioxidant activity and the total phenolic content according to both the DPPH radical scavenging method   
and the ABTS assay. Yellow passion fruit residue fl our is a source of natural antioxidants with potential to 
be used in the food industry as an ingredient in the development of food products with functional claims.

RESUMO

AVALIAÇÃO FITOQUÍMICA E ANTIOXIDANTE DO EXTRATO HIDROETANÓLICO DOS 
RESÍDUOS DE PASSIFLORA EDULIS F. FLAVICARPA

A maioria dos resíduos frutícolas é apontada como sendo rica em fi toquímicos bioativos, 
tais como polifenóis (antioxidantes naturais), responsáveis por grandes benefícios à saúde quando 
ingeridos regularmente, atuando na prevenção de doenças degenerativas. Objetivou-se com este 
trabalho determinar a composição fi toquímica (taninos condensados, fl avonoides totais e fenólicos 
totais) e avaliar a capacidade antioxidante (ensaios DPPH e ABTS) da farinha de resíduos de 
maracujá-amarelo, constituídos de epicarpo e mesocarpo, provenientes de indústrias processadoras 
de polpas de frutas. Os resíduos de maracujá foram submetidos a tratamento térmico pelo método 
de secagem em estufa com circulação e renovação de ar e processados para a obtenção de farinha. 
A composição fi toquímica apresentou os seguintes teores: taninos condensados: 0,31 mg.100 g-1; 
fl avonoides totais: 23,87 mg.100 g-1 e fenólicos totais: 24,87 mg.100 g-1. A farinha de resíduos 
de maracujá-amarelo apresenta capacidade antioxidante expressiva pelo ensaio do DPPH e 
correlaciona-se de forma positiva com o conteúdo de fenólicos totais, tanto pelo ensaio do ABTS 
quanto pelo método do radical DPPH. A farinha de resíduos de maracujá-amarelo constitui uma 
fonte de antioxidantes naturais com potencial para ser utilizada pela indústria de alimentos como 
ingrediente na elaboração de produtos alimentícios com alegações funcionais. 

PALAVRAS-CHAVE: MARACUJÁ-AMARELO; RESÍDUO; CAPACIDADE ANTIOXIDANTE; DPPH; 
ABTS.
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