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1 Introduction
In 2015, the United Nations (UN) met in New York to 

establish the goals for achieving sustainable development (SDG) 
by 2030. Considering that approximately 1 billion people are 
still in poverty and do not have enough food, SDG aims at 
making fundamental changes in the modes of production and 
consumption of goods and services (Ferranti et al., 2018).

In Brazil, some regions, mainly in the north and northeast, have 
extreme poverty and food insecurity scenarios (Defante et al., 2015; 
Pontes et al., 2018). It is possible to observe both malnutrition 
and obesity due to low consumption of nutritional quality 
foods and excess consumption of high calorie density foods, A 
high consumption of flours and cookies, and low consumption 
of fruit are observed, for example (Claro  &  Monteiro, 2010; 
Levy et al., 2012).

Fruits are foods that have high fiber content, important 
substances since their consumption is related to the regulation of 
intestinal transit, prevention and aid in the treatment of diseases 
such as dyslipidemias, diabetes mellitus, colon cancer, cardiovascular 
diseases and obesity (Ma & Mu, 2016; Macagnan et al., 2016).

The consumption of regional fruit, taking advantage of all 
its parts, can be a strategy to improve the state of nutrition of 
families and promote a sustainable agriculture, valuing the local 
climate, because it favors less intervention for fruit production, 
and also valuing the regional culture of food (Costa et al., 2016; 
Umesha et al., 2018).

Researches have been carried out with the use of little used 
parts of fruits as potential components in the production of 
functional foods. Among them, we can mention flours developed 
with quality centesimal composition, high levels of fiber and 
good sensory acceptance, using food byproducts such as papaya 
(Santos et al., 2018), jaboticaba (Micheletti et al., 2018), umbu 
(Silva et al., 2018) and grapes (Abreu, 2018).

The yellow passion fruit peel has been highlighted in research 
that uses little used parts of the fruit for the development of 
flours with increased fiber content (Fogagnoli & Seravalli, 2014; 
Padilha & Basso, 2016), and authors such as Macagnan et al. 
(2015) and Marques et al. (2016) observed beneficial changes 
in clinical parameters, in rats and in patients hospitalized with 
HIV lipodystrophy, respectively, which were supplemented with 
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Abstract
The objective of this study was to use the passion fruit peel P. cincinnata Mast., as a viable alternative to produce food (flour 
and cookies) that is rich in fiber and environmentally sustainable. For this, fruit peels were obtained, which were hygienized, 
dehydrated and ground in a knife mill in order to develop the flour, which was then used in different concentrations in three 
formulations of chip cookies (using 10%, 20% and 30% of the flour developed). Analyzes physicochemical and microbiological 
composition were performed for both flour and for the cookies developed and a sensorial acceptance test was performed for 
the cookies. It was possible to observe that the flour had an adequate centesimal composition, when it was about quality and 
safety, as well as health benefits. As for the physicochemical composition, the flour had 5.79 ± 0.11% of ashes; 78.23 ± 0.84% of 
total carbohydrates; 5.78 ± 0.11% moisture; 4.83 ± 0.00% acidity; 3.74 ± 0.04 pH; 1.66 ± 0.06% lipids; 8.59 ± 0.82% protein and 
58,3 g/100g dietary fiber. The study demonstrates its nutritional quality by reducing the lipid content of the final product, by 
comparing the formulation with 30% of the flour developed to the standard formulation, as well as increasing the ash content 
and acidity and reducing its pH when compared to the standard formulation, promoting the safety and quality of food. Flour 
presented promising capacity in the development of functional foods, health promoters, and environmental conservation by 
avoiding its inappropriate disposal.
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Practical Application: Passion fruit peel of P. cincinnata species can be used as a viable alternative to produce fiber-rich and 
environmentally sustainable food (flour and cookies).
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passion fruit peel flour. However, work with other passion fruit 
species, such as Passiflora cincinnata Mast. are scarcer.

The P. cincinnata Mast., species of passion fruit common in 
the Caatinga region, popularly known as bush passion fruit or 
Caatinga passion fruit, is a species that has different characteristics 
from the yellow passion fruit, such as taste and colors of the 
juice, flower and fruit (Oliveira & Ruggiero, 2005).

In this sense, this study aimed to use passion fruit peel 
P. cincinnata Mast., as a viable alternative to produce food (flour 
and cookie) rich in fiber.

2 Material and methods

2.1 Study location

Passiflora cincinnata Mast. flour was produced at the Food 
Technology Center of the Federal Institute of Education, Science 
and Technology of Bahia - IFBAIANO, Uruçuca Campus. 
The physical-chemical characterization was performed at the 
Food Laboratory, located at the State University of Southwest 
Bahia - UESB, Jequié campus and at the Laboratory of Mineral 
Nutrition of Plants, Federal Rural University of Rio de Janeiro, 
Seropédica campus. The acceptance test of cookies was conducted 
at the Food Laboratory of the UESB in Jequié.

2.2 Obtaining the residue

The passion fruit residues were obtained from rural suppliers 
in the city of Lagedo do Tabocal - Ba, considering early stages 
of ripening. The material was stored under refrigeration at 5 °C, 
according to Ferreira & Pena (2010) and sanitized according to 
Pita (2012).

It is worth mentioning that the access to genetic heritage 
was registered in the National System of Genetic Heritage 
Management under the number ABFF15A.

2.3 Development of Caatinga passion fruit peel flour

The flour production was carried out according to a 
methodology adapted from Costa (2012), being used industrial 
dehydrator at 60 °C, for 24 hours, for the drying of the residues. 
It is worth mentioning that the yield of passion fruit peel flour was 
calculated through the ratio between the weight of dehydrated 
powdered peel and the weight of the peel in its natural form.

2.4 Cookie development

The development of the cookie formulations was carried 
out according to the standard cookie formulation presented 
in the 10-50D method of the American Association of Cereal 
Chemists (2000). Three formulations were developed with 10% 
(formulation 1), 20% (formulation 2) and 30% (formulation 
3) of partial replacement of wheat flour by passion fruit peel 
flour of the species P. cincinnata Mast. (Table 1), based on 
studies conducted by Aquino et al. (2010) and Fasolin et al. 
(2007). It is worth noting that in order to compare the 
products developed, a standard formulation of cookies was 
used, using wheat flour.

2.5 Physical-chemical analysis

The passion fruit peel flour and cookie formulations developed 
were characterized in the physicochemical scope, following 
the Adolfo Lutz Institute’s Manual of Analytical Standards 
(Instituto Adolfo Lutz, 2008). Analysis of ashes, humidity, pH, 
acidity, lipids and total soluble and insoluble dietary fiber were 
performed. The determination of proteins was performed by 
the Dumas method, according to Ribeiro (2010) and the Total 
Carbohydrates by difference, according to RDC nº 360/2003 
(Brasil, 2003).

2.6 Microbiological analysis

They were performed according to Ferreira  &  Pena 
(2010), following the recommendations of RDC nº 12/2001 
of ANVISA, performing total count of mesophilic aerobes, 
coliforms at 45  °C/g, Staf.coag.positive/g and Salmonella 
sp/25 g (Brasil, 2001).

2.7 Statistical analyses

For the analysis of physical-chemical parameters the data 
distribution was tested using the Kolmogorov-Smirnov test, and 
its normal distribution was evaluated. Uniformissive ANOVA 
was performed, followed by Bonferroni’s post hoc test, to 
compare the means between the groups, always adopting the 
significance level p < 0.05.

For all statistical analyses of the data obtained, the Statistical 
Package for Social Sciences (SPSS), version 21.0 was used.

Table 1. Formulations of cookies developed with passion fruit flour from the caatinga. September 2018, Jequié, BA, Brazil.

COMPONENTS (%)
FORMULATION

Standard Formulation 1 Formulation 2 Formulation 3

Wheat flour 53.7 48.3 43.0 37.6
Passion fruit flour - 5.4 10.7 16.1
Sugar 24.1 24.1 24.1 24.1
Margarine 16.2 16.2 16.2 16.2
Baking powder 1.2 1.2 1.2 1.2
Water 4.3 4.3 4.3 4.3
Salt 0.5 0.5 0.5 0.5
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quality and safety, since high water levels propitiate microbiological 
contamination (Picanço et al., 2018).

It is observed a high level of acidity presented by the flour 
developed and, in the same way, it is possible to verify an acid 
pH, characteristic of the P. cincinnata species, providing greater 
stability to the product and its better conservation. The lipid 
and protein content of the developed flour was similar when 
compared to wheat flour.

Besides being a positive alternative, helping in the 
consumption of higher fiber contents, promoting benefits to 
the families’ health, the use of P. cincinnata flour can contribute 
to sustainable agriculture, since this species is commonly found 
in the semi-arid region, especially in the northeast of Brazil and 
still underused (Carmo et al., 2017). Likewise, the use of the 
peel of this fruit in the production of flour further contributes 
to sustainable development, considering that its disposal into 
the environment is now reduced.

The flour developed was used in concentrations of 10%, 20% 
and 30% (g/g) to replace wheat flour in three cookie formulations. 
The physical and chemical composition of the formulations 
developed, as well as the comparison of the averages between 
the groups, are presented in Table 3.

Evaluating the results of the comparisons, it is possible to 
observe that there was a significant difference for the physical-
chemical parameters. However, considering Bonferroni’s post 
hoc test, it can be observed that there was a significant difference 
between the standard formulation and the formulations containing 
the flour developed.

Likewise, a significant difference was observed between 
formulations 1 and 2 (p= 0.00) and 1 and 3 (p= 0.00), with 
formulation 1 showing lower humidity among all. This difference 
can be explained by the variation in concentrations of P.cincinnata 
flour added to the formulation. Between formulations 2 and 
3 (p= 1.00), there was no significant difference. The moisture 
content is directly related to the useful life of the product, 
since the water present provides microbiological development. 
Thus,  the formulations developed present less risk of 
microbiological contamination.

When analyzing the ash content in the developed products, 
there was a significant difference between the standard 
formulations and 3 (p= 0.00), formulations 1 and 3 (p= 0.00) 
and formulations 2 and 3 (p= 0.02), noting that among all the 
formulations developed, the one with 30% of flour developed 
was the one with the highest ash content. Such results reveal the 
highest content of minerals in the formulation with the highest 
content of flour developed.

As for the total acidity, a significant difference was found 
between the standard formulation when compared to formulations 
1, 2 and 3 (p= 0.01; p= 0.00; p= 0.00), noting that the standard 
formulation had the lowest acidity compared to cookies enriched 
with flour developed. There was a significant difference between 
formulations 1 and 2 (p= 0.02) and 1 and 3 (p= 0.00), being 
verified that by increasing the concentration of flour in the 
formulation, there was an increase of its acidity.

3 Results and discussion
The developed flour presented a yield of 19.5%, considered 

high when compared to that found for melon peel flour (8.81%) 
by Vieira et al. (2017), as well as for pequi peel flour (12.6%) 
obtained by Costa et al. (2017).

Table 2 presents the results for descriptive analysis of the 
physical-chemical parameters evaluated for the flour developed 
and compared to wheat and cassava flour, as described in the 
Brazilian Table of Food Composition - TACO (Universidade 
Estadual de Campinas, 2011).

The flour developed in this research can be a healthier 
alternative for the diet of these families, since, when comparing 
its composition with wheat and cassava flours, it is observed 
that the flour developed had higher ash content. As for the 
carbohydrate content, the developed flour presented similar 
amounts in relation to wheat and cassava flours. This result 
may be related to the large amount of total fibers present in its 
composition, where it is possible to observe a total dietary fiber 
content about 25 and ninr times higher in the flour developed 
compared to wheat flour and cassava, respectively.

A similar result was observed by Felisberto et al. (2019) 
when adding bamboo thatch flour in cookie formulation, finding 
that the fiber content was higher compared to the fiber content 
found in wheat flour, which contributed to the development 
of fiber-rich cookies. In the study conducted by Brites  et  al. 
(2019) it is observed that the replacement of wheat flour by 
alternative flours, such as buckwheat flour and chia seeds, in 
cookie formulations, contribute to the improvement of their 
nutritional quality, since according to Ciudad-Mulero  et  al. 
(2019), fiber consumption is associated with several health 
benefits, such as regulation of intestinal functioning, preventing 
colorectal diseases, among others.

Another parameter that stands out in the comparison between 
the flours is the humidity, which was lower for the developed 
flour, being in accordance with the current legislation, the RDC 
nº 263/2005 (Brasil, 2005), which determines a maximum value 
of 15% humidity for flours. This result can be considered an 
advantage, since the humidity of a food is directly related to its 

Table 2. Centesimal composition of flour developed compared to wheat 
and manioc flour. September 2018, Jequié, BA, Brazil.

Evaluated parameter Developed 
Flour*

Wheat 
Flour**

Cassava 
flour**

Ash (%) 5.79 ± 0.11 0.8 0.9
Total carbohydrates (%) 78.23 ± 0.84 75.1 87.9
Humidity (%) 5.78 ± 0.11 13.0 9.4
Acidity (%) 4.83 ± 0.00 NA NA
Ph 3.74 ± 0.04 NA NA
Total Lipids (%) 1.66 ± 0.06 1.4 0.3
Total Proteins (%) 8.59 ± 0.82 9.8 1.6
Total dietary fiber (g/100 g) 58.30 2.3 6.4
Soluble dietary fiber (g/100 g) 12.30 NA NA
Insoluble dietary fiber (g/100 g) 46.00 NA NA
*P. cincinnata peel flour; **According to the Brazilian Table of Food Composition - TACO 
(Universidade Estadual de Campinas, 2011). NA: not evaluated.
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and 2 and 3 (p= 1.00), revealing that the protein content was 
not altered by varying the concentration of flour developed 
in the formulation. The same was observed regarding the 
carbohydrate content in the developed cookies, not being found 
a significant difference when comparing this parameter among 
all the developed formulations.

As for the microbiological evaluation of the developed 
cookies, it was possible to observe that both the flour and the 
developed cookies were in accordance with the legislation in 
force, the ANVISA RDC nº 12/2001 (Table 4).

The microbiological results corroborate the results found for 
the moisture, acidity and pH levels of the developed products, 
which are related to the longer shelf life of the food and lower 
risk of microorganism development. Thus, it is observed that 
the developed foods are safe, with regard to microbiological 
evaluation, for human consumption.

According to the POF 2008-2009, the annual household 
consumption of cookies in Brazil is 4.79 kg and 5.62 kg in 
the northeast region. Considering that such food is related to 
trans-fat, sugars and poor fiber intake, the addition of flours to 
its composition, such as that of P. cincinnata peel, may be an 
alternative to improve fiber consumption, providing the health 
benefits related to this component in foods.

4 Conclusions
It was possible to observe that passion fruit peel of P. cincinnata 

species can be used as a viable alternative to produce food (flour 
and cookies) rich in fiber and environmentally sustainable. Since 
it presented promising capacity in the development of functional 
foods, health promoters, besides taking advantage of a product 
of wide production in the region, but many times underused. 
However, it is necessary to conduct studies that characterize the 

Likewise, in agreement with the acidity content, the standard 
formulation presented a significant difference compared to cookies 
enriched with the flour developed (p= 0.00), presenting the 
highest pH of the formulations. There was a significant difference 
between formulations 1 and 2 (p= 0.00), 1 and 3 (p= 0.00) and 
2 and 3 (p= 0.02), and by increasing the concentration of flour 
developed in the formulation, the lower was the pH value of the 
final product. This result is directly related to the acidity content 
found in the developed flour.

The high levels of acidity accompanied by low pH values 
can be explained by the characteristic acidity of the P. cincinnata 
species (Oliveira & Mapeli, 2015). Such results reveal the flour 
developed as an alternative of industrial interest, since it reduces 
the need for additives with acidifying properties, used with the 
aim of providing quality and safety to the food, increasing the 
shelf life of the product (Costa, 2012; Oliveira & Mapeli, 2015).

When observing the lipid content, there was a significant 
difference between the standard formulation compared to 
formulations 1 and 3 (p= 0.00; p= 0.02), with the exception of 
formulation 2 (p= 1.00). Considering the formulations enriched 
with the flour developed, all differed significantly among 
themselves, noting that the lipid content followed a significant 
downward trend, from the concentration of 30% of the flour 
in the formulation.

In relation to protein content, the standard formulation 
showed significant differences when compared to formulations 
2 and 3 (p= 0.00; p= 0.02), revealing higher amounts of protein 
compared to formulations prepared with the flour developed. 
However, the protein content did not differ significantly when 
comparing standard formulations and 1 (p= 0.05). In the same 
way, there was no significant difference between the protein 
averages of formulations 1 and 2 (p= 1.00), 1 and 3 (p= 1.00) 

Table 4. Microbiological evaluation of flour and cookies developed. 2018, Itabuna, BA, Brazil.

Parameter Developed Flour Formulation 1*** Formulation 2*** Formulation 3*** MVA*
Total count (UFC/mL) 2.3 x 102 1.6 x 101 1.8 x 101 1.4 x 101 -
Coliforms 45 °C (NMP/g) < 3.6 3.6 3.6 < 3.6 100
Staphylococcus auerus posit. coag. (UFC/g) 1.2 x 101 1.0 x 101 1.3 x 101 1.1 x 101 5 x102

Salmonella sp. Absent Absent Absent Absent Absent 25g
*VMP: Maximum value allowed; ***Formulation 1: developed with 10% P.cincinnata flour, formulation 2: developed with 20% and formulation 3: developed with 30%.

Table 3. Descriptive analysis of the physical-chemical parameters of the cookies developed. September 2018, Jequié, BA, Brazil.

Evaluated parameter Standard 
Formulation* Formulation 1* Formulation 2* Formulation 3* ANOVA (p<0.05)

Humidity (%) 5.81 ± 0.58a 4.40 ± 0.13bc 7.67 ± 0.26 7.42 ± 0.24 0.00
Ash (%) 2.09 ± 0.15e 2.04 ± 0.03c 2.28 ± 0.04d 2.65 ± 0.10 0.00
Acidity (%) 2.08 ± 0.46a 5.26 ± 0.20bc 8.21 ± 0.48 9.3 ± 0.69 0.00
pH 5.68 ± 0.16a 4.62 ± 0.16bc 3.76 ± 0.97d 3.38 ± 0.05 0.00
Total lipids (%) 15.13 ± 0.08f 16.01 ± 0.09bc 15.23 ± 0.03d 14.62 ± 0.12 0.00
Total Proteins (%) 5.19 ± 0.42g 4.28 ± 0.52 3.92 ± 0.31 4.14 ± 0.33 0.00
Total carbohydrates (%) 71.93 ± 0.65 73.56 ± 0.83 71.13 ± 0.56 71.96 ± 0.85 0.00
*Standard formulation: developed with wheat flour, without partial replacement by P. cincinnata flour; Formulation 1: developed with 10% P.cincinnata flour; Formulation 2: developed 
with 20%; Formulation 3: developed with 30%.  adifference between standard formulation and 1, 2 and 3;  bdifference between formulation 1 and 2;  cdifference between formulation 1 
and 3;  ddifference between formulation 2 and 3;  edifference between standard formulation and 3;  fdifference between standard formulation and 1 and 3;  gdifference between standard 
formulation and 2 and 3.
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