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Abstract: 
The wild passion fruit (Passiflora cincinnata Mast.) is an edible fruit with a great agro-industrial potential. Its peel is highly 
nutritious; however, it is often discarded as waste.
This study aimed to produce and evaluate the physicochemical and nutritional properties of flour made from the peel of wild 
passion fruit ‟Cerro Corá”. The fruit was grown under both irrigated and rainfed conditions and harvested at different times. 
The completely randomized factorial design (2×3) comprised two cultivation systems (irrigated and rainfed) and three harvest 
times (60, 80, and 100 days after anthesis).
The moisture content and water activity of the flours did not depend on the cultivation system. The greatest preservation of 
phenolic compounds was observed in the samples grown under rainfed conditions. The best physicochemical profile and 
bioactive content belonged to the flour samples produced 80 days after anthesis. These flours can be used as ingredients for 
functional food products due to their antioxidant potential.

Keywords: Passiflora cincinnata Mast., convective drying, waste utilization, fruit by-products, nutritional value, 
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INTRODUCTION
The passion fruit processing industry generates а 

large amount of waste, primarily peels, which are often 
underutilized despite their high nutritional content and 
bioactive compounds. One of the solutions to reduce 
waste and enhance its value is to process passion fruit 
peels into flour for various food and health applications. 
However, such environmental factors as cultivation 
systems and harvest time may affect the quality of the 
resulting flour. In this study, we assessed the effects of 
cultivation systems (rainfed and irrigated) and harvest 
time on the physicochemical and bioactive profile of 
wild passion fruit (Passiflora cincinnata Mast.) to deter-
mine the optimal conditions for producing high-quality 
flour. 

Passion fruit production is important for the Brazil-
ian economy: it requires intensive labor and generates 
reliable income, allowing for continuous fruit harvest 

throughout the year [1]. The passion fruit belongs to 
the Passifloraceae family and includes various species. 
P. cincinnata is commonly known as the wild passion 
fruit, or maracujá-da-Caatinga [2]. This wild species is 
resistant to drought and various pests and diseases. The 
plant is adaptable to adverse conditions, with potential 
for both rainfed and irrigated cultivation areas, which 
contributes to increased fruit productivity. The harvest 
season is a crucial factor that can directly affect the 
constituents of wild passion fruit. Consequently, the 
quality of the fruits during the post-harvest period de-
pends on the harvest time and the ripeness stage [2, 3].

Wild passion fruit has a sweet, exotic flavor and high 
nutritional value. As a result, it is well-received by the 
consumer market. It holds significant socioeconomic im-
portance for populations in the semi-arid regions who 
harvest the fruits for commercial sale [4]. P. cincinnata 
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fruits can be consumed fresh or used as raw material in 
the food, chemical, or pharmaceutical industries [5].

Fruit processing generates by-products, primarily 
peels and seeds, which rarely find an adequate destina-
tion [6]. According to the data on passion fruit production, 
the current processing technique generates approximate-
ly 50% of the total fruit weight as waste, most of which 
is peel. Consequently, obtaining industrial products from 
the proper processing of passion fruit waste helps opti-
mize the economics of processing units [7, 8].

Some recent studies have explored different ap-
proaches to utilizing passion fruit peel waste, includ-
ing its incorporation into functional foods and dietary 
supplements. However, many of these studies focus on 
chemical composition rather than practical processing 
methods [9, 10]. Additionally, most authors fail to as-
sess the combined effects of environmental conditions, 
harvest time, and drying methods on the final quality of 
flour. Addressing these gaps, we evaluated the impact of 
cultivation systems (irrigated vs. rainfed) and harvest 
time on the physicochemical and nutritional properties 
of P. cincinnata peel flour.

Refined drying techniques can enhance the quality 
of passion fruit peel flour, which makes them a prom-
ising approach in flour processing. For instance, a con-
trolled drying process improves the flour consistency, 
nutritional content, and bioavailability of beneficial 
compounds. Although it remains understudied, this 
technique can enhance the functional properties of the 
flour, making it more suitable for food applications.

Passion fruits are rich in peel, which consists of fla-
vedo (outer skin) and albedo (white inner part). These 
parts offer various health benefits, e. g., reducing such 
biochemical parameters as glucose, total cholesterol, 
and triglycerides [9, 10]. These properties, combined 
with the high nutritional value, make utilizing passion 
fruit peel a source of health benefits for human con-
sumption. This viable alternative reduces costs and 
mitigates issues associated with waste disposal from 
processing [11]. The by-products of passion fruit pro-
duction can be utilized by cooking the albedo or turning 
it into flour [12].

The peel of P. cincinnata contains a diverse compo-
sition of bioactive compounds and essential nutrients, 
making it a valuable ingredient for food applications. 
It is rich in soluble sugars, phenolic compounds, fla-
vonoids, anthocyanins, ascorbic acid, and carotenoids. 
These compounds provide antioxidant, metabolic, and 
physiological benefits, supporting the application of 
wild passion fruit peel in the functional food industry. 
The nutritional and bioactive properties of P. cincinnata 
peel flour position it as a sustainable and valuable alter-
native for food fortification, waste reduction, and indus-
trial applications.

To minimize environmental impacts and provide a 
new source of income, one viable alternative is employ-
ing fruit peel drying. This technique reduces the mois-
ture content in food, thus preserving its physical and 
chemical characteristics, which makes the food safer 

and extends its shelf-life [13]. Such environmental fac-
tors as irrigated vs. rainfed cultivation systems and har-
vest time affect such parameters of flour quality as fiber 
content, bioactive compounds, and antioxidant capacity. 
While some studies have addressed these factors sepa-
rately, very few publications provide a comprehensively 
analysis of their combined effects on flour quality. Un-
derstanding how these variables impact the nutritional 
and functional properties of the flour may yield more 
tailored processing methods to optimize the final prod-
uct quality.

Given this, we aimed to enhance the nutritional 
value of the processed product, reduce economic loss-
es, and mitigate negative environmental impacts from 
waste disposal [14]. We evaluated the quality of flour 
samples made from the peel of wild passion fruit P. cin-
cinnata (Cerro Corá) grown under both rainfed or irri-
gated conditions and harvested at different times. The 
findings offer practical applications by proposing more 
efficient utilization of industrial waste, reducing dispos-
al-related environmental impacts, and demonstrating 
strategies to improve the nutritional value of passion 
fruit peel flour. These solutions can enhance its poten-
tial for functional foods, contributing to the develop-
ment of sustainable and value-added products.

STUDY OBJECTS AND METHODS 
Experimental design. The research had a com-

pletely randomized design with the following factorial 
scheme: 2 (cultivation systems: rainfed vs. irrigated)×3 
(fruit harvest times: 60, 80, and 100 days after anthesis). 
All experiments were conducted in four replicates.

Producing flour from Passiflora cincinnata Mast. 
peel. The fruits were harvested from plants in rainfed 
and irrigated cultivation systems. Marked with tape 
and permanent marker on the day of pollination, they 
were monitored until harvest. When they reached the 
predetermined harvest time (60, 80, and 100 days after 
anthesis), they were manually harvested, placed in poly-
ethylene trays, and transported by vehicle to the labo-
ratory for visual inspection to ensure absence of peel 
injuries. The task was to select uniform and high-quali-
ty samples.

The fruit peel was separated from the pulp and seeds 
through manual pulping. Subsequently, the peel was cut 
into small cubes of approximately 1.5×1.5×1.5 cm. After 
cutting, the peel was spread on a tray with a 50-mesh 
screen 20×20 cm (2.0×3.5 mm mesh size). The material 
was dried in an air-circulating oven at 75°C to a con-
stant weight, then removed from the trays and blended 
in a household blender (Mondial Power Red L77) for 
approximately 45 s. After being sieved through a stain-
less-steel sieve to obtain a finer flour with greater prod-
uct homogeneity, it was finally stored in containers for 
subsequent analysis (Fig. 1).

Physical and physicochemical analyses of the 
fruit peel flour. The yield, %, was calculated using the 
initial mass of the raw material and the final mass after 
product preparation [15].
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The bulk density, g/cm3, was the ratio of the sample 
mass to the volume occupied by its solid particles. 5 g 
of the sample were weighed and transferred to a 5 mL 
graduated cylinder, observing the displacement [16].

To determine the solubility, %, we weighed 0.1 g 
of the sample and added 10 mL of distilled water. The 
mix was then centrifuged at 3,000 rpm for 5 min. Next,  
2 mL of the supernatant was transferred to a Petri dish 
and placed in an oven at 105°C for 1 h, followed by 
cooling in a desiccator for 30 min. The material was 
then reweighed to obtain the solubility values.

The water activity determination involved an 
AquaLab instrument (Decagon Devices, 3T). A suffi-
cient amount of flour to cover the bottom of the capsule 
was placed with a spatula directly in the equipment at 
25°C for readings. The water activity was expressed as 
free water.

To define the moisture content, %, we dried pre-
tared crucibles in a Solab oven (model SL-101) at 105°C 
for 13 h. After cooling them in a desiccator to room 
temperature, we reweighed them by the method out-
lined by the Adolfo Lutz Institute [17]. 

The colorimetric analysis relied on the CIELAB sys-
tem with a colorimeter (Konica Minolta, CR 300), de-
termining luminosity (L*), chromaticity coordinates a* 
and b*, and chroma (C*) [18].

We determined the titratable acidity, %, by homoge-
nizing 0.25 g of flour in 50 mL of distilled water, followed 
by titration against 0.1 M sodium hydroxide solution until 
the endpoint indicated by phenolphthalein. The result was 
expressed as a percentage of citric acid [17].

The pH level was analyzed by direct reading in an ex-
tract prepared with 1.0 g of flour and 10 mL of distilled wa-
ter, using a benchtop digital pH meter (Digimed, DM-22).

To define the concentration of H+ ions, µM, we con-
verted the pH values using the equation [H+] = 10-pH.

The analysis of soluble solids, %, involved an extract 
prepared with 1 g of flour and 10 mL of distilled water, 
as well as a digital refractometer with automatic tem-
perature compensation (Brand, Digital Refractometer).

To obtain the soluble solids/titratable acidity (SS/
TA) ratio, we divided the soluble solids values by the ti-
tratable acidity values.

The content of soluble sugars, g/100 g, was deter-
mined using the Anthrone method [19]. We prepared 
an extract by diluting 0.1 g of flour in 50 mL of dis-
tilled water. A solution containing 0.05 mL of extract,  
0.95 mL distilled water, and 2.0 mL the Anthrone solu-
tion (0.2%) was prepared in tubes placed in an ice bath. 
The tubes were quickly shaken using a shaker (Biomix-
er, QL-901) and then placed in a thermostatic bath (Fi-
satom, 550) at 100°C for 3 min. The content of soluble 

Figure 1 Passiflora cincinnata Mast. fruit peel flour: Production stages
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sugars was determined by spectrophotometry (Spec-
trum) at 620 nm, using glucose as a reference to obtain 
the standard curve.

To find out the content of reducing sugars, g/100 g, 
we applied the dinitrosalicylic acid method [20]. First, 
we prepared an extract by diluting 0.1 g of flour in  
50 mL of distilled water. Then, we mixed a solution con-
taining 0.4 mL of extract, 0.1 mL distilled water, and 
0.5 mL dinitrosalicylic acid solution. The tubes were 
quickly shaken in a shaker (Biomixer, QL-901) and then 
placed in a thermostatic bath (Fisatom, 550) at 100°C for 
5 min. The content of reducing sugars was determined 
by spectrophotometry (Spectrum) at 540 nm, using glu-
cose as a reference to obtain the standard curve.

We defined the amount of non-reducing sugars, 
g/100 g, by subtracting the reducing sugars content 
from the soluble sugars content.

Analysis of bioactive compounds. The content of 
ascorbic acid, mg/100 g, was determined following the 
standards established by the Adolfo Lutz Institute [17]. 
We weighed 0.10 g of the sample to transfer it to Erlen-
meyer flasks along with 50 mL of chilled 0.5% oxalic 
acid. They were then titrated against the Tillman’s solu-
tion until the endpoint.

For total chlorophyll and carotenoids, mg/100 g, we 
macerated 0.25 g of flour with a mortar and pestle in  
0.2 g of calcium carbonate and 5 mL of chilled ace-
tone (80%). After centrifuging (Cientec) the samples  
at 3,000 rpm for 10 min at 10°C, we determined the con-
tent of total chlorophyll and total carotenoids in the super-
natant by spectrophotometry at 470, 646, and 663 nm [21].

The total phenolic analysis relied on the Folin-Ciocal-
teu method [22]. First, we prepared an extract by diluting 
0.1 g of flour in 50 mL of distilled water. Then, we pre-
pared a solution containing 500 µL of extract, 1,625 µL 
distilled water, and 125 µL Folin-Ciocalteu’s reagent in 
tubes. The tubes were quickly shaken using a shaker (Bio-
mixer, QL-901) and left to stand at room temperature for 
5 min. After adding 250 µL sodium carbonate solution 
(20%), the tubes were shaken again and placed in a wa-
ter bath (Hemoquímica) at 40°C for 30 min. The content 
of total phenolic compounds, mg/100 g, was determined 
by spectrophotometry (Spectrum) at 765 nm, using gallic 
acid as a reference to obtain the standard curve.

To find out the content of flavonoids and anthocya-
nins, we macerated 0.25 g of flour with mortar and pes-
tle in 5 mL of ethanol-HCl (1.5 M) and placed it in a 
refrigerator at 6°C for 24 h. After centrifuging the sam-
ples at 10°C and 3,000 rpm for 10 min in a refrigerated 
centrifuge (CT-500R), a portion of the supernatant was 
transferred to cuvettes and read on a spectrophotometer 
(Spectrum, SP). The content of flavonoids and anthocy-
anins, mg/100 g, was determined by spectrophotometry 
at 374 nm and 535 nm, respectively [23].

Statistical analysis. The data obtained were sub-
jected to the analysis of variance and the Tukey’s test. 
The data processing also involved a principal compo-
nent analysis with clustering. The Statistical Software R 
[24] was used for the statistical analyses.

RESULTS AND DISCUSSION 
Physical and physicochemical properties. The 

yield of Passiflora cincinnata Mast. peel flour depended 
on the cultivation system and harvest time. The flours 
obtained from rainfed cultivation showed superior re-
sults compared to irrigated cultivation at 60 days (8%) 
and 100 days (12%) after anthesis, with both being 
equal only at 80 days after anthesis (Fig. 2).

When considering the rainfed treatment alone, no 
statistical difference was found in the yields obtained 
for the different harvest times. Lima et al. [25], who 
analyzed P. cincinnata peel flour, obtained a yield of 
19.5%, which exceeded our results. Such differenc-
es could be attributed to variations in flour extraction 
methods because values are not standardized across all 
passion fruit flours due to variations in peel composi-
tion and drying methods [25, 26].

The increased yield of the flour samples obtained 
from the peels of fruits grown under rainfed conditions 
at 60 and 100 days after anthesis may be attributed to a 
lower water content and a higher dry matter content in 
their peels compared to the fruits grown with irrigation. 
This information is consistent with Rybka et al. [27], 
who emphasize that yield values may be specifically 
correlated with the amount of water present in the peel 
composition of this fruit. The values found for densi-
ty, solubility, and moisture content of the peel flours 
showed no statistical differences between cultivation 
systems and harvest times (Table 1). 

The values obtained for density ranged from 0.91 to 
1.08 g/cm for the two factors studied (Table 1). These 
values were relatively high, indicating that the low num-
ber of void spaces between the particles of the flour 
made it denser. The apparent density assists in specify-
ing packaging, transportation, and storage requirements. 
It depends on particle size, properties, and material com-
position [28].

Figure 2 Flour yield from Passiflora cincinnata Mast. fruit 
peel
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When analyzing the cultivation systems and harvest 
times, the solubility results ranged from 92.71 to 93.91% 
(Table 1). These solubility values highlight that the P. 
cincinnata flour exhibited high water solubility, which 
is crucial for its use in food formulations.

The moisture values for the two factors studied ranged 
from 8.51 to 9.44% (Table 1). The low moisture content in 
the flour samples helps prevent microbiological contam-
ination [29]. All the P. cincinnata flour samples met the 
standards required by the current legislation, where the 
maximal moisture content in flours is 15% [30].

The water activity of the flour samples showed iso-
lated effects across harvest times. The flour from the 
fruit peel harvested at 60 days after anthesis was 2% 
higher than at 80 days and 5% higher compared to the 
samples harvested 100 days after anthesis (Fig. 3a). 

As for water activity, we detected a decrease in val-
ues as fruit maturation increased. As the fruit remained 
on the plant for more days, the water activity in its peel 
decreased. All water activity values analyzed in the 
flours were below 0.6, thus considered to exhibit low 
microbial growth potential [31]. Other authors reported 
that low moisture content and water activity were criti-
cal for the stability and preservation of fruit residue-de-
rived flours [32, 33]. The low water activity not only 
inhibited the microbial growth but also reduced the en-
zymatic activity, thereby enhancing the shelf-life.

The ash contents showed isolated effects for harvest-
ing times (Fig. 3b). The flour from fruits harvested at 
a more mature stage (100 days after anthesis) exhibited 

a higher ash concentration (6.26%): it differed from the 
other flours analyzed at 80 and 60 days after anthesis, 
which showed percentages of 5.20% each. A value sim-
ilar to those found in this study was observed by Jink-
ings et al. [34], who reported 6.97% when analyzing 
flour from the exocarp of Passiflora edulis Sims.

The ash content reveals the total mineral content in a 
sample [35]. The fruits harvested 100 days after anthe-
sis resulted in higher ash values, which may indicate a 
greater accumulation of minerals in the fruits over time. 
Similar behavior was also reported by de Aquino et al. 
[36] for the physicochemical profile of green and ripe 
neem (Azadirachta indica A. Juss) fruits.

Regarding the coloration of P. cincinnata fruit peel 
flours, we observed some differences when analyzing 
isolated effects. The luminosity test showed isolated ef-
fects for both rainfed and irrigated cultivation systems. 
The luminosity of flours produced from irrigated fruits 
was 5% higher compared to those from rainfed treat-
ments (Fig. 4a).

The change in luminosity may result from varia-
tions in the fruit color before processing, affected by 
biochemical reactions and physiological changes due 
to chlorophyll degradation and carotenoid synthesis 
during ripening [37]. The results obtained here for lu-
minosity stayed below 50, indicating a darker coloration 
of the flours produced, which is favorable. According 
to Barros et al. [38], consumers regard a darker color-
ation in food products positively as it is associated with 
whole, artisanal, and healthier products. 

Table 1 Physical and physicochemical variables of Passiflora cincinnata Mast. fruit peel flours under study 

Harvest time, days 
after anthesis

Cultivation system
Irrigated Rainfed Irrigated Rainfed Irrigated Rainfed
Density, g/cm Solubility, % Moisture, %

60 1.06 0.91 93.91 93.72 9.25 8.51
80 1.07 1.07 92.71 93.24 9.44 9.32
100 1.08 1.06 93.01 93.64 9.42 9.29

Figure 3 Water activity (a) and ash content (b) of Passiflora cincinnata Mast. fruit peel flour
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The values for the coordinate a* showed isolated 
effects for different harvest times (Fig. 4b). The values 
of flours produced at 60 days after anthesis were high-
er than those obtained at 80 (6%) and 100 (18%) days 
after anthesis. The coordinate a* indicates color varia-
tions between green (–a*) and red (+a*) [39]. Thus, the 
results obtained demonstrate that the decrease in the 
value for this coordinate was observed in the flour pro-
duced from more mature fruits, indicating a lesser in-
tensification of red color in these flours.

The coordinate b* observed in the flours depended on 
the cultivation system (Fig. 4c), with higher values ob-
tained in the flours produced from fruits cultivated with 
irrigation, which were 7% higher than those from the dry-
land treatment. Kurek & Sokolova [39] emphasized that 
positive values for the coordinate b* indicated a tendency 
towards yellowish coloration. The color of food products 
is an important aspect to analyze: not only does it affect 
the product acceptance but it also corresponds to its qual-
ity since the yellowish hue may be related to the presence 
of carotenoids in the analyzed material [40].

The chromaticity values showed isolated effects 
for the irrigated and dryland cultivation methods  

(Fig. 4d). The values for this variable were 7% higher 
when for the samples obtained by irrigation. The results 
obtained here stayed below 50, indicating colors with low 
intensity. Low saturation or chromaticity is desirable for 
food products as it promotes a more neutral color in the 
final product. Chromaticity of a product corresponds to its 
expressiveness, color intensity, and clarity.

Regarding the hue angle, color index, and darkening 
index, we detected no differences observed between 
the cultivation methods (irrigated and rainfed) and har-
vesting times, indicating that these two factors did not 
affect these variables (Table 2). The hue angle corre-
sponds to color shades [41], where 0° angle represents 
red, 90° means yellow, 180° stands for green, and 270° 
is blue. Therefore, the flours produced tended towards 
yellowish hues because values approaching 90° indi-
cate yellow [42].

The values obtained for the color index were low  
(< 1), possibly because the flour was produced from P. 
cincinnata peels, which have a green coloration. Brasil 
& Siddiqui [37] reported a higher amount of chlorophyll 
in green-colored tissues, which explains these low val-
ues found for all the flours produced.

Figure 4 Luminosity L*(a), coordinate a* (b), coordinate b* (c), and chromaticity C* (d) of Passiflora cincinnata Mast. fruit peel 
flour under study
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The darkening index of the flours (> 88) was consis-
tent with the values obtained for luminosity, which ap-
proached 50, indicating a less translucent product. The 
darkening index may also be related to the synthesis of 
carotenoids, which are important pigments known as 
antioxidants [43].

The titratable acidity depended on the cultivation 
systems and fruit harvesting times. We detected a de-
crease in titratable acidity values across the three har-
vesting times for both cultivation systems used. The 
observed decrease from the first (60 days after anthesis) 
to the last harvest (100 days after anthesis) for the flours 
produced from irrigated fruits was 46%; for the flours 
obtained from rainfed cultivation, it was 29% (Fig. 5a). 

As reported by Rayson et al. [44], acidity generally 
tends to decrease as fruits mature. Garrido et al. [45], who 
analyzed flour made from the peel of Passiflora edulis f. 
flavicarpa Deg, found citric acid levels of 2.35%, i. e., very 
close to those found in this study. The lower acidity levels 
in the flours produced from peels of more mature fruits 
possibly occur because certain organic acids are utilized as 
substrates during cellular respiration as fruit ripens [46]. 

The soluble solids content found in the flours ex-
hibited correlations between the factors (Fig. 5b). The 
flour samples produced from fruits harvested 60 days 
after anthesis resulted in a higher soluble solids con-
tent (16%) compared to those produced at the same time 
under irrigated cultivation. For other harvest times, we 
detected no statistically significant difference between 
cultivation systems. However, both cultivation systems 
showed a reduction in these contents for the flour sam-
ples produced 100 days after anthesis compared to those 
produced at 80 days, decreasing by 18% for the irrigat-
ed treatment and 13% for rainfed cultivation.

The possible increase in the values obtained for the 
rainfed treatment occurred because this variable was affect-
ed by climatic conditions, particularly by rainfall regime or 
irrigation levels; in this case, the more water the plant re-
ceives, the lower the soluble solids content of the fruits [47].

D’Abadia et al. [48], who studied the ripening stage 
and fruit characteristics in two populations of P. cincinna-
ta, also observed an increase in soluble solids content 80 
days after anthesis. Therefore, the fruit was already in the 
ripening process, which led to variations and increases in 
physicochemical compounds, such as soluble solids [49]. 

The soluble solids/titratable acidity (SS/TA) ra-
tio showed a correlation between the studied factors  
(Fig. 5c). For the irrigated cultivation system, the flours ex-

Table 2 Color variables of Passiflora cincinnata Mast. fruit peel flours from irrigated vs. rainfed 
cultivation and harvested at different harvest times 

Harvest time, 
days after anthesis

Cultivation system
Irrigated Rainfed Irrigated Rainfed Irrigated Rainfed

Hue angle, Hº Color index Darkening index
60 79.38 79.95 0.83 0.83 94.47 92.52
80 79.65 80.53 0.79 0.82 96.75 88.57
100 80.59 81.73 0.74 0.77 88.74 90.07
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Figure 5 Titratable acidity (a), soluble solids (b), and soluble 
solids/titratable acidity (SS/TA) ratio (c) of Passiflora 
cincinnata Mast. fruit peel flour
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hibited an increase in values 100 days after anthesis peri-
od, which was higher compared to both the 60-day (45%) 
and 80-day (18%) periods after anthesis. Conversely, for 
rainfed cultivation, the highest values were observed at the  
80- and 100-day periods, with no statistical difference be-
tween them. The values at 60 days were lower (32%) than 
those found in flours obtained at 80 days after anthesis.

The SS/TA ratio is indicative of flavor, related to the 
balance of acids and sugars. Therefore, P. cincinnata flour 
exhibits a pleasant taste. The increase in the SS/TA ratio 
values in the flours obtained at 80 and 100 days after an-
thesis (rainfed treatment) and at 100 days after anthesis 
(irrigated treatment) may vary according to the cultivar, 
location, and harvest time. Primarily, it happened due to 
the decrease in acidity during fruit ripening, which in-
creases the ratio and enhances palatability [50]. 

The pH values were individually affected for dif-
ferent harvest times. The statistically equal values ob-
served in the flours produced at 80 and 100 days after 
anthesis were higher (4%) than the value found in the 
flour produced at 60 days after anthesis (Fig. 6a). 

The increase in pH values in flours produced from 
more mature fruit peels was consistent with the acidity 
levels found: higher pH values indicate lower acidity in 
the product. This behavior was expected, as fruit acidity 
tends to decrease as they ripen. The pH determination 
provides valuable data for assessing food preservation 
status, enabling a better microbiological control in flour 
processing [51].

The concentration of H+ ions showed an isolated ef-
fect for the second factor, i. e., the harvest time (Fig. 6b). 
The mean value for the flours produced at 60 days after 
anthesis was 42% higher than in the other harvest times, 
which were statistically equal. The inverse behavior to 
pH (Fig. 6a) observed for this variable was expected be-
cause lower pH values corresponded to higher concen-
trations of H+ ions [52].

The soluble sugars in the analyzed flour samples 
showed isolated effects for both cultivation systems 

(Fig. 7a) and harvest times (Fig. 7b). The flours made 
from fruit peels cultivated with irrigation had a higher 
concentration of soluble sugars (7%) compared to those 
produced under rainfed conditions (Fig. 7a).

The increase in soluble sugars content in the flours 
made from fruits cultivated under irrigation may be 
due to irrigation being a crucial factor for producing 
high-quality fruits. Irrigation promotes an increase in 
soluble solids, sugars, and other constituents because it 
can enhance plant development [53]. Regarding harvest 
times (Fig. 7b), the results demonstrated a higher con-
centration of soluble sugars in the flours produced from 
fruit peels harvested 80 days after anthesis, being 10% 
higher than those harvested 60 days and 32% high-
er than those harvested 100 days after anthesis. This 
concentration possibly occurred due to fruit ripening, 
which, when complete, accumulated various constitu-
ents, such as soluble sugars. Additionally, starch hydro-
lysis into sugars contributed to this concentration. The 
soluble sugars content found in this study for P. cincin-
nata fruit peel flours was lower than the 26.11 g/100 g 
reported by Santos et al. [54] for cashew peduncle flour 
(Anacardium occidentale L.).

The values for reducing sugars showed differences 
when analyzed for isolated effects (Fig. 7c, 7d). Regard-
ing cultivation systems (Fig. 7c), the flours made from 
fruit peels irrigated with water had higher values (11%) 
than those produced from fruits cultivated under rain-
fed conditions. The increase in these values with irriga-
tion treatment mirrored what was observed for soluble 
sugars (Fig. 7a), highlighting irrigation as a factor that 
can enhance fruit yield by increasing their physico-
chemical constituents and improving quality [53]. 

The difference in reducing sugars across harvest 
times (Fig. 7d) showed a decrease as harvest and fruit 
maturation progressed. The concentration of these 
sugars in the flours obtained at 60 days after anthesis 
was higher compared to those at 80 days (13% low-
er) and 100 days (37% lower) after anthesis. The data  

Figure 6 pH (a) and concentration of H+ ions (b) in Passiflora cincinnata Mast. fruit peel flour, irrigated vs. rainfed and harvested 
at different harvest times
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Figure 7 Soluble sugars (a, b), reducing sugars (c, d), and non-reducing sugars (e, f) in Passiflora cincinnata Mast. fruit peel flour, 
irrigated vs. rainfed and harvested at different harvest times
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indicated a predominance of non-reducing sugars in the 
flours produced at 80 and 100 days after anthesis. This 
carbohydrate is considered reducing due to the free hy-
droxyl group on the numerical carbon available for re-
actions, including glucose and fructose [55]. 

The non-reducing sugars differed when analyzed sepa-
rately for the treatments (Fig. 7e, 7f). Regarding treatment 
one (Fig. 7e), the values observed in flours made from 
fruit peels irrigated with water were higher (6%) com-
pared to rainfed cultivation. This behavior was similar to 
the other sugars analyzed, where the irrigated treatment 
showed higher sugar values in the flours compared to 

rainfed cultivation. The evaluations of non-reducing sug-
ars and total soluble sugars yielded similar results, indi-
cating that the soluble sugars present in P. cincinnata fruit 
peel flours were mostly non-reducing sugars.

When considering the effect of harvest times (Fig. 7f), 
the flours made from fruit peels harvested at 80 days af-
ter anthesis were higher in sugar than those harvested at  
60 (14% higher) and 100 (33% higher) days after anthe-
sis. The increase in sugar content in the flours produced at  
80 days after anthesis may be associated with the degrada-
tion of pectin and cellulose, which were used during ripen-
ing for the biosynthesis and accumulation of sugars [56].
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Bioactive compounds. The content of ascorbic acid 
present in the flours obtained from different cultivation 
systems and harvest times ranged between 2.68 and  
3.05 mg/100 g, with no statistically significant differenc-
es (Table 3). The values found in this study were lower 
than the mean values reported by [57] for P. cincinna-
ta peel (28.07 mg/100 g) and by [58] for the pulp of the 
same species (23.30 mg/100 g). This difference in val-
ues may be attributed to the fact that ascorbic acid in 
the material can undergo degradation during processing, 
as this constituent is thermodynamically unstable [59]. 
Consistently, vitamin C can be considered the most sen-
sitive of all vitamins. It can be lost as a result of lipid 
oxidation or high-temperature utilization [60].

The total chlorophyll content showed a significant 
interaction between the cultivation system and the har-
vest time. The cultivation systems resulted in statistical-
ly equal values for this variable for the flours produced 
from fruits harvested at 60 days. However, for the flours 
produced at other harvest times, the irrigated treatment 
resulted in higher values compared to rainfed cultiva-
tion, being 38% higher at 80 days and 37% higher at 
100 days after anthesis (Fig. 8).

Xavier et al. [61], who analyzed umbu peel flour 
(Spondias tuberosa Arruda Cam.), obtained values 
higher than 5.14 mg/100 g for this variable. Chloro-
phylls are green pigments that play a significant role in 
photosynthesis, being responsible for capturing light 
energy. They are also bioactive compounds that can en-
hance the nutritional value of food [62, 63]. In our re-
search, carotenoids showed an isolated effect for harvest 
times. The flours produced at 60 days after anthesis had 
higher concentrations (18%) compared to those pro-
duced at 80 and 100 days after anthesis (Fig. 9a). 

Macêdo et al. [64] also found a reduction in the carot-
enoid content in mandacaru fruits as they matured. Ca-
rotenoids are bioactive compounds widely distributed in 
nature, holding a prominent position among naturally oc-
curring pigments [65]. They possess various physiological 
properties with beneficial effects on human health. 

The content of flavonoids in the flours varied sig-
nificantly across the harvest times (Fig. 9b). The flours 
produced at 80 and 100 days after anthesis showed 
statistically similar and higher concentrations of flavo-
noids, being 50% greater compared to those produced at 
60 days after anthesis. 

The flavonoid content in the P. cincinnata peel flours 
obtained in this study was higher than that in [66], who 
analyzed the pulp of ripe maracuja-azedo (Passiflora te-

nuifila Killip) fruits (10.53 mg/100 g). Foods containing 
flavonoids support the proper functioning of energy me-
tabolism, modifying anthropometric and biochemical 
factors, aiding in obesity prevention, and affecting the 
flavor and aroma of foods [67, 68]. 

Anthocyanin levels showed differences when analyz-
ing the isolated effect of harvest times (Fig. 9c). The low-
est concentration was observed in the flours produced at 
60 days after anthesis; they differed from those produced 
at 80 and 100 days after anthesis, which showed higher 
levels (35%) for this variable. This behavior was similar 
to that observed for flavonoids as they share nearly the 
same biosynthetic pathway. 

The phenolic compounds exhibited differences 
when analyzed separately for cultivation systems and 
harvest times (Fig. 10a, 10b). Regarding the cultiva-
tion systems (Fig. 10a), the highest concentration of 
these compounds belonged to the flours made from 
fruit peels cultivated under rainfed conditions, being 
7% higher compared to the irrigated treatment. The in-
crease in the content of these compounds for the rain-
fed cultivation samples possibly occurred due to the 
signaling of stress, which enhanced the production of 
secondary metabolites to counteract adverse environ-
mental factors. These compounds are associated with 
plant defense mechanisms and various biochemical and 
physiological processes [69].

In addition to phenolic compounds being secondary 
metabolites involved in plant adaptation to environmen-
tal conditions, these compounds have gained promi-
nence due to their various bioactive properties. They 
contribute significantly to the nutritional value of foods 
and benefit the food industry with their remarkable anti-
oxidant capacity [69].

Regarding the harvest times (Fig. 10b), the values 
obtained for the flours produced at 60 and 80 days after 
anthesis were statistically equal and higher (21%) than 
the value in the flour produced at 100 days after an-

Table 3 Ascorbic acid content in Passiflora cincinnata Mast. 
fruit peel flours, mg/100 g 

Harvest time, days after 
anthesis

Cultivation system
Irrigated Rainfed

60 2.68 2.87
80 2.87 3.05

100 2.79 2.83

Figure 8 Total chlorophyll content in Passiflora cincinnata 
Mast. fruit peel flour
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Figure 9 Carotenoids (a), flavonoids (b), and anthocyanins (c) in Passiflora cincinnata Mast. fruit peel flour, irrigated vs. rainfed 
and harvested at different harvest times
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Figure 10 Phenolic compounds of Passiflora cincinnata Mast. fruit peel flour, irrigated vs. rainfed (a) and harvested at different 
harvest times (b)
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thesis, which showed a reduced level of phenolic com-
pounds. Seraglio et al. [70] also reported a decrease 
in phenolic compound levels with fruit maturation for 
various fruits, e. g., guabiju (Myrcianthes pungens), 
jabuticaba (Myrciaria cauliflora), and jambolão (Syzyg-
ium cumini).

According to Fawole & Opara [71], the decrease 
in the amount of phenolic compounds can result from 
the oxidation of polyphenols by the enzyme polyphe-
nol oxidase during fruit maturation. Nascimento et al. 
[72] also obtained a high value for phenolic compounds  
(1,816.4 mg/100 g) when analyzing green bell pepper flour. 
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