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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 Cord”. The fruit was grown under both irrigated and rainfed conditions and harvested at different times.
The completely randomized factorial design (2x3) 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,
physicochemical properties
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INTRODUCTION throughout the year [1]. The passion fruit belongs to

The passion fruit processing industry generates a
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

the Passifloraceae family and includes various species.
P. cincinnata is commonly known as the wild passion
fruit, or maracujd-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 Cora) 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)x3
(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 1.5x1.5x1.5 cm. After
cutting, the peel was spread on a tray with a 50-mesh
screen 20x20 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].



Macédo L.F. et al. Foods and Raw Materials, 2027; 15(1): 1-16

Acquisition Obtaining peels Cutting
Dry material Drying Distribution in shapes
Crushing Sieving Flour

Figure 1 Passiflora cincinnata Mast. fruit peel flour: Production stages

The bulk density, g/cm?, 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, pM, we con-
verted the pH values using the equation [H] = 107!,

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
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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 pL of extract, 1,625 pL
distilled water, and 125 pL 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 pL sodium carbonate solution
(20%), the tubes were shaken again and placed in a wa-
ter bath (Hemoquimica) 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-HCI (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].
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Cultivation systems followed by the same lowercase letter and harvest
time followed by the same uppercase letter did not differ from each
other by Tukey’s test at a 5% probability level

Figure 2 Flour yield from Passiflora cincinnata Mast. fruit
peel
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Table 1 Physical and physicochemical variables of Passiflora cincinnata Mast. fruit peel flours under study

Harvest time, days Cultivation system

after anthesis Irrigated Rainfed Irrigated Rainfed Trrigated 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

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

0.54
a
0.52
> b
Z 050 ¢
3
g 0.48
=
0.46
O 60 80 100
Days after anthesis
a

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.

7.7
6.6
5.5

44

Ash content, %

60 80 100

Days after anthesis
b

s [rrigated = Rainfed

Cultivation systems followed by the same lowercase letter and harvest times followed by the same uppercase letter
do not differ from each other by Tukey’s test at a 5% probability level

Figure 3 Water activity (a) and ash content (b) of Passiflora cincinnata Mast. fruit peel flour
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Figure 4 Luminosity L*(a), coordinate a* (b), coordinate b* (c), and chromaticity C* (d) of Passiflora cincinnata Mast. fruit peel

flour under study

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 »* 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.
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Table 2 Color variables of Passiflora cincinnata Mast. fruit peel flours from irrigated vs. rainfed

cultivation and harvested at different harvest times

Harvest time, Cultivation system

days after anthesis jrrigated Rainfed Irrigated Rainfed Irrigated Rainfed
Hue angle, H® 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
The darkening index of the flours (> 88) was consis- 4.2
tent with the values obtained for luminosity, which ap- R aA  3A
proached 50, indicating a less translucent product. The i 3.5
darkening index may also be related to the synthesis of :.‘5 23 aB  aB .
carotenoids, which are important pigments known as 2
antioxidants [43]. 2 21 bC
The titratable acidity depended on the cultivation ‘g
systems and fruit harvesting times. We detected a de- & 14
crease in titratable acidity values across the three har-
vesting times for both cultivation systems used. The 0 60 80 100
observed decrease from the first (60 days after anthesis) Days after anthesis
to the last harvest (100 days after anthesis) for the flours a
produced from irrigated fruits was 46%; for the flours
obtained from rainfed cultivation, it was 29% (Fig. 5a). 49
As reported by Rayson et al. [44], acidity generally
tends to decrease as fruits mature. Garrido ez al. [45], who . 4 aA aA A
analyzed flour made from the peel of Passiflora edulis f. s aB
flavicarpa Deg, found citric acid levels of 2.35%, i. e., very % 35 bB aB
close to those found in this study. The lower acidity levels °
in the flours produced from peels of more mature fruits 2 g
possibly occur because certain organic acids are utilized as 3
substrates during cellular respiration as fruit ripens [46]. 21
The soluble solids content found in the flours ex- 0
hibited correlations between the factors (Fig. 5b). The 60 80 100
flour samples produced from fruits harvested 60 days Days after anthesis
after anthesis resulted in a higher soluble solids con- b
tent (16%) compared to those produced at the same time
under irrigated cultivation. For other harvest times, we 24
detected no statistically significant difference between 20 ah
cultivation systems. However, both cultivation systems o
showed a reduction in these contents for the flour sam- & 16 B A bA
ples produced 100 days after anthesis compared to those s B
produced at 80 days, decreasing by 18% for the irrigat- g 12
ed treatment and 13% for rainfed cultivation. g
The possible increase in the values obtained for the
rainfed treatment occurred because this variable was affect- 0
60 80 100

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-

Days after anthesis
c

mm [rrigated 1 Rainfed

Cultivation systems followed by the same lowercase letter and harvest
times followed by the same uppercase letter
do not differ from each other by Tukey’s test
at a 5% probability level

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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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

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
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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

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

Harvest time, days after Cultivation system

anthesis Irrigated Rainfed
60 2.68 2.87
80 2.87 3.05
100 2.79 2.83

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).

Macédo 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-
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Figure 8 Total chlorophyll content in Passiflora cincinnata
Mast. fruit peel flour

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. 9¢c). 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-
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thesis, which showed a reduced level of phenolic com- According to Fawole & Opara [71], the decrease
pounds. Seraglio et al. [70] also reported a decrease in the amount of phenolic compounds can result from
in phenolic compound levels with fruit maturation for the oxidation of polyphenols by the enzyme polyphe-
various fruits, e. g., guabiju (Myrcianthes pungens), nol oxidase during fruit maturation. Nascimento et al.
jabuticaba (Myrciaria cauliflora), and jambolao (Syzyg- [72] also obtained a high value for phenolic compounds
ium cumini). (1,816.4 mg/100 g) when analyzing green bell pepper flour.

11
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Figure 11 Principal component analysis for factors and
variables analyzed in Passiflora cincinnata Mast. fruit peel
flour from irrigated vs. rainfed cultivation and harvested at
different harvest times

This finding is interesting because these compounds are
antioxidants and add significant value to the product.

We conducted a Principal Component Analysis
(PCA) to examine the correlations between the factors
and variables (Fig. 11). The first two principal compo-
nents (PC1 and PC2) accounted for 72% of the total
variance, with PC1 explaining 48.4% and PC2 explain-
ing 23.6%. Based on the PCA results, we identified
three distinct groups. The first group consisted of wild
passion fruit peel flour treatments from both irrigated
and rainfed cultivation at 100 days after anthesis. The
second group included samples from 60 days after an-
thesis under both cultivation conditions. The third
group comprised samples harvested at 80 days after an-
thesis, regardless of irrigation treatment.

The PCA results (Fig. 11) demonstrated clear asso-
ciations between the harvest times and the analyzed
variables. At 100 days after anthesis, the flour from
irrigated and rainfed cultivations exhibited similari-
ties in ash content and ascorbic acid. Flavonoids, an-

thocyanins, pH, and the SS/TA ratio correlated more
strongly with irrigated cultivation at 100 days after
anthesis. The moisture content also showed a rela-
tionship with these variables but exhibited an inverse
pattern compared to the solubility, yield, carotenoids,
and hydrogen ions, which were more strongly asso-
ciated with the 60-day harvest. The luminosity, co-
ordinate b*, chromaticity, non-reducing sugars, and
soluble sugars were more closely linked to irrigated
cultivation at 100 days after anthesis. The harvest
time and cultivation system significantly affected the
physicochemical properties of P. cincinnata peel flour,
with later harvests showing greater correlations with
certain bioactive compounds and colorimetric attri-
butes while earlier harvests exhibited stronger associ-
ations with yield-related variables.

CONCLUSION

The drying process of Passiflora cincinnata Mast.
fruit peels cultivated under irrigation and rainfed con-
ditions at different harvest times resulted in flours with
a low water activity and a tendency towards yellow
coloration.

The highest concentrations of yield, soluble solids,
soluble sugars, flavonoids, chlorophyll, and phenolic
compounds belonged to the flour samples produced
from the fruits harvested 80 days after anthesis, in-
dicating this as the optimal period for producing
P. cincinnata fruit peel flour.

Phenolic compounds were particularly well pre-
served in the flour samples produced from rainfed
cultivation. These flours exhibited antioxidant poten-
tial, showing good prospects as functional food ingre-
dients and thus enhancing the range of healthy food
products.

CONTRIBUTION

The authors were equally involved in writing the
manuscript and are equally responsible for any potential
plagiarism.

CONFLICT OF INTEREST
The authors declare no conflict of interest.

ACKNOWLEDGEMENTS

The authors acknowledge the support of the Coor-
dination for the Improvement of Higher Education Per-
sonnel (CAPES, Brazil).

REFERENCES

1. Paiva IAM, Santos SCL. O maracujazeiro-do-mato (Passiflora Cincinnata Mast.) e sua importancia

economica: Uma revisdo narrativa. Research,

https://doi.org/10.33448/rsd-v10i7.16464

Society

and Development. 2021;10(7):e18210716464.

2. Araujo FP, Melo NF, Aidar SM, Yuri JE, Feleiro FG. Cultivo de Passiflora cincinnata Mast. cv. BRS Sertdo Forte.

Circular Técnica. 2019;119:2—11.


https://doi.org/10.33448/rsd-v10i7.16464

10.

I1.

12.

13.

14.

15.

16.

17.

18.

Macédo L.F. et al. Foods and Raw Materials, 2027; 15(1): 1-16

Botelho SDC, Hauth MR, Botelho FM, Roncatto G, Wobeto C, et al. Qualidade pds-colheita de frutos de maracujazeiro-
amarelo colhidos em diferentes estadios de maturagdo. Amazonian Journal of Agricultural and Environmental Sciences.
2019;62:1-8. https://doi.org/10.22491/rca.2019.3005

Carmo TVB, Martins LSS, Musser RS, Silva MM, Santos JPO. Genetic diversity in accessions of Passiflora cincinnata
Mast. based on morphoagronomic descriptors and molecular markers. Revista Caatinga. 2017;30(1):68-77.

Santos JL, Matsumoto SN, Oliveira PN, D’Aréde LO, Brito CLL, Viana AES. Desenvolvimento de plantas de
Passiflora cincinnata Mast. submetidas a diferentes niveis de nitrogénio e potassio. Revista de Ciéncias Agrarias.
2017;40(4):777-787. https://doi.org/10.19084/RCA17035

de Freitas CMP, Rodrigues GS, Pinheiro MF, Silva DJ, de Sousa RCS. Estudo da cinética de secagem da casca
do maracuja (Passiflora edulis flavicarpa). Brazilian Journal of Development. 2019;5(10):20146-20151.
https://doi.org/10.34117/bjdv5n10-211

Seixas FL, Fukuda DL, Turbiani FR, Garcia PS, Petkowicz CLDO, et al. Extraction of pectin from passion fruit
peel (Passiflora edulis f. flavicarpa) by microwave-induced heating. Food Hydrocolloids. 2014;38:186—-192.
https://doi.org/10.1016/j.foodhyd.2013.12.001

Uehara KS, Barbosa RA, Nascimento RF, Benica C, Canteri GMH, ef al. Aplicagdo de pectina extraida de residuos de
maracuja (Passiflora edulis) como agente estabilizante em sorvetes. Revista Inova Ciéncia & Tecnologia. 2017;3:29-35.

Macagnan FT, dos Santos LR, Roberto BS, de Moura FA, Bizzani M, ef al. Biological properties of apple pomace,
orange bagasse and passion fruit peel as alternative sources of dietary fibre. Bioactive Carbohydrates and Dietary
Fibre. 2015;6(1):1-6. https://doi.org/10.1016/j.bcdf.2015.04.001

Marques SSF, Libonati RMF, Sabaa-Srur AUO, Luo R, Shejwalkar P, et al. Evaluation of the effects of passion
fruit peel flour (Passiflora edulis f. flavicarpa) on metabolic changes in HIV patients with lipodystrophy
syndrome secondary to antiretroviral therapy. Revista Brasileira de Farmacognosia. 2016;26(4):420-426.
https://doi.org/10.1016/j.bjp.2016.03.002

Carvalho SSR, Martins HF, Martinez EA. Maracuja-amarelo (Passiflora edulis f. flavicarpa): Cinética
da secagem artificial e natural da semente. Brazilian Journal of Development. 2019;13(1):143-148.
https://doi.org/10.36229/978-65-5866-168-9.CAP.14

Coelho EM, Gomes RG, Machado BAS, Oliveira RS, Lima MS, et al. Passion fruit peel flour —
Technological properties and application in food products. Food Hydrocolloids. 2017;62:158-164.
https://doi.org/10.1016/j.foodhyd.2016.07.027

Resende O, Oliveira DEC, Costa LM, Ferreira Junior WN. Study of the drying of mesocarp of baru
(Dipteryx alata Vogel) fruits. Revista Brasileira de Engenharia Agricola e Ambiental. 2018;38:103—109.
https://doi.org/10.1590/1807-1929/agriambi.v22n12p872-877

Ledo DP, Franga AS, Oliveira LS, Bastos R, Coimbra MA. Physicochemical characterization, antioxidant capacity,
total phenolic and proanthocyanidin content of flours prepared from pequi (Caryocar brasilense Camb.) fruit by-
products. Food Chemistry. 2017;225:146—153. https://doi.org/10.1016/j.foodchem.2017.01.027

Santos J, Silva GF, Santos JAP, Junior AO. Processamento e avalia¢do da estabilidade da farinha de banana verde.
Exacta. 2010;8(2):219-224.

Sampaio JA, Silva FANG. Determinagdo das densidades de solidos ¢ de polpa. Tratamento de Minérios: Praticas
Laboratoriais. Rio de Janeiro: CETEM/MCTT; 2007, pp. 37-51.

Lutz IA. Normas analiticas do instituto Adolfo Lutz: Métodos quimicos e fisicos para analise de alimentos. Sdo Paulo:
SES/SP; 2008, 1020 p.

Sensing KM. Precise color communication — Color control from perception to instrumentation. Japan: Konica Minolta;
2007, 2-59.

19.Yemm EW, Willis AJ. The estimation of carbohydrates in plant extracts by anthrone. Biochemical Journal.

1954;57(3):508-514. https://doi.org/10.1042/bj0570508

20.Miller GL. Use of dinitrosalicylic acid reagent for determination of reducing sugar. Analytical Chemistry.

21.

22.

23.

1959;31(3):426-428. https://doi.org/10.1021/ac60147a030

Lichtenthaler HK. Chlorophylls and carotenoids: Pigments of photosynthetic biomembranes. Methods in Enzymology.
1987;148:350-382. https://doi.org/10.1016/0076-6879(87)48036-1

Waterhouse A. Folin-Ciocalteu micro method for total phenol in wine. Waterhouse Lab. [cited 2024 Jun 03]. Available
from: http://waterhouse.ucdavis.edu/phenol/folinmicro.htm

Francis FJ. Anthocyanins as Food Colors. In: Markakis P, editor. NY: Academic Press; 1982, pp. 181-207.

24.R Core Team. R: A language and environment for statistical computing. Austria; 2024, 3945 p.

13


https://doi.org/10.22491/rca.2019.3005
https://doi.org/10.19084/RCA17035
https://doi.org/10.34117/bjdv5n10-211
https://doi.org/10.1016/j.foodhyd.2013.12.001
https://doi.org/10.1016/j.bcdf.2015.04.001
https://doi.org/10.1016/j.bjp.2016.03.002
https://doi.org/10.36229/978-65-5866-168-9.CAP.14
https://doi.org/10.1016/j.foodhyd.2016.07.027
https://doi.org/10.1590/1807-1929/agriambi.v22n12p872-877
https://doi.org/10.1016/j.foodchem.2017.01.027
https://doi.org/10.1042/bj0570508
https://doi.org/10.1021/ac60147a030
https://doi.org/10.1016/0076-6879(87)48036-1
http://waterhouse.ucdavis.edu/phenol/folinmicro.htm

25.

26.

27.

28.

29.

30.

31.

32.
33.

34.

35.

36.

37.

38.

39.

40

41.

42.

43.

44,

45.

Macédo L.F. et al. Foods and Raw Materials, 2027; 15(1): 1-16

Lima ER, Matos TB, Sousa TR, Pereira 10, Pereira R, et al. Development and characterization of cookies using
passion fruit from the caatinga (Passiflora cincinnata Mast.). Food Science and Technology. 2021;42(3):1-6.
https://doi.org/10.1590/fst.56220

Martins IR, Amorim I, da Silva ESS, da Silva ESS, Amorim DS, Monteiro JS. Farinha da casca de maracuja (Passiflora
edulis f. flavicarpa): Obten¢ao e caracterizagcdo da composicao fisico-quimica. Ciéncia e Tecnologia dos Alimentos.
2021;11:31-38. https://doi.org/10.36229/978-65-5866-097-2.CAP.06

Rybka ACP, Lima AS, Nassur RCMR. Caracterizagdo da farinha da casca de diferentes cultivares de manga.
Enciclopédia Biosfera. 2018;15(27):12-21. https://doi.org/10.18677/EnciBio_2018A25

Pertiwi SR, Nurhalimah S, Aminuallah A. Optimization on process of ripe canistel (Pouteria campechiana)
fruit flour based on several quality characteristics. Brazilian Journal of Food Technology. 2020;23(2):1-8.
https://doi.org/10.1590/1981-6723.05619

Getahun E, Gabbiye N, Delele MA, Fanta SW, Gebrehiwot MG, et al. Effect of maturity on the moisture sorption isotherm
of chili pepper (Mareko Fana variety). Heliyon. 2020;6(8):04608. https://doi.org/10.1016/j.heliyon.2020.e04608

Instrug@o normativa — Regulamento técnico de identidade e qualidade da farinha de trigo. Ministério da Agricultura,
Pecuaria e Abastecimento. Brasilia: Didrio Oficial da Unido; 2005.

Cazarin CBB, Silva JK, Colomeu TC, Zollner RL, Maroéstica Jinior MR. Capacidade antioxidante e
composicdo quimica da casca de maracujd (Passiflora edulis). Ciéncia Rural. 2014;44(9):1699-1704.
https://doi.org/10.1590/0103-8478cr20131437

Damodaran S, Parkin KL. Quimica de Alimentos de Fennema. Porto Alegre: Artmed; 2018, 5 p.

Feitosa BF, Oliveira ENA, Oliveira Neto JO, Oliveira DB, Feitosa RM. Cinética de secagem dos
residuos da agroindustria processadora de polpa de frutas. Energia na Agricultura. 2019;34(01):134-141.
https://doi.org/10.17224/EnergAgric.2019v34n01p134-141

Jinkings LM, Gongalves IS, Silva ASS. Elaboragdo da farinha de Passiflora edulis Sims (Maracuja amarelo) a
partir do exocarpo e o estudo da composi¢do centesimal. Revista Arquivos Cientificos (IMMES). 2020;3:52-58.
https://doi.org/10.5935/2595-4407/rac.immes.v3n2p52-58

Datta S, Sinha BK, Bhattacharjee S, Seal T. Nutritional composition, mineral content, antioxidant activity and
quantitative estimation of water soluble vitamins and phenolics by RP-HPLC in some lesser used wild edible plants.
Heliyon. 2019;5(3):¢01431. https://doi.org/10.1016/j.heliyon.2019.e01431

de Aquino CM, Moreira LF, Mendes AHL, dos Santos NL, de Souza PA. Caracterizacdo fisico-quimica dos frutos
do Nim (Azadirachta indica A. Juss) verde e maduro. Research, Society and Development. 2020;9(7):e274973946.
https://doi.org/10.33448/rsd-v917.3946

Brasil IM, Siddiqui MW. Postharvest quality of fruits and vegetables: An overview. Preharvest
modulation of postharvest fruit and vegetable quality. NY: Academic Press; 2018, pp. 1-40.
https://doi.org/10.1016/B978-0-12-809807-3.00001-9

Barros SKA, de Souza ARM, Silva FS, Pires CRF, Damiani C, et al. Elaboragdo de massa alimenticia fresca sem
gluten enriquecida com farinha de residuo de agai (Euterpe oleracea Mart.) e bacaba (Oenocarpus bacaba Mart.).
Research, Society and Development. 2021;10(6):e1810613722. http://dx.doi.org/10.33448/rsd-v10i6.13722

Kurek M, Sokolova N. Optimization of bread quality with quinoa flour of different particle size and degree of wheat
flour replacement. Food Science and Technology. 2019;40(3):307—-314. https://doi.org/10.1590/fst.38318

. Narita IMP, Filbido GS, Ferreira BA, Pinheiro APO, Silva DC, et al. Bioacessibilidade in vitro de carotenoides e

compostos fenolicos e capacidade antioxidante de farinhas do fruto pequi (Caryocar brasiliense Camb.). Brazilian
Journal of Food Technology. 2022;25(1):¢2021068. https://doi.org/10.1590/1981-6723.06821

Emery KIJ, Parthasarathy MK, Joyce DS, Webster MA. Color perceptions and compensation in color deficiencies
assessed with hue scaling. Vision Research. 2021;183:1-15. https://doi.org/10.1016/j.visres.2021.01.006

Ferreira MD, Spricigo PC. Colorimetria— principios e aplicagdes na agricultura. In: Ferreira MD, editor. Instrumentagao
pos-colheita em frutas e hortalicas. Sdo Carlos: Embrapa Instrumentacao; 2017, pp. 209-220.

Sharma S, Katocha V, Kumar S, Chatterjee S. Functional relationship of vegetable colors and bioactive
compounds: Implications in human. The Journal of Nutritional Biochemistry. 2021;92:108615.
https://doi.org/10.1016/j.jnutbio.2021.108615

Raylson SM, Silva S, de Sousa ASB, Lima RP, Dantas AL, et al. Maturacéo e qualidade de frutos de mandacaru (Cereus
jamacaru P. DC.) de diferentes bioclimas do estado da Paraiba. Revista Agropecuaria Técnica. 2017;38(3):160—168.

Garrido IPC, Morais SKQ, Coutinho EB, Oliveira EA, Gouveia DS, et al. Avaliagédo da estabilidade de geleia de maracuja
adicionada da farinha da casca do maracuja e inulina por meio de indicadores fisicos, fisico-quimicos e microbioldgicos.
Research, Society and Development. 2022;11(11):e441111133902. https://doi.org/10.33448/rsd-v11111.33902

14


https://doi.org/10.1590/fst.56220
https://doi.org/10.36229/978-65-5866-097-2.CAP.06
https://doi.org/10.18677/EnciBio_2018A25
https://doi.org/10.1590/1981-6723.05619
https://doi.org/10.1016/j.heliyon.2020.e04608
https://doi.org/10.1590/0103-8478cr20131437
https://doi.org/10.17224/EnergAgric.2019v34n01p134-141
https://doi.org/10.5935/2595-4407/rac.immes.v3n2p52-58
https://doi.org/10.1016/j.heliyon.2019.e01431
https://doi.org/10.33448/rsd-v9i7.3946
https://doi.org/10.1016/B978-0-12-809807-3.00001-9
http://dx.doi.org/10.33448/rsd-v10i6.13722
https://doi.org/10.1590/fst.38318
https://doi.org/10.1590/1981-6723.06821
https://doi.org/10.1016/j.visres.2021.01.006
https://doi.org/10.1016/j.jnutbio.2021.108615
https://doi.org/10.33448/rsd-v11i11.33902

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61

62.

63.

64.

65.

66.

Macédo L.F. et al. Foods and Raw Materials, 2027; 15(1): 1-16

Monteiro SS, Ribeiro SR, Soquetta MB, Pires FJ, Wagner R, ef al. Evaluation of the chemical, sensory and volatile
composition of sapota-do Solimdes pulp at different ripening stages. Food Research International. 2018;109:159-167.
https://doi.org/10.1016/j.foodres.2018.04.033

Farias WC, Camara FMM, Silva FSO, Mendonga V, Pereira GA, et al. Qualidade de frutos da goiabeira cv. Paluma
submetida a podas de frutificagdo em diferentes épocas no municipio de Mossoré — RN. Nativa. 2017;5(1):5-8.
https://doi.org/10.31413/nativa.v5i1.3756

D’Abadia ACA, Costa AM, Faleiro FG, Rinaldi MM, de Oliveira LL, ef al. Determination of the maturation stage and
characteristics of the fruits of two populations of Passiflora cincinnata Mast. Revista Caatinga. 2020;33(2):349-360.
https://doi.org/10.1590/1983-21252020v33n208rc

Coelho AA, Cenci SA, Resende ED. Qualidade do suco de maracuja-amarelo em diferentes pontos de colheita e apds o
amadurecimento. Ciéncia e Agrotecnologia. 2010;34(3):722—729. https://doi.org/10.1590/S1413-70542010000300027

Moura GS, Schwan-Estrada KRF, Clemente E, Franzener G. Conservacdo pods-colheita de frutos de
maracuja-amarelo por derivados de capim-limdo (Cymbopogon citratus). Ambiéncia. 2016;12(2):667—682.
https://doi.org/10.5935/ambiencia.2016.02.11

Gongalves JQ, Silva MAP, Placido GR, Caliari M, Silva RM, ef al. Secagem da casca e polpa da banana verde (Musa
acuminata): Propriedades fisicas e funcionais da farinha. Global Science and Technology. 2016;9(3):62-72.

Nunes JS, Lins ADF, Gomes JP, Silva WP, Silva FB. Influéncia da temperatura de secagem nas propriedades fisico-
quimicas de residuos de abacaxi. Revista Agropecudria Técnica. 2017;1:41-46.

Vaz AFS, Martelleto LAP, Sousa ALF, Rosa RCC, Andrade GS, et al. Desempenho produtivo e qualidade dos frutos
do maracujazeiro cultivado em manejo organico sob mulching e sistema automatizado de irrigagdo. Research, Society
and Development. 2022;11(11):e166111032430. http://doi.org/10.33448/rsd-v11i110.32430

Santos DC, Oliveira ENA, Martins JN, Rocha APT. Secagem da polpa de caju em secador de leito de jorro. Revista
Brasileira de Tecnologia Agroindustrial. 2015;9(2):1875-1887. https://doi.org/10.3895/rbta.v9n2.2028

Dala-Paula BM, Gozzi W, Kringel D, Peloso EF, Custédio FB. Quimica e Bioquimica de Alimentos. Minas Gerais:
Universidade Federal de Alfenas; 2021, 260 p.

Cisternas-Jamet J, Salvatierra-Martinez R, Veja-Galvez A, Stoll A, Uribe E, et al. Biochemical composition as
a function of fruit maturity stage of bell pepper (Capsicum annuum) inoculated with Bacillus amyloliquefaciens.
Scientia Horticulturae. 2020;263:109107. https://doi.org/10.1016/j.scienta.2019.109107

Guimardes MLL, Viana EBM, da Silva LE, Zanuto ME, Souza CCE. Coprodutos agroindustriais de maracu;ja-
do-mato (Passiflora cincinnata Mast): Qualidade nutricional e funcional. Research, Society and Development.
2023;12(8):e4212842788. http://doi.org/10.33448/rsd-v12i8.42788

Leal L, Viana EBM, Ribeiro J, de Souza CCE, Zanuto ME. Potencial nutricional e funcional do maracuja-
do-mato (Passiflora cincinnata Mast.). Revista Brasileira de Agrotecnologia. 2021;11(2):1000-1007.
https://doi.org/10.18378/REBAGRO.V1212.8899

Dhakal S, Balasubramaniam VM, Ayvaz H, Rodriguez-Saona LE. Kinetic modeling of ascorbic acid degradation of
pineapple juice subjected to combined pressure-thermal treatment. Journal of Food Engineering. 2018;224:62-70.
https://doi.org/10.1016/j.jfoodeng.2017.12.016

Santos PHS, Silva MA. Retention of vitamin C in drying processes of fruits and vegetables — a review. Drying
Technology. 2008;26(12):1421-1437. https://doi.org/10.1080/07373930802458911

.Xavier VL, Feitoza GS, Barbosa JML, Araujo KSD, Silva MVD, et al. Nutritional and technological potential of

Umbu (Spondias tuberosa Arruda Cam) processing by-product flour. Anais da Academia Brasileira de Ciéncias.
2022;94(1):€20200940. https://10.1590/0001-3765202220200940

Volp ACP, Renhe IRT, Stringueta PC. Carotenoides: Pigmentos naturais como compostos bioativos. Revista Brasileira
Nutrig@o Clinica. 2011;26:291-298.

Silva MA, dos Santos CM, Vitorino HS, Rhein AFL. Pigmentos fotossintéticos e indice SPAD como descritores de
intensidade do estresse por deficiéncia hidrica em cana-de-agucar. Bioscience Journal. 2014;30(1):173—-181.

Macédo LF, Nascimento AM, da Silva JL, Lima BM, Formiga AS, et al. Bioativos em frutos de mandacaru
colhidos no sertdo paraibano. Brazilian Journal of Animal and Environmental Research. 2022;5(4):3544-3558.
https://doi.org/10.34188/bjaerv5n4-007

Nornberg ML, Pinheiro PN, Nascimento TCD, Fernandes AS, Noérnberg MFB, et al. Compostos bioativos
em manteigas: Carotenoides e acidos graxos. Brazilian Journal of Development. 2022;8(2):10270-10288.
https://doi.org/10.34117/bjdv8n2-122

Silva LR, Silveira MR, Alves Pereira RC, Aguiar Bezerra MG. Composicao fisico-quimica e bioativa dos frutos de
Passiflora tenuifila Killip (maracuja-alho). Revista Cubana de Plantas Medicinales. 2019;24(1).

15


https://doi.org/10.1016/j.foodres.2018.04.033
https://doi.org/10.31413/nativa.v5i1.3756
https://doi.org/10.1590/1983-21252020v33n208rc
https://doi.org/10.1590/S1413-70542010000300027
https://doi.org/10.5935/ambiencia.2016.02.11
http://doi.org/10.33448/rsd-v11i10.32430
https://doi.org/10.3895/rbta.v9n2.2028
https://doi.org/10.1016/j.scienta.2019.109107
http://doi.org/10.33448/rsd-v12i8.42788
https://doi.org/10.18378/REBAGRO.V12I2.8899
https://doi.org/10.1016/j.jfoodeng.2017.12.016
https://doi.org/10.1080/07373930802458911
https://doi.org/10.34188/bjaerv5n4-007
https://doi.org/10.34117/bjdv8n2-122

67.

68.

69.
70.

71.

72.

Macédo L.F. et al. Foods and Raw Materials, 2027; 15(1): 1-16

Gomes SF, Silva FC, Pinheiro-Volp AC. Efeito do consumo de frutas ricas em flavonoides sobre mediadores
inflamatérios, bioquimicos e antropométricos relacionados ao metabolismo energético. Nutricion Clinica y Dietética
Hospitalaria. 2016;36(3):170—-180. https://doi.org/10.12873/363gomes

de Souza PG, Pantoja L, dos Santos AS, Marinho HA, Silva JBA. Avalia¢do fisico-quimica da farinha de
pupunha (Bactris gasipaes Kunth) para uso alimenticio. Brazilian Journal of Science. 2022;1(2):65-74.
https://doi.org/10.14295/bjs.v1i2.37

Borges LP, Amorim VA. Metabdlitos secundarios de plantas. Revista Agrotecnologia. 2020;11(1):54—67.

Seraglio SKT, Schulz M, Nehring P, Della Betta F, Valese AC, et al. Nutritional and bioactive potential of Myrtaceae
fruits during ripening. Food Chemistry. 2018;239:649-656. https://doi.org/10.1016/j.foodchem.2017.06.118

Fawole OA, Opara UL. Changes in physical properties, chemical and elemental composition and antioxidant
capacity of pomegranate (cv. Ruby) fruit at five maturity stages. Scientia Horticulturae. 2013;150:37-46.
https://doi.org/10.1016/j.scienta.2012.10.026

do Nascimento AM, da Costa FB, da Silva JL, de Santos KP, Gadelha TM. Composi¢do centesimal e teores de agucares
da farinha de pimentdo verde. Revista Verde de Agroecologia e Desenvolvimento Sustentavel. 2018;13(4):568-571.
https://doi.org/10.18378/rvads.v13i4.5765

ORCID IDs

Larissa F. Macédo https://orcid.org/0000-0002-3854-6397
Toshik I. da Silva  https://orcid.org/0000-0003-0704-2046

Adila S. Lacerda https://orcid.org/0009-0007-4739-7761

Giuliana Nayara B. Sales https://orcid.org/0000-0002-4909-6774
Ana Clara F. Siqueira https://orcid.org/0009-0003-8052-3062
Brencarla de M. Lima https://orcid.org/0000-0003-4159-2949
Franciscleudo B. da Costa https://orcid.org/0000-0001-6145-4936

16


https://doi.org/10.12873/363gomes
https://doi.org/10.14295/bjs.v1i2.37
https://doi.org/10.1016/j.foodchem.2017.06.118
https://doi.org/10.1016/j.scienta.2012.10.026
https://doi.org/10.18378/rvads.v13i4.5765
https://orcid.org/0000-0002-3854-6397
https://orcid.org/0000-0002-3854-6397
https://orcid.org/0000-0003-0704-2046
https://orcid.org/0000-0003-0704-2046
https://orcid.org/0009-0007-4739-7761
https://orcid.org/0009-0007-4739-7761
https://orcid.org/0000-0002-4909-6774
https://orcid.org/0000-0002-4909-6774
https://orcid.org/0009-0003-8052-3062
https://orcid.org/0000-0003-4159-2949
https://orcid.org/0000-0003-4159-2949
https://orcid.org/0000-0001-6145-4936
https://orcid.org/0000-0001-6145-4936

	Nora Gabriela Herrera1,*￼, Nelson Adrián Villacrés2￼, 
Lizbeth Aymara1￼, Viviana Román1￼, Mayra Ramírez1￼
	Olga N. Bugaets2,*￼, Ivan A. Bugaets1￼, Elena A. Kaigorodova2￼, Sergey V. Zelentsov3￼, Natalia A. Bugaets1￼, Evgeny O. Gerasimenko1￼, Elena A. Butina1￼
	Maria A. Perevozchikova*￼, Igor A. Domsky￼, Alexey A. Sergeyev￼
	Mariia V. Romanova￼, Anastasiia N. Dolbunova￼, Yulia M. Epishkina￼, 
Svetlana A. Evdokimova￼, Mikhail R. Kozlovskiy￼, Alexander Ye. Kuznetsov￼, 
Natalya Yu. Khromova￼, Andrey V. Beloded*￼
	Coffee pulp pretreatment methods: A comparative analysis
of hydrolysis efficiency
	Do Viet Phuong*￼, Luu Thao Nguyen￼
	The effect of post-packaging pasteurization 
on physicochemical and microbial properties of beef ham

	Nasim Azizpour1,*￼, Seyed Hadi Razavi2￼, Mehran Azizpour3￼, Esmail Khazaei Poul1￼
	Ahmed M. S. Hussein1￼, Hala A. Abd El-Aal2, 
Nahla M. Morsy2, Mohamed M. Hassona2,3,*
	Edicson Mauricio Rincón Soledad, Mónica Alejandra Arredondo Nontién, 
Jose Wilson Castro￼, Dursun Barrios￼, Sandra Milena Vásquez Mejía*￼
	Major food-borne zoonotic bacterial pathogens 
of livestock origin: Review

	Fuad Zenu, Tesfaye Bekele*￼
	Fermented buttermilk drinks fortified by plant raw materials
	The phytochemical composition of Kuzbass medicinal plants studied by spectrophotometry and chromatography
	Optimizing the utilization of pomelo 
(Citrus maxima (Brum.) Merr.) seeds as a quality dietary fiber
	UAV imagery, advanced deep learning, and YOLOv7 
object detection model in enhancing citrus yield estimation
	Stabilizing fish oil during storage with Satureja bachtiarica Bunge
	BOX-PCR and ERIC-PCR evaluation for genotyping 
Shiga toxin-producing Escherichia coli and Salmonella enterica serovar Typhimurium in raw milk
	Multi-objective development of novel egg free cakes using 
quinoa protein and its quality attributes
	Ultra-high-pressure homogenization in chicory root juice production
	Aurelia aurita jellyfish collagen: Recovery properties
	Red wines from the Mostar area: Physicochemical, antioxidative, 
and antimicrobial properties
	Physicochemical, rheological, and microbiological properties 
of honey-fortified probiotic drinkable yogurt
	Lycopene from tomato biomass: Extraction and stabilization
	Innovative physical techniques in freeze-drying
	Extraction methods: Effects on the contents of bioactive compounds and anti-oxidant activity of Coriolosis aspera mycelia
	Autumn and winter diet of wood pigeon (Columba palumbus) 
in the Central Ciscaucasia
	Synergistic interaction between Azotobacter 
and Pseudomonas bacteria in a growth-stimulating consortium
	Barnûf leaves: antioxidant, antimicrobial, antidiabetic, 
anti-obesity, antithyroid, and anticancer properties
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack

