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A B S T R A C T

Passiflora setacea is a wild species of passion fruit with interesting functional properties. Fruit seasonality de-
mands conservation methods to enable its consumption throughout the year. We evaluated High Temperature
Short Time (HTST) and Low Temperature Long Time (LTLT) binomials on physical, chemical, antioxidant and
sensory characteristics of Passiflora setacea pulps. In natura (IN) and pasteurized pulps were analysed for DPPH,
FRAP, ORAC, total phenolic content (TPC), vitamin C, bioactive amines, flavonoids, color, remaining enzymatic
activity (REA), microbiological analyzes, sensory evaluation and physical stability. All binomials reached mi-
crobiological standards. Binomials 82 °C/20 s and 82 °C/40 s were selected for providing higher total antioxidant
activity (TAA), TPC and lower REA. The highest levels of antioxidant activity, flavonoids, vitamin C were kept by
82 °C/20 s, without difference from IN pulp. LTLT binomial showed higher retention of bioactive amines, but
also higher REA. Sensory acceptance was not affected by the binomials but pasteurized-cooked flavor was more
checked for 82 °C 40 s than IN pulp.

1. Introduction

The study of ecosystems and their species contribute to food and
nutritional security. Among the native plants of the Brazilian savannah,
the botanical genus Passiflora stands out by presenting great diversity of
species and varieties. It is believed that there are more than 400 species
found naturally in tropical America, of which approximately 150 occur
in Brazil and 70 produce edible fruits (Faleiro, Junqueira, & Braga,
2005).

The native and wild species of Passiflora have great potential for in
natura (IN) consumption, as ornamental plant, medicinal, functional
food and use by the cosmetic and food industries thanks to the variety
of compounds found (Perdomo, 2016). Despite the richness of diversity
and benefits, only the species Passiflora edulis Sims, the regular passion
fruit, is produced on a commercial scale, as processed juice. The species
Passiflora setacea, from the Brazilian savannah, presents great potential
for consumption due to the pleasant and sweet aroma of the fruits.
According to popular knowledge, leaves and fruits of this plant would
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also present tranquilizing properties, which gave rise to the common
name of the species “sleep passion fruit” (Vieira, 2010).

Passiflora setacea had its first variety, BRS Pérola do Cerrado,
launched in 2013 by Embrapa Cerrados (Brazilian Agricultural
Research Corporation, Brazilian Savannah) an ecoregional research
center focused on the sustainable development of agriculture in the
Cerrado Biome. It is considered an important source of antioxidants and
bioactive compounds, such as phenolic compounds and bioactive
amines, according to the research by Embrapa Cerrados and Passitec-
Technological development for functional use of wild passifloras
Network (Costa et al., 2008; Bomtempo, 2011; Gadioli, 2017).

Some studies from Passitec Network have elucidated the functional
properties of Passiflora setacea. The immunomodulatory effects of the
consumption of Passiflora setacea juice by overweight volunteers were
evaluated by Duarte (2015). Higher phagocytosis of pathogens and
tumor cells has been reported in the presence of phenolic compounds,
suggesting that the immune system is more efficient due to the acute
consumption of Passiflora setacea juice. However, seasonality impairs
fruit availability along the year and processing is necessary to enhance
the consumption by urban population. Processing promotes the pro-
longation of the shelf life and food safety. However, it can alter the
composition of foods and interfere in the interactions between food
constituents. Pasteurization, particularly, has a positive impact by in-
activating undesirable enzymes and antinutritional factors, and pro-
moting microbiological safety. The destabilization of pectin by the
pectinesterase enzyme found in the pulp causes viscosity decrease and
phase separation, impairing juice quality (Kimball, 1991, chap. 8;
Corrêa Neto & Faria, 1999). For this reason, the inactivation of that
enzyme is target to design the thermal process. However, the negative
impact with respect to nutrient losses (Correia, Faraoni, & Pinheiro-
Santana, 2008) must be evaluated as a side effect, as the functional
properties of Passiflora setacea pulp depend on the retention of bioactive
compounds after pasteurization.

On the other hand the systematic review by the authors Al-Suhaimi
et al. (2018) concluded that several conventional processing methods
have significant effects on natural antioxidants in fruits and vegetables.
Thermal processing procedures such as roasting, blanching, drying and
pasteurization can be harmful to bioactive compounds. However, some
studies have found that thermal damage to bioactive compounds does
not reduce the overall antioxidant characteristics of food products. Non-
thermal procedures (UV, pulsed electric field, high hydrostatic pressure,
irradiation and combined non-thermal methods) do not significantly
deteriorate phytochemicals important for health promotion and in
some cases may improve their activity and availability.

Therefore, the goal of this work was to evaluate the effect of HTST
and LTLT binomials on physical, chemical, antioxidant and sensory
characteristics of Passiflora setacea pulps. This work will provide in-
formation on viability to consume this passiflora, as an important source
of bioactive compounds along the year, thus improving its contribution
to a healthy and functional diet.

2. Material and methods

2.1. Obtention of Passiflora setacea pulp

Passiflora setacea BRS Pérola do Cerrado was harvested in Embrapa
Cerrados experimental field, Planaltina, Brasília, DF, with approximate
altitude of 1050 m. The fruits were obtained from the dry season crop of
2016. The process of obtaining Passiflora setacea pulp was carried out in
seven stages, the first was the reception of the raw material, later
washing and disinfection, selection, cutting and removal of pulp, pulp
packaging, finally cold storage at −18 °C.

2.2. Pasteurization of Passiflora setacea pulp

The pulp was submitted to thermal treatment in the HTST

pasteurization system (Fig. 1 of the Supplementary Material) of the
Embrapa Cerrados Food Science and Technology Laboratory (Celestino
& Sanchez, 2018). The system consisted of three stages: heating, tem-
perature maintenance and cooling. The pasteurization system was
thoroughly sanitized with 3% peracetic acid before and after the op-
erations. Water at 55 °C was pumped to stabilize the system flow with
the expulsion of air from the pipeline. Then the pulp was pumped and
entered the heating stage, where it was circulated in a cylindrical chiller
of 9 m in form of serpentine and 0.6 cm of internal diameter, immersed
in a hot bath of vegetable oil. The chiller output had a flow rate of
36.0 mL/s, with the residence time being 7.0 s.

The temperature of the oil bath was 215, 220, 230 °C and the re-
spective pulp temperature was 72, 77, 82 °C at the exit from the heating
stage.

After leaving the heating stage, the pulp immediately entered the
temperature maintenance stage, consisting of a water bath and cy-
lindrical chillers in the form of a serpentine of 0.6 cm internal diameter.
Binomials formed by combining temperatures of 72 and 82° C and
equivalent times 20, 40, 75 and 300 s were tested. The residence time
(pasteurization time) of the pulp in the bath varied according to the
length of the chillers used (Table 1 of the Supplementary Material).
After pasteurizing, the pulp was immediately cooled in the third stage
(cooling). The pasteurized pulp was pumped into a 15 m serpentine
cylindrical chiller, which was dipped in a 40% alcohol solution at
−5 °C. The flow rate at the chiller output was 9 mL/s with the cooling
time being at 47 s. The pulp exit temperature of this stage ranged from
6 to 8 °C. However, for the longer pasteurization time, the use of the
HTST pasteurization system was not feasible. Thus, the pulp was placed
in a vessel and heated rapidly to the desired temperature which was
held for 300 s and immediately cooled in the third stage of the pas-
teurizing system as described above. The pulp was also subjected to a
LTLT pasteurization at 63 °C/30 min, and was also immediately cooled
in the third stage of the pasteurizing system as described above.

2.3. Evaluation of the quality of Passiflora setacea pulp submitted to
pasteurization

The quality evaluation of Passiflora setacea pulp submitted to pas-
teurization was divided into two stages. In the first stage, we de-
termined the time/temperature binomial that maintained the anti-
oxidant properties and promoted enzymatic inactivation. In the second
stage, we evaluated antioxidant properties, flavonoids profile, micro-
bial load with the binomials chosen from the first stage (Fig. 2, sup-
plementary material).

In the first stage, the different HTST pasteurization binomials
formed by the combination of the temperatures of 72 and 82 °C and
equivalent times 20, 40, 75 and 300 s, besides the binomial 63° C/
30 min (LTLT pasteurization) were compared. The total antioxidant
activity (TAA) variables expressed in EC50, total phenolic content
(TPC), remaining enzymatic activity (REA) and physical stability were
considered.

The binomials selected in the second stage were evaluated for mi-
crobiological quality (mold and yeast counts, thermotolerant coliforms
and aerobic mesophiles, presence of Salmonella spp.), coloration, vi-
tamin C and TPC, flavonoids and bioactive amines contents, TAA,
DPPH, ferric reducing antioxidant power, (FRAP) and oxigen radical
absorbence capacity (ORAC), besides sensory acceptance and de-
scriptive profile. IN pulp was analyzed in the two stages of the ex-
periment.

2.3.1. Total antioxidant activity (TAA)
TAA of Passiflora setacea pulp was evaluated in the first and second

stages of the experiment. In the first stage, it was determined by the
oxidant activity reduction of DPPH radical (Brand-Wiliams, Cuvelier, &
Berset, 1995) in 50% (EC50). In the second stage, TAA was evaluated by
DPPH, FRAP and ORAC, expressed as equivalent trolox per gram fresh
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weight (μmol TE g−1). The extracts were obtained from 10 g of pulp
with 10 g of the sample, 40 mL of 50% methanol (methanol: distilled
water, 50:50, v/v) were added, homogenized and allowed to stand for
60 min at room temperature and out of the light and finally 40 mL of
70% acetone (acetone: distilled water, 70:30, v/v) were added
(Larrauri, Rupérez, & Saura-Calixto, 1997).

2.3.1.1. DPPH method. TAA of the bioactive compounds presented in
Passiflora setacea pulp was determined by the oxidant activity reduction
of DPPH radical (Brand-Wiliams et al., 1995) in 50% (EC50). From the
extract, five different dilutions were prepared 50; 100; 200; 300 and
400 mg of extract/L. In a dark environment, a 1.0 mL aliquot of each
dilution of the extract, in triplicate, was charged with 3.0 mL of
0.06 mM DPPH root solution and homogenized. Absorbance readings at
515 nm of the dilutions were monitored every minute, with absorbance
reduction being observed until stabilization. The final value after
stabilization was noted. The absorbance of a control solution
consisting of 1.0 mL of methanol and 3.0 mL of DPPH solution was
also determined. The % reduction between dilution and control was
expressed according to Eq. (1).

= − ∗R Abs Abs
Abs

100C D

C (1)

in which:
R = % DPPH reduction;
AbsC: absorbance control;
AbsD: absorbance dilution.
From the values obtained, a graph of % DPPH reduction x con-

centration in mg extract/L was constructed. For the calculation of the
EC50 the straight equation was used, replacing the value % reduction by
50 to obtain the concentration of the extract with capacity to reduce in
50% the activity of DPPH radicals. Lower values of EC50 represented
higher values of antioxidant capacity of the pasteurized pulp.

The analysis of antioxidant activity by FRAP was determined by the
method proposed by Benzie and Strain (1996) and with some mod-
ifications made by Pulido, Bravo, and Saura-Calixto (2000), the ab-
sorbance being measured at 595 nm.

The analysis of antioxidant activity by the ORAC method was con-
ducted by the method proposed by Wang, Cao & Prior (1997), with
some modifications made by Prior, Wu, and Schaich (2005), by using as
working solution the fluorescein, left at 37 °C for 5 min and finely the
addition of 2,2′-Azobis(2-amidinopropane) dihydrochloride (AAPH).
The absorbance readings were between 450 and 500 nm and the
emission readings were between 510 and 550 nm.

2.3.2. Total phenolic content (TPC)
The pulp extracts were obtained according to the method proposed

by Larrauri et al. (1997) as performed for the determination of anti-
oxidant activity. The analyzes were performed in triplicate. The vo-
lumes of 1 mL of extract, 1 mL of Folin Ciocalteau (1:3), 2 mL of 20%
sodium carbonate, and 2 mL of distilled water were homogenized in a
tube shaker and then allowed to stand for 30 min in the dark. The
absorbance readings were done at 700 nm. The standard curve was
obtained from six dilutions with 0, 10, 20, 30, 40 and 50 μg of gallic
acid. The value of TPC was determined by mg gallic acid eq/100 g fresh
weight.

2.3.3. Remaining enzymatic activity
According to Versteeg, Rombouts, Spaansen, and Pilnik (1980),

pectin esterase from acid fruit pulps is more thermally resistant than
deteriorating microorganisms and the peroxidase enzyme, which is
responsible for changes in taste and aroma. For this reason, the in-
activation of pectin esterase is used as a parameter to define time and
temperature of the pasteurization process at which pulp or juice should
be submitted (Badolato, 2000). The enzymatic activity analysis was
performed in triplicate, according to the method proposed by Rouse and

Atkins (1955, chap. 2) with modification proposed by Collet, Shigeoka,
Badolato, and Tadini (2005), using Thermo Fisher Scientific Star pH-
orion pot A211. Four mL of pulp were added to 40 mL of 0.1% aqueous
solution of apple pectin (Sigma-P8471, 72% methoxylation degree), pH
7 and temperature of 33 °C. The pH of the mixture was recorded after
40 min, time needed for the stabilization. The pectin esterase activity
was obtained by the difference between the initial pH (7,0) and pH after
40 min, considering the difference of 0.01 equivalent to 1 U. The value
of the enzymatic activity was determined as U/mL of pulp. The re-
maining enzymatic activity of pectinesterase (REA) was obtained by Eq.
(2).

= − − ∗REA 100 (EANP EAPP)
EANP

100 (2)

in which:
REA = Remaining enzymatic activity, %;
EANP = Enzymatic activity of in natura pulp, U/mL;
EAPP = Enzymatic activity of pasteurized pulp, U/mL.

2.3.4. Physical stability
Samples of juice prepared with fresh and pasteurized pulp in the

proportion 33:67 of pulp and water (De Carvalho, de Oliveira, & Costa,
2018), were submitted to sedimentation tests. For the measurement of
the physical stability, a method similar to that of Godoy, Antunes, and
Zonta (1998) was applied. Samples of 25 mL of juice were placed in
graduated plastic tubes with a 50 mL cap and illuminated by a cold
lamp and allowed to stand for 24 h at room temperature. The clarified
volume was observed. The stability tests were done in triplicate and the
results expressed in mL/100 mL.

2.3.5. Microbiological analyzes
Microbiological analyzes were performed for IN pulps and pas-

teurized pulps in the selected binomials to ensure a safe food (ANVISA,
2001; MAPA, 2003). Molds and yeasts, aerobic mesophylls, total and
thermotolerant coliforms and Salmonella spp. were evaluated.

2.3.6. Color
The pulp color of Passiflora setacea was measured using the

MiniScan® EZ Spectrophotometer (HunterLab, Reston, United States),
obtaining the values of the coordinates L, a and b of the Hunter system.
From the values of the coordinates L, a and b, the parameters related to
hue angle (h°, Eq. (3)), chroma (C, Eq. (4)) and browning index (BI, Eqs.
(5) and (6)) (Castañón, López-Malo, & Argaiz, 1999; Francis, 1975;
Maskan, 2001) were calculated.

= ⎛
⎝

⎞
⎠

g b
a

h arctan0
(3)

= +C a b2 2 (4)

= −BI [100(x 0.31)]
0.17 (5)

in which:

= +
+ −

L
L

x (a 1.75 )
(5.645 a 3.012b) (6)

2.3.7. Vitamin C
Vitamin C was quantified by liquid chromatography analysis on the

Shimadzu® HPLC equipment with a model LC-10AT VP high-pressure
pump, a model SIL-10AF autosampler, and a SPD-M10A UV visible
diode matrix detector (Shimadzu®, Kyoto, Japan). A Lichospher 100
RP18, 250 mm, 4 mm, 5 mm column (Merck, Germany) was used.
Ascorbic acid (AA) content was determined before conversion of de-
hydroascorbic acid (DHA) and then total Vitamin C after conversion of
DHA. The samples were kept protected from light at room temperature.
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The mobile phase was composed of 1 mM monobasic sodium phosphate
(NaH2PO4) and 1 mM EDTA, pH adjusted to 3.0 with phosphoric acid
(H3PO4), in isocratic elution at a flow rate of 1 mL/min. Detection was
performed at 245 nm and ascorbic acid was used as a standard, with a
curve ranging from 0 to 100 µL/mL (De Carvalho et al., 2018).

2.3.8. Bioactive amines
All extracts were analyzed according to the methodology described

by Fiechter, Sivec, and Mayer (2013) for the determination of bioactive
amines, which were quantified by liquid chromatography. Initially,
extracts were derived by the reaction of 6-aminoquinolyl-N-hydro-
xysuccinimidyl carbamate (AQC) using the Waters AccQ.Fluor® kit
(Waters Corporation, 1993). A pre-column was used for the derivation
and then filtered through a 0.20 μm pore filter (Whatman®, GE
Healthcare, UK). Five μL of the extract were neutralized with 35 μL of
AccQ.Fluor® borate buffer and 10 μL of AQC reagent, finally the sam-
ples were heated at 55 °C for 10 min in a water bath to complete the
bypass reaction. The results were expressed in mg/kg. Amines were
identified and quantified in a Waters Acquity Ultra Performance LC
(UPLC®) liquid chromatograph (Waters, Milford, MA, USA) equipped
with an Acquity® tunable ultraviolet detector (TUV) (Waters, Milford,
MA, USA) at 249 nm. For separation, an Acquity UPLC® BEH C18 re-
verse phase column (2.1 × 50 mm, 1.7 μm) was applied. Mobile phases
were (A) 0.1 mol/L sodium acetate buffer in ultrapure water with pH
adjusted to 4.8 with acetic acid and (B) acetonitrile. The sample in-
jection volume in the column was 2 μL, and flow rate was set at 0.8 mL/
min and the gradient was: 13 min at 11% B, 19 min at 30% B, 24 min at
11% B and 45 min at 11% B.

2.3.9. Flavonoids quantification
Flavonoids were quantified according to the method applied by De

Carvalho et al. (2018). Briefly, extracts were obtained by mixing 5 g of
pulp and 10 mL of ethanol: water (1:1) solution. One-mL of the extract
was mixed to 0.2 mL of methanol 50% with HCl (1.2 N) and tert-bu-
tylhydroquinone (TBHQ, 0.4 g/L) to get flavonoid aglycones, sonicated
and filtered through a HV 0.45 mm millex filter. a Shimadzu® HPLC
system, equipped with a high-pressure pump model LC-10AT VP, an
autosampler model SIL-10AF and UV visible diode array detector model
SPD-M10A (Shimadzu®, Kyoto, Japan) was used to separation, identi-
fication and quantification. Chromatograms were obtained by using
270, 340 and 380 nm wavelengths. Mobile phases were (A) Water:
Tetrahydrofuran: Trifluoroacetic Acid (99.79:0.2:0.01) and (B) Acet-
onitrile. For vitexine, isovitexine, orientin and isoorientine, running
was carried out with 80% A 20% B, with a flow rate of 0.5 mL/minute
for 25 min. For hesperitin, the flow of 0.7 mL/min for 25 min was used
with 70% A, 30% B.

2.4. Sensory analysis

One-hundred and forty evaluators were recruited by filling out a
questionnaire related to demographic data (age, sex, educational level)
and consumption patterns of fresh or industrialized passion fruit nec-
tars. Only consumers with a minimum consumption of once a month
were included in the study.

Acceptance and Check all that Apply (CATA) tests were performed
at the laboratory of Dietetic Technique at University of Brasília, College
of Health Sciences. After signing the informed consent form and com-
pleting the enrollment form, consumers carried out the sensory tests.
Participants received approximately 30 mL of each of the four samples
(IN and pasteurized in the binomials of 82 °C/20 s, 82 °C/40 s and
63 °C/30 min), at a temperature of 10 ± 1 °C, served in a plastic cup
marked with a three-digit random code numbers. Samples were pre-
sented to consumers in a monadic sequence, in randomized complete
blocks. Water and unsalted crackers were served along with the samples
to clean the taste buds. Acceptance test of Passiflora setacea pulp was
performed by using the 9-point structured hedonic scale after which the

taster was instructed to complete the CATA form. CATA test was used
for descriptive characterization of Passiflora setacea pulps. The CATA
method consists in presenting samples to be evaluated accompanied by
a list of predefined descriptors. Descriptors considered adequate to
describe the product must be checked by the taster (Varela & Ares,
2012).

The descriptors were determined in a previous session, in which 15
evaluators received 3 pairs of samples, comprising IN and a pasteurized
pulp. Evaluators were asked to compare the samples concerning their
differences and similarities and come up with attributes to describe the
samples.

2.5. Experimental design and statistical analysis

A completely randomized design was used, with three replicates. In
the first step, techniques of analysis of variance (ANOVA) and regres-
sion analysis was used to estimate statistical parameters for calculating
the dependent variables EC50, TPC and REA in the conditions of tem-
perature and time of the factorial design 2 × 5, being 2 temperatures
(72 and e 82 °C) and 5 times (zero, 20, 40, 75 e 300 s).

For the second step, the data of quality analyzes were completely
randomized, totaling 4 treatments, IN pulp, LTLT pasteurization (63 °C/
30 min) and HTST (82/20 and 82/40). Analysis of variance (ANOVA)
was carried out (p < 0.05), followed by the Tukey averages compar-
ison test, when significant. At this step, Principal Component Analysis
(PCA) was performed.

ANOVA was also applied to acceptance data. The frequency of use of
each descriptor by CATA method was determined by counting the
number of tasters that used that descriptor to characterize each sample,
thus obtaining the global frequency table of attributes per sample. The
Cochran Q test followed by correspondence analysis were used. The
Cochran's Q test is a non-parametric statistical test used for randomized
block analysis with binary variables (Varela & Ares, 2012), which was
used to assess whether consumers perceived significant differences
between samples.

3. Results and discussion

The definition of the pasteurization binomials was based primarily
on higher TAA, TPC and lower REA. IN pulp of Passiflora setacea pre-
sented total antioxidant activity in EC50, TPC and REA of 404.74 mg/L,
52.12 mg/100 g and 100%, respectively. LTLT pasteurization presented
465.00 mg/L, 49.91 mg/100 g and 70% for TAA, TPC and REA, re-
spectively.

Table 1 shows the adjusted regression equations and respective
determination coefficients for TAA (EC50 in mg/L), TPC (mg/100 g) and

Table 1
Adjusted regression equations and respective determination coefficients for
TAA (EC50, mg/L), total phenolic content (mg/100 g) and REA (%) in Passiflora
setacea pulp subjected to HTST at temperatures of 72 and 82 °C, for 0, 20, 40, 75
and 300 s.

Temperature (°C) Adjusted equation R2 SEE

Total antioxidant activity (EC50, mg/L)
72 ̂ =

+ − −y
e x

1041.913
1 ( ( 42.565) 94.573)

0.99 17.259

82 ̂ =
+ − −y

e x
1006.141

1 ( ( 19.815) 37.177)
0.98 34.823

Total phenolic content (mg/100 g)
72 ̂ = + −ey 31.323 21.863 x( 0.014 ) 0.98 1.768

82 ̂ = + −ey 29.956 22.697 x( 0.018 ) 0.98 1.863

Remaining enzymatic activity (REA, %)
72 ̂ = + −ey 47.866 53.428 x( 0.032 ) 0.98 4.273

82 ̂ = + −ey 44.597 55.215 x( 0.041 ) 0.98 4.779

SEE = Standard error of estimate.
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REA (%) in Passiflora setacea pulp subjected to HTST at temperatures of
72 and 82 °C, for 20, 40, 75 and 300 s.

It is worth noting that lower values of EC50 represented higher va-
lues of antioxidant capacity of the pasteurized pulp. Regardless of
temperature, reductions in TAA, TPC and REA were observed as heat
treatment time was increased.

A more pronounced reduction in the TAA and TPC was observed
when the times equivalent to 75 and 300 s were adopted, in the tem-
peratures of 72 and 82 °C. EC50, TPC and REA values were estimated
from the regression equations presented in Table 1. When the different
binomials resulting from the combinations between the temperatures of
72 and 82 °C and the times of 75 and 300 s were adopted, estimated
values of EC50 and TPC, between 609.00 and 1.006.00 mg/L and be-
tween 30.00 and 39.00 mg/100 g were obtained, respectively (Table 2
of the Supplementary Material). On the other hand, when the times
equivalent to 20 and 40 s associated with the different temperatures
were adopted, TAA and TPC content were estimated between 459.00
and 637.00 mg/L and between 41.00 and 49.00 mg/100 g, respectively.
Thus, the adoption of the 20 and 40 s times allowed higher TAA and
higher TPC, which are variables that represent the functional quality of
the pulp. Regarding REA, the highest estimated value was obtained
when the 72 °C/20 s binomial was adopted, being equivalent to
76.03%. On the other hand, when the temperature of 82 °C associated
with the times of 20 and 40 s was adopted, REA was estimated in 68.91
and 55.31%, respectively.

Next, the physical stability of Passiflora setacea pulps submitted to
the binomials 72 °C/20 s, 72 °C/40 s, 82 °C/20 s and 82 °C/40 s, besides
the binomial referring to the slow pasteurization (63 °C/30 min), was
evaluated (Fig. 3, Supplementary Material). The pasteurized pulps
adopting the times of 20 and 40 s and temperature of 82 °C were those
that presented higher physical stability, and average values equivalent
to 48.7 and 41.3 mL of the clarified phase per 100 mL, respectively,
were obtained. However, for the binomials 72 °C/20 s and 72 °C/40 s,
mean values were equivalent to 72.0 and 60.0 mL/100 mL, respec-
tively. When the binomial 63 °C/30 min (LTLT) was analyzed, 59.3 mL/
100 mL was obtained. The treatments 82 °C/20 s, 82 °C/40 s were se-
lected to continue with further tests together with 63 °C/30 min, for
maintaining a high content of TAA, TPC and a reduction in the REA.
Although the pasteurization 63 °C/30 min showed a more intense se-
paration of phases, the selection of this binomial is justified for it is a
non-costly process for the producer, in terms of non-acquisition of
tubular pasteurizer, necessary equipment for the application of the
other two binomials.

Microbiological analysis was performed to verify the effect of bi-
nomials 82 °C/20 s, 82 °C/40 s and 63 °C/30 min on the reduction of the
microbial load of the pulp (Table 2). The pasteurization of the pulp in
the three binomials provided a reduction of counts of molds, yeasts and
aerobic mesophiles below the minimum limit of detection (ANVISA,
2001). No total coliforms, thermotolerant coliforms and Salmonella spp.
were detected in Passiflora setacea pulp, whether pasteurized or not.

The effect of pasteurization binomials on color, vitamin C, anti-
oxidant analysis, TPC, flavonoids and bioactive amines is presented in
Table 3. The saturation of color decreased with all thermal treatments,
indicating the likely formation of pigments that interfere with the ori-
ginal color. LTLT also resulted in a significant increase in the browning

index, emphasizing the effect of the time on non-enzymatic browning
reactions (Ling, Tang, Kong, Mitcham, & Wang, 2015).

Regarding vitamin C retention, there was a significant difference in
all treatments compared to IN pulp and also between all binomials.
HTST 82 °C/20 s treatment showed retention of 93.25%, followed by
the LTLT treatment, with 87.7%, and HTST 82 °C/40 s treatment, which
presented retention of 81.7%. In spite of the significant differences, the
retention of vitamin C represented at least 100% of Estimated Average
Requirement (EAR) of vitamin C which is 90 mg/day for adult men and
75 mg/day for adult women (Institute of Medicine, 2000).

Significant differences between treatments and IN pulp were shown
regarding TPC. The HTST treatment at 82 °C/20 s and LTLT presented
the highest retention values (about 83%), whereas the HTST treatment
at 82 °C/40 s showed retention of 66.6% for TPC. Regarding flavonoids,
none of the thermal treatments significantly affected vitexin content.
On the other hand, no retention was observed for orientin in LTLT
treatment or HTST treatment 82 °C/40 s, whereas the retention of HTST
treatment 82 °C/20 s was about 39%.

HTST 82 °C/20 s treatment was the best regarding retention of most
flavonoids as it kept the same or higher amounts of certain flavonoids in
comparison to the other binomials. The remaining amounts of epica-
techin, isoorientin, isovitexin and hespernitin were 83.7%, 50.5%,
38.0% and 69.4%, respectively. With concerns to epicatechin, LTLT
pasteurization differed from 82 °C/40 s treatment, with retention of
82% against 70% for this flavonoid (Table 3). Pacheco-Palencia,
Duncan, and Talcott (2009) used a 80 °C for 1, 5, 10, 30 and 60 min
thermal processing in pulp of Euterpe oleracea and Euterpe precatoria,
popularly known as açai, and analyzed polyphenolic compounds, in-
cluding anthocyanins and non-anthocyanin polyphenols, as isovitexin,
epicatequin, orientin and isoorientin. Non-anthocyanin polyphenols
remained constant during heat treatment at 80 °C for up to 60 min, thus
differing from our results. On the other hand, the authors verified the
anthocyanin degradation in the tested binomials, being directly related
to the exposure time. Longer exposure times caused more intense an-
thocyanin degradation. It is possible that the degradation of poly-
phenolic compounds in Passiflora setacea pulp, different from that ob-
served in açaí pulp, is related to the chemical composition. The main
non-aqueous components of açai pulp are lipids, with 48.24 g/100 g dry
basis (Tonon, Alexandre, Hubinger, & Cunha, 2009). On the other hand,
the main non-aqueous components of Passiflora setacea pulp are car-
bohydrates, totaling 81.95 g/100 g in the dry basis (Viana, Costa, &
Celestino, 2016).

Three different methods to assess in vitro antioxidant activity were
applied with slightly different results. According to ORAC test, TAA
decreased about 11.0% in HTST 82 °C/20 s treatment. However, there
were reductions in TAA of 77.9 and 69.9% for binomials 82 °C/40 s
(HTST) and 63 °C/30 min (LTLT), respectively. DPPH test showed a
different result, as TAA of LTLT treatment did not differ from TAA of IN
pulp. HTST 82 °C/20 s treatment showed TAA 8.0% lower than IN pulp
and it was significantly higher than 82 °C/40 s treatment, which de-
creased 24.0% in relation to IN pulp. FRAP was closer to DPPH result,
with the difference that LTLT and 82 °C/20 s treatments did not differ.

Results similar to ours were obtained by Saeeduddin et al. (2015) in
pasteurized pear (Pyrus bretschneideri) juice at 65 °C for 10 min and
95 °C for 2 min, being the reduction in TAA associated with the

Table 2
Molds and yeast counts, aerobic mesophylls, total coliforms, thermotolerant coliforms, and Salmonella spp. for in natura (IN) and pasteurized Passiflora setacea pulp in
the three selected time/temperature binomials.

Treatments Molds and yeasts (log UFC/g) Aerobic mesophylls (log UFC/g) Total coliforms (NMP/g) Thermotolerant coliforms (NMP/g) Salmonella spp.

In natura 2,2 2.8 <3* <3* Absence
63 °C/30 min <1.0* < 1.0* <3* <3* Absence
82 °C/20 s <1.0* < 1.0* <3* <3* Absence
82 °C/40 s <1.0* < 1.0* <3* <3* Absence

* Estimated data.
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decrease in the concentration of antioxidant compounds present in the
samples, such as phenolic compounds and ascorbic acid. Different re-
sults were obtained in pomegranate (Punica granatum) juice and orange
passion fruit (Passiflora caerulea) juice. Vegara, Mena, Martí, Saura, and
Valero (2013) found no reduction in ATT in pomegranate (Punica
granatum) juice when the binomials 65 °C/30 s and 90 °C/5 s were
adopted. Dos Reis, Facco, Flôres, and Rios (2018) verified an increase in
TAA in pasteurized orange passion fruit juice (88 °C/15 s). Increased
TAA in some products has been associated with better extraction of
bioactive compounds after heat treatment, as observed by Mena, Ve-
gara, Martin, García-Viguera, Saura, and Valero (2013) when analyzing
anthocyanins in pomegranate juice subjected to heat treatments at 65,
80 and 95 °C for 30 and 60 s.

Regarding bioactive amines, one can observe that best retention was
found after LTLT treatment, as none of the contents differed from those
of IN pulps. For agmatine contents, 82 °C/40 s treatment differed from
IN pulp, with a retention of 74%.

The amines present in foods are rapidly metabolized in the body by
means of aminoxidases (Shalaby, 1996). The absorbed amines may
have functional properties, as in the case of polyamines spermine and
spermidine which contribute to cell division, stress response and in-
hibition of lipid oxidation. The biogenic amines histamine, tyramine,
tryptamine, prutescine, play an important role as neuroactive or va-
soactive. In foods, the presence of amines can also be used as indicator
of quality or hygienic conditions of the products (Costa, Rodrigues,
Frasao, & Conte-Junior, 2018). However, they may cause adverse
health effects such as nausea, migraine, among others when consumed
in large quantities (Bardócz, 1995).

Sperimidine, putrescine, agmatine were detected in our Passiflora
setacea pulps, being putrescine, the major bioactive amine found
(Table 3). Studies by Gadioli (2017) determined the presence of five
amines in the Passiflora setacea pulp: histamine, agmatine, tyramine,
prutescine and spermidine, and the pulp had a content of prutescin of
2.1 mg/100 g. This amine can cause a putrid taste to food, so it is
considered a factor that interferes with the acceptability of

passionflower juice. Other authors determined amines in five tropical
fruits, among them, pineapple, guava, papaya, mango and P. alata.
Santiago-Silva, Labanca, and Gloria (2011) five amines were detected
in the fruit pulps (spermidine, spermine, putrescine, serotonin and ag-
matine). Total amine levels ranged from 0.77 mg/100 g mango to
7.53 mg/100 g Passiflora alata, putrescine and spermine were found in
most of them. In the Passiflora alata, the spermidine, spermine, pu-
trescine, agmatine and serotonin amines were found with values ran-
ging from 3.05 mg/100 g and 0.18 mg/100 g for spermidine and ser-
otonin, respectively.

Principal Component Analysis (PCA) was carried out to explore how
the different treatments affected Passiflora setacea pulps characteristic
(Fig. 1). It was possible to clearly discriminate the samples submitted to
the heat treatment of the untreated sample (IN pulp), based on the
analyzed variables. The first dimension, which explains 57.4% of total
variation, shows that pulps pasteurized at 82 °C/40 s differed most from
IN pulp. In the same dimension, pulps submitted to 82 °C/20 s or to
LTLT were similar. IN pulp was positively associated to vitamin C, TAA,
TPC and color saturation. Hue and vitexin were close to the axis origin
and therefore, are neutral variables, not associated to any treatment.
Browning index was more associated to pulps pasteurized at 82 °C/40 s
in the first dimension, and to pulps at slow pasteurization in the second
one, indicating that among the treatments, pasteurization at 82 °C/20 s
led to lower non enzymatic browning. The second dimension was useful
to discriminate 60 °C/30 min and 82 °C/40 s treatments. LTLT pas-
teurization was more associated to bioactive amines retention, whereas
HTST pasteurization was closer to hue and vitexin variables and also in
the lower half of the map, to orientin, isorientin, chroma, vitamin C and
ORAC variables.

From the PCA results it was possible to verify that at 82 °C, the
increase of the exposure time from 20 s to 40 s intensified the changes
in the quality of Passiflora setacea pulp. Thus, the binomial 82 °C/20 s
enabled results closer to those obtained when LTLT (63 °C/30 min) was
adopted. It is important to highlight that all tested binomials differed
from IN pulp, which is in agreement with the results obtained when

Table 3
Color, vitamin C content, total phenolic content (TPC), antioxidant activity, flavonoids and bioactive amine for in nature (IN) and pasteurized Passiflora setacea pulp in
the three selected time/temperature binomials.

Variables Treatments p-value

In natura 82 °C/20 s 82 °C/40 s 63 °C/30 min

Color
Chroma 32.11 ± 0.10a 26.57 ± 0.87b 23.56 ± 0.84b 24.28 ± 0.90b 0.0001
h° (hue angle) 77.36 ± 0.13a 78.10 ± 0.68ab 77.10 ± 0.21ab 77.52 ± 0.48b 0.002
Browning index 90.92 ± 6.72a 102.84 ± 10.55ab 106.11 ± 11.31ab 116.72 ± 10.95b < 0.0001
Vitamin C (mg/100 g) 37.66 ± 0.83ª 35.120. ± 0.40b 30.77 ± 0.77c 33.04 ± 0.79d < 0.0001

Total phenolic content
(mg GAE/mL) 0.108 ± 0.01a 0.090 ± 0.01b 0.072 ± 0.01c 0.094 ± 0.01b < 0.0001

Antioxidant activity
DPPH
(μmol TE g−1) 777.36 ± 0.29a 715.71 ± 0.63b 591.39 ± 0.45c 763.20 ± 0.49a 0.0001
FRAP
(μmol TE g−1) 69.09 ± 0.81a 57.12 ± 0.23b 48.18 ± 0.55c 61.63 ± 0.65ab 0.0001
ORAC (μmol TE g−1) 136.42 ± 0.42a 121.46 ± 0.53b 30.11 ± 0.84c 41.12 ± 0.63c < 0,0001

Flavonoids (mg/100 g)
Epicatechin 848.11 ± 0.84a 710.5 ± 0.90b 596.46 ± 0.91c 693.13 ± 0.79b < 0.0001
Orientin 19.83 ± 0.30a 7.669 ± 0.12b 0.00 ± 0.00c 0.00 ± 0.00c < 0.0001
Isoorientin 211.60 ± 0.29a 106.79 ± 0.78b 54.09 ± 0.73c 76.70 ± 0.37c < 0.0001
Vitexin 5.45 ± 0.08a 5.40 ± 0.61a 5.16 ± 0.15a 5.38 ± 0.28a < 0.0001
Isovitexin 57.80 ± 0.49a 22.02 ± 0.31b 12.90 ± 0.22c 14.10 ± 0.57c < 0.0001
Hespernitin 14.55 ± 0.12a 10.01 ± 0.50c 9.19 ± 0.11c 11.49 ± 0.48c < 0.0001

Bioactive amines (mg/kg)
Spermidine 20.03 ± 2.37ab 16.51 ± 1.33b 16.58 ± 0.72b 21.14 ± 1.86a 0.005
Putrescine 77.42 ± 9.15ab 63.52 ± 5.49b 74.85 ± 2.20ab 85.43 ± 7.01a 0.006
Agmatine 8.37 ± 1.1a 6.91 ± 0.62ab 6.21 ± 0.42b 8.20 ± 0.75a 0.007

Averages followed by the same lowercase letter in the line did not differ statistically by the Tukey test at 5% probability.
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using Tukey's test analysis (Table 3). Significant changes in quality due
to increased exposure time have also been observed in other products
such as pomegranate juice (Mena et al., 2013) and pear juice
(Saeeduddin et al., 2015).

In recent years, CATA has been gaining a lot of strength in sensory
food analysis (Grasso, Monahan, Hutchings, & Brunton, 2017). This
method provides information on the attributes perceived by consumers
with concerns to color, flavor, aroma, texture and appearance and can
also be used in conjunction with hedonic scales. A total of 30 attributes
were obtained (Table 4). There was a difference in 7 out of the 30 at-
tributes among the samples. IN and LTLT (63 °C/30 min) pulps were
checked more often than HTST pulps for homogeneous attribute. IN and
LTLT pulps were both checked more often for cloudy attribute, but
LTLT pulp did not differ from 82 °C/20 s pulp, which in turn did not
differ from 82 °C/40 s pulp indicating a gradual reduction in cloudiness
with the intensity of heat treatment. The 82 °C/20 s pulp was more
checked than IN pulp for dark yellow attribute, which can be associated
to non-enzymatic browning in heat treatments. No difference was ob-
served among pasteurization treatments for this attribute. With con-
cerns to flavor, 82 °C/40 s pulp was checked more often for pasteur-
ized/cooked descriptor in comparison to IN pulp, suggesting that 40 s
could be a limit to heat treatment at this temperature considering
flavor. For the attribute very acid, IN pulp differed from 82 °C/40 s
pulp, which was less often selected. Possibly, the emergence of other
flavors associated with heat treatment in this pulp could have interfered
with the perception of acidity. Regarding the texture, the attribute
velvety was more frequently checked for IN pulp than for 82 °C/20 s
pulp. For attribute diluted-fluid-thinned 82 °C/20 s pulp was selected
significantly less often than IN and LTLT pulps. This attribute is possibly
associated to lower homogeneity and to the loss of viscosity associated
to the pectin degradation in IN pulps.

In the case of the acceptability of Passiflora setacea pulp submitted
to pasteurization, no significant variation (p > 0.05) was observed in
each of the time/temperature and IN pulp variables as a result of pas-
teurization time and temperature increase. In literature, no studies were
found related to the assessment of attributes and acceptability of
Passiflora setacea pulp submitted to pasteurization processing.
Janzantti, Santo, and Monteiro, 2014 studied the shelf life of fresh and
pasteurized Passiflora edulis pulp, submitted to pasteurization at 70 and
90 °C. Higher acceptance for all the attributes were achieved for pulps
pasteurized at 70 °C.

4. Conclusion

Pasteurization is presented as an effective conservation method to
keep the supply of Passiflora setacea pulp out of the harvest periods,
with little loss of bioactive compounds of interest and few sensory al-
terations. The consumption of Passiflora setacea in natura or in some
culinary preparations throughout the year could give consumers greater
effectiveness of the functional effects already studied. HTST treatments
were more effective for physical stability than LTLT. Indeed, LTLT an IN
pulps showed similarity in sensory attributes related to variables such
as cloudy and diluted-fluid-thinned. Regarding bioactive compounds,
LTLT was more associated to the retention of bioactive amines and
82 °C/20 s HTST treatment to the retention of phenolic compounds.
Future studies should evaluate the changes along refrigerated and
frozen storages. The feasibility of LTLT treatment should be also eval-
uated considering its lower cost, as a batch process, and its advantage to
process lower amounts of raw material, despite its higher risk of re-
contamination as a batch process and the lower physical stability in
comparison to HTST methods.
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Fig. 1. Principal Component Analysis of Passiflora setacea pulps at different processing conditions. Dependent variables are: Hue, Chroma, BI–browning index,
epicatechin, hesperitin, orientin, isorientin, vitexin, isovitexin, VIT C-vitamin C, TPC-total phenolic content, PUT–putrescin, AGM – Agmatine, EPD – Spermidine, and
in vitro antioxidant activity by DPPH, FRAP and ORAC methods. Independent variables are: IN pulp, and pasteurized pulps at 60–30 (60 °C/30 min), 82–20 (82 °C/
20 s) and 82–40 (82 °C/40 s).
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