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Abstract
Purple passion fruit peel (PPFP) is a waste with high antioxidant capacity. Therefore, in this work, the conditions for solvent
extraction of anthocyanins from that peel were studied according to the following variables: temperature, pH, solvent: raw
material ratio and time, using the response surface methodology. Additionally, the antioxidant capacity of the extract was
characterized, and its respective anthocyanin degradation kinetics were performed at three storage temperatures. The best
conditions were pH 2.0, 52.03 °C, 29.79 g of solvent per g of raw material and 180 min, which gave an anthocyanins extraction yield of 577.59 mg of cyanidin-3-O-glucoside per 100 g of dry raw material. The extract also showed 490.12 ± 2.57
and 528.85 ± 27.17 µmol Trolox per 100 g of antioxidant capacity by DPPH and FRAP essays respectively, a low content of
vitamin C, as well as activation energy of 41.4 kJ per mole. Consequently, this study shows PPFP as a potential raw material
in anthocyanins and antioxidants extracts, which have a great value in the food industry with their stability under refrigeration. Above mentioned displays an alternative strategy for using this waste as a source of high-value products.
Keywords Purple passion fruit · Anthocyanins extract · Antioxidant capacity · Degradation kinetics · Waste

Introduction
Tropical fruits have stirred a growing interest world-wide
in recent years. Within that category, purple passion fruit
(Passiflora edulis f. edulis Sims), is native to South America
and adapts very well to the Andes mountains, growing above
1500 meters sea level. Its production is almost exclusively
destined for the extraction of pulp, which, along with the
seeds, constitute between 34 and 61% of the total weight
of the fruit [1]. As a result, the peel has become an abundant waste in the production and consumption chain, which
also has a high potential for the production of antioxidant
concentrates or pigments such as anthocyanins due to the
presence of these phenolic compounds [2].
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Anthocyanins are a group of phenolic pigments found in
plants, flowers and tubers [3], characterized by therapeutic
properties against type 2 diabetes [4], coronary diseases,
such as myocardial infarction [5] and even metastatic bone
cancer [6]. For this reason, its use as a natural dye for the
production of high added value products for human consumption has been encouraged [7–9], replacing synthetic
dyes such as red No. 2 and No. 40; however, this transition
has not been easy, due to the instability of anthocyanins during the shelf life of the product [10], generating undesirable
changes in color.
From the growing interest in obtaining anthocyanin concentrates, several authors have used different raw materials, such as black currants [11], purple sweet potato [12,
13] and saffron petals [14]; where factors such as pH and
temperature have been evaluated during extraction, affecting
the stability of anthocyanins or the diffusivity of the solute
throughout the process [15–17]. Among the strategies used
to evaluate each factor during the extraction of anthocyanins, the use of the response surface methodology stands
out, which is a set of statistical and mathematical techniques
that allow the optimization of processes where different variables affect the same process [18].
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The characterization of purple passion fruit is well
defined [2, 19, 20]. However, despite Liu et al. [21] who
used ultrasonic cell grinder extraction to obtain anthocyanins
from PPFP, information is neither available on the best conditions for solvent extraction of anthocyanins from its peel,
nor on the anthocyanin extract thermal stability. Therefore,
the objective of this work was to determine, by means of the
response surface methodology, the circumstances in which
the highest anthocyanins extraction yield is found, taking as
variables the solvent: raw material ratio, temperature, extraction time and pH; showing that each variable significantly
affects the leaching stage. Finally, the characterization of the
antioxidant capacity of the extract obtained by the previous
conditions was performed, as well as the anthocyanin degradation kinetics at 4.0 ± 2.0 °C, 21.5 ± 1.0 °C and 35 ± 1.0 °C,
thus demonstrating the influence of the storage phase of the
extract at different temperatures on the concentration of
anthocyanins.

Materials and methods
Plant material and preparation of samples
The plant material consisted of 10 kg of purple passion fruit
(Passiflora edulis f. edulis Sims), provided by a fruit seller
(Productos del Campo San Gregorio S.A.S., Bogotá), collected in the town of Aranzazu, Caldas (5°16″″ N, 75°29′″
O, 1920 masl). It was kept at 8 °C for 12 h at the laboratory
of the Universidad de Bogotá Jorge Tadeo Lozano (UJTL)
until processing.
The selected fruits were free of defects, washed with potable water and dried with absorbent paper. 1 kg of whole fruit
was taken to characterize the stage of ripening, where the
thickness (n = 10), polar and equatorial diameters (n = 30)
were determined with a 200 mm steel caliper (Digital Capiler T304B).W-1220, Oregon, USA), the hardness of the
peel with a penetrometer equipped with an 8 mm cylindrical tip (n = 30) (Fruit pressure tester Ft 327, Tuscany, Italy),
the total soluble solids (TSS) (°Brix) with a refractometer
(n = 10) (Atago pocket refractometer, Niigata, Japan), the pH
of the pulp and the peel with a pH meter/ionometer with a
relative pH accuracy of ± 0.002 (n = 10) (SevenCompact™
S220, Switzerland, Switzerland) and the titratable acidity
of the pulp by titration with NaOH 0.1 N (n = 10); in addition, the peel moisture content was measured with a moisture scale (Mettler toledo HG43-s Halogen, Switzerland,
Switzerland) (n = 3 for fresh peel and n = 5 for freeze-dried
ground peel).
Subsequently, the pulp was separated from the peel by
making a longitudinal cut along its equatorial diameter,
resulting in 3 cm sections. The cut peel was frozen (− 34 °C,
24 h) and then freeze-dried (22 °C, 4300 Pa. 7 days), to
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achieve a moisture content of 4.84 ± 2.23% (Drycol Freezer,
Bogotá, Colombia). Finally, the grinding and screening stage
was carried out in a paddle impact mill (retsh sk 100, Hann,
Germany) with a 0.75 mm sieve. The powdered sample was
vacuum-packed (multivac chamber machine C200, Bremen,
Germany), and stored in a dry and dark environment at room
temperature (20 ± 2 °C).

Study of the most favorable conditions
to anthocyanin extraction
Experimental design
Response surface methodology was used to obtain the best
conditions for the extraction of anthocyanins from PPFP.
The experimental design was executed with the DesignExpert 9.0.6 test program (Stat-Ease, Delaware, USA Echip,
2014). A central composite design of two levels and four factors (24) was chosen to evaluate the combined effect of four
independent variables during extraction: extraction time, pH,
temperature and solvent: raw material ratio.
The response variable was the extraction yield of total
monomeric anthocyanins (y) expressed as mg cyanidin-3-Oglucoside obtained per 100 g of dry raw material. The design
consisted in 29 random combinations including five replicates at the center point (Table 1) and the response function
was obtained by considering a second-order model (Eq. 1):

y = 𝛽0 +

k
∑

Bi Xi +

i=1

k
∑
i=1

Bii Xi2 +

k
∑∑

𝛽ij Xi Xj

(1)

i<j=2

where 𝛽0 is a constant, Bi is the lineal coefficient for Xi, Bii
is the quadratic coefficient for Xi2 and 𝛽ij is the cross product
coefficient, between Xi y Xj [18]. These terms were established for k = 4 because there were 4 factors evaluated in
the design.
The model choice that best fitted the experimental data
was made from an ANOVA (p < 0.05) and terms were
selected from those where in the F-value test provided a
p < 0.05 value. Subsequently, the normal graph analysis of
residuals and the residual vs. prediction graph were performed, to guarantee normality and homoscedasticity [18].
Finally, after the model analysis, the associated contour
graphics were generated, finding the extract with the highest anthocyanin extraction yield under the given conditions.
Sample extraction
Sample extraction was performed according to the method
used by Fan et al. [12], and adjusted to laboratory conditions. The montage consisted of a round-bottomed
flask, immersed in a mineral oil bath, on a heating plate
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Table 1  Central composite experimental design 24 to the extraction yield of anthocyanins from freeze-dried PPFP
Run

X1 Temperature (°C)

X2 pH

X3 Extraction
time (min)

X4 Solvent: raw material ratio (g
solvent per g dry raw material)

y Extraction yield (mg cyanidin-3-Oglucoside per 100 g dry raw material)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

32.5 (− 1)a
57.5 (1)
32.5 (− 1)
57.5 (1)
32.5 (− 1)
57.5 (1)
32.5 (− 1)
57.5 (1)
32.5 (− 1)
57.5 (1)
32.5 (− 1)
57.5 (1)
32.5 (− 1)
57.5 (1)
32.5 (− 1)
57.5 (1)
20 (− 2)
70 (2)
45 (0)
45 (0)
45 (0)
45 (0)
45 (0)
45 (0)
45 (0)
45 (0)
45 (0)
45 (0)
45 (0)

2.75 (− 1)
2.76 (− 1)
4.25 (1)
4.3 (1)
2.75 (− 1)
2.8 (− 1)
4.22 (1)
4.33 (1)
2.78 (− 1)
2.77 (− 1)
4.27 (1)
4.19 (1)
2.8 (− 1)
2.75 (− 1)
4.27 (1)
4.25 (1)
3.51 (0)
3.51 (0)
2.06 (− 2)
5.09 (2)
3.51 (0)
3.53 (0)
3.5 (0)
3.52 (0)
3.5 (0)
3.47 (0)
3.51 (0)
3.51 (0)
3.55 (0)

67.5 (− 1)
67.5 (− 1)
67.5 (− 1)
67.5 (− 1)
142.5 (1)
142.5 (1)
142.5 (1)
142.5 (1)
67.5 (− 1)
67.5 (− 1)
67.5 (− 1)
67.5 (− 1)
142.5 (1)
142.5 (1)
142.5 (1)
142.5 (1)
105 (0)
105 (0)
105 (0)
105 (0)
30 (-2)
180 (2)
105 (0)
105 (0)
105 (0)
105 (0)
105 (0)
105 (0)
105 (0)

15.75 (− 1)
15.75 (− 1)
15.75 (− 1)
15.75 (− 1)
15.75 (− 1)
15.75 (− 1)
15.75 (− 1)
15.75 (− 1)
35.25 (1)
35.25 (1)
35.25 (1)
35.25 (1)
35.25 (1)
35.25 (1)
35.25 (1)
35.25 (1)
25.5 (0)
25.5 (0)
25.5 (0)
25.5 (0)
25.5 (0)
25.5 (0)
6 (− 2)
45 (2)
25.5 (0)
25.5 (0)
25.5 (0)
25.5 (0)
25.5 (0)

400.854
440.736
355.688
372.368
419.481
500.992
372.547
363.963
423.611
433.107
337.661
422.384
472.48
498.527
333.271
424.839
311.772
412.237
531.007
367.435
375.133
442.58
370.611
428.165
439.074
474.44
429.332
439.382
440.243

a

Numbers in parenthesis show independent variables in coded units

stirring at 1150 RPM (Corning PC 420D, Pittsburgh, PA,
USA), this system was connected to a spiral condenser
with water circulation at 15 °C countercurrent by means
of a pump with a flow rate of 800 L per hour (Sunsun
HJ-931 water pump, Tibet, China). The raw material was
weighed on a precision balance (Explorer pro Ohanus,
Mexico) and the solvent used was ethanol 96%, which
was acidified with citric acid. The pH of the solvent was
measured with a precision pH-meter-ionometer with a
relative pH of ± 0.002 (SevenCompact™ S220, Switzerlamd. Switzerland).
Finally, the sample was centrifuged (4000 RPM for
15 min) in a (Hettich rotofix 32 zentrifugen, Schwerin,
Germany) centrifuge. The supernatant was used to determine the total anthocyanin monomer content.

Quantification of anthocyanin monomers
by the pH‑differential method
The extract was characterized through the quantification of
total anthocyanin monomers by UV–visible spectrophotometry, according to the method of Giuste and Wrolstad [22].
Two aliquots of extract of the same volume were added to
KCl buffer 0.025 mol per liter pH 1.0 and sodium acetate
buffer 0.4 mol per liter pH 4.5 respectively, calculating the
net absorbance (A) of the extract (Eq. 2); the absorbance
readings were taken on a spectrophotometer (evolution spectrophotometers 300 thermo scientific, Matlock, England)
using deionized water as target and UV cells of 1.5–3 mL
of polyethylene material.
)
)
(
(
A = A450 −A700 pH1.0 − A450 −A700 pH4.5
(2)
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The total anthocyanin monomer content was then determined as mg cyanidin-3-O-glucoside per 100 g of dry raw
material (Eq. 3). This quantification was done in triplicate.

(CF) =

A × M × FD × 100000 × Vs
𝜀 × MMP

(3)

where:
CF = Anthocyanin extraction yield (mg cyanidin-3-O-glucoside per 100 g of dry raw material), M = molecular weight
(449.2 g per mole of cyanidin-3-O-glucoside), FD = dilution
factor (ratio between total volume and volume of aliquot
added to buffer), Vs = volume of solvent (L), ε = coefficient
of molar extinction (29,600 L mol-1 cm-1 of cyanidin-3-Oglucoside), MMP = mass of dried raw material (g).

Characterization of the extract
By obtaining the best model which fitted to the experimental results, an extract provided by the best extraction conditions was selected, from which the antioxidant capacity
was quantified by the FRAP and DPPH methods, as well
as the amount of ascorbic acid. In addition, the kinetics of
anthocyanins degradation was performed at three storage
temperatures.
Determination of the reduction capacity of Fe+2 FRAP test
This method is based on the reduction of the ferric ion (Fe3+)
to ferrous ion (Fe2+) under acidic conditions, at low pH and
in the presence of antioxidants (reducers), the ferric form of
the iron-tripyridyltriazine complex (Fe3+-TPTZ) is reduced
to its ferrous form (Fe2+-TPTZ). It was determined according to the method described by Benzie and Strain [23], in
triplicate as follows: 150 µL of extract were mixed with 1350
µL of ethanol 96%, of which 30 µL were taken with 30µL of
ethanol–water (80:20) and 940 µL of FRAP reagent [composed of sodium acetate buffer 0.3 M with pH 3.6, TPTZ
0.01 M and ferric chloride 0.02 M (10:1:1)] in an Eppendorf
tube. This solution was incubated at 37 °C for 1 h in darkness and then homogenized in vortex. The absorbance was
then read at 593 nm on the spectrophotometer (evolution 300
thermo scientific spectrophotometers, Matlock, England)
and compared with a Trolox calibration curve ( R2 = 0.09997
between 1 × 10–4 and 1.05 × 10–3 mol Trolox per liter).
Determination of the reduction capacity DPPH test
The antioxidant activity of the extract was evaluated in terms
of its free radical-scavenging capacity according to BrandWilliams et al. [24] in triplicate. Briefly, a 75 µL aliquot of
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diluted extract (150 µL of extract in 1350 µL of ethanol 96%)
was added to 1425 µL of DPPH stock solution (6.29 × 10−5 M
DPPH radical in ethanol 96%). The homogenate was shaken
in vortex and kept in darkness for 1 h at 37 °C. The absorbance
was then read at 515 nm on the spectrophotometer (evolution
300 thermo scientific spectrophotometers, Matlock, England)
and compared with a Trolox calibration curve (R2 = 0.990
between 2 × 10−4 and 6 × 10−4 mol Trolox per liter).
Determination of ascorbic acid, colorimetric method
of 2‑Nitroaniline
This technique is based on the formation of a sodium salt of
red-violet color, from the reaction between the ascorbic acid
treated with 2-nitroaniline diazotized in the presence of an
excess of NaOH, which turns to 2-nitrophenylhydrazine and
has a maximum absorption of 540 nm. Determination was
performed according to the method described by Bernal de
Ramírez [25] in triplicate, where 500 µL of extract were mixed
with 1000 µL of 0.15% oxalic acid solution. On the other hand,
10 µL of 2-nitroaniline 0.16%, 20 µL of sodium nitrite 0.08%,
380 µL of ethanol 96%, 50 µL of previously prepared dilute
extract, 50 µL of oxalic acid 0.15%, 120 µL of NaOH 10% and
380 µL of water distilled water were added to an Eppendorf
tube, after which the mixture was homogenized into vortex.
Absorbance at 540 nm was then read on the spectrophotometer
(evolution 300 thermo scientific spectrophotometers, Matlock,
England) and compared with an ascorbic acid calibration curve
(R2 = 0.9985 between 1.98 and 19.80 mg ascorbic acid per
liter).
Anthocyanin degradation kinetics
Ninety amber-colored vials were stored with the extract (30
for each storage temperature) for 18 days in the absence of
light. Two samples were taken from each storage condition
(4.0 ± 2.0 °C, 21.5 ± 1.0 °C and 35.0 ± 1.0 °C) five times per
week, assessing the effect of time and temperature on the total
anthocyanin monomer (C) content and quantifying in triplicate
as described in 2.2.3.
(4)
From the reaction order (Eq. 4) that described the degradation of anthocyanins over time (ANOVA p < 0.05) were
calculated: the half-life (t½) and the reaction rate constant
(k) for each storage condition. The effect of temperature on
the rate of degradation of anthocyanins was then described
by means of Arrhenius expression (Eq. 5), determining the
activation energy (Ea) [26] with the universal gas constant
(R = 8.314 J mol−1 K−1).

C = C0 e−kt

Ea

k = Ae− RT

(5)
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Table 2  Raw material caracterización
Parameter

Mean ± standard deviation

Equatorial diameter (mm)a
Polar diameter (mm)a
Polar diameter per equatorial diametera
Peel thickness (mm)b
Peel hardness with 8 mm tip (N)a
Pulp pHb
Peel pHb
Total soluble solids (TSS) of the pulp (°Brix)b
Titratable acidity of the pulp (% citric acid)b
Maturity index (°Brix per Titratable acidity)b

50.81 ± 2.96
53.18 ± 4.98
1.04 ± 0.12
5.05 ± 0.75
105.6 ± 11.83
2.77 ± 0.02
4.30 ± 0.10
15.22 ± 0.20
3.07 ± 0.06
4.96 ± 0.23

a
b

(n = 30)
(n = 10)

Results and discussion
Characterization of raw material
According to Table 2 and as reported by Pinzón et al. [20],
the equatorial diameter, polar diameter and hardness coincided with the maximum state of maturity (50.54 ± 2.89 mm,
53.40 ± 2.65 mm and 97.19 ± 11.57 N respectively), the pH

Table 3  Lack of fit test, coefficient of determination, regression coefficients and its P-value of the quadratic model to anthocyanins extraction yield of PPFP
Parameter
Model
X1 Temperature
X2 pH
X3 Time
X4 Solvent: raw
material ratio
X2 X 3

Coefficient estimate

F value

p-value Prob > F

13.501
-8.879
3.080
6.860

25.70
36.11
106.51
14.60
6.52

< 0.0001
< 0.0001
< 0.0001
0.0011
0.0189

− 0.413
− 0.130

0.0220
< 0.0001

X32

− 5.945 × 103

6.17
32.03
5.44

0.0302

X42
Intercept
Lack of fit test
R2
Adjusted R2

− 0.115

9.31

0.0063

7.15

0.2875

X12

− 71.429
0.9113
0.8759

Obtaining the best fit model according
to the experimental design
From the experimental data (Table 1), the ANOVA (Table 3)
was performed for the best fitting quadratic model, which
was:

y = −71.429 + 13.506X1 − 8.879X2 + 3.080X3 + 6.860X4 − 0.413X2 X3 − 0.130X12 − 5.945 × 10−3 X32 − 0.115X42

of the pulp was lower than that of the fully green purple passion fruit (2.99 ± 0.08), the TSS (°Brix) approached maturity
stage 2 (15.17 ± 0.34), 3 (15.90 ± 0.44) and 4 (15.92 ± 0.67)
and the titratable acidity was lower than that defined for the
overripe state (3.72 ± 0.01% citric acid). In addition, conforming to Jiménez et al. [19], the TSS (15.8 ± 0.9°Brix)
would suggest a maturing state while acidity resembles
that reported for the maturing and fully ripe fruit (between
3.51 ± 0.38 and 2.51 ± 0.60% citric acid). Also, in agreement
with Pongener et al. [27], acidity is similar to passion purple
fruit in stage III of maturity (50 percent color turning) during day 0 of storage (3.04 ± 0.06 g citric acid per 100 mL),
whereas the TSS come close to stage III and IV (75 percent
color turning) during day 15 of storage (15.25 ± 0.52 and
15.45 ± 1.00 respectively). Therefore, most of the parameters showed that the purple passion fruit used was on an
advanced maturity stage, between 3 and 4 maturity stage
according to Pinzón et al. [20], maturing and fully ripe fruit
as stated by Jiménez et al. [19], and between stage III and
IV in agreement with Pongener et al. [27].

(6)

Consequently, the model reported significance
(p-value < 0.0001 for test F), and the adjusted statistic R2
(Table 3) indicated that 87.59% of the variability in the
anthocyanin extraction from freeze-dried PPFP is explained
by pH, temperature, extraction time and solvent: raw material ratio. Finally, there is no evidence on the lack of fit of the
model based on the Lack of fit test (p-value > 0.05), indicating that it could adequately describe the experimental data
[18].
Subsequently, the contour graphs (Fig. 1) were made with
the best conditions being: pH 2.0, temperature of 52.03 °C,
solvent: raw material ratio of 29.79 g of solvent per g of
raw material and time of 180 min; for an extraction yield
of 577.59 mg of cyanidin-3-O-glucoside per 100 g of dry
raw material. It is important to note that the assumptions
of normality and homoscedasticity are fulfilled according
to Fig. 2; where in the normal residual graph (Fig. 2a) the
points followed a trend marked by a normal line; while in the
residual versus prediction graph (Fig. 2b), the combination
are randomly scattered reflecting homogeneity of variances
[18].
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Fig. 1  Contour graphics to the anthocyanin extraction yield model of
PPFP and its best conditions. a Time (X3) and solvent: raw material
ratio (X4) (pH 2 and 52.03 °C), b pH (X2) and time (X3) (29.79 g
solvent per g dry raw material and 52.03 °C), c pH (X2) and solvent:
raw material ratio (X4) (52.03 °C and 180 min), d Time (X3) and

temperature (X1) (29.79 g solvent per g dry raw material and pH 2),
e Temperature (X1) and solvent: raw material ratio (X4) (pH 2 and
180 min) and f Temperature (X1) and pH (X2) (29.79 g solvent per g
dry raw material and 180 min)

The amount of anthocyanins extracted in freeze-dried
PPFP exceeds that reported for dried purple sweet potato
(158 mg anthocyanin per 100 g dry weight) [12]. However,
Liu et al. [21] extracted 656 mg of cyanidin-3-O-glucoside per 100 g from PPFP by using ethanol 70% and HCl
0.01 percent. Also, with the use of methanol as a solvent,
Lee et al. [13] were able to extract about twice as many

anthocyanins as those reported in this study for the dried
purple sweet potato Zami variety (1190.2 ± 17.4 mg anthocyanin per 100 g dry weight), but only 393.2 ± 4.7 mg anthocyanin per 100 g dry weight for the Mokpo variety.
In fact, the temperature was significant under a quadratic
behavior, which allows inferring that when the temperature
increases, the diffusivity of the solute in the solvent increases
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that it showed a significantly quadratic behavior (Fig. 1b);
which would explain the use of hydrochloric acid for purple
sweet potato [12, 13] and for saffron petals [14], being the
operation condition in the latter of pH 2, coinciding with
this study.
Optimal extraction times as of 1 h in purple sweet potato
[12] to 24 h in saffron petals [14] have been reported; differences between raw materials, solvent—solute equilibrium
conditions and solid—liquid interface area can affect the
extraction rate [15] generating this variety of conditions in
the operation.
Finally, the solvent: raw material ratio also presented
significance under a quadratic behavior, where the maximum feed condition is evidenced when the solvent reaches
its saturation level according to the raw material load to be
leached.

Antioxidant capacity and ascorbic acid content

20
10
0
-10
-20
-30
300

350

400

450

500

550

Prediction
Fig. 2  Residual analysis of the best fit model a Normal graph of
residuals and b Residuals versus Prediction

[15]; however, because this pigment is thermolabile [17, 28],
diffusivity is overshadowed by the thermal degradation of
anthocyanins, decreasing its concentration in the extract. In
other raw materials, such as saffron petals, Khazaei et al.
[14] reached the highest extraction at 25.8 °C, while with
black currants optimum temperatures between 30 and 35 °C
were reported [11]. In contrast, extractions of purple sweet
potato showed an optimal temperature of 80 °C [12]. The
variability in this operating condition may be due to the variety of raw materials used, being the extract based on black
currants and saffron petals more thermolabile than those
found in purple sweet potato or those in this study.
pH showed to be significant under a linear behavior, due
to the fact that in acid medium, the extraction was facilitated by a higher presence of anthocyanins in the form of
flavylium cation, which are more stable at low pH [16]; this
stability allowed longer extraction times despite the fact

Antioxidant capacity of the extract given by the best
extraction conditions was 490.52 ± 2.57 μmol Trolox per
100 g of extract (429.10 ± 0.057 μmol Trolox per 100 mL
of extract) and 528.85 ± 27.17 μmol Trolox per 100 g of
extract (462.64 ± 23.77 μmol Trolox per 100 mL of extract)
per DPPH and FRAP essays respectively; exceeding that
reported for oat bran oil (197.74 ± 5.6 and 67.59 ± 4.5 µmol
Trolox per 100 g of extract per DPPH and FRAP correspondingly) [29], white wines (whose highest concentration was 214 ± 1 µmol Trolox per 100 mL for FRAP and
178 ± 0.3 µmol Trolox per 100 mL for DPPH) and red wine
Modrý Portugal (420 ± 1 µmol Trolox per 100 mL for DPPH)
[30]. However, cocoa kernel products (6127 ± 108 µmol
Trolox per 100 g per FRAP) [31] reported increased antioxidant capacity.
The extract had a low concentration of vitamin C
(1.23 ± 0.032 mg ascorbic acid per 100 g of extract) compared to products such as raw lemon peel (129 mg ascorbic
acid per 100 g) raw purple passion fruit juice (29.8 mg ascorbic acid per 100 g) [32]; however, it exceeds that reported for
fruits such as kiwano (0.925 mg ascorbic acid per 100 g of
edible portion) and resembles pomegranate (1.56 mg ascorbic acid per 100 g of edible portion) [33]. The absence of
ascorbic acid in the extract may have been caused by the
high extraction temperature during the operation time, which
allowed the degradation of vitamin C due to its thermolabile
character [34]. The presence of ascorbic acid is related as a
factor that favors the degradation of anthocyanins [35, 36];
therefore, the low content of vitamin C in the extract could
be favorable for their stability.
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Kinetics of anthocyanin degradation in the extract
The order of the kinetics of the degradation of anthocyanins
during storage followed the first-order reaction model, with
the Euler logarithm of the ratio between the concentration over
time and the initial concentration (C/Co) being plotted as a
function of time (Fig. 3a). For the above, curves with high
regression coefficients were generated (0.9428 < R2 < 0.9971
and p < 0.0001 in test F).
It was observed that the anthocyanin monomers presented
in the extract degraded over time; for storage temperatures
4.0 ± 2.0 °C, 21.5 ± 1 °C and 35 ± 1 °C reaction rate constant
of 0.0179, 0.051 and 0.1122 days−1 were determined, respectively; additionally, the half-life in the stored extract was 38.7,
13.6 and 6.2 days correspondingly. According to Hellström
et al. [28], the half-life of anthocyanins present in berry juices
ranges from 2.2 to 6.7 weeks at 21 °C, while at 4 °C it is
between 12.3 and 32.5 weeks; the authors cite that pigment
stability is affected by a number of factors including the type
of anthocyanin, the origin of the juice and especially storage
temperature, which would explain the variability of results of
each investigation. As reported by Gradinaru et al. [37], t½ at
a storage temperature of 40 °C and Aw = 0,75 is 4.7 days for
anthocyanins from Hibiscus sabdariffa L., being similar to t½
of 35 ± 1 °C of the present study. It is important to emphasize
that this behavior of anthocyanins responds to their thermolability [17], generating higher degradation rates and lower
half-times at high temperatures.
According to Arrhenius (Fig. 3b) (R2 = 0.9995 and ANOVA
with p < 0.05), 41.4 kJ will be necessary for one mole of cyanidin-3-O-glucoside in the extract to begin the degradation
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Fig. 3  a Degradation of monomeric anthocyanin concentration in extract at 4.0 ± 2.0 °C,
21.5 ± 1.0 °C and 35 ± 1.0 °C, b
Arrhenius linearization between
the storage temperature and the
degradation rate
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process (Ea = 41.4 kJ per mole) [26]. This resembles the activation energy reported by Jie et al. [7] for lemon juice colored
with purple sweet potato anthocyanins (46.76 kJ per mole),
by Hillmann et al. [38] who determined values of 54.78 kJ
per mole for grape juice (Vitis labrusca L.) concentrated at
45°Brix, and by Meneses-Marentes et al. [39] for purple passion fruit peel extract stored at lower temperatures (46 kJ per
mole).

Conclusions
Solvent extraction under the given experimental conditions
determined that 87.59% of the variability in the anthocyanins extraction yield from freeze-dried PPFP is explained
by pH, temperature, solvent: raw material ratio and time;
where the best conditions were: pH 2.0, 52.03 °C, 29.79 g
of solvent per g of raw material and 180 respectively, with
an extraction yield of 577.59 mg cyanidin-3-O-glucoside per
100 g of dry raw material. The anthocyanins’ extract stability is affected by temperature during its storage, obtaining
an anthocyanin degradation activation energy of 41.4 kJ per
mole. Also, this extract showed higher antioxidant capacity and a lower concentration of ascorbic acid. In conclusion, this study displayed that PPFP is a potential source of
anthocyanin and antioxidants with possible application in
food industry.
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