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1

Introduction

Pitaya, a fruit from the pitayo, a columnar cactus
belonging to the genus Stenocereus is a rounded or
ovoid shaped polyspermatic pigmented berry with
exocarp (peel) areoles with small needles or thorns
(Buxbaum, 1961; Bravo & Sánchez-Mejorada, 1991;
Pimienta-Barrios & Nobel, 1994; Arnaud et al.,
1997; Quiroz-González et al., 2018). Its juicy pulp
with pleasant sweet, fresh and delicate taste (YáñezLópez et al., 2005) has desirable nutritional and
antioxidant properties (García-Cruz et al., 2016).
Currently, the fruit is not widely commercialized
due to its perishability (Ochoa-Velasco & Guerrero
Beltrán, 2013; García-Cruz, Valle-Guadarrama et al.,
2016).
Although many nonthermal treatments for fruit
juice preservation have been developed such as UV-C,
high hydrostatic pressure (HHP), ozone, ultrasound,
cold plasma, and membrane processing (OchoaVelasco & Guerrero Beltrán, 2012; Ochoa-Velasco &
Guerrero Beltrán, 2013; Akgün & Ünlütürk, 2017;
Bevilacqua et al., 2018; Pérez-Grijalba et al., 2018),
very few studies report the application of these
technologies on pitaya juice. For example, UV-C
treatments of pitaya juice lowered the population
of aerobic mesophiles by 2.1 log10 UFC mL−1 ,
molds and yeast by 1.1 log10 UFC mL−1 , and
Zygosaccharomyces bailii by 1.8 log10 UFC mL−1
(Ochoa-Velasco & Guerrero Beltrán, 2012; OchoaVelasco & Guerrero Beltrán, 2013). However, the
microbial load (aerobic mesophiles and Z. bailii)
reached 3.5 log10 UFC mL−1 after 5 d of storage at
4 °C, and after 25 d they observed a 25, 11, and 42
% reduction of betalains, phenolic compounds, and
antioxidant activity, respectively. Sandate-Flores et al.
(2017) treated a pineapple-pitaya beverage at 400600 MPa for 2-10 min. While the treatments retained
betacyanins and increased the vitamin C content (565 %), a decrease was observed in the concentration
of phenolic compounds (20-48 %) and betaxanthins
(6 %). Although these results were promising, the
microbial stability of the juice mix during storage was
not evaluated.
Previous work on pitaya juice without acidification
showed that the pressure increase during comeup time (CUT) to 400 MPa (112 s) inactivated
Saccharomyces cerevisiae to undetectable levels
(Quiroz-González et al., 2018). Furthermore, 550
MPa/16 min and 600 MPa/12 min treatments achieved
388

5-log reductions of Listeria innocua. Further decreases
in L. innocua population during storage at 4±1
°C confirmed that HHP-treated pitaya juice would
meet current regulations for the commercialization of
refrigerated pasteurized juice. However, the sensorial,
physicochemical, and nutraceutical characteristics of
HPP-treated juice were not evaluated. Therefore,
the aim of this work was to assess the effects
of these previously tested HPP-treatments, and of
subsequent storage under refrigeration, on the native
microbiota, pectin methylesterase (PME) activity,
physicochemical properties, nutraceuticals content,
and sensory properties of pitaya juice without
acidification.

2

2.1

Materials and methods
Sample preparation

Pitaya fruits (Stenocereus sp.) at commercial maturity
were harvested in Santa Clara Huitziltepec (Puebla,
Mexico, Latitude: 18°46 ’N, Longitude: 97°53’
W). After harvesting, pitaya fruits were stored and
transported in an air-conditioned vehicle (12±2 °C)
to the FEMSA Biotechnology Center laboratories
(Monterrey, NL, Mexico). Prior to juice extraction at
room temperature (16±2 °C), the pitaya thorns and
pericarp were removed manually. The peeled pitaya
fruits were placed in a pulper (PolinoxT M , Agrícola
Industrial, Ciudad de México, Mexico; with a 0.3 mm
sieve pore diameter) to remove seeds. Finally, the juice
collected (pH 5.2, 10 °Bx and 9.5% solids) was frozen
and stored at -20 °C for later use within 4 months.
Pitaya juice was not acidified to avoid changes in the
organoleptic properties and to generate a clean label
product.

2.2

High hydrostatic
treatments

pressure

(HHP)

Samples of juice (15 mL) were placed in polyethylene
bags (Filmpack S.A. de C.V., Puebla, Mexico),
vacuum-sealed and treated at 550 and 600 MPa
for 16 and 12 min, respectively (Flow Autoclave
Systems, Model 2 L, Columbus, OH), using
water at room temperature (20 °C) as pressurizing
medium. These processing conditions were previously
shown to reduce by 5-log the population of L.
innocua, a suitable surrogate for L. monocytogenes
due to its physiological, biochemical, metabolic,
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and barotolerance similarity (Quiroz-González,
Rodríguez-Martínez et al., 2018). Adiabatic heating
during compression increased the pressurizing
medium temperatures reaching values in the 26 to
33 °C range. Treated juices were analyzed after 0
(immediately after treatment), 5, 10, 15, 25, 30, 35, 45
and 60 d of storage at 4±1 °C while untreated controls
were analyzed at 0, 5, 10 and 15 d of storage at 4±1
°C. In addition, untreated and treated juice samples
collected at each sampling day were frozen, stored at
-80 °C, and then thawed for sensory evaluation on day
63 after HHP treatment.

2.3

TSS and acidity evaluation

The total soluble solids (TSS), moisture content
and acidity (expressed as g malic acid 100 g−1
db) of pitaya juice were measured following
Methods 932.12, 920.151, and 942.15 (AOAC, 1995),
respectively. All measurements are reported as the
average and standard deviation for three replicates.

2.4

Microbial evaluation

HHP-treated and untreated juice was decimally diluted
using respectively 5 and 1 mL for the first and
subsequent aliquots into 45 and 9 mL 0.1 %
peptone-water (BD Bioxon, Becton Dickinson, Estado
de México, Mexico). Aerobic mesophilic bacteria
dilutions were pour-plated onto Plate Count Agar
(PCA, BD DifcoT M , Sparks, MD) plates and incubated
at 37 °C for 48 h. Yeast and molds (Y&M) populations
were obtained on Potato Dextrose Agar (PDA, BD
Bioxon, pH adjusted to 3.5 with tartaric acid) plates
incubated 5 d at 27 °C (Leyva-Daniel et al., 2017).
Total coliforms dilutions were pour-plated onto Violet
Red Bile Agar (VRBA, Merck, Darmstadt, Hesse)
plates and incubated at 37 °C for 24 h (Akgün &
Ünlütürk, 2017). Values in juice were expressed as log
CFU mL−1 and then averaged (n = 6).

2.5

Residual pectin methylesterase (PME)
activity determination

Residual PME (EC 3.1.1.11) activity potentially
causing an undesirable loss in juice turbidity (Liu
et al., 2012; Sandate-Flores, Rostro-Alanis et al.,
2017) was evaluated as described by Sandate-Flores
et al. (2017). Briefly, pitaya juice (10 g) was mixed
with 10 mL of citrus pectin (1 % w/v, > 6.7 %
methoxyl groups, Sigma-Aldrich, St. Louis, MO) and
NaCl solution (0.1 M, J.T. Baker, Luis I, Madrid,

Spain). After mixing (200 rpm at 37 °C, hot plate,
CTR Scientific, Monterrey, Nuevo León, Mexico), pH
was adjusted to 7.7 with NaOH (0.1 M, J.T. Baker)
and immediately after adding 20 µL (v) of 0.1 M
NaOH (c), the reaction time (t) to regain pH 7.7
was measured. PME activity was reported as residual
activity percentage.

2.6

Color changes evaluation

Net color change (∆E), hue, brightness and chroma
were measured following the methodology proposed
by McGuire (1992) and using a Hunter Lab
colorimeter (MiniScanTM XE Plus No. 45/O-L, series
5348, Reston, VA). All measurements are reported as
the average and standard deviation for three replicates.

2.7

Betalains, total phenolic concentration
antioxidant activity quantification

Juice aliquots (2 g) were diluted in 8 mL methanol
(Sigma-Aldrich, 99.8 %). After 5 min sonication
at 5±1 °C (Ultrasonic Cleaner Model 2510R-MTH,
Branson, Gaithersburg, MD) and centrifugation at
10062 g (calculated for the specific rotor diameter
and RPM used) and 4±2 °C for 5 min (Model
SL 16R, Thermo Scientific, Osterode, Germany),
the supernatant methanolic extract fraction was used
to quantify betalains, phenolic compounds, and
antioxidant activity as described next.
2.7.1

Betalains

These were quantified as described by Pérez-Loredo
et al. (2016). Samples (300 µL) of methanolic extract,
previously diluted 1:9 (v/v) with tridistilled water,
were analyzed using a 96-well microplate lector
(BioTek, Synergy HT, Winooski, VT). As proposed
by García-Cruz et al. (2016), readings at 535 and 483
nm were used to determine betacyanins (Cbetacyanin )
and betaxanthins (Cbetaxanthins ) concentrations (Eq. 2),
respectively:
Cbetacyanins or Cbetaxanthins (mgg−1 , db) =
(1000 · A · DF · MW · V)
(ε · W · L)

(1)

where: A = absorbance reading, DF = dilution
factor, MW = molecular weight (betacyanin and
betaxanthin, 550 and 308 g moL−1 , respectively), V =
extract volume (mL), ε = molar extinction coefficient
(betacyanin and betaxanthin, 60 000 and 48 000 mL
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mol−1 cm−1 , respectively) as reported by García-Cruz
et al. (2016), W = juice weight (g), and L = cell
path length (cm). All measurements are reported as the
average and standard deviation for three replicates.

time (0, 15 and 60 d), and then thawed on day 63 for
sensory evaluation.

2.7.2

Experimental values were analyzed by a mixed model
for repeated measures (Eq. 2), with post-hoc Tukey
test (Statistical Analysis System V9, for Windows,
SAS Institute Inc., Cary, NC).

Total phenolic compounds

These metabolites were quantified as proposed by
Sánchez-Rangel et al. (2013). Methanolic extract (15
µL), Folin-Ciocalteu reagent (0.25 N, 15 µL, SigmaAldrich), and tridistilled water (240 µL) were placed in
a microplate. After keeping it under darkness for 3 min
and then adding Na2 CO3 (30 µL, 1N, J.T. Baker), the
mixture was kept under darkness for an additional 2 h
before absorbance readings at 765 nm. Total phenolic
compounds were determined using a gallic acid (GA,
0.016 to 0.099 mg mL−1 , Sigma-Aldrich) standard
curve. Reported values (mg GA g−1 db) are based on
three readings for three sample replicates.
2.7.3

Antioxidant activity

Antioxidant activity was evaluated as described
by Villarreal-Lozoya et al. (2007) with some
modifications. Briefly, 234 µL of 160.7 µm DPPH?
(2,2-Diphenyl-1-picrylhydrazyl; Sigma-Aldrich) were
mixed with 26 µL of methanolic extract. A
blank was prepared similarly to the sample but
using 234 µL of methanol instead of DPPH.
After 15 min, antioxidant activity (AOX) was
estimated from sample (ABS sample ) and blank
(ABSblank ) absorbance readings at 515 nm A
standard curve using Trolox (6-Hydroxy-2,5,7,8tetramethylchroman-2-carboxylic acid, 172.4 to 431
µM; Sigma-Aldrich) was used to estimate AOX values
as mM Trolox Equivalent (TE)·g−1 db reported as the
average for three sample replicates.

2.8

Statistical analysis

yi jt = µ + αi + d j(i) + γt + (αγ)it + ei jt

(2)

Where yi jt = response at time t on the jth experimental
unit assigned to the ith treatment and assuming
normal independent distribution approximation with
mean 0 and variance σ2y , µ = overall mean
effect, αi = ith fixed treatment effect, d j(i) =
random effect of jth experimental unit within the
ith treatment and assuming normal independent
distribution approximation with mean 0 and variance
σ2d , Yt = fixed tth time effect when measurement
is taken, (αγ)it = fixed interaction effect between
treatment and time, ei jt = random error associated
with the jth experimental unit assigned to the
ith treatment at time t, ei jt assuming normal
independent distribution approximation with mean 0
and variance σ2e . Finally, d j(i) and ei jt were assumed
independent (Wang & Goonewardene, 2004). The
covariance structures used were compound symmetry,
variance components, self-regressive, Toeplitz, and
unstructured while the method used was multiple
linear regression. The estimated variance-covariance
matrix was used to model the natural variation of the
data in order to improve the prediction of treatment
effects and the comparison between treatments over
time. The χ2 (Chi-square) Friedman’s test was used
to determine significant sensorial differences (Eq. 3):

Effect of HHP on overall sensory
acceptability of juices

The juice overall sensory acceptability was assessed
by a panel of 64 males and 80 females (18-33 yrs)
using a 9-point hedonic scale where 9 = like extremely,
5 = neither like nor dislike, and 1 = dislike extremely.
Each panelist evaluated four samples in balanced
randomized order, including a control (untreated
juiced) and three HHP-treated juice samples. The
HHP-treated samples were from either of the two HHP
treatment conditions (550 MPa/16 min; 600MPa/12
min) and each of the storage times at 4±1 °C.
Untreated juiced (0 d) and treated samples were kept
at 80 °C after the corresponding refrigerated storage
390

2.9

t

χ2 =

X
12
x. j − [3(p)(t + 1)]
[p(t)(t + 1)] i=1

(3)

where p = number of panelists; t = number of
treatments, x. j = sum of the j treatment arrangement;
the degrees of freedom for χ2 are t − 1. The minimum
significant order difference (MSOD) was determined
to compare two rank sums (p < 0.05) according to Eq.
4:
p
MS OD = zα/2 (pt(t + 1)/6
(4)
where zα/2 is the critical value of normal distribution
with α/2 (Hernández-Montes, 2007; Valdivia-Nájar et
al., 2018).

www.rmiq.org

Quiroz-González et al./ Revista Mexicana de Ingeniería Química Vol. 19, No. 1 (2020) 387-399

Table 1. Changes in pitaya acidity juice during storage at 4±1 °C
Storage time
(days)
0
5
10
15
25
30
35
45
60

Acidity (Expressed as g malic acid/100 g)
550 MPa
600 MPa
Untreated
16 min
12 min
0.14±0.01a
0.11±0.0b
0.10±0.01c
0.09±0.00d
-

0.14±0.01aA
0.11±0.01bB
0.10±0.01cC
0.08±0.00dD
0.08±0.00D
0.07±0.00D
0.08±0.00D
0.07±0.00D
0.08±0.00D

0.15±0.01aA
0.10±0.01bB
0.10±0.01cC
0.08±0.00dD
0.08±0.00D
0.08±0.00D
0.08±0.00D
0.07±0.00D
0.08±0.00D

Values sharing same letter indicate no significant differences (Tukey
mean comparison, p < 0.05). Lowercase and uppercase letters indicate
the evaluation of all or only treated juices stored 15 and 60 d,
respectively. After 15 d, untreated samples showed significant spoilage
and were discarded.

3
3.1

Results and discussion
Effect of HHP on TSS and acidity

There was no HHP processing effect (p < 0.05) on
juice TSS and acidity. While storage time had no
effect on TSS values (10.0-9.9 °Bx, data not shown),
acidity reduced (p < 0.05) from an initial 0.14-0.15
value to 0.07-0.08 % malic acid at 60 d (Table 1). A
decline in the concentration of organic acids (malic,
ascorbic and citric) during storage has been reported
for apple, orange, grape, and strawberry juice (Cao et
al., 2012; Juarez-Enriquez et al., 2015; Garcia et al.,
2018; Mezey & Mezeyová, 2018). These reductions
could be caused by oxidative reactions due to presence
of residual oxygen, oxygen permeation across the
polyethylene bag (Cao, Bi et al., 2012; JuarezEnriquez, Salmeron-Ochoa et al., 2015), residual
enzymatic activity (González-Agüero et al., 2016), or
presence of microorganisms using malic acid as an
energy source (García et al., 2018).

3.2

Effect of HHP on native microbiota

Previous work (Quiroz-González, RodríguezMartínez et al., 2018) showed that the HPP treatments
selected for this study achieve a 5-log reduction
in the L. innocua population. To comply with US
legislation (“Pathogen Reduction," Code of Federal
Regulations, Title 21 §120-Subpart B 2018), Listeria
monocytogenes was considered to be the “pertinent
microorganism" in the pitaya juice investigated in

this study. Non-pathogenic L. innocua was used
as surrogate due to its physiological, biochemical,
metabolic, and barotolerance resemblance to this
pathogen (Tay et al., 2003; Sokołowska et al.,
2014). Comparisons with Escherichia coli and
Salmonella strains have shown that L. innocua is
more barotolerant than these pathogens (e.g., Alpas
et al., 2000; Guerrero-Beltrán et al., 2011). The initial
aerobic mesophilic bacteria population in pitaya juice
was 2.87 log10 CFU mL−1 . HHP processing reduced
it to below detection levels and remained so for 10
and 15 d for 550 MPa/16 min and 600 MPa/12 min
treated juice, respectively (Figure 1). The microbial
inactivation for longer time at the higher pressurization
level may reflect an increased protein denaturation,
rupture, or lipid phase change of cell membranes
(Cheftel, 1995; Lado & Yousef, 2002; Huang et al.,
2014). After 15 d, the aerobic mesophilic population
increase for untreated juice exceeded 8 log CFU mL−1 ,
and thus data collection for untreated juice samples
was discontinued. In the case of treated samples, the
mesophilic population remained at 2 log CFU mL−1
or lower. As previously stated, the same treatments
lowered L. innocua population by more than 5 log10
CFU mL−1 and reduced Saccharomyces cerevisiae
counts to below detectable levels (Quiroz-González,
Rodríguez-Martínez et al., 2018). In the case of mold
and yeast population, untreated juice showed around
5 log CFU mL−1 at 15 d of storage (Table 2) while
for HHP-treated juice their population reached below
detection level after all treatments and remained so
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Fig. 1. Aerobic mesophilic counts in pitaya juice stored at 4±1 °C. Values sharing same letter indicate no significant
differences (Tukey mean comparison, p < 0.05). Lowercase and uppercase letters indicate the evaluation of all or
only treated juices stored 15 and 60 d, respectively. Vertical bars: standard deviation
Table 2. Molds and yeast populations (log CFU
mL−1 ) in untreated pitaya juice during storage at 4±1
°C
Storage
Log (CFU mL−1 ), mean ±
time (days)
standard deviation (n=6)
0
5
10
15

2.83 ± 0.03 a
2.89 ± 0.05 b
4.55 ± 0.04 c
4.59 ± 0.08 c

No significant difference between values sharing same
letter (Tukey mean comparison, p < 0.05).

during storage (data not shown). These observations
confirmed that the 550 MPa/16 min and 600 MPa/12
min treatments are safe processing options allowing
the commercial distribution of refrigerated nonacidified pitaya juice.

3.3

Effect of HHP on residual pectin
methylesterase (PME) activity

The reduction in residual PME activity in untreated
juice reached 58 % after 15 d storage. HHP
392

processing reduced residual PME activity by 59-63
% (p = 0.0001), remained approximately constant
during 30 d storage, and then decreased even
further reaching 16 % residual activity at 60 d
(Fig. 2). Probably, HHP process induced tertiary and
quaternary conformational changes of the enzyme
(Buckow & Terefe, 2017; Morales-de la Peña et al.,
2018). Residual PME activity reduction after HHP or
storage at 4±1 °C effect was sufficient to retain the
juice without alteration of its rheological properties
(data not shown).

3.4

Effect of HHP on color parameters

HHP treatments had no effect on juice ∆E (p > 0.05);
however, this color parameter increased during storage
for untreated and HHP-treated samples (p = 0.0001).
Color stability of HHP-treated juices storage effects
have been previously reported. No color changes were
observed for strawberry juice treated at 600 MPa (4
min), orange juice treated at 600 MPa (1 min), and
mulberry juice treated at 500 MPa (5 min) but during
storage for 60, 30 and 28 d at 4 °C the corresponding
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Figure 2. Changes in residual PME activity in pitaya juice during storage at 4±1 °C). Values
sharing same letter indicate no significant differences (Tukey mean comparison, p < 0.05).
Lowercase and uppercase letters indicate the evaluation of all or only treated juices stored 15 and
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60 d, respectively. Vertical bars: standard deviation
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Fig. 2. Changes in residual PME activity in pitaya juice during storage at 4±1 °C). Values sharing same letter
indicate no significant differences (Tukey mean comparison, p < 0.05). Lowercase and uppercase letters indicate the
evaluation of all or only treated juices stored 15 and 60 d, respectively. Vertical bars: standard deviation.
Table 3. Net color change and hue in pitaya juice during storage at 4±1 °C
Time
(days)
0
5
10
15
25
30
35
45
60

Net color change (∆E)
550 MPa
600 MPa
Untreated
16 min
12 min
0.10±0.06a
1.10±0.05c
1.41±0.41cd
1.33±0.04cd
-

0.14±0.01aA
0.57±0.11abA
0.57±0.23abA
1.67±0.08eB
1.58±0.23B
1.77±0.29B
2.00±0.39BC
2.10±0.45BC
2.24±0.30C

0.14±0.04aA
0.45±0.18abA
0.37±0.03abA
1.61±0.04deB
1.58±0.11B
1.54±0.08B
2.13±0.38BC
1.94±0.29BC
2.07±0.11C

Untreated

Hue (°)
550 MPa
16 min

10.0±0.1a
10.8±0.3b
11.1±0.1c
11.8±1.4bc
-

10.1±0.2aA
10.6±0.1bB
11.1±0.1cB
11.8±0.2bcB
14.2±0.4C
14.6±0.4C
15.1±0.2D
15.7±0.2D
16.3±0.3E

600 MPa
12 min
10.1±0.2aA
10.7±0.3bB
11.1±0.1cB
11.5±0.1bcB
14.7±0.2C
14.8±0.3C
15.5±0.5D
15.4±0.2D
16.3±0.1E

Values sharing same letter indicate no significant differences (Tukey mean comparison, p < 0.05). Lowercase8 and
uppercase letters indicate the evaluation of all or only treated juices stored 15 and 60 d, respectively. After 15 d,
untreated samples showed significant spoilage and were discarded.

∆E values were 5.52 (Bull et al. (2004), 4.8 (Cao et
al., 2012), and 1.38 (Zou et al., 2016). In this study,
∆E reached a 2.24 maximum after 60 d (Table 3).
Consistent with the absence of effects on ∆E, hue,
luminosity and chroma parameters were not affected
by HHP processing (p > 0.05). However, treated
and untreated juice samples showed a significant hue
increase during storage (Table 3), i.e., a loss in red tone
suggesting a pigment loss. This may reflect enzyme

and/or microbial activity not fully inactivated by the
HPP treatment (Oey et al., 2008). While untreated
juices showed a reduction in luminosity (4.2 to 3.4°)
and chroma (19.8 to 18.6) at 15 d, in treated juices the
changes in luminosity (4.3 to 4.4°) and chroma (19.9
to 20.3) during cold storage (60 d) was not significant,
i.e., treated juices had a bright color and retained color
intensity during storage.
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Table 4. Changes in total betalains, and betacyanins content (mg g−1 db) in pitaya juice during storage at 4±1°C
Storage time (days)

Untreated

Betalains
550 MPa
16 min

0
5
10
15
25
30
35
45
60

42.7±2.7a
43.4±2.2a
42.1±2.9a
41.3±2.2a
-

40.8±1.8aA
40.8±1.4aA
41.7±1.2aA
41.9±1.0aA
39.8±1.0A
39.2±1.7A
37.2±1.0B
36.1±1.5B
35.6±2.5B

600 MPa
12 min

Untreated

40.6±1.0aA
39.2±4.1aA
41.1±1.3aA
40.5±0.6aA
40.1±2.0A
40.2±2.0A
36.2±2.7B
35.9±1.5B
35.0±0.6B

21.5±0.9a
21.9±1.1a
21.2±1.4a
20.8±1.1a
-

Betacyanins
550 MPa
16 min
20.7±1.0aA
20.6±0.7aAB
20.9±0.6aA
21.1±0.6aA
19.2±0.3BC
18.9±0.8BC
17.4±0.1CD
16.9±0.6D
16.4±1.2D

600 MPa
12 min
21.1±0.3aA
19.8±2.0aAB
20.7±0.6aA
20.9±0.2aA
19.4±1.0BC
19.0±1.3BC
17.3±1.5CD
16.9±1.1D
15.8±0.2D

Values sharing same letter indicate no significant differences (Tukey mean comparison, p < 0.05). Lowercase and
uppercase letters indicate the evaluation of all or only treated juices stored 15 and 60 d, respectively. After 15 d,
untreated samples showed significant spoilage and were discarded.

Table 5. Changes in total phenols and antioxidant activity in pitaya juice during storage at 4±1 °C.
Storage
time (days)

0
5
10
15
25
30
35
45
60

Total phenols (mg gallic acid ·g−1 db)
Untreated

550 MPa
16 min

600 MPa
12 min

0.40±0.01a
0.40±0.00a
0.40±0.02a
0.39 ±0.01a
-

0.40±0.01aA
0.40±0.01aA
0.40±0.01aA
0.41±0.01aA
0.40±0.01A
0.40±0.01A
0.38±0.02AB
0.37±0.02B
0.36±0.02B

0.40±0.01aA
0.41±0.01aA
0.40±0.02aAB
0.40±0.01aA
0.39±0.01A
0.39±0.02A
0.37±0.02AB
0.36±0.02B
0.37±0.00B

Antioxidant activity
(mM Trolox Equivalent·g−1 db)
550 MPa
600 MPa
Untreated
16 min
12 min
2.69±0.06a
2.60±0.12a
2.59±0.10a
2.46±0.03c
-

2.72±0.03aA
2.69±0.06aA
2.68±0.08aA
2.60±0.06bA
2.63±0.04A
2.60±0.06B
2.54±0.05B
2.55±0.08B
2.59±0.09B

2.67±0.06aA
2.68±0.03aA
2.68±0.09aA
2.66±0.08bA
2.64±0.04A
2.52±0.04B
2.54±0.01B
2.56 ±0.06B
2.58±0.06B

Values sharing same letter indicate no significant differences (Tukey mean comparison, p < 0.05). Lowercase and
uppercase letters indicate the evaluation of all or only treated juices stored 15 and 60 d, respectively. After 15 d,
untreated samples showed significant spoilage and were discarded.

3.5

Effect of HHP on betalains,
total phenolic concentration, and
antioxidant activity

In previously reported juice studies, betacyanins (red)
and betaxanthins (yellow) were not affected (p > 0.05)
by HHP processing (Brockington et al., 2015; Khan
& Giridhar, 2015). In this study, betaxanthins showed
no significant changes during storage (21.1 18.9 mg
g−1 db, data not shown) while betacyanins showed a
28 % reduction (Table 4). This is consistent with work
by Ochoa-Velasco and Guerrero Beltrán (2012) who
reported a 25 % decrease in the betacyanins content of
394

UV-C treated pitaya juice after 25 d storage at 4 °C,
i.e., a storage effect similar to the one here observed.
The betacyanins content reduction, which coincided
with the hue increase during storage, was likely caused
by the remaining activity of pitaya enzymes (GarciaPalazon et al., 2004; Morales-de la Peña, SalinasRoca et al., 2018). Also, Azeredo (2009) reported
that during refrigerated storage betacyanins are more
susceptible to enzyme degradation than betaxanthins.
The total phenolic compounds content in all juices
was not affected by HHP treatments. After 45 d
storage, a 10 % decrease (p < 0.05) was observed in
pressure-treated juice (Table 5), a value comparable to
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Table 6. Changes in the global acceptability of pitaya
juice during storage at 4±1 °C
Pressure (MPa)
Untreated
550 MPa/16 min
600 MPa/12 min

Storage time (days)
0
15
60
5.57a
5.51a
5.17a

—
6.25c
6.33c

Conclusions

—
5.76ab
5.96bc

Values sharing the same letter indicate no
significant difference (MSOD).

the 12 % phenolic compounds reduction reported for
UV-C treated pitaya juice (Ochoa-Velasco & Guerrero
Beltrán, 2013). Moreover, even higher reductions have
been reported for pomegranate and kiwi juice (19 and
30 %, respectively) when treated at 550 MPa (2.5 and
10 min, respectively) and subsequently stored for 35
and 42 d at 4 °C, respectively (Varela-Santos et al.,
2012; Xu et al., 2018).
Antioxidant activity was not significantly affected
by HHP juice processing. During storage, untreated
juices showed a significant reduction (9 %) after 15 d,
while in HHP-treated juices the decrease reached 6 %
after 30 d (Table 5). Cao, Bi et al. (2012) and JuarezEnriquez, Salmeron-Ochoa et al. (2015) reported a
decrease of 8 and 6 % of antioxidant activity in
strawberry juice treated by 600 MPa for 4 min and in
apple juice treated at 430 MPa for 7 min when stored
for 60 and 34 d at 4 °C, respectively. The antioxidant
activity loss observed could be due to a reduction in
betalains and phenolic compounds content, which was
significant after 35 and 45 d of storage, respectively.
Although the synergic effect of organic acids as malic
and citric acid should also be considered (RamírezRamos et al., 2015; García-Cruz et al., 2017), the latter
was not evaluated in this study.

3.6

a TSS/TA ratio of 125 while fresh juices had 6671 TSS/TA ratio, which would explain their lower
hedonic scale value.

Effect of HHP on the overall sensory
acceptability

The overall sensory acceptability of juices showed
hedonic scale values in the 5.5 and 6.3 range (Table 6).
In general, higher acceptability scores corresponded to
stored samples. Probably, acceptability was influenced
by their acidity, and consequently the panelists noticed
a higher sweetness (Mezey & Mezeyová, 2018). This
is consistent with a previous report showing that an
elevated TSS/TA ratio is indicative of a pitaya fruit
with good flavor (Rosas-Benítez et al., 2016) and
observed also in other fruit juices (Macías-Ojeda et
al., 2019). In this study, juices stored 15-60 d had

Juices treated at 550 and 600 MPa for 16 and
12 min, respectively, and subsequently stored under
refrigeration for 60 d had microbial load below 2 log
CFU mL−1 . TSS, luminosity, chroma, and antioxidant
activity were not affected by HHP nor by storage.
A residual PME activity decrease was observed
when juices were treated by HHP. Acidity, phenolic
compounds, and betalains content were not affected
by HHP. Sensorial acceptability was not affected by
HHP, but it was favored by storage, probably reflecting
a lower acidity affecting the perceived sweetness. High
pressure hydrostatic is thus a promising alternative
offer consumers non-acidified pitaya juice with long
shelf life and high quality.
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Acronyms
HHP
high hydrostatic pressure
PME
pectin methylesterase
TSS
total soluble solids
CUT
come-up time
MSOD minimum significant order difference
AOX
antioxidant activity
TA
titratable acidity
db
dry basis
Greek symbol
∆E
Net color change
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