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Influence of block freeze concentration and evaporation on physicochemical
properties, bioactive compounds and antioxidant activity in blueberry juice
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Abstract

This study investigated the impacts of centrifugal block freeze concentration (CBFC) and evaporation processes on physicochemical
properties, bioactive compounds and antioxidant activity applied to fresh blueberry juice. After three concentration cycles,
the solutes were approximately 3.6 times to the initial condition (12 °Brix) and the final color (AE*>4.7) was darker than the
fresh juice. In all cycles, CBFC obtained higher bioactive compound concentration than evaporation, with values, in the last
cycle, close to 610 mg GAE/100 mL, 57 mg M3G/100 mL and 279 mg CEQ/100 mL for total polyphenol, anthocyanin and
flavonoid content, respectively, causing a retention over 70%. Similarly, as the cycles progressed, DPPH assay presented values
from 1916 to 5700 umol Trolox equivalents/L, which were higher than those reported by the treatment at high temperatures
(1916 to 4600 pumol Trolox equivalents/L), resulting in good antioxidant activity in the cryoconcentrates achieved at low
temperatures. Moreover, a significant correlations between CIELab parameters, bioactive compounds and antioxidant activity
were observed. Thus, CBFC is an interesting and novel technique to preserve important quality properties from fresh fruit juices.
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Practical Application: Novel techniques are being developed to retain various bioactive components from natural fresh juices.
Hence, block freeze concentration is a fascinating nonthermal technology to produce liquid concentrates. In this work, blueberry
juice was concentrated by freeze concentration, obtaining interesting quality property results when compared with concentrates

by the most used thermal technology, i.e., evaporation.

1 Introduction

In general terms, the concentration process is an important
unit operation due to reduce several production costs such
as storage, transportation, packaging and distribution costs,
since concentrated samples occupy less volume and weight,
as well as increased product foods’ shelf-life. Specifically, this
process can be achieved through three mechanisms: thermal
treatment (evaporation), membrane technology (reverse
osmosis) and freeze concentration (subzero technology)
(Orellana-Palma et al., 2019).

The evaporation is the most widely used technology to
concentrate fruit juice samples, in which water is vaporized with
steam in a heat exchanger by applying temperatures between
50 and 150 °C. However, the high temperatures applied produce
undesirable effects in the final food products due to the degradation
of important components, and leads to consumer dissatisfaction.
Furthermore, it has some disadvantageous such as high amount
of energy to remove water (2260 kJ/kg), high installation and
operating costs, and long processing time (Ling et al., 2015).
Various studies have shown the negative evaporation effects
in thermolabile and thermostable components applied to
pomegranate, black mulberry, sour cherry and blueberry juices
(Dincer et al., 2016; Elik et al., 2016; Sabanci & Icier, 2017).

Thereby, innovative food processing technologies have been
developed to preserve different quality properties in the final
concentrate juice (Khan et al., 2018).

The freeze concentration (FC) (also called cryoconcentration)
is a concentration technology in continuous development,
which allows concentrate a liquid solution via partial or total
water freezing and separating the ice fraction from the unfrozen
liquid fraction (cryoconcentrate). Thus, FC process has reached
concentration levels between 30 and 60 °Brix, without affecting
different quality properties in the final cryoconcentrate due
to the concentration process occurs at subzero temperatures
(Amran etal., 2016). Hence, different FC processes are available
today: (i) suspension FC (SFC) (Ding et al., 2019), (ii) progressive
FC (PFC) (Muiioz et al., 2019), (iii) falling-film FC (FFFC)
(Moreno et al., 2015) and (iv) block FC (BFC) (Jin et al., 2017).
In BFC, the aqueous solution is completely freezing; thawing
that frozen solution, and later, the unfrozen liquid fraction
(cryoconcentrate) is separated from the ice fraction by natural
gravitational method or by adding external forces to improve
the separation efliciency and other process parameters. Then,
BFC utilizes three steps: freezing, thawing and separation
(Orellana-Palma et al., 2017a).
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In this context, centrifugation has been used as powerful
external force in the BFC process to extract cryoconcentrate from
diverse frozen liquid samples such as brackish water (Luo etal.,
2010), proteins (Virgen-Ortiz et al., 2012), extracts (Nunes et al.,
2015; Sequera et al., 2019), and fruit juices (Petzold et al., 2016),
since the centrifugal force uses the veins formed in the frozen
fraction to extract solute and thus, this assisted technique
increases the efficiency and final amount of cryoconcentrate.
In consequence, centrifugal block freeze concentration (CBFC)
studies have successfully reported that process parameters were
improved with efficiencies between 60% and 75% applying up
to three cycles (Orellana-Palma et al., 2019).

However, to our best knowledge, there is no scientific literature
on CBFC and evaporation as technologies to concentrate fresh
blueberry juice and their effects on different components, which
in turn could be essential information to produce juices with
important quality properties.

Thus, the aim of the present study was to analyze the effect
of CBFC on physicochemical properties (total solid content,
pH, acidity and color), bioactive compounds (total polyphenol,
anthocyanin and flavonoid content) and antioxidant activity (DPPH)
applied to fresh blueberry juice compared with conventional
high temperature treatment, i.e., evaporation method.

2 Materials and methods
2.1 Chemicals and reagents

Analytical standards: sodium hydroxide (NaOH), sodium
carbonate (Na,CO,), sodium nitrite (NaNO,), aluminum
chloride (AICL), hydrochloric acid (HCI), potassium chloride
(KCl), acetic acid (CH,CO,H), sodium acetate (CH,COONa),
Folin-Ciocalteu reagent, gallic acid, (+)-catechin, methanol,
DPPH (2,2'-diphenyl-1-picrylhydrazyl) and Trolox
(6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid)
were purchased from Sigma-Aldrich, Santiago, Chile. Distilled
water was used throughout.

2.2 Juice preparation

Fresh blueberries (Vaccinium myrtillus L.) were purchased
in the same local market in Chillan (Region del Nuble, Chile)
and were stored under refrigeration condition (=4 °C, overnight)
until use. The fruits were cleaned and washed manually to remove
debris. Then, blueberries were crushed manually and filtered to
separate the seeds and skin from the juice, avoid the presence
of solids that might interfere with the concentration processes.

2.3 Concentration procedures
Centrifugal block freeze concentration

The CBFC experimental protocol was adapted according
to the methodology of Orellana-Palma et al. (2017a) with some
modifications. A schematic diagram of the experimental protocol
is illustrated in Figure 1.

Blueberry juice (45 mL) into plastic centrifugal tubes (internal
diameter ~22 mm) was frozen in a static freezer at -20 °C for 12 h.
The centrifugal tubes were isolated with foam polystyrene (8 mm
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thickness, thermal conductivity K=0.035 W/mK) in order for
freezing front propagation to occur axially (from the top to bottom).
The freezing temperature was measured using a type T copper
thermocouple at the geometric center of the samples, and the freezing
rate (um/s) was calculated as the distance divided by the freezing
time (based on the ice propagation rate) (Petzold et al., 2015).

The frozen samples were transferred to a centrifuge with
a 50 mL-tube rotor (Hettich D-7853, Tuttlingen, Germany) at
20 °C for 15 min at 4000 rpm (1600 RCF) to force the separation
of cryoconcentrated fraction (C) from the ice fraction (C)).
The C at the first cycle was collected and used for the second
cycle (i.e. the C was frozen and transferred to a centrifuge), and
so, the second C_ was used for the third cycle. Three replicates
of the CBFC experimental protocol were performed, and the
mean values of physicochemical properties, bioactive compounds
content and antioxidant capacity of the C_ were reported.

Vacuum evaporation procedure

The fresh juice sample was concentrated with a vacuum
rotary evaporator (Rotavapor R-100, Biichi Labortechnik AG,
Flawil, Switzerland) at 50 °C and 80 mbar. The concentration
procedure was stopped when the total soluble solids (TSS) of the
evaporate juice were similar to the CBFC sample obtained in each
cycle. Three replicates of the concentration by evaporation were
performed, and the mean values of physicochemical properties,
bioactive compounds content and antioxidant capacity were
reported.

fresh sample

concentrate 1

concentrate 2

concentrate 3

Figure 1. Centrifugal block freeze concentration using three consecutive
cycles.
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2.4 Physicochemical properties

The TSS was analyzed using a digital refractometer PAL-1 (Atago
Inc., Tokyo, Japan) and was expressed as °Brix. The pH of fresh
blueberry juice, cryoconcentrate and evaporate samples were
measured using a digital pH meter (Hanna Instruments HI 2210,
Woonsocket, USA) calibrated with commercial buffer solutions
at pH 7.0 and 4.0. Titratable acidity (TA) was determined by
titration with 0.1N NaOH solution. The samples were diluted with
deionized water and it was titrated to the phenolphthalein endpoint
(pH=8.1 £ 0.1). The titratable acidity was expressed g/100 mL
malic acid of the sample. The instrumental color parameters were
determined using a spectrophotometer (Konica Minolta CM-5,
Osaka, Japan). The results were expressed as CIELab values.
The Hunter color parameters L* (whiteness or brightness/darkness),
a* (redness/greenness), and b* (yellowness/blueness) were used.
The total color difference (AE*) was calculated according to the
Equation 1. All analyses were performed in triplicate at 25 °C.

AE" = (AL)” +(Aa) +(Ab)’ M

2.5 Total Bioactive Compounds (TBC) and antioxidant
activity determinations

Total polyphenol content (TPC) was determined
spectrophotometrically by the Folin-Ciocalteu assay (Singleton etal,,
1999). Gallic acid was used to prepare a calibration curve and
the results were expressed as mg gallic acid equivalents (GAE)
per 100 mL of sample (mg GAE/100 mL). Total anthocyanin
content (TAC) was estimated according to the pH differential
method as described by Lee et al. (2005). Malvidin-3-glucoside
was used to prepare a calibration curve and the results were
expressed as mg malvidin-3-glucoside equivalents (M3G) per
100 mL of sample (mg M3G/100 mL). Total flavonoid content
(TFC) was measured by aluminium chloride colorimetric method
described by Dewanto et al. (2002). Catequin was used to prepare
a calibration curve and the results were expressed as mg catequin
equivalents (CEQ) per 100 mL of sample (mg CEQ/100 mL).
The TBC retention indicates the total bioactive compound
percentage in the concentrated fraction respect to the initial
sample (fresh blueberry juice). The TBC retention was calculated
at each cycle using the Equation 2 (Orellana-Palma et al., 2017a).

TBC retention (%) =[g—°j*{%}*l 00 (&)
T 0

Where C is the initial TSS (°Brix), C, is the concentration of
TSS (°Brix) at each cycle, BC . is the TBC at each cycle, and BC,
is the initial TBC.

DPPH (2,2-diphenyl-1-picrylhydrazyl) free radical
scavenging assay was assessed based on Thaipong et al. (2006)’
method. Trolox was used as standard for the calibration curve,
and the results were calculated and expressed as micromoles
of Trolox equivalents (TE) per liter of sample (umol TE/L).
TBC and antioxidant activity determinations were performed
in triplicate at 25 °C.

2.6 Statistical analysis

Data were analyzed using analysis of variance (ANOVA)
using the Statgraphics Centurion XVI software. Differences
between the mean values were established by the least significant
difference (LSD) at 5%. Correlations between color parameters,
total bioactive compound and among them were evaluated by
Pearson’s correlation coefficient test.

3 Results and discussion
3.1 Fresh blueberry juice and concentrates characterization

Table 1 summarizes TSS, pH, TA, and color of fresh
blueberry juice and concentrates. Specifically, in CBFC, the
concentrate solutes increased progressively compared with the
fresh sample (=12 °Brix), with final values close to 22, 33, and
44 °Brix after the first, second, and third cycles, respectively.
In concentration index (CI, ratio C/C ) terms, an increase over
1.8, 2.7 and 3.6 times was achieved from the first to the third
cycle, respectively.

From a practical point of view, the cryoconcentrate results
were slightly superior to those obtained previously in our
laboratory with other fruit juice samples such as pineapple juice
(Petzold et al., 2015) and orange juice (Orellana-Palma et al., 2017b)
under comparable conditions, in which the final concentration
values increased until 42 °Brix in the final cycle. Furthermore, the
results were higher than those reported by Sanchez et al. (2010),

Table 1. Physicochemical parameters of fresh blueberry juice and concentrates.

Fresh juice CBFC Evaporation
C1 C2 C3 Cl1 C2 C3
TSS 123 +£0.1* 223+ 1.1° 32.6+1.7¢ 439 + 1.6¢ 233+ 1.7° 33.8+1.3¢ 43.6 + 1.6¢
pH 3.2+0.0° 3.1+0.0° 3.1+£0.0¢ 3.0 +£0.0¢ 3.1 +£0.0° 3.1+£0.0° 3.1 +0.0¢
TA 0.6 +0.0° 1.1+0.1° 1.5+0.1¢ 2.2+0.1¢ 1.3+0.1° 1.7 £0.1¢ 2.3+0.1¢
L* 1.6 £0.1* 0.9 +0.0° 0.5 £0.0° 0.3 +0.0¢ 0.8 +£0.0° 0.4 £0.0° 0.3 +0.0¢
a* 9.6 £ 0.3 5.1+0.2° 2.0£0.1¢ 1.0 £ 0.0¢ 3.7+0.1° 1.3 +0.1¢ 0.6 +0.0¢
b* 2.4+0.1° 1.2 +£0.0° 0.5+ 0.0° 0.2 +0.0¢ 1.2 +£0.0° 0.3 +0.0° 0.2 +0.0¢
AE* - 4.7 £0.3* 7.9 +0.3" 8.9 £0.3¢ 6.1 £0.2* 8.6 +0.3° 9.3 +£0.3°

sbed Different letters in the same column show significant differences at 5% between homogeneous groups in each variable to a least significant difference test (LSD). C1, C2 and C3
represents cycle 1, cycle 2 and cycle 3, respectively; a* corresponded to the green-red axis, where the negative values are related to the green color and the positive values with the
orange and red; b* corresponded to the blue-yellow axis, where the negative values are related to the color blue, and the positive values with the yellow color; L* coordinate measured

the luminosity; AE* corresponded to the total color difference between samples.
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Moreno et al. (2015) and Ding et al. (2019), in which orange
juice, coffee extract and apple juice were cryoconcentrated by
FFFC, BFC and SFEC, respectively. The differences in the final
solute at each cycle could be attributed to the sized tubes, since in
this study, we used a 50 mL-tube (45 mL sample) and moderate
freezing temperature (-20 °C), which promote a better movement
of the solids in the subzero step (stratification) and favors the
cryoconcentrate separation from the C. Likewise, the ice occluded
solutes provided values close to 3, 8 and 15 °Brix along the CBFC
cycles (data not shown). Hence, the C, were highly pure at each
cycle, since, in CI terms, the solutes presented a slight increase,
with 0.3, 0.7 and 1.2 times at the first, second, and third cycle,
respectively. The values were comparable than previous results
obtained in the same study with fresh pineapple juice, where
15 °Brix of entrapped solutes was reached in the C_after the third
cycle (Petzold et al., 2015). Similar values could be attributed
to that fresh blueberry juice has no added components and/or
any previous treatment carried out such as in the commercial
juice production. Therefore, there are no factors that prevent
a correct BFC. In the same physicochemical parameters way,
the pH of the concentrated fractions decreased in relation to
the initial fresh juice value. An opposite effect was observed in
the acidity, since it increased at each cycle with respect to the
initial value. This inverse behavior has been attributed to the
solids concentration, since as the TSS content increases, the
organic acid content in the sample increases (Khajehei et al.,
2015; Orellana-Palma et al., 2019). As observed, the pH and
acidity values did not present significant statistical differences
(p=0.05) when comparing the same cycles between concentration
techniques. The instrumental color parameters of fresh blueberry
juice and concentrates samples showed significant changes in the
mean L*, a* and b* values after applied concentration techniques,
since all the values decreased in relation to the fresh juice, which
indicated that concentrate samples were darker than the initial
juice. The increase in TSS content cycle by cycle explains the
darkening of the samples, which also generates the increase of
bioactive compounds (Adorno et al., 2017). In addition, these
results between the fresh juice and cryoconcentrate samples
are in agreement with different liquid samples (Petzold et al.,
2016). The color difference (AE*) between the concentrated
samples and fresh juice can be estimated such as not noticeable
and well visible according to the human visual discrimination
threshold (AE*>3) (Melgosa et al., 1997). From the first cycle,
the AE* values were over four CIELab units, and at each cycle
increased until nine CIELab units. The AE* values acquired by
evaporation were similar than those obtained by CBFC. These
values confirm that CBFC process preserves the natural fresh
juice color.

In freezing rate terms, the freezing curves (Figure 2) show
amoderate freezing rate in all samples, because the results were
lower than 8 um/s, a critical value established by Moreno et al.
(2015). Specifically, the fresh juice has a freezing rate close to
5.4 um/s, while cryoconcentrate samples increase to values
around 6.0, 6.3 and 6.6 um/s, from the first to the third cycle,
respectively. These results were similar to the previously obtained
by Petzold et al. (2015), who cryoconcentrated commercial
pineapple juice. This important difference in the freezing rate and
freezing curves could be attributed to the solute concentration
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in the fresh juice and each cycle, since as the cycles increased,
the final concentration increased and the water in the juice
decreased (Orellana-Palma et al., 2019).

3.2 Bioactive compound content in the concentrated juices

Figure 3 shows the total polyphenol (TPC), flavonoid
(TFC) and anthocyanin (TAC) content of fresh blueberry
juice and concentrate samples. Firstly, the fresh blueberry
juice had TPC, TAC and TFC values of approximately 220 mg
GAE/100 mL (Figure 3a), 20 mg M3G/100 mL (Figure 3b)
and 110 mg CEQ/100 mL (Figure 3c), respectively, which was
significantly higher than those previously informed by Siddiq et al.
(2018). The differences with previous studies could be explained
by factors such as type of harvesting, ripening stage, climatic
conditions in the fresh fruits and/or specific methods used
during juice preparation (Skrovankova et al., 2015). Specifically,
the bioactive compound content displayed a similar behavior
under CFBC and evaporation processes, since the results showed
increased significantly (p<0.05) over consecutive cycles when
compared to the fresh blueberry juice. In all cases, the TPC,
TAC and TFC values obtained by CFBC were higher than those
by high temperatures, and in the final cycle, the concentrates
samples exhibited values close to 610 mg GAE/100 mL, 57 mg
M3G/100 mL, and 279 mg CEQ/100 mL versus 454 mg GAE/100 mL,
43 mg M3G/100 mL, and 207 mg CEQ/100 mL, respectively.
Hence, the cryoconcentrate samples presented an increased up
to 3.0 (TPC), 2.9 (TAC) and 2.6 (TFC) times compared to the
initial value. This tendency has been reported in yerba mate
(Nunes et al., 2015), strawberry juice (Adorno et al., 2017),
blueberry juice (Orellana-Palma et al., 2017a), orange juice
(Orellana-Palma et al., 2017b), coffee extract (Correa et al.,
2018) and apple juice (Zielinski et al., 2019).

Likewise, the TBC retention at each cycle was calculated
(Figure 3, black numbers). The TBC was more than 50%, but
the values were significantly higher for CFBC compared with
thermal method, with values over 70% and 53%, respectively.
Thus, for the best results (CBFC), the TBC retention were
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Figure 2. Freezing curves of fresh blueberry juice and cryoconcentrates
at each CBFC cycle.
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Figure 3. Total bioactive content and antioxidant activity of fresh blueberry juice and concentrates samples: (A) Polyphenols; (B) Anthocyanins;
(C) Flavonoids; (D) DPPH. Numbers represent retention percentage values.

approximately 91%, 87%, 83% for TPC, 88%, 83%, 81% for TAC
and 82%, 77% and 71% for TEC in the first, second and third
cycle, respectively. The values are comparable to those reported
by Orellana-Palma et al. (2017a) with CBEC in blueberry juice
and Correa et al. (2018) with FFFC in aqueous coffee extract,
which informed TBC retention values from 80% to 95%, and 90%,
respectively. These high TBC retention values show the beneficial
and positive effects of subzero temperatures concentration to
obtain aliquid fraction rich in solutes and attractive color, and in
addition, this technique allows to preserve important bioactive
compounds in the final cryoconcentrate. Furthermore, the higher
component values in CBFC than evaporation are attributed to
the susceptibility and thermolability of bioactive compounds
to the high temperatures (Petruzzi et al., 2017).

In antioxidant activity terms, the fresh blueberry juice
has a value close to 1916 pumol TE/L, which was lower than
previously reported by Pataro et al. (2017). The variation could
be related to the growth conditions of blueberry fruits and the
methodology used to obtain the fresh juice, and in turn, these
influences in the anthocyanins content (main contributors in
antioxidant capacity) (Skrovankova et al., 2015). The radical
scavenging activity by DPPH assay showed an increased with

Food Sci. Technol, Campinas, 40(Suppl. 2): 387-394, December 2020

significant differences (p<0.05), in both CBFC and evaporation
methods as the cycles progressed. In particular, CBFC presented
higher values than the thermal treatment, with DPPH values
0f 3000 pmol TE/L to 5700 umol TE/L, and 2700 pmol TE/L to
4600 umol TE/L, from the first to the third cycle, respectively.
As mentioned earlier, this behavior could be associated with
the use of low temperatures in CBFC to concentrate bioactive
compounds, since the damage to the sensitive components is
minimal, and therefore, it process allows a higher anthocyanins
concentration than the treatment at high temperatures. A similar
trend was observed by Moreno et al. (2015) and Zielinski et al.
(2019) during the freeze concentration of coffee extract and
apple juice, respectively.

3.3 Correlation between color parameters and bioactive
compounds content

Correlation coefficients in the last CFBC cycle for L*, a*, b*,
AE*, TPC, TAC, TFC and DPPH are shown in Table 2. A direct
positive and significant correlation was found between the
luminosity (L*) for a* (r=0.99) and b* (r= 0.99), indicating the
darkening of the samples and a reduction in the coordinates a*
and b* values (see Table 1). However, the total color difference
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Table 2. Pearsons correlation coefficients (r) between CIELab, total bioactive compounds content and antioxidant activity obtained by CFBC process.

L* a* b* AE* TPC TFC TAC DPPH
L* 1.00
a* 0.99' 1.00
b* 0.99' 0.99' 1.00
AE* -0.98' -0.99' -0.98' 1.00
TPC -0.95! -0.96! -0.96! 0.94' 1.00
TFC -0.95' -0.96' -0.96' 0.95' 0.99' 1.00
TAC -0.94' -0.95! -0.96' 0.93' 0.99' 0.99' 1.00
DPPH -0.93 -0.94! -0.94' 0.92' 0.99' 0.99' 0.99' 1.00

‘Significant at p<0.05; L* coordinate measured the luminosity; a* corresponded to the green-red axis, where the negative values are related to the green color and the positive values
with the orange and red; b* corresponded to the blue-yellow axis, where the negative values are related to the color blue, and the positive values with the yellow color; AE* corresponded
to the total color difference between samples; TPC is the total polyphenol content. TFC is the total flavonoid content. TAC is the total anthocyanin content. DPPH correspond to

2,2-diphenyl-1-picrylhydrazyl free radical scavenging assay.

(AE*) was found a negative correlation for L* (r= -0.98),
a* (r=-0.99) and b* (r="-0.98), which were related to decrease in
the L*, a* and b* values as the cycles progressed, and represented
a significant difference between cryoconcentrated samples when
compared to the fresh juice (see Table 1). CIELab values were
negative and significantly correlated with bioactive compounds
content and antioxidant activity, since the increase in TSS at
each CBFC cycle produces inversely proportional results, i.e.,
as the color values decreased, the bioactive compound content
(TPC, TAC and TFC) and antioxidant activity (DPPH assay)
values increased. Moreover, a positive and significant correlation
was observed between the bioactive compounds and DPPH
assay. A similar behavior was detected to evaporation technique
(see Supplementary Material Table S1). These results were also
established by Correa et al. (2018), who reported correlation
coefficients of 0.9 and 1.0 between antioxidant activity and
bioactive compound in the freeze concentration of aqueous
coffee extract.

4 Conclusion

CBFCisan effective technology to concentrate and extracting
solids from an ice matrix. Precisely, the cryoconcentrate samples
showed a high solute concentration (over 43 °Brix) and was darker
than fresh juice with lower luminosity (L*), and the total color
difference (AE*) showed CIELab values over 4.7 units as cycles
progressed. Similarly, in the last cycle, CBFC sample obtained a high
bioactive compound retention when compared to the traditional
evaporation technique, reaching values close to 83%, 81% and 71%
versus 62%, 61% and 53% for total polyphenol, total anthocyanin
and total flavonoid content, respectively. Likewise, the DPPH assay
in CBFC samples showed higher levels of antioxidant activity
(3000 pmol TE/L to 5700 umol TE/L) compared to evaporation
samples (2700 pmol TE/L to 4600 pumol TE/L) as the cycles
progressed. Therefore, the present study confirms that important
quality properties are preserved using centrifugal block freeze
concentration as a concentrate technique applied to fruit juices.
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