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1

Introduction

The term “smoothie” is given to a blended fruit
beverage characterized by a pulpy consistency,
containing one or more fruits, yogurt, cow’s milk or
soymilk. Due to the nature of its composition, this kind
of beverages is characterized by attractive flavors and

high convenience. Furthermore, by the combination
of different ingredients not only a high content of
health-related compounds is achieved but also an
enhanced mouthfeel of the final product. Therefore,
fruit-smoothies, considered as functional beverages,
are currently receiving great attention from consumers
and their market has rapidly increased (Chatterjee et
al., 2015).
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Mango (Mangifera indica) is a tropical fruit
highly appreciated for the elaboration of smoothies
due to its excellent organoleptic properties such as
exotic taste, attractive fragrance, and color (Siró
et al., 2008). Also, it contains vitamins, minerals,
and other health-related phytochemicals, such as
carotenoids (Arauz, 2000). Carotenoid compounds are
considered potent antioxidants with beneficial effects
on human health (Gallicchio et al., 2008; Parisi et
al., 2008; Perera and Yen, 2007). Likewise, milk
and soymilk are the most common ingredients used
for smoothies preparation, because they provide the
smooth consistency to the final product. Moreover,
they are sources of proteins, essential amino acids,
and minerals. In addition, soymilk has a significant
concentration of isoflavones, which are phytoestrogen
substances associated with the low risk of the socalled Western diseases (Aldercreutz, 1990; Anderson
et al., 1995; Alekel et al., 2000; Keinan-Boker et
al., 2004; Bhathena and Velasquez, 2002). Hence,
the development of mango-smoothies with milk or
soymilk to obtain the best benefits of each ingredient is
relevant. Up to date, different works have been focused
on the development of mango-mixed beverages with
cows’ milk, yogurt, soymilk or whey (Arauz, 2000;
Bhathena and Velasquez, 2002; Zafra-Rojas et al.,
2013; Gogate, 2011; O’Donell et al., 2010), indicating
that their sensorial and physicochemical attributes are
of high acceptance.
Otherwise, preservation of fruit-smoothies
requires the smart selection of pasteurization process
to obtain safe products with fresh-like characteristics
and clean-labels (Castorena-Garcı́a et al., 2013). In
this respect, ultrasound (US) technology has received
special attention because it can be cheap, simple,
environmental-friendly, and effective treatment in
extending shelf-life of beverages, particularly when
it is combined with mild heat (thermosonication)
(Abdullah, 2014). Some authors have demonstrated
that US processing caused minimal impact on quality
parameters and great retention of health related
compounds in orange, guava, and strawberry juices,
purple cactus pear, and soymilk (Abdullah, 2014;
Cheng et al., 2014; Fahmi et al., 2012; Sakhale et
al., 2012; Ribeiro et al., 2014; Chauhan and Patil,
2013). However, information about the effects of
US treatment together with the application of mild
heat on physicochemical properties and health-related
compounds of mango smoothies is not available.
The aim of this research was to evaluate the
effects of US treatment combined with the application
mild temperature on physicochemical parameters
132

and bioactive compound concentration of mango
smoothies.

2

2.1

Materials and methods
Soymilk preparation

Soybeans (Glycine max) were purchased in a local
market (Monterrey, N.L., Mexico) and used to obtain
the soymilk (SM) following the procedure suggested
by Yeo and Liong (2013). Briefly, 200 g of soybeans
were washed with running water and soaked in 600
mL of distilled water for 16 h at room temperature.
Hydrated beans were drained, rinsed, and ground with
800 mL of distilled water using a Vita-mix blender
(Vita-mix Corp., OH, USA) for 3 min. The slurry
was filtered through cheesecloth with four layers to
separate the okara from the SM. The resultant SM was
heated at 60 °C for 30 min, to inactivate lipoxygenase
enzyme. Finally, it was immediately cooled into an ice
bath and chilled stored until smoothies elaboration.

2.2

Mango smoothies preparation

Mango (Mangifera indica L. cv. Ataulfo) fruits
were purchased at edible ripeness state in a local
supermarket (Monterrey, N.L. Mexico). They were
washed with distilled water and the peel was removed.
Immediately, mango pulp was extracted manually
and then ground for 1 min in a Vita-mix blender
(Vita-mix Corp., OH, USA) to obtain a homogeneous
consistency. Mango pulp (400 g) was blended
with 600 mL of commercial whole milk (Lala®,
Monterrey, N.L., Mexico) or SM, obtaining the whole
milk-mango smoothie (WM-MS) and the soymilkmango smoothie (SM-MS), respectively. Smoothies
formulation was selected based on a previous sensory
evaluation (data not shown).

2.3

US processing of mango smoothies

A portion of 400 mL of WM-MS or SM-MS was
placed in a 1000-mL double-walled vessel used as
treatment chamber, having untreated smoothies as
control samples. US treatment was carried out with
a US processor (UP400S, Hielscher Inc., USA, Inc.
Ringwood, N.J.) with a 22 mm diameter titanium
sonotrode, which was immersed 3 cm into the
smoothies. The treatment was performed at 24
kHz with 100 % of amplitude (100 µm) during
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20 min and two temperatures (35 and 55 °C).
The temperature in each treatment was controlled
with thermostatic bath (Lauda Wobser Gmb &
Co., Germany) and monitored through the whole
processing with a thermocouple attached to the
treatment chamber. Processing conditions were chosen
by considering information available in the literature,
where successful reduction of bacterial numbers
applying US in different food matrices have been
achieved (Cheng et al., 2007; Yeo and Liong, 2013;
Bermudez-Aguirre et al., 2011; Bermudez-Aguirre
and Barbosa-Cánovas, 2008).

2.4

pH, titratable acidity and soluble solids
content

pH, total acidity (TA) and total soluble solids (TSS)
content of the WM-MS and SM-MS were determined
according to the AOAC procedures (Vercet et al.,
2001).

2.5

Carotenoid profile

Carotenoids were extracted from the untreated
and sonicated smoothies (WM-MS and SM-MS)
according to the method described by EscobedoAvellaneda et al. (2014). All the extracts were stored
at -20 °C until chromatographic analysis. An HPLC
system (1200 series, Agilent Technologies, Inc., Santa
Clara, CA, USA) operated in reversed phase with
a diode array detector, was used to identify the
different carotenoids by comparing retention times,
wavelength of maximum absorption (λmax ), and UVvis spectral data of standards (β-carotene, zeaxanthin,
and lutein) previously reported (Escobedo-Avellaneda
et al., 2014; Giuffrida et al., 2010; Meléndez-Martı́nez
et al., 2008). Quantification of carotenoids was done
by the integration of the peak areas. Data were
compared to a calibration curve (10 points) of βcarotene (βC) and results were expressed mg βC/100
mL of WM-MS or SM-MS.

USA). Samples were immediately placed in a US
bath (Branson 2510, Branson Ultrasonic Corporation,
CT, USA) at room temperature during 15 min and
centrifuged for 10 min at 8000 g and 4°C. Supernatant
was decanted into a 50 mL flask and the residue was
re-extracted with the extraction solution. Supernatants
were combined, filtered through Whatman paper
(No.1), and pooled in a 20 mL vial. Obtained
extracts were concentrated using a Rocket evaporator
(Genevac Ltd, Suffolk, UK). The residue was diluted
with 1 mL methanol: water solution (80:20 v/v),
passed through a 0.20 µm PVDF filter and placed in
glass vials. All the extracts were stored at -20 °C until
chromatographic analysis.
An HPLC system (1200 series, Agilent
Technologies, Inc., Santa Clara, CA, USA) with
a diode array detector was used to identify the
isoflavones. Separation of isoflavones was achieved
using a reversed phase XDB Eclipse C18 column
(Agilent Technologies, CA, USA). Isoflavones were
identified by comparison of their UV-vis spectra and
retention time with those of the reference standards
(Daidzein, Genistein, Daidzin, and Genistin) (Sigma
Aldrich, Munich, Germany). Quantification was done
by integration of the peak areas. Data were compared
to calibration curves of each standard and results were
expressed as mg of isoflavone/100 mL of SM-MS.

2.7

The treatments were conducted in duplicate for
each condition and two replicate analysis were
assayed on each parameter in order to obtain
mean values. Analysis of the variance (ANOVA)
was performed to compare means of treatments.
Least significance difference (LSD) test was used to
determine differences between means. The confidence
level was set at 0.95 for analysis and procedures.
Results were analyzed using a statistical software
(Minitab Release 14.1).

3
2.6

Statistical analysis

Results and discussion

Isoflavone profile

Isoflavones were extracted and quantified in the fresh
and US-processed SM-MS according to Luthria et al.
(2006), with some modifications. A portion of 0.5 g
of freeze-dried SM-MS (0.024 mm Hg and -52 °C,
Virtis FM 25 EL-85, SP Scientific freeze dryer group,
Warminster, PA, USA) was mixed with 10 mL of
methanol: water solution (80:20 v/v) and vigorously
shaken for 1 min (VWR Digital Vortex Mixer,

3.1

Physicochemical analysis

Physicochemical parameters of the ingredients used
to prepare the mango smoothies (Table 1) are within
the ranges previously reported in the literature for
mango, whole milk, and soymilk (Sakhale et al., 2012;
Pino, 2012). As expected, pH, TA and TSS values
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Table 1. Physicochemical parameters of raw materials, untreated and US-treated mango smoothies: WM-MS
(whole milk-mango smoothie) and SM-MS (soymilk-mango smoothie).
Sample

pH

°Bx

TA (%)

Comercial whole milk
Soymilk
Mango
Untreated WM-MS
US-35°C WM-MS
US-55°C WM-MS
Untreated SM-MS
US-35°C SM-MS
US-55°C SM-MS

6.60 ± 0.01a
6.36 ± 0.21b
4.01 ± 0.01c
5.58 ± 0.03d
5.49 ± 0.05e
5.45 ± 0.04e
5.64 ± 0.01 f
5.60 ± 0.01e
5.59 ± 0.02e

9.07 ± 0.12a
9.60 ± 0.17b
19.0 ± 0.11c
13.8 ± 0.3d
14.4 ± 0.2e
14.5 ± 0.2e
13.5 ± 0.5d
14.3 ± 0.2e
14.2 ± 0.1e

0.150 ± 0.030a
0.110 ± 0.020a
0.370 ± 0.010b
0.243 ± 0.001c
0.250 ± 0.001d
0.251 ± 0.001d
0.284 ± 0.001c
0.291 ± 0.002d
0.299 ± 0.002d

°Bx: Total soluble solids.
TA: Total acidity expressed in percentage of lactic acid for whole milk and soymilk,
and in percentage of citric acid for mango and mango smoothies.
A different letter in the same column correspond to significant differences among
the samples and the treatments (p < 0.05).

of both mango-smoothies were different from those
of the raw materials. Obtained results are similar to
the data presented by Sakhale et al. (2012) for a
soymilk-mango mixed beverage with a pH of 5.22 6.05, TSS content around 13.0 - 14.1 °Bx, and total
acidity of 0.137 - 0.241 %. In a recent study, Ribeiro
et al. (2014) also developed a mixed beverage with
soymilk and mango pulp and reported lower values of
pH (5.18 - 5.48), TSS (9.17 - 10.83 °Bx), and total
acidity (0.07 - 0.09 %) than those obtained in this
work. These differences may be attributed to the origin
and variety of the raw materials, to acid addition as
preservation purpose, and to the different proportions
of the ingredients used to formulate the smoothies.
Immediately after US treatments, a slight but
significant change (p < 0.05) in pH, TA and
TSS values of both mango-smoothies was produced
regardless of the temperature applied and the
milk used in the formulation (Table 1). Sonicated
smoothies had lower pH and higher TA and TSS
content than those untreated. Interestingly, there is
controversial information related to the effects of
US in physicochemical parameters of fruit-based
beverages. On one hand, it has been reported that pH,
TA and TSS values of different fruit juices were not
affected after sonication process (Tiwari et al., 2008;
Cheng et al., 2014; Abid et al., 2013; Adekunte et
al., 2010). However, Bermudez-Aguirre and BarbosaCánovas (2012) observed significant changes in pH
and TA after US processing of whole milk and
pineapple, grape, and cranberry juices. These authors
134

elucidate that the cavitation phenomenon occurring
during US produces chemical reactions that might be
related to the decrease of pH and the related change of
TA in US-processed products. According to Walstra
et al. (2006), hydrolysis and lipolysis reactions could
take place during sonication due to specific enzyme
activity. As a result, some substances such as nitrite,
hydrogen peroxide, nitrate, esters, and free fatty acids
from triglycerides are released and/or formed within
the medium; producing changes in pH and acidity
values (Walstra et al., 2006; Supeno and Kruus, 2000).
On the other hand, the increment of TSS observed
in sonicated smoothies could be associated with the
physical-mechanical effects of acoustic cavitation,
which causes the disruption of large organic particles,
in to smaller size particles (Pilli et al., 2011), leading
to a rise of soluble solid content.

3.2

Carotenoid profile

Fig. 1 shows the carotenoid profile of the mango
smoothies elaborated with whole milk (Fig. 1a) and
soymilk (Fig. 1b). Regardless of the treatment applied,
carotenoid profile of both smoothies was characterized
by three epoxycarotenoids: violaxanthin, luteoxanthin,
and 9-cis-violaxanthin; one dihydroxy-carotenoid (alltrans-zeaxanthin); and three carotenes: 13-cis-βcarotene, all-trans-β-carotene, and 9-cis-β-carotene.
The most abundant carotenoids in the untreated and
US-treated smoothies were all-trans-β-carotene (15.8
- 82.9 µg/100 mL), violaxanthin (6.34 - 23.5 µg/100
mL), and 9-cis-violaxanthin (4.54 - 10.22 µg/100 mL).
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Fig. 1

Fig. 1 Changes on the carotenoid profile of
whole milk-mango smoothie (a) and soymilk-mango
smoothie (b) after US processing (400W, 24 kHz, and
100 µm amplitude for 20 min) at 35 and 55 °C.

It has been reported that fruit-based beverages have
a widely different carotenoid profile, which mainly
depends on the ingredients used in the formulation
under study (Morales-de la Peña et al., 2016; Moralesde la Peña et al., 2011). In this regard, OrnelasPaz et al. (2007) indicated that the most abundant
carotenoids in mango Ataulfo are all-trans-β-carotene,
all-trans-violaxanthin, and 9-cis-violaxanthin, which
were the main carotenoids identified in the mangosmoothies. Furthermore, a significant concentration of
β-carotene and lutein has been reported in dairy and
soy-based products, respectively (Morales-de la Peña
et al., 2011; Correa et al., 2010; Toda et al., 2011).
Morales-de la Peña et al. (2011) stated that β-carotene
was the predominant carotenoid followed by lutein
and zeaxanthin in different fruit juice-milk beverages
containing mango, orange, and pineapple juices. The
differences in the carotenoid profile of the fruit juicemilk beverages and the mango-smoothies are clearly
associated with the diverse ingredients used in their
formulations.
Total carotenoid concentration, calculated by the
sum of the individual carotenoids identified in the
mango smoothies, was significantly (p < 0.05)

higher in the WM-MS (140.2 ± 2.1 mg/100 mL)
than in the SM-MS (99.8 ± 1.20 mg/100 mL).
There is no information comparing the carotenoid
profile of mango-smoothies prepared with milk or
soymilk. Nonetheless, some studies have evaluated the
carotenoid profile of different beverages formulated
with whole or skimmed milk. Cilla et al. (2012)
showed that total carotenoid content of a fruit juicebased beverage prepared with orange, kiwi, pineapple,
and mango and mixed with whole milk, was 11 %
higher than the same beverage blended with skimmed
milk. Likewise, Morales-de la Peña et al. (2011)
observed that the concentration of most individual
carotenoids was higher in a fruit juice-whole milk
beverage than in that prepared with skimmed milk.
Cilla et al. (2012) suggested that the higher fat content
of the mixed beverage containing whole milk (3 %)
compared to the fat content of skimmed milk (0.3
%) might enhance carotenoid extraction due to the
lipophilic nature of these compounds. The results of
the present study corroborate this statement since the
fat content of the SM-MS (0.49 %) was lower than
that in the WM-MS (1.1 %), resulting in a smaller
carotenoid concentration in the smoothie elaborated
with soymilk.
Immediately after US processing at 35 and
55 °C, the concentration of all-trans-β-carotene
and violaxanthin of the WM-MS (Fig. 1a) was
significantly reduced (p < 0.05) in 22.2 - 54.1 %
and 26.4 - 28.5 %, respectively. In the same way,
the content of these compounds present in the SMMS (Fig. 1b) was diminished (p < 0.05) in 20.9
- 72.1 % (all-trans-β-carotene) and 27.6 - 60.9 %
(violaxanthin). In addition, after sonication at 35 and
55 °C the amount of 9-cis-violaxanthin and 13-cisβ-carotene reduced (p < 0.05) approximately 21 42.3 % and 14.2 - 33.1 %, respectively, in the SMMS. The rest of the identified carotenoids in both
smoothies remained with no significant changes. As
a result of the changes in the individual carotenoid
concentration of US processed mango smoothies, their
total carotenoid content also decreased around 19 - 20
% and 40 - 58% at 35 and 55 °C, respectively. As
can be noticed, the highest the temperature applied the
biggest the carotenoid degradation. Likewise, higher
losses of carotenoids were detected in the SM-MS (19
- 58%) than in the WM-MS (20 - 40%).
Despite the effects of US processing on vitamin
C, anthocyanins, phenolic acids, and carotenoids of
fruit and vegetable juices have been established; no
information is currently available on the changes
of the carotenoid profile of more complex food
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matrixes, such as mango-smoothies. Santhirasegaram
et al. (2013) and Martı́nez-Flores et al. (2015)
reported that the application of US produces a slight
but significant increase of 4 - 9 % and 2.71 3.44 %, respectively, in carotenoid concentration
of mango (40 kHz/130 W/15 - 30 min/25 °C)
and carrot (24 kHz/120 µm amplitude/10 min/50
- 58 °C) juices. However, other studies report
a significant degradation of carotenoid content of
fruit and vegetable-based products after exposure to
conventional thermal treatments or US (Pingret et al.,
2013). Both processes induce carotenoid degradation;
nonetheless, the magnitude of the losses is related to
the intensity of the treatments. Morales-de la Peña
et al. (2011) observed that, after thermal treatment
at 90 °C during 60 s, the individual carotenoid
concentration of mixed beverages, containing fruit
juices and milk or soymilk, significantly diminished
around 13 - 40 % compared to fresh beverages.
Similarly, the total carotenoid concentration of US
treated mango juice (40 kHz frequency, 130 W at 25
°C, 60 min) was significantly diminished in 5 % after
processing (Santhirasegaram et al., 2013). Likewise,
degradation of (all-E)-astaxanthin and lycopene from
tomato and watermelon juices treated by ultrasound
has been reported (Zhao et al., 2006; Eh and Teoh,
2012; Rawson et al., 2011). It might be possible that
the higher carotenoid degradation levels achieved in
the sonicated mango smoothies, compared to those
reported in the above-mentioned studies are due to the
high intensity US treatment conditions combined with
mild temperature.
It is well known that cavitation is the main
phenomenon occurring during sonication of a liquid
medium and involves the formation, growth, and
collapse of microbubbles. It leads to various physical,
chemical, and biochemical reactions increasing
diffusion rates, dispersing aggregates or generating
the breakdown of susceptible particles (Keenan
et al., 2012a). Different authors agree that during
cavitation, the formation of highly reactive radicals,
such as OH· and H·, occurs, accelerating oxidation
pathways (Abdullah, 2014). As a result, some
alterations in the sonicated products such as offflavor production, molecule structure modifications,
degradation of bioactive compounds and metallic
taste are caused (Keenan et al., 2012). Nonetheless,
the degree of this phenomenon depends on the
frequency, amplitude and treatment time, as well as
the temperature and the properties of food matrix
under study (Keenan et al., 2012; Sivansankar et al.,
136

2007). In addition, carotenoids are highly unsaturated
compounds with polyisoprenoid structure, consisting
of a long conjugated chain of C-C double bonds
(Shi and Le Maguer, 2000). Due to their nature,
they are very sensitive to degradation and susceptible
to geometric isomerization and oxidation reactions
during processing (Meléndez-Martı́nez et al., 2007).
In this sense, the highly reactive radicals (OH· and
H·) generated at the surface of the bubbles during
sonication can react with carotenoids producing their
oxidation and, therefore, a significant reduction of
their concentration. Furthermore, the high shearing
effect occurred during sonication might induce
carotenoid isomerization (Santhirasegaram, 2013).
Other physical phenomena such as propagation,
attenuation, and reverberation produced during US
treatment could also be related to the carotenoid
degradation (Sun et al., 2010). Then, it could be stated
that the changes in the carotenoid concentration of
sonicated products are directly related to chemical
and physical effects occurring during the processing.
Therefore, more carotenoid content could be retained
in sonicated fruit-based products by regulating the
US treatment intensity, processing temperature and
controlling cavitation phenomenon.
Moreover, the higher fat content of the whole milk
in WM-MS might protect the carotenoid compounds
from the cavitation phenomenon; fat globules may
act as a shield or protective barrier on carotenoids
and decrease the penetration and energy distribution
during US processing. Hence, the combination of
mango pulp with different ingredients such as whole
milk could lead to distinct molecule arrangement
between carotenoids and macromolecules, improving
their retention or their extraction performance.
However, further research is required in order to
elucidate the possible mechanisms of interaction
between bioactive compounds, such as carotenoids,
and other macromolecules in complex food matrices
treated by US.

3.3

Isoflavone profile

Isoflavone profile of the untreated SM-MS was
characterized by two isoflavones in their glucoside
form, daidzin (Din) and genistin (Gin), and their
corresponding aglycones, daidzein (Da) and genistein
(Ge); being Gin (12.53 ± 0.7 mg/100 mL) the most
abundant (Fig. 2). Similar to the results obtained in
this study, different authors have stated that the main
isoflavones present in soymilk are Din, Gin, Da and
Ge (Ishihara et al., 2007; Xu and Chang, 2009).
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Fig. 2

Fig. 2 HPLC chromatogram of isoflavones detected in the untreated soymilk-mango smoothie (SM-MS). *1 Daidzin,
2 Genistin, 3 Daidzein and 4 Genistein.
Consistently, Morales-de la Peña et al. (2010)
reported that a mixed beverage containing soymilk and
orange, pineapple, and kiwi juices had a significant
concentration of Din, Gin, Da, and Ge, being Gin
the isoflavone present at the highest concentration.
Total isoflavone content of the SM-MS, calculated
by the sum of the individual isoflavones, was
43.4 mg/100 mL, which is within the range of
isoflavone concentration reported for different soybased products (50 - 20000 µg/g) (Song et al., 1998).
However, De Almedia et al. (2010), Rostagno et al.
(2007), and Morales-de la Peña et al. (2010) calculated
lower levels of total isoflavone concentration in
different soy-beverages blended with fruits, varying
from 0.5 - 2.5 mg/100 mL, 0.7 - 5.82 mg/100
mL and 16.21 mg/100mL, respectively. It is clearly
noticed that isoflavone content of soy-based products,
such as soy-beverages, is highly dependent on the
soybean cultivar, processing parameters (soaking time,
soybean:water ratio, grinding, temperature, and heat
treatment time), and storage conditions (De Almedia
et al., 2010; Rostango et al., 2007; Chun et al.,
2008; Jung et al., 2008). In this sense, the differences
observed between the total isoflavone content of the
SM-MS and the data reported by other authors could
be mainly attributed to the variety of the raw materials,
proportions, and treatment conditions used for the
elaboration of each soy-based beverage.
Immediately after US processing, Din and Gin
concentration of SM-MS diminished, while the
content of Da and Ge tended to increase, regardless
of the temperature applied (35 and 55°C) (Fig. 3).
As a result, total glucoside content underwent a
significant reduction (p < 0.05) around 9 - 18 %,
while the aglycone concentration enhanced by 22 27 %. Unfortunately, similar studies evaluating the
isoflavone profile of fruit-smoothies with soymilk as
affected by US processing have not been reported up

today. Nonetheless, other works conducted in soymilk
and a fruit juice-soymilk beverage treated with thermal
pasteurization, high hydrostatic pressures or pulsed
electric fields describe interesting information (Fahmi
et al., 2012; Morales-de la Peña et al., 2010; Jung
et al., 2008; Giri and Mangaraj, 2012; Murphy et al.
1999; Yen and Kao 2002). For instance, Yen and Kao
(2002) evaluated the changes on the isoflavone profile
of soymilk obtained from black soybean soaked at
different temperatures (30 and 50 °C) and times (6, 8
and 12 h). Similar to the obtained results, these authors
observed that when black soybeans were soaked in
water at 30 and 50 °C for various periods of time, the
content of Da and Ge increased, while Din and Gin
concentration was diminished. Conversely, Moralesde la Peña et al. (2010) and Jung et al. (2008) did not
detect any significant change in the isoflavone profile
of a HIPEF-treated fruit juice-soymilk beverage (35
kV/cm, 1400 - 1800 µs) and HHP-processed soymilk
(400 - 750 MPa, 25 and 75°), respectively. Isoflavone
content and profile of soy-based products could be
affected in different ways by processing conditions,
chemical configuration, medium pH, and endogenous
enzyme activity (Jung et al., 2008; Kao et al.,
2004; Grün et al., 2001; Coward et al., 1998).
Moreover, according to and Niamnuy et al. (2012)
isoflavones are generally more susceptible to interconversion reactions such as i) decarboxylation of
malonate to acetate, ii) de-esterification of malonate
to underivatized glycosides, and iii) generation
of aglycones through the breakdown of glycoside
isoflavones; than to degradation during processing.
Hence, it might be possible that US treatment induced
some physical or biochemical reactions within the
SM-MS, leading to the changes observed in its
isoflavone profile.
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Fig. 3 Changes on the isoflavone profile of soymilkmango smoothie after US processing (400W, 24 kHz,
and 100 µm amplitude) at 35 and 55 °C.

Fig. 3

Just like the achieved results, a significant
interconversion of isoflavone glucosides to aglycones
during processing was reported by Fahmi et al.
(2012). These authors elucidated that the ratio of
aglycones to glucosides increased by 19 - 23 %
in soymilk obtained from a sonicated slurry. Yeo
and Liong (2013) established that β-glucosidase is
an important enzyme related to the bioconversion
of glucosides to bioactive aglycones in soy-based
products. According to them, the application of US
increased the extracellular β-glucosidase activity of L.
casei, leading to the bioconversion of isoflavones in
mannitol-soymilk. Likewise, Sánchez de Lima and Ida
(2014) observed lower glucoside and higher aglycone
content in soybeans soaked at 55 °C during 6 h,
attributing this effect to the soybean β-glucosidase
activity. Thus, the observed changes in the isoflavone
profile of the US-processed SM-MS at 35 and 55
°C could be correlated to the action of β-glucosidase
enzyme, which possesses its maximum activity at 45
- 55 °C (Matsuura et al., 1995; Góes-Favoni et al.,
2010; Wardhani et al., 2008), leading to hydrolysis of
glucosides and enhancing the aglycone concentration.
As can be observed in Fig. 3, Ge was the isoflavone
mostly affected after US processing irrespective of the
temperature applied; its content increased around 36
to 49 % compared to the untreated SM-MS. Otieno et
al. (2006) observed that in some cases, the endogenous
β-glucosidase has shown a preferential hydrolysis for
Gin. They assumed that high concentration of Gin
in unfermented soymilk led to a high concentration
of Ge after fermentation. Similar remarks have been
made by Ismail and Hayes (2005) who noticed that
β-glucosidase apparently had a higher affinity for
Gin and Din as compared to Glyn, leading to a
138

significant increase in their hydrolysis. In this sense,
the high concentration of Ge in the sonicated SMMS is probably due to the action of the β-glucosidase
over Gin, which was the isoflavone present at highest
concentration in the untreated SM-MS.
According to Ismail and Hayes (2005) and Xu et
al. (2000), aglycones are absorbed faster and in greater
amounts than their glucoside forms because their low
molecular weight improves diffusion. Consistently,
Cederroth and Nef (2009) elucidated that only the
aglycone forms are absorbed by the intestinal tract
and are, therefore, biological active. Consequently,
aglycone rich products may be more effective than
glucoside rich products in preventing chronic diseases
(Izumi et al., 2000; Kano et al., 2006). Additionally,
among aglycones present in soy-based foods, Ge has
been reported as the most biological active (Mazur
et al., 1998). Thus, it can be established that US
processing applied in combination with mild heat is
able to improve soy-based smoothies functionality and
biological activity due to the higher concentration of
aglycones compared to the untreated smoothies.
Finally, as a consequence of the changes in
the individual isoflavone concentration caused by
US processing, total isoflavones content significantly
increased 6 % (p < 0.05). This phenomenon was
also observed by Fahmi et al. (2012) in a US
treated-soymilk slurry at different frequencies (35
and 130 kHz), treatment temperatures (20 - 40 °C)
and times (20, 40 and 60 min). These authors
indicated that, by increasing treatment time (from
20 to 60 min) and temperature (from 20 to 40
°C), isoflavone content of soymilk obtained from the
sonicated slurry significantly increased; however, the
changes were more noticeable at 35 kHz. Cavitation,
specifically the localized high temperatures generated
by the collapse bubbles, may increase the cell
disruption (Quiroz-Reyes et al., 2013), leading to
a better mass transfer of intracellular isoflavones
into the treated medium. Therefore, total isoflavone
concentration enhancement might be attributed to
the mechanical and chemical effects of cavitation
phenomena produced during sonication. Moreover,
since soy isoflavones are associated with globular
proteins (Achouri et al., 2005) it could be possible that
mechanical forces originated during cavitation induce
the rupture of the isoflavone-protein interactions,
resulting in the release of isoflavones into the SMMS. A similar effect was reported by Nufer et al.
(2009), they suggested that at high temperature, the
dissociation of the protein-isoflavone interaction occur
with the release of isoflavones in the extracting solvent
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and, consequently, there was a significant increase of
the isoflavone content.

Conclusions
US processing in combination with mild temperature
(35 and 55 °C) caused significant changes in pH,
TA and TSS of mango smoothies, irrespectively of
the milks used in the formulation. However, the
observed changes on physicochemical parameters
in sonicated smoothies were not higher than 6
%, retaining their fresh-like characteristics. On the
other hand, a significant decrease in carotenoids
concentration in the WM-MS and SM-MS was
observed just after processing, which was related
to cavitation phenomena. Interestingly, US induced
the modification of the isoflavone profile of the
SM-MS. There was an interconversion between
glucoside isoflavones to aglycones. As a result, SMMS functionality was enhanced, having higher Ge
concentration in sonicated smoothie than in that
without treatment. According to the results, a US
treatment of 24 kHz with 100 % of amplitude during
20 min at 35 °C will be recommended to obtain
WM-MS or SM-MS with the optimal retention of
carotenoids and isoflavones. However, further research
is needed to better elucidate the mechanisms related
to the changes of these bioactive compounds observed
during sonication processing and to corroborate that
the US processing at defined conditions does not affect
sensory properties of the mango smoothies.
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