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The effect of ultrasound treatments (40 kHz; 40, 50, or 60°C; 5 or 10 min) and
thermal treatment (90°C; 305s) on the stability parameters of orange-carrot
juice were evaluated. Microscopic structure, particle size distribution and
turbidity were analyzed on the first day. Sedimentation and cloudiness were
evaluated over 22 days of storage at 7 and 25°C. Changes in microstructure
and disruption of the cell wall were evidenced after treatment at 60°C/10 min.
The particle size distribution was heterogeneous with an increase of small
particles after ultrasonication. Ultrasonicated and thermal treated samples did
not show any differences in turbidity. Cloudiness increased after sonication and
decreased over the storage in all samples. Sedimentation process at 7°C was
homogeneous among samples while it was delayed in samples treated with
ultrasounds at 60°C for 10 min. Ultrasound processing improved the quality
of juices and can be proposed as a potential novel processing technique for
blended vegetable-fruit juices.
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Introduction

The change in food consumption caused a greater demand for nutritious and natural
foods, including fruit juices. They are sources of vitamins, carotenoids, flavonoids, and
fibers, that contribute to the maintenance of health (Rajauria and Tiwari, 2018). Several
factors influence the purchase of fruit and vegetable juices. Visual characteristics such as
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appearance and color as well as taste, texture, color, and
even shape and temperature can influence consumers’ choices
(Priyadarshini and Priyadarshini, 2018). Nowadays, innovative,
and more attractive drinks are available in the market and
the combination of fruits and vegetables, which are rich in
antioxidants, contributes to improving the color of the drink
(Priyadarshini and Priyadarshini, 2018). Furthermore, juices
blending allows increasing the sensory quality, reduce the pH
value, and consequently improve the stability of the product
(Nadeem et al., 2018).

Besides the nutritional quality, the product must be safe
and have an extended shelf life. Thermal treatments are
commonly applied for the microbiological control of juice
during processing and storage. However, heat can detrimentally
affect the nutritional and sensory quality of juices, significantly
reducing their vitamins and phenolic compounds content,
and causing color changes (Ordonez-Santos et al, 2017).
Consequently, new food processing technologies, like high
pressure, pulsed electric field, ultraviolet irradiation, and
ultrasound, have been studied as an alternative to thermal
treatments. Ultrasound (US) technology has been successfully
investigated as an alternative to thermal pasteurization. Reduced
microbial load, minimal nutritional losses, and improved
sensorial properties in US treated foods were detected (Ertugay
and Baslar, 2014; Rojas et al., 2016; Campoli et al., 2018).

Ultrasonication, which consists of treating the foods with
high-intensity ultrasound waves (>1 Wcmfz, 20-100 kHz),
and has been shown as a promising technology to increase
the shelf life of juices due to the inactivation of enzymes
and microorganisms (Kentish, 2017; Sao José et al, 2018;
Alvarenga et al., 2020). The principal mechanism of action is
cavitation, consisting of the formation, growth, and collapse of
bubbles (Martinez-Flores et al., 2015; Rojas et al., 2016; Pokhrel
et al., 2017; Campoli et al., 2018; Menelli et al., 2021). The
modifications associated to the pressure exerted during bubble
collapse also promotes microscopic changes such as particle
surface erosion and size reduction and increase of suspended
particles in the medium (Aadil et al., 2013; Ertugay and Baslar,
2014; Rojas et al., 2016; Campoli et al., 2018).

From an industrial point of view, microscopic cellular
changes induced by ultrasound can reduce the need for the
addition of stabilizers to the juice (Rojas et al., 2016). These
modifications enhance the stability, improve the color, increase
the turbidity and apparent viscosity, delay pulp sedimentation
giving rise to a better sensory quality of juices. Ultrasound
could or could not affect juice consistency depending on
the treatment time. However, increasing the treatment times
could detrimentally affect the juice composition. In fact, with
increasing cell disruption and intracellular content leakage,
bioactive plant compounds, such as carotenoids, are released
and become more prone to oxidation reactions by free radicals
formed during cavitation process (Rojas et al., 2016; Campoli
et al., 2018). Thus, there is still need of clarifying the effects
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of ultrasound technology on fruit juices stabilization and
individuate the operating conditions suitable to obtain favorable
physical and microscopic properties in the juices (Rojas et al.,
2016; Wang et al., 2020). In fact, as previously described by
the authors, ultrasound can induce desirable or undesirable
structural changes in fruit juices (Campoli et al., 2018).

When the literature is examined, there are a few studies
that evaluated rheological properties, and stability parameters of
blended juices treated with thermosonication. Thus, this study
aimed to evaluate the impact of different temperatures and times
of processing with ultrasound on the physical, and rheological
stability of orange-carrot juice, and compare it to that of the
thermally treated one.

Materials and methods

Experimental design and juice
preparation

The experiment was conducted in a completely randomized
design and was conducted in three replicates. Oranges (Citrus
sinensis L. Osbeck) cultivar “Péra” and carrots (Daucus
carota) were selected and obtained from a local market of
Vitéria (Espirito Santo State, Brazil). Foods with the whole
appearance were selected, discarding those that were damaged,
malformed or rotted. Subsequently, surface dirt was washed
away with tap water, and the vegetables were sanitized with
sodium dichloroisocyanurate solution at 100 mg/L for 10 min
(Hidrosteril
halved, and the juice was extracted with a domestic electric citrus
Professional E-10 Bivolt-250 W; Conceigdo
do Jacuipe, Bahia, Brazil). The carrots were peeled and sliced

, Itapevi, Sao Paulo, Brazil). The oranges were
juicer (Mondial

with a previously sanitized stainless-steel knife. The orange-
carrot juice was prepared in a blender without the addition of
water or other ingredients. According to the results of previous
tests (data not shown), the juice was prepared using 700 ml of
orange juice and 300 g of carrot, followed by sieving to remove
larger particles. After preparation of the juice, samples of 400 ml
were bottled in previously sterilized glass bottles and stored in
refrigerated condition at 7°C until further use.

Treatments and post-treatment effect

Treatment temperature and time applied were selected
based on previous experiments (data not shown) and scientific
literature. The untreated juice was considered as the control
sample. The samples were subjected to the thermal treatment
in a bath (90°C for 30s) according to Lee and Coates (2003).
Treatments with ultrasonic bath (Branson ~ , Model CPX3800H,
110 W—40 kHz, Danbury, United States) were performed at 40,
50, and 60°C for 5 and 10 min. The sonicated samples were

frontiersin.org


https://doi.org/10.3389/fsufs.2022.891662
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org

Lepaus et al.

placed in the center of the equipment, at a distance of 15.0 and
7.5cm from the sides. After the treatments, all samples were
stored away from the light and maintained at 7 & 1°C until the
moment of analysis.

To understand and discriminate the effects on blended juice
of ultrasound processing at different conditions, the following
measurements were performed shortly after treatment: optical
microscopy, particle size distribution, and turbidity. To analyze
the stability of the juice during storage at 7 £ 1°C, cloudiness
and sedimentation measurements were performed over 22 days.

Particle size distribution and optical
microscopy measurements

The particle size distribution of the samples was measured
by light scattering (Microtrac Zetatrac Nanotechnology Particle
Size and Charge Measurement Analyzer, Microtrac Ltda., USA).
Samples (50 ml) were diluted in 100 ml of distilled water, and
the mean diameter and mean particle area were measured. All
analysis was conducted according to Kubo et al. (2013).

The microscopic characteristics of the juice were evaluated
according to Rojas et al. (2016). Juice samples (~100 wl)
were dispersed on a glass slide and observed with a forty-fold
increase in an optical microscope (Carl Zeiss~ Microscopy,
model 37081, Goéttingen, Germany) equipped with a digital
135 AxioCam Erc 5s, Germany). The
images were captured at least five times for each sample and

camera (Carl Zeiss

analyzed qualitatively.

Turbidity and cloud assessment

The turbidity of the juices was evaluated just after the
preparation and treatment of the samples, according to Bhat
and Goh (2017). The absorbance of ~4 ml of each sample was
read on a UV-Visible SP-2100UV spectrophotometer (Visor
Spectrum ~, Piracicaba, Sdao Paulo, Brazil), at 610 nm. The
turbidity of samples was calculated according to equation 1,

using that of distilled water as reference:

Transmittante (T) = 100 x (100~4%)
Turbidity = 100 — T (1)
where: Abs is the absorbance of the sample.

Juice cloudiness was assessed according to Kubo et al.
(2013). This analysis aimed to verify the behavior of juice
components, as well as the turbidity of the samples during
storage. For that, 10 ml of samples were centrifuged (Kasvi®
K14-0815%, Sdo José dos Pinhais, Parand, Brazil) for 10 min
at 20°C and 3,500 rpm. The absorbance of ~4ml of the
supernatant was measured at 660 nm using a spectrophotometer
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Serie 2000—325A 1,000 nm, Piracicaba,
Séo Paulo, Brazil) and directly related to cloudiness.

(Novainstruments®

Sedimentation test

The sedimentation of the juice pulp was evaluated according
to Leite et al. (2015), with adaptations. After the treatments,
samples were transferred in graduated cylinders and stored at
7 and 25 =+ 1°C for 22 days. The objective was to evaluate the
stability of juice during storage and how the storage temperature
influences visually and qualitatively the sedimentation. The
sedimentation index (SI) was calculated according to Equation
2 (Silva et al., 2010). The analysis was performed on the first 6
days and later on days 8, 18, and 22 of storage.

Sedimentation Index (SI) = 100 x
(2)

(Sedimentation volume /total sample volume)

Statistical analyses

Turbidity data were subjected to analysis of variance
(ANOVA), and means were analyzed by Tukey’s test at 0.05
of significance. Cloudiness data were subjected to analysis of
variance (ANOVA) to evaluate the influence of treatment and
storage time. Subsequently, the qualitative data with a significant
difference (p-value < 0.05) were analyzed by Tukey’s test, and
the quantitative data with significant difference (p-value < 0.05)
provided by regression analysis. Linear and quadratic equation
models were tested in the regression analysis as a function of
storage time. The data were analyzed with the free version of the
application software SAS™ OnDemand for Academics.

Results and discussion

Particle size distribution and optical
microscopy measurements

The change in the particle size distribution (PSD) and the
average particle diameter of mixed orange-carrot juice samples
treated under different conditions were presented in Figures 1,
2. The PSD is mostly asymmetric concerning the average size
of the particles, both for those with smaller diameters and
those with larger dimensions. The control sample (untreated
juice) showed a more symmetrical PSD, with size ranging
from 486 to 6,540nm. In this sample, only one peak was
observed, representing 21% of the particles with an average size
of 1,635 nm. The cumulative frequency for this treatment shows
that ~20% of the particles are 1,000 nm or less in size. The PSD
of the heat-treated juice was bimodal, that is, two peaks were
observed at 687 nm (9.93%) and 2,750 nm (15.72%). The particle
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FIGURE 1

Particle size distribution curves of orange-carrot juice submitted
to different processing conditions. US, ultrasound. Heat
treatment: 90°C/30ss.

size was in the range between 409 and 4,620 nm, thus reduced
with respect to that of the untreated sample.

Regarding the PSD of the thermosonicated samples, no
homogeneous effect was observed in the size of particles
after ultrasound application compared to the control, but
all the ultrasound-treated samples exhibited an increase in
the number of smaller particles. The treatment at 40°C for
5min in ultrasound reduced the variation in particle size,
presenting particles between 144.5 and 3,890nm. In this
treatment condition, the highest size frequency observed was
at 1,944nm (14.28%) together with a small peak at 243nm
(1.97%). The increase in the treatment time (10 min) at this
temperature promoted an increase of the values of the minimum
(409nm) and maximum (6,540 nm) particle size. A distinct
PSD in a bimodal form, similar to the heat-treated sample,
was observed after treatment at 40°C for 10 min, with peaks
at 818 nm (5.68%) and 4,620 nm (29.28%). Similarly, when the
ultrasound treatment was carried out at 50°C with increasing the
processing time from 5 to 10 min a shift of the PSD was observed,
the longer the time the higher the frequency of larger particles.
With a further increase of the ultrasound treatment temperature
at 60°C and by applying a processing time of 5 min, two peaks
can be observed, the first at 578 (5.68%) nm and the second at
1,944 (19.9%) nm. When the ultrasound processing time at 60°C
was prolonged up to 10 min, the size of more than 80% of the
particles was equal or lower than 1,000 nm (Figure 1).

Analyzing all treatments in a superimposed mode (Figure 2),
it is possible to observe that as the US treatment temperature
increased from 40 to 50°C, regardless the treatment time,
there was a shift toward the center of the curve, indicating an
increase in the number of smaller particles. On the contrary,
when ultrasound treatment temperatures of 50 and 60°C for
5min were utilized, a smaller PSD variation was observed,
with the minimum and maximum particles size ranging from
121.5 to 5,500nm and from 243 to 3,270 nm, respectively.
However, when the treatment time was increased up to 10 min
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an increasing number of larger particles is detected in the
samples treated at 60°C.

The PSD consists of relating the frequency of solid particles
in different size ranges, which can be presented in mass or
volume depending on the different diameters observed in
a given sample. Some studies obtained distinct observations
after evaluating the effect of ultrasound on particle size under
different treatment conditions (Bi et al., 2015; Rojas et al., 20165
Huang et al., 2018; Chen et al., 2020; Wang et al., 2020) and the
results are mainly related to type of food, different conditions
applied, particularly processing time.

The collapse of the bubbles during ultrasound processing
give rise to mechanical forces leading to particle size reductions
due to the damages occurring on particles membrane (Amiri
et al, 2018). However, an aggregation of small particles into
larger ones can occur when higher ultrasound treatment powers
is applied with higher temperatures, as observed by Shen
et al. (2021). The sample subjected to ultrasound treatment
may be more or less resistant to the process. The potential
deviation in this mechanical resistance between the whole cells
and its particles after ultrasound treatments can be explained
by some mechanisms like the region exposed, the diverse
compositions, the internal cell pressure, mechanical resistance of
the intercellular liquid, and susceptibility to cavitation (Manzoor
et al., 2021).

In the present study a reduced average PSD was detected
in the blended juices with increasing the treatment time at a
given temperature, suggesting that the increase of the treatment
time has promoted the agglomeration of the smaller particles
formed during sonication and, consequently, to the increase
of particle size due to agglomeration phenomena. A similar
behavior was observed on samples treated with ultrasound for
10min at different temperatures. After ultrasound processing
particles of different sizes formed, that might affect to different
extent the turbidity and sedimentation process in blended juices.

The results of the PSD are consistent with the microstructure
evaluation in which the disruption of cells by ultrasound
treatment was well supported by optical microscopic
photos (Figure 3), indicating that ultrasound promoted a
reduction in particle size due to the high shear effect during
cavitation process.

In the present study, microscopic characteristics were
analyzed qualitatively from optical microscopy images. Juices
are composed of pulp and serum, the latter consisting of water
and intracellular soluble components such as sugars, acids, and
minerals. The pulp contains fragments of plant tissues from
preparation processes and cells. Preservation treatments can
lead to the disintegration of cells which disperse in the serum
(Campoli et al., 2018).

In the untreated and heat-treated samples, the cellular
structures of the raw materials used in product processing can be
observed denser, with integral cells and intact walls (Figure 3).
In general, when ultrasound was applied it can be observed
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FIGURE 2
Histograms of accumulated (black line) and frequency (gray column) of the particle size distribution of orange-carrot juice submitted to
different processing conditions. US: ultrasound. Heat treatment: 90°C/30s.

a gradual degradation of the cell, and as the temperature structural changes were observed after ultrasound treatment
and time of the ultrasound treatments increased, the sample at 40°C for 5min, as well as pasteurization when compared
showed less dense particles and aggregates. The cells were to the untreated sample. Ultrasound treatments at 40°C for
more dispersed in the serum, possible due to an increase in 10 min and 50°C for 5 and 10 min caused structural changes in
the intracellular spaces after the cavitation process. Minimal the samples.
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Untreated (natural)

BT

FIGURE 3

Effect of different treatments on orange-carrot juice
microstructure: optical microscopy images using forty-fold
increase. Black arrows indicate the orange structure in the
middle of plant cells. The scale bar is 50 um. US: ultrasound.
Heat treatment: 90°C/30s.

It is noteworthy that the samples sonicated at 60°C for 5
and 10min showed more visible structural differences when
compared to those subjected to the other treatments. In the
most intense ultrasound condition (60°C/10min), a different
microscopic structure is observed; the particles were less
compacted, with possible rupture of the vegetal cell membrane
and release intracellular compounds from the pulp to serum.
Furthermore, an orange-colored structure was clearly seen in the
sample treated with ultrasound at 60°C for 10 min, differently
from the other treatment conditions, which is more difficult to
be explained (Figure 3).

According to Figure 3, it was confirmed that the cavitation
process, generated by ultrasound, induced irreversible changes
in the microstructure as well as the disruption of the vegetable
tissues and an increase of porosity and intracellular spaces,
as described previously (Rajewska and Mierzwa, 2017). This
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paper confirmed that structural changes caused by ultrasounds
process, could promote a higher release of bioactive compounds,
such as carotenoids, vitamins, and minerals, from plant cells.
However, these compounds become more accessible to free
radical oxidation reactions occurring during the cavitation
process, which could hinder the quality of the treated juices
(Rojas et al., 2016; Rajewska and Mierzwa, 2017; Campoli
etal, 2018; Wang et al., 2020). Furthermore, ultrasound caused
the formation of an increasing number of particles of small
size, which resulted in a new structure that can improve the
physical characteristics of the juice. Ultrasounds treatments
contributed to obtain higher homogeneity and turbidity of
samples and can delay the sedimentation of blended fruit
and vegetable juices. Time and temperature could be factor
associated to the modification of microscopic structures on
juices samples (Ertugay and Baslar, 2014; Menelli et al., 2021).
Longer ultrasound treatment times could determine higher
damage and rupture observed in the cell structure (Rojas et al.,
2016; Campoli et al., 2018; Huang et al., 2018; Wang et al., 2019,
2020; Zhang et al., 2019).

Particle disruption by ultrasound technology is a complex
phenomenon, which is affected different factors including the
type of food undergoing the treatment and the processing
conditions. The results reported in this work and the lack of
data on mixed vegetable and fruit juices analysis in the current
literature do not allow to draw conclusions on the utilization of
ultrasounds for the stabilization of this kind of products. More
work is needed with a special focus on the determination of
physical characteristics of single juices after thermosonication.

Sedimentation test

The results of the sedimentation tests at 25°C are reported
in Figure4. The untreated sample showed an accelerated
sedimentation with respect to the heat and ultrasound treated
samples, being 50% of sedimentation reached in the first 24 h
of storage. It was possible to observe a clear phase separation
between the serum and the sediment (syneresis) in the first 48 h
of storage (data not shown). The untreated juice presented also
a more compact sediment at the bottom of the beaker.

Samples treated with ultrasounds showed a delayed
sedimentation, the longer the processing time the slower
the sedimentation process at 25°C observed in orange-carrot
juice. In the most intense ultrasound treatment conditions
(60°C/10 min), the phase separation occurred after 8 days of
storage, and it was possible to identify smaller and more
dispersed particles in the sediment. It is well known that
ultrasound can cause damage to particles due to pressure
gradient during cavitation, resulting in reduction of particle size,
which consequently could delay the sedimentation over time
(Ojha et al., 2018). According to Stokes’ Law, the sedimentation
rate and the shape of the sedimentation curves are related to

frontiersin.org


https://doi.org/10.3389/fsufs.2022.891662
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org

Lepaus et al. 10.3389/fsufs.2022.891662
100-¢
P
S
Ser 754
"
qa
=]
=
—
c
S 501
3 i
£ i
cp
E = —
= 254 T \;
o
175}
0 1 1 1 1 1 1 1 1 1 1 1
0 2 4 6 8 10 12 14 16 18 20 22
Storage time (days)
-o- Untreated e~ Heat treatment -e- US40°C5min e US40 °C 10 min
- US50°C5min -e US50°C 10 min e US60°C5min - USG60°C 10 min
FIGURE 4
Sedimentation index (% SI) of orange-carrot juice pulp submitted to different conservation treatments during 22 days of storage at 25°C. US:
ultrasound. Heat treatment: 90°C/30s.

particle diameter and density. Larger particles settle faster, while
for smaller particles the sedimentation process is slower (Kubo
et al., 2013). The sedimentation rate of samples treated with
ultrasound varies according to the type of raw materials, being
the plant cell wall more weak or resistant to structure damages
during treatments (Kubo et al., 2013; Campoli et al., 2018).

The sedimentation of juices stored at 7°C was proved to
be homogeneous in all treatments over the 22-day follow-up.
For this reason, only the graph for storage at 25°C has been
reported. It can be concluded that a reduction of the storage
temperature allows the particles to remaining suspended for
a longer time. The results of the present study are consistent
with others previously reported since the lowest temperature of
storage maintained the stability of juice samples over the days.
Furthermore, this finding is a relevant point in juice processing
since ultrasound treatment provided greater uniformity and
stability of the orange-carrot juice. Our results are consistent
with those of Fonteles et al. (2012) and Ertugay and Baglar
(2014). These authors observed that samples treated with
higher temperatures showed a lower sedimentation of the juice
particles. Different behaviors in juice sedimentation are reported
in other studies on the application of ultrasound technology,
as they are related to the samples used. One reason for the
faster sedimentation at 25°C observed in the present study is
due to the different composition of the juice sample which is
a blend of two food matrices (orange and carrot). Thus, it is
suggested that carrot juice incorporation has accelerated the
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sedimentation process of the samples. Nonetheless, the results
obtained indicated that ultrasound can be applied to reduce the
sedimentation rate of juices, thus providing a better stability
to the processed product. The dispersion of the particles is
also related to their diameter. Changes of the particle size
distribution may occur during ultrasound application, as already
discussed, and can justify the findings on juice sedimentation.

Turbidity and cloudiness

Table I demonstrates the results for the turbidity and
cloudiness of juice after different conditions of treatment on
the first day. There was no difference in turbidity between the
untreated sample and those treated with heat or ultrasound
and the average value of this parameter was 99.99 £ 0.010 (p-
value > 0.05). However, cloudiness was significantly affected
by the different treatments applied and the storage time
(p-value < 0.05). During storage, no significant difference on
cloudiness values of heat and ultrasound-treated samples was
observed (p-value > 0.05).

As far as the results of turbidity measurements are
concerned, it is noteworthy to underline that this parameter
is measured on samples which did not undergo centrifugation.
Therefore, since the precipitation of the particles did not occur,
the absorbance values of the treated and untreated sample did
not differ. Bhat and Goh (2017) treated strawberry juice and
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TABLE 1 Turbidity and cloudiness assessment (mean =+ standard
deviation)* of untreated orange-carrot juice and samples submitted to
different conservation treatments on the first day.

Cloudiness assessment

Treatment Turbidity (%)

Untreated 99.99 £ 0.005* 1.375 £ 0.279¢

Heat treatment** 99.99 + 0.004* 1.492 + 0.175%¢

US 40°C 5 min 99.99 £ 0.002* 1.609 4 0.216*

US 40°C 10 min 99.99+ 0.008% 1.753 £ 0.208%

US 50°C 5 min 99.99 £ 0.005% 1.718 4 0.404*
US 50°C 10 min 99.99 £ 0.007* 1.786 & 0.286%

US 60°C 5 min 99.99 £ 0.011° 1.711 4 0.257%
US 60°C 10 min 99.99 £ 0.012° 1.653 & 0.392%

*Means on the same column followed for the same lowercase letter do not differentiate
between each other (p > 0.05) in the Tukey test after three replications. US, Ultrasound.
**Heat treatment: 90°C/30s.

analyzed turbidity using the same methodology. The authors
also did not observe significant differences in turbidity when
comparing treated samples and the control group.

As far as cloudiness mean values are concerned, this
parameter in ultrasound treated juices increased by an average
of 24% (p-value < 0.05). Untreated juice exhibited the lowest
mean (1.375 =+ 0.279). The heat-treated sample showed
an average value of cloudiness (1.492 % 0.175) statistically
equal to untreated juice. Juices treated with ultrasound
showed cloudiness values themselves (mean = 1.637 & 0.277)
statistically similar, whatever were the processing conditions
used, and higher than those of untreated and heat-treated
(p <0.05). Although heat can also cause particle breakage in
smaller structures, the increase in turbidity in the pasteurized
sample was lower than in ultrasound treatments. Concerning
the storage time, there was a reduction of this parameter over
the 22 days (cloudiness = 1.720-0.007858445 * time of storage;
R?* = 0.7256; p-value = 0.0028). The mean decreased from
1.748 £ 0.110 to 1.539 £ 1.77 between the first and last day of
storage, respectively.

Turbidity, or cloudiness, is a desirable quality parameter in
fruit and vegetable juices. It is related to the presence of cellulose,
hemicellulose, and pectin particles, as well as organic acids and
sugar, which contribute to improving the color and aroma of the
product. Also, it is a feature that is directly linked to product
homogeneity and consistency. The present results of post-effect
and storage coincide with those previously reported in other
publications for fruits and vegetable juices such as grapefruit,
apple, peach, strawberry, guava, carrot, and kiwifruit (Aadil
etal., 2013; Ertugay and Baslar, 2014; Rojas et al., 2016; Bhat and
Goh, 2017; Campoli et al., 2018; Chen et al., 2019; Wang et al.,
2020).

The increase of this parameter in ultrasound post-processing
effect is attributed to cavitation, which is the formation, growth,
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and collapse of bubbles. Also, the combination of mechanical
and chemical effects of ultrasound favored the results obtained
in the present and other studies. The pressure exerted during
collapse promotes particle breakage in smaller structures,
thereby increasing the number of particles suspended in the
sample (Aadil et al., 2013; Campoli et al., 2018). Smaller particles
tend to remain in suspension after centrifugation (which is
always performed with the same acceleration), increasing the
values of absorbance and turbidity. Also, enzyme inactivation
and reduction of particle size influence cloud stability. The high-
pressure gradient results in structural modifications on pectin
molecules and can enhance the cloud stability of juices (Tiwari
et al., 2009).

The reduction observed over the storage time can be
attributed to electrostatic or Van der Waals forces that induce the
formation of small particle aggregates, which precipitate more
easily after centrifugation (Kubo et al., 2013).

Conclusion

All the results in this study indicated that ultrasound
treatment can considerably affect and improve stability
parameters of orange-carrot juice after processing and
during storage with respect to heat treatment. High-intensity
ultrasound processing, especially the treatment at 60°C for
10 min, significantly increased the disruption of cell structures
of juice and retarded pulp sedimentation. Despite this, the
particle size distribution showed an increase in smaller particles
and a reduction in larger ones in all ultrasound treatments.
These changes resulted in the improvement of cloudiness.
Therefore, ultrasound processing can be considered as a
potential novel processing technique for improving the quality
of juices, but further studies must be conducted to better
understand the ultrasound effect on physical, rheological, and
chemical parameters of mixed juices.
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