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Abstract: This study was conducted to investigate the effects of ultrasonic treatments on
the extraction yield and the quality of mulberry juice. The mulberry mash was treated with
ultrasound at different incubation times from 30 to 120 min and different temperatures from 30
to 75 ◦ C. The determination of the juice yield, total phenolic content, total anthocyanin content,
antioxidant capacity, L-ascorbic acid content, total soluble solids, and the titratable acidity of the juice
were carried out. Overall, applying ultrasound at 45 ◦ C for 60 min resulted in the highest juice yield
and antioxidant contents for the mulberry juice. The ultrasonic treatment increased the extraction
yield (29.6%), the total soluble solid (8.7%), the titratable acidity (39.3%), the L-ascorbic acid content
(94.3%), total phenolic content (174.1%), total anthocyanin content (156.9%) and the antioxidant
capacity (40.7%) of the mulberry juice as compared to pressing only. A strong positive correlation
between the total phenolic content and the antioxidant capacity indicated that phenolic compounds
were the main antioxidants in the beverage.
Keywords: mulberry juice; ultrasound treatment; polyphenols; anthocyanins; antioxidant capacity

1. Introduction
Mulberry, the edible fruit of the Moraceae family, is widely grown in many regions around
the world such as Southern Europe, Northern Africa, East Asia, and the Americas. There are three
most common mulberry species including white mulberry (Morus alba), black mulberry (Morus nigra),
and red mulberry (Morus rubra). This fruit is extremely rich in phenolic compounds and also has a high
antioxidant activity. Among those, anthocyanins are the most important antioxidants [1]. Furthermore,
these anthocyanins, which have been found in mulberry, have many positive health effects, such as
fighting against aging, cancer, and bacterial infections [2–5]. The pigment components of this group of
fruits may improve human health or lower the risk of disease [6]. Besides, mulberries also contain
several nutritive compounds such as vitamins, fatty acids, amino acids, minerals, rutin, quercetin,
and polysaccharides [7]. Although this fruit contains a rich source of bioactive compounds, it is
easily and quickly deteriorated after harvesting. Hence, it is required that the fruit is processed into
food products.
There are some conventional techniques for juice extraction including pressing and enzymatic
maceration. However, these methods are often time and energy consuming and their extraction
efficiency is usually low. The sonication (ultrasound) treatment is an emerging technology that
can be cheap, simple, reliable, environmentally friendly, and effective in achieving microbial
decontamination [8]. Moreover, the ultrasound method has established its ability to reduce the
maceration time while increasing the yield of extraction when compared to the enzymatic treatment [9].
Sonication can be applied during fruit juice processing in order to disrupt the pulp particles and to affect
the particle size distribution. A smaller particle size results in a lower setting of velocity, leading to a
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reduction of sedimentation and improved storage stability. Furthermore, this disintegration of particles
can lead to an increased release of flavor components, color pigments, and cell constituents, such as
sugar or volatile aroma compounds, into the juice. The result is an improvement in color intensity,
sweetness, and aroma impression [10].
Ultrasonic waves in the ultrasound treatment are generated by mechanical vibrations of
frequencies that are higher than 18 kHz. When these waves propagate into liquid media,
alternating compression and expansion cycles are produced. During the expansion cycle, high intensity
ultrasonic waves make small bubbles grow in liquid. When they attain a volume at which they can no
longer absorb enough energy, they implode violently. This phenomenon is known as cavitation.
During implosion, very high temperatures (approximately 5000 K) and pressures (estimated at
50,000 kPa) are reached inside these bubbles [11]. There are also several mechanisms that act when
ultrasound is applied in fluids, for example, thermal effects that are produced by bubble implosion,
mechanical stresses that are produced by micro-streaming, implosion shock waves, and free radical
production [12]. The advantages of using ultrasound come from the consequences of the various
effects on the medium through which it is transmitted [13].
Ultrasound has already been evaluated as an alternative to heat treatments to process fruit
juices without comprising their health benefits and nutritional quality [14,15]. The application of
the low frequency high power ultrasound (≤ 0.1 MHz, 10–1000 W·cm−2 ) in the food industry
has been widely investigated over the last decade [16]. In recent years, there have been several
researches on the application of the ultrasonic treatment of various bioactive compounds, for instance,
the ultrasound treatment of phenolic compounds from strawberry [17], coconut shell powder [18],
citrus peel [19,20], and olive fruit [11]. The ultrasound treatment of fruit juice is reported to have
a minimal effect on the ascorbic acid content during processing and results in improved stability
during storage when compared to thermal treatment [21]. Moreover, it is considered to be a potential
technology for the processing of red juices because of its minimal effect on anthocyanins [22]. Thus,
the ultrasonic treatment of fruit mash has recently been used in the extraction of antioxidant-rich
juice from strawberries [17] and grapes [23]. However, the application of ultrasonic treatment,
especially ultrasonic duration, to mulberry fruit mash for juice extraction has rarely been reported.
Therefore, the objective of this study was to investigate the effects of different ultrasonic temperatures
and times on the extraction yield and the quality attributes of mulberry juice.
2. Materials and Methods
2.1. Sample Preperation
The fully ripe, fresh mulberry fruits (Morus rubra), which were free from insects and damage,
were purchased from Lam Dong Province, Vietnam and were transported to the laboratory within 8 h.
The fruits were washed under tap water, were drained, and were packed in plastic bags before being
stored at −20 ◦ C for further juice processing.
2.2. Experimental Design
The procedure was carried out following Zou et al. [24] with minor modifications. The selected
mulberries were separated into two groups:
-

Group one: The mulberry mash was introduced into the ultrasound at different times of 30, 60,
90, and 120 min. The ultrasonic temperature was fixed at 60 ◦ C.
Group two: The mash was treated with the ultrasound at 30, 45, 60, and 75 ◦ C. The treatment
time was fixed at 60 min.

In detail, each juice sample was collected from 100 g of selected fresh mulberry fruit. Before applying
the ultrasound treatment, the fruits were blended for 3 min and were placed into 250 mL beakers.
The beakers containing the mulberry mash were covered with aluminum-foil papers to prevent the
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oxidative change from the light and were immersed in an ultrasonic bath (Daihan WUC-A10H, Seoul,
Korea) containing 3 L of water as the coupling fluid. The operating frequency and the power of
the bath were fixed at 40 kHz and 265 W. In both of the groups, after sonication, the samples were
immediately cooled by being immersed in a water bath at room temperature for 10 min. The raw
juice was produced by hand squeezing. The pressed mulberry juice was prepared by using a home
juicer (Panasonic MJ-68MWRA, Panasonic, Malaysia) and was used as a control sample. All of the
samples were filtered through four layers of cheesecloth to remove pomace and to obtain the clear
juice. The obtained juice samples were then pasteurized at 90 ◦ C for 10 s and were refrigerated at 4 ◦ C
until further analyses could commence.
2.3. Analytical Methods
2.3.1. Determination of the Juice Yield
Juice yield (%) was calculated according to the following equation of Lee et al. [25]
% Yield =

m2 × C
× 100%
m1 × (100 − w)

(1)

where:

•
•
•
•

m1 : the weight of the mulberry fruit mash, g
m2 : the weight of the mulberry juice, g
C: the concentration of the soluble solid compounds in the obtained juice, % (w/w)
w: the moisture of the initial mulberry mash, %

2.3.2. Measurement of the Total Soluble Solids (◦ Bx), Titratable Acidity (%), pH, and Moisture Content (%)
The total soluble solids were measured using a digital refractometer (Antago RX-5000, Tokyo,
Japan) and the results were presented as degree Brix (◦ Bx).
The titratable acidity was measured based on the titration method of Nielsen [26] and was
calculated as the following formula:

(mL of NaOH titrated) × N of NaOH in
Titratable acidity (%) =

mol
liter



(mL of sample) × 10

× (Equation Wt. of acid)

(2)

where:

•
•
•

N of NaOH = 0.1 M
Equation wt. citric acid = 64.04
mL of the sample = 10 mL

A digital pH meter (Hanna HI 2216–02, Padova, Italia) was used to determine the pH of the
sample. The instrument was calibrated using buffer solutions of pH 4 and pH 7 prior to use. Briefly,
10 mL of the sample was continuously stirred in a beaker using a magnetic stirrer and the pH was
measured at 20 ± 0.5 ◦ C.
The moisture contents of the fresh mulberry and the juice were measured using the Association
of Official Analytical Chemists(AOAC) method 976.05 [27].
2.3.3. Extraction of the Total Phenolic Content
The extraction of the total phenolic content was modified from the method of Vinson et al. [28].
Briefly, 5 mL of juice was extracted with 20 mL of 1.2 M HCl in 50% methanol (v/v) by shaking at
60 ◦ C in the dark for 2 h (IKA KS4000ic Control, Staufen, Germany). The mixture was centrifuged at
3000× g for 15 min at 4 ◦ C (Z326K, Wehingen, Germany). The supernatant was collected and was
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stored at −40 ◦ C until the determination of the total phenolic content and the antioxidant capacity
could be commenced.
2.3.4. Measurement of the Total Phenolic Content
The total phenolic content of the juice was determined using Folin-Ciocalteu assay [16] with
modifications. For this, 0.5 mL of diluted extract was mixed with 2.5 mL of Folin-Ciocalteu reagent
(2 N) and 2 mL of 7.5% sodium carbonate, was vortexed, and was incubated for 5 min at room
temperature. The absorbance was measured using a UV-visible spectrophotometer (Jas.co V730, Tokyo,
Japan) at 760 nm wavelength. Gallic acid (0.01–0.05 mg/mL) was used to construct a calibration curve
and the results were expressed as gallic acid equivalents per 100 mL juice (mg GAE/100 mL).
2.3.5. Determination of the Antioxidant Capacity
The antioxidant capacity of the juice was measured using 2,2-Diphenyl-1-picrylhydrazyl (DPPH)
assay which was modified from a method from Lim et al. [29]. Briefly, 1 mL of the extract was mixed
with 3 mL of 0.1 mM methanolic DPPH solution, it was vortexed, and the mixture was then allowed
to stand in the dark at room temperature for 30 min. The absorbance was measured against a blank
at 517 nm with a UV-Visible spectrophotometer (Jas.co V730, Japan, Tokyo). The experiment was
performed in triplicate. The percentage of the free radical scavenging effect was calculated as follows:

DPPH scavenging effect (%) =

A
1−
A0



× 100

(3)

where A0 was the absorbance of the control solution.
A was the absorbance of the DPPH solution containing the sample extract at 517 nm.
2.3.6. Measurement of the Total Anthocyanin Contents
Total anthocyanin content was determined by following the method of Giusti et al. [30]. In detail,
1 mL of extract was mixed with two buffers: 0.025 M of potassium chloride (pH 1.0) and 0.4 M
of sodium acetate (pH 4.5) to the volume of 10 mL and was left for 15 min at room temperature
before measuring the absorbance at λ = 520 nm and λ = 700 nm. Cyanidin-3-glucoside was used as
standard and the data was expressed as mg cyanidin-3-glucoside equivalents per 100 mL of juice (mg
cyanidin-3-glucoside/100 mL). The total anthocyanin content was calculated as follows:
Total anthocyanin content (mg/100 mL) =

A × MW × DF × 1000
ε×l

(4)

where:

•
•
•
•
•

A = (A520nm − A700nm )pH1.0 − (A520nm − A700nm )pH4.5
MW (molecular weight) = 449.2 g/mol for cyanidin-3-glucoside
DF = dilution factor established in D
l = 1 cm
ε = 26,900 molar extinction coefficient, in L/mol·cm, for cyanidin-3-glucoside

2.3.7. Measurement of the L-Ascorbic Acid Content
Measuring L-ascorbic acid was modified from the method of Rahman et al. [31]. Mulberry juice
was extracted with a mixture of 5% metaphosphoric acid and 10% acetic acid for 30 min at room
temperature. Then, the extract was mixed with 3% bromine water and 10% thiourea before adding
2,4-dinitrophenylhydrazine solution. The mixture was incubated at 37 ◦ C for 3 h and thereafter,
chilled 85% sulfuric acid was added. A UV-Visible spectrophotometer (Jas.co V730, Tokyo, Japan) was
used to measure the absorbance at 521 nm. The amount of AA that was present in the sample was
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calculated based on the ascorbic acid standard curve (0.005–0.05 mg/mL) and was expressed as mg
AA/100 mL juice (mg AA/100 mL).
2.4. Statistical Analysis
All of the values were presented as the mean of 3 determinations ± S.D. The data was analyzed
by a one-way analysis of variance (ANOVA) and the differences among the means were determined
using a Tukey test with a level of significance of p < 0.05. The statistical analysis was conducted using
the software Minitab® version 16 (Minitab Ltd., Coventry, UK).
3. Results and Discussion
3.1. The Effects of Different Sonication Time on the Yield and Quality of Mulberry Juice
3.1.1. Juice Yield, Total Soluble Solids (TSS), Titratable Acidity (TA), pH, and Moisture Content (MC)
The initial quality parameters of the raw juice are shown in Table 1.
Table 1. The initial quality parameters of the raw juice.
Parameters

Content
(◦ Brix)

Total soluble solids
Titratable acidity (%)
pH
Moisture content
L -Ascorbic acid (L-AA) (mg/100 mL)
Total phenolic content (TPC) (mg GAE/100 mL)
Total anthocyanin content (TAC) (mg cy-3-glc/100 mL)
Antioxidant capacity (AC) (%DPPH inhibition)

10.94 ± 0.08
1.11 ± 0.07
3.32 ± 0.03
89.06 ± 0.08
18.02 ± 1.20
67.01 ± 1.62
50.01 ± 1.52
55.14 ± 2.48

As shown in Table 2, the extraction yield of mulberry juice that was treated at different sonication
times at a fixed temperature of 60 ◦ C ranged from 81.80–90.21%. The values were significantly higher
than that of the pressed juice. Among four periods of sonication, the 60 min treatment resulted in the
highest yield. However, thereafter, the yield started to decrease (Table 2). Besides, all four periods
of the sonicated samples were carried out at a fixed temperature of 60 ◦ C, meanwhile the pressed
juice was sampled without a treating temperature. This might be a potential factor that creates the
difference between the two treatments.
Total soluble solids, titratable acidity, pH, and moisture content are major quality parameters of
the mulberry juice which affect the sensory characteristics of the juice. Similar trends for the extraction
yield, shown in Table 2, are the total soluble solids which ranged from 11.44 to 11.95 ◦ Brix, and the
titratable acidity increased from 1.31% to 1.50%, respectively. As compared to the untreated one,
the ultrasonic treatment clearly proved to be more efficient. Nguyen and Le [32] also observed a
decrease in the acidity of the pineapple mash that was treated with ultrasound. Moreover, the total
soluble solids (TSS) and titratable acidity (TA) values reached their maximum after 60 min of sonication.
The increases of TSS and TA might be ascribed to the increase in the extraction efficacy due to the
ultrasound treatment, causing the destruction of cell walls [33]. This resulted in more water being able
to enter the cells and the more soluble solids could permeate cell membranes. Nevertheless, when the
time extended, there was a reduction in these values. Consequently, 60 min was chosen as the suitable
sonication time for processing mulberry juice.
The result also showed that different ultrasound durations caused significant changes (p < 0.05) in
the pH and moisture content between the non-sonicated and sonicated juice samples (Table 2). Due to
the cell degradation that occurred by pressing as well as the cavitation phenomenon, more soluble
substances were released. Consequently, the moisture content of the pressed and the ultrasonic juice
were increased compared to the raw one.
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Table 2. Juice yield, TSS, TA, pH, and moisture content (mean ± SD) of mulberry juice at different
ultrasonic times at a fixed temperature of 60 ◦ C.
Times (min)

Extraction Yield (%)

0 (Pressed juice)
30
60
90
120

Total Soluble Solids (◦ Brix)

Titratable Acidity (%)

pH

Moisture Content (%)

11.12 ± 0.05 d
11.81 ± 0.08 ab
11.95 ± 0.03 a
11.66 ± 0.05 b
11.44 ± 0.07 c

1.17 ± 0.03 bc
1.42 ± 0.10 a
1.50 ± 0.09 a
1.35 ± 0.09 ab
1.31 ± 0.08 ab

3.24 ± 0.02 b
3.21 ± 0.04 b
3.23 ± 0.03 b
3.20 ± 0.02 b
3.18 ± 0.03 b

88.88 ± 0.05 b
88.19 ± 0.08 de
88.05 ± 0.03 e
88.34 ± 0.05 d
88.56 ± 0.07 c

d

71.03 ± 0.21
83.74 ± 0.27 b
90.21 ± 0.22 a
82.41 ± 0.28 c
81.80 ± 0.12 d

The values are mean ± SD (n = 3). Mean values within a column with the same superscript are not significantly
different (p < 0.05).

3.1.2. L-Ascorbic Acid Content, Total Phenolic Content, and Total Anthocyanin Content
The effect of different ultrasonic durations on the ascorbic acid content of the juice is shown in
Table 3. The results indicate a significantly higher (p < 0.05) ascorbic acid content in the sonicated
juice compared to the non-ultrasonic one. The ascorbic acid content reached its peak after 60 min of
sonication (37.38 ± 1.53 mg/100 mL) and reduced as the time extended. This could be explained by
the release of ascorbic acid from the cell fluid during cavitation which was produced by ultrasound
treatment together with the elimination of dissolved oxygen, leading to an increase in L-ascorbic acid
in the juice [15]. Besides, Valdramidis et al. [12] and Petrier et al. [34] found that the loss of ascorbic
acid during the sonication process is due to oxidative processes in aerobic and anaerobic environments
that are associated with the production and the use of hydroxyl radicals.
Table 3. L-ascorbic acid, total phenolics, total anthocyanin contents, and antioxidant capacities
(mean ± SD) in mulberry juice at different sonicating times.
Times (min)

L-AA
(mg/100 mL)

TPC
(mg GAE/100 mL)

TAC
(mg cy-3-glc/100 mL)

AC
(%DPPH inhibition)

0 (Pressed juice)

20.73 ± 1.22 c

73.74 ± 1.34 d

55.33 ± 1.71 d

65.08 ± 3.02 c

30

31.08 ± 2.27 b

159.84 ± 2.32 b

118.01 ± 2.59 b

76.02 ± 2.94 ab

60

37.38 ± 1.53 a

183.29 ± 2.01 a

132.48 ± 1.68 a

83.67 ± 3.82 a

90

36.04 ± 2.03 a

164.96 ± 2.38 b

129.03 ± 1.51 a

72.58 ± 2.34 bc

120

27.05 ± 1.67 b

131.18 ± 3.33 c

109.14 ± 2.06 c

69.15 ± 2.65 bc

The values are mean ± SD (n = 3). Mean values within a column with the same superscript are not significantly
different (p < 0.05).

Table 3 also shows the effect of ultrasonic time on the level of the phenolic compounds and
the anthocyanin content of mulberry juice. Applying ultrasonic treatment for 60 min significantly
increased the TPC and TAC of the mulberry juice by more than two times (Table 3) compared to
the pressed juice only. The antioxidant concentrations increased significantly when the ultrasonic
times ranged from 30–60 min (p < 0.05). The maximum of these values was achieved after 60 min
of sonication. However, when the ultrasonic time was prolonged, these values started to reduce.
According to Escarpa et al. [35], antioxidant compounds are present in the vacuole in soluble form
or are bound to the cell wall such as pectin, cellulose, hemicellulose, and lignin traces. It is possible
that the use of the ultrasound enhanced the disruption of the biological cell walls, and facilitated the
release of their contents [36] via cavitational collapse in the surroundings of colloidal particles [15].
The mechanism of the ultrasound treatment is ascribed to the acoustic cavitation, which includes
the formation, growth, and implosive collapse of bubbles in liquid [37]. The implosion of the cavitation
bubbles generates severe turbulence, high velocity inter-particle collisions, and perturbation in
microporous particles of the materials, which accelerates the eddy diffusion and the internal diffusion.
As a result, the amounts of extractable antioxidants were increased and were higher than those in the
non-treated samples.
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The total phenolic and total anthocyanin contents decreased over the sonication time, and this may
be due to longer exposure to ultrasonic waves. Jahouach-Rabai et al. [38] reported that the degradation
of polyphenolic compounds was due to excessive cavitations and cell disruption of the product.
3.1.3. Antioxidant Capacity (AC)
The antioxidant capacity of mulberry juice in the ultrasonic treatment was examined by % DPPH
inhibition (Table 3). Similar to TPC and TAC, DPPH scavenging activity obtained the highest value
after sonication for 60 min (83.67 ± 3.82%) and decreased thereafter. This may be attributed to the fact
that the cavitation bubbles may grow too big to collapse or may collapse weakly which could cause the
reduction in the cavitation effect. Also, many bubbles may hamper the propagation of the ultrasound
wave [39].
As the sonication time extended at 60 ◦ C fixed, the level of antioxidants reduced. This finding
was in agreement with [40] who ascribed this phenomenon to the relation between sonication time
and the number of cavitation bubbles. When the time increased, the number of cavitation bubbles
increased, thereby it may be inferred as reducing antioxidant compounds and decreasing DPPH-free
radical scavenging rates in the mulberry juice.
Therefore, among four sonication times, the appropriate sonication time for processing mulberry
juice was 60 min due to achieving high results in the yield and antioxidant levels.
According to Nguyen et al. [41], mulberry fruits which were sonicated at 63 ◦ C with the time
varied from 0 to 8 min had higher results in total phenolic, anthocyanins contents, and antioxidant
capacity as compared to the non-sonicated samples. However, in the current study with a longer
sonication time—60 min at a fixed temperature of 60 ◦ C, the obtained mulberry juice contained much
higher amounts of bioactive compounds than that of the non-sonicated samples (Table 3), and the
results were also greater than the mulberry fruits that were sonicated within 0 to 8 min [41]. In addition,
the reported study used an ultrasonic probe, meanwhile an ultrasonic bath was used in the present
study. It has been known that an ultrasonic bath and an ultrasonic probe are common systems that
are used in ultrasound-assisted extraction. However, two main negative properties that are related to
experimental repeatability and reproducibility were found in using ultrasonic probe [42]. Therefore,
an ultrasonic bath was chosen for the current work. Moreover, to prevent the oxidation of the juice,
glass containers were used in this study to contain the mulberry mass for the ultrasonic treatments
instead of directly pouring the mass into the ultrasonic bath. This could also be a potential reason
causing the prolonged ultrasonic duration to gain the highest results.
3.2. Effects of Different Sonication Temperatures on the Yield and Quality of Mulberry Juice
3.2.1. Juice Yield, Total Soluble Solids (TSS), Titratable Acidity (TA), pH, and Moisture Content (MC)
From Table 4, the extraction yield of the mulberry mash which was treated at different sonication
temperatures ranged from 83.62 ± 0.23% to 92.07 ± 0.13%. The maximum yield was obtained at 45 ◦ C.
As temperature was rising to over 45 ◦ C, a reduction trend of the yield was observed.
Total soluble solids and the titratable acidity also reached their peak at 45 ◦ C. The reduction of TSS
and TA is also shown in Table 4, as the temperature increased from 60 ◦ C to 75 ◦ C. The increase in
soluble solids was possibly due to the enhancement of the extraction efficacy. Previous studies of
Zafra-Rojas et al. [43] and Zou et al. [44] have shown that the mass transfer effects, shear, and shock
waves that were generated during the acoustic cavitation process can damage fruit tissues and cell walls,
resulting in the diffusion of water into fruit cells. This would ultimately result in the solubilization
of more soluble solids [24]. There were no significant changes in the pH as the sonicated temperature of
the mulberry juice samples increased (Table 4). However, the moisture content result of the ultrasonic
sample at 45 ◦ C showed that there was a significant difference (p < 0.05) between 45 ◦ C and the
other temperatures.
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According to Vilkhu et al. [45], in solid-liquid extraction, cavitation can cause surface erosion and
particle breakdown. This phenomenon provided new surfaces and increased mass transfer. Hence,
the extraction yield of the mulberry juice was higher when it was treated with ultrasound.
Table 4. Juice yield, TSS, and TA (mean ± SD) of mulberry juice at different ultrasonic temperatures.
Temperature
(◦ C)

Extraction Yield
(%)

Total Soluble Solids
(TSS–◦ Brix)

Titratable Acidity
(%)

pH

Moisture Content
(MC-%)

30

86.44 ± 0.20 c

11.67 ± 0.07 c

1.41 ± 0.04 bc

3.23 ± 0.02 b

88.32 ± 0.07 b

45
60
75

92.07 ± 0.13 a
90.18 ± 0.17 b
83.62 ± 0.23 d

12.09 ± 0.04 a
11.91 ± 0.05 b
11.78 ± 0.04 bc

1.63 ± 0.08 a
1.51 ± 0.09 ab
1.31 ± 0.07 cd

3.25 ± 0.03 b
3.22 ± 0.04 ab
3.18 ± 0.02 b

87.91 ± 0.04 d
88.09 ± 0.05 c
88.22 ± 0.04 bc

The values are mean ± SD (n = 3). Mean values within a column with the same superscript are not significantly
different (p < 0.05).

3.2.2. L-Ascorbic Acid Content (L-AA), Total Phenolic Content (TPC), and Total Anthocyanin
Content (TAC)
From Table 5, the ascorbic acid content at different temperatures ranges from 28.11 mg/100 mL to
40.28 mg/100 mL. Among the studied temperatures, the highest ascorbic acid content was produced
at 45 ◦ C (40.28 mg/100 mL). There was degradation in the ascorbic acid content as the temperature
increased to 75 ◦ C due to the sensitivity of the heat of the ascorbic acid compounds.
Table 5. L-ascorbic acid, total phenolics, total anthocyanin contents, and antioxidant capacities
(mean ± SD) in mulberry juice at different sonicating temperatures.
Temperature (◦ C)

L-AA
(mg/100 mL)

TPC
(mg GAE/100 mL)

TAC
(mg cy-3-glc/100 mL)

AC
(%DPPH Inhibition)

30

31.62 ± 1.87 bc

164.92 ± 2.45 c

118.12 ± 1.51 d

80.18 ± 2.16 b

45

40.28 ± 1.77

a

a

a

91.58 ± 3.32 a

60

36.08 ± 1.73 ab

183.32 ± 1.97 b

132.37 ± 1.84 b

83.75 ± 3.66 ab

75

28.11 ± 1.98 c

126.42 ± 3.49 d

124.84 ± 2.81 c

67.32 ± 3.63 c

202.15 ± 1.25

142.15 ± 1.73

The values are mean ± SD (n = 3). Mean values within a column with the same superscript are not significantly
different (p < 0.05).

The effect of the ultrasonic temperature on the antioxidant compounds of the mulberry juice
in terms of total phenolic and total anthocyanin contents were also evaluated (Table 5). As can be
seen from Table 5, 45 ◦ C was shown to be an appropriate temperature that gave high phenolics
and anthocyanin contents by 202.15 mg GAE/100 mL and 142.15 mg cy-3-glc/100 mL, respectively.
Due to the moderate sonochemical hydroxylation of the phenolic compounds, which was caused by
hydroxyl radicals that were produced during the sonolysis of water, the antioxidant properties could
improve [46].
As the temperature increased, TPC was lower due to the fact that the phenolic compounds were
highly susceptible to heat [47]. As shown in Table 5, the increasing sonicating temperature led to
degradation of these bioactive compounds (p < 0.05). The reduction of anthocyanin contents could
be explained by the fact that anthocyanin compounds were more sensitive to thermal damage and
process exposure time than colorless phenolic compounds [48].
3.2.3. Antioxidant Capacities (AC)
The antioxidant capacities of mulberry juice at different ultrasonic temperatures were evaluated
(Table 5). Similar to L-AA, TPC, and TAC, the antioxidant capacities that were measured based on
the % DPPH scavenging effect showed the highest result at 45 ◦ C (91.58%). As the temperature
increased, there was a reduction in the antioxidant activity. During the ultrasound treatment, there was
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a formation of bubbles. The implosion of cavitation bubbles generates a great amount of heat.
This phenomenon might help to produce a higher yield of antioxidants, however, when the samples
had already been sonicated at a high temperature, such as 60 ◦ C to 75 ◦ C as in this study, this led
to the reduction of antioxidant properties due to the vulnerability of the antioxidant compounds
to heating [49]. As a result, 45 ◦ C was chosen as the most suitable temperature for the ultrasound
treatment in this study.
Applying ultrasound on the mulberry juice processing in the current work resulted in a higher
juice yield and antioxidants compared to using the enzymes only in the reported study [37].
It can be seen from Table 5 that there was a strong correlation between the total phenolic content
and the antioxidant capacity measured by the percentage of DPPH inhibition (r2 = 0.891, p < 0.05),
while the ascorbic acid content showed less of a correlation with antioxidant capacity (r2 = 0.596,
p < 0.05). Similarly, there was a weak correlation between the total anthocyanin content and the
antioxidant capacity (r2 = 0.412, p < 0.05). Hence, it could be suggested that polyphenols accounted for
a large part of the antioxidants in the mulberry juice in this study.
It is known that ultrasonic treatment causes the collapse through cavitation in the surroundings
of colloidal particles and then releases bioactive compounds from the cell wall. In addition, there is
a significant strong correlation between TPC and antioxidant activity (Table 6). This means that the
treatment helped extract more of the bound polyphenols into the juice, which thereby increased the
total antioxidant activity of the mulberry juice [50].
Table 6. Correlation coefficients (r2 ) between antioxidant capacities (% DPPH inhibition), total phenolic,
total anthocyanin, and ascorbic acid contents in the mulberry juice.
Correlation Coefficients

L-AA

TPC

TAC

AC (% DPPH inhibition)

0.596 *

0.891 *

0.412 *

* p < 0.05.

4. Conclusions
In this study, ultrasonic treatment showed significantly increased extraction efficiencies for
processing an antioxidant-rich fruit juice from mulberry fruit. Moreover, this treatment exhibited
some advantages, such as shorter extraction time and higher extraction yield for total ascorbic acid
contents, phenolics, and anthocyanins in comparison to normal processing. The positive correlations
between TPC and the antioxidant capacities of the mulberry juice suggested polyphenols to be the
main antioxidants in this product. It is suggested from the current work that the ultrasound treatment
should be considered as a positive alternative technique in the extraction of antioxidant-rich juices.
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