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Abstract: The effect of ultrasound and enzyme pretreatment (with pectinase, amylase, and cellulase)
on the physicochemical properties (yield, viscosity, total soluble solids, and total phenolics) of mango
juice was evaluated through a set of six experiments. Ultrasonication treatment alone showed no
influence on juice yield (54.6 ± 1.1%). However, the combined uses of ultrasonication with a pectinase
or the enzyme mixture significantly increased the yield (94.1 ± 1.4% and 80.0 ± 2.1%, respectively)
and decreased the enzyme pretreatment time (from 2 h to 1 h). Pectinase treatment assisted by
ultrasonication was more effective with regard to juice yield, viscosity reduction, and the clarity of
the juice than the enzyme mixture treatment with ultrasonication. Ultrasonication alone significantly
increased the amount of total phenolics (65.5 ± 1.0 mg/100 mL) and showed a slight reduction of
viscosity and improvement of clarity compared to the control.
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1. Introduction

Mango (Mangifera indica L.) is known as the “king of the fruits” and has been cultivated for around
4000 years in India. The global mango production reached 5.1 × 107 MT in 2016 [1]. India was first in
mango production, with 2.0 × 105 MT and Andhra Pradesh (combined) is the largest producer with
4.5 × 103 MT in 2016. More than twenty-five different mango cultivars are available in India, and they
are also widely cultivated worldwide. Mango is highly perishable and available only in the summer
season. The popularity of fresh and processed mango products has been increasing, and in 2015–2016,
India shipped 3.6 × 104 MT of mangoes and 1.3 × 105 MT of mango pulp [1]. From the pulp nectar,
products like juice, puree, and mango-based desserts are prepared. The market for value-added mango
products has been gradually increasing at the rate of 5% annually. Due to their high-pulp-yielding
trait, Totapuri mangoes are preferred for pulp preparation. Mango-pulp-producing plants generally
procure mangoes either from farmers or market yards in sufficient quantities to run the processing
plant until the end of the mango season. During the processing, only 60%–75% of pulp is extracted for
further use and the remaining 25%–40% is waste [2].

The natural taste and nutritional value present in fruit juices have led to mango juices having
a high consumer acceptability [3]. Mango juice has been known to contain plant polyphenols
such as anthocyanins, which are considered to have anti-cancer properties [4]. The presence of
polysaccharides in mango pulp makes the juice extraction process through conventional hydraulic
pressing or centrifugation very difficult [5]. In addition, the type of juice extracted by these methods
is turbid and viscous, and it has a high sedimentation rate during storage. This necessitates further
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clarification processes for its use as a ready-to-drink mango beverage. Enzymes, especially carbohydrate
hydrolases, can be utilized to extract juice from fruit pulps for an improved and enhanced yield.
There are many reports on the utilization of enzymes, including pectinases, cellulases, and amylases,
for juice extraction, clarification, liquefaction, maceration, and cloud stabilization [6,7]. These enzymes
break down the cell wall and complex structures of fruits and provide maximum juice yields [8].

In the past few decades, ultrasound usage for the extraction of biomolecules from plant materials
has garnered significant attention, and enhanced yields and reduction in extraction time have been
observed [9]. Ultrasonication has been applied for extracting and increasing juice yield from pulpy
fruits like pineapples, bananas, and apples [8,10,11]. Santhirasegaram et al. [12,13] studied the effect of
ultrasound on the quality attributes of mango juice, but literature on ultrasound-assisted enzymatic
juice extraction from mango pulp is limited. Hence, the present study was conducted to determine the
effect of ultrasonication and enzyme (amylase, cellulase, and pectinase) treatment on juice yield and
the physicochemical characteristics of juice extracted from mango pulp.

2. Materials and Methods

Mango fruits were procured from mango fields near Kadapa, Andhra Pradesh, India. The mangoes
were cleaned and peeled, and the remaining pulp was cut into small pieces and homogenized with a
home mixer and stored in a refrigerator until further utilization.

The mango juice was extracted from the prepared pulp by subjecting it to ultrasonication and
enzymatic treatment according to the experimental design below:

T1. Control (no treatment).
T2. Ultrasonication treatment.
T3. Pectinase treatment.
T4. Enzyme cocktail treatment.
T5. Combined sonication and pectinase.
T6. Combined sonication and enzyme cocktail treatment.

For ultrasonication, a VC 250 ultrasonic probe (Sonics & Materials, Inc., Newtown, CT, USA)
was used; 25 g of the pulp was placed in a 50 mL glass beaker and subjected to ultrasonication. The
equipment was operated under a self-programming mode of 15 s on and 5 s off for 5 min at 24 kHz
with 250 W power. The temperature of the pulp was maintained by keeping the beaker in an ice bath.
After sonication, 0.2% of the selected enzymes (pectinase, amylase, and/or cellulase) were added to
the pulp, followed by incubation in a rotary shaker for 2 h. Samples were collected every 30 min for
yield and clarity analysis. Amylase and cellulase were purchased from Sigma-Aldrich (St. Louis, MO,
USA) and pectinase was procured from Novozyme (Bagsværd, Denmark). After the ultrasound and
enzymatic treatment, the juice was extracted from the pulp using a cheesecloth, and samples were
stored at 4 ◦C till further analysis.

The yield was calculated by measuring the weight before and after the treatment using the
following balance equation:

Yield (%) =
Weight of juice recovered

Weight of pulp taken
× 100

The viscosity of the extracted juice was determined using a DV2T cone and plate viscometer
(Brookfield Engineering Laboratories, Inc., Middleboro, MA, USA) at 10 rpm. The results are presented
in centipoise (cP). The clarity of the extracted juice was determined by measuring the percentage
transmittance (% T) at 640 nm using a UV-1800 spectrophotometer (Shimadzu, Kyoto, Japan). The total
soluble sugar (TSS) of the extracted juices was determined using a digital portable refractometer
(Hanna Instruments Inc., Woonsocket, RI, USA). Total polyphenols of the juice samples were estimated
using the Folin–Ciocalteu assay [14,15].
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All treatments and analyses were carried out in triplicate, and the data presented here are reported
as the mean values ± standard deviations (SDs). SPSS ver. 11.0 was used for the analysis of variance.

3. Results and Discussion

The observed results are shown in Table 1. The yield of mango juice from the pulp increased
in pectinase-treated (T3) samples, compared to all the other study treatments. This may be because
of the low content of starch and cellulose and the very high content of pectin in mango pulp [7,16].
Pectin in fruit works as a binding agent, and has juice-holding capacity. To extract juice from fruit
pulp and reduce subsequent viscosity, the breakdown of the complex pectin structure is essential.
Ultrasonication alone (T2) did not show much effect on increasing juice yield, but in combination
with enzymatic pretreatments (T5 and T6), it acted synergistically with the enzymes, resulting in
a significantly increased yield when compared to treatments T3 and T4. Ultrasound pretreatment
with enzymatic pretreatment (T5) resulted in the highest juice yield of 94.40%, and this was 125%
greater than the yield observed in case of the control treatment and 50% higher than that observed
in case of the enzymatic treatment (T4) alone. This observation suggests that ultrasound may help
in the formation of acoustic cavitation, which promotes the breakdown of fruit tissue and cell wall
structure, which subsequently enables enzyme accessibility to their substrates [8,17,18]. However,
when ultrasound was applied alone, it was not able to sufficiently degrade the cell wall components of
the mango pulp nor extract a satisfactory amount of juice; hence, when compared to the control (T1),
there was no large difference in yield [19]. Lieu and Le [20] recently reported a marked increase in juice
yield by the sonication of grape mash. These results suggest that ultrasonication alone is enough for the
extraction of juices from the fruits that have low pectin concentrations. Enzymatic treatments T3 and
T4 showed a highly significant increase in juice yield from the mango pulp following a 2 h incubation
period. Pectinase treatment (T3) alone released 88% of the juice from the mango pulp, which was
the highest observed yield following a single treatment in the present study. The enzyme mixture
treatment (T4) significantly increased juice yield, with a 70% yield from mango pulp, when compared
to the control treatment and ultrasonication alone. Our results are in agreement with those of many
previous reports, which showed the improvement of juice yields following the treatment of grapes,
pineapples, bananas, and apples with pectinolytic and cell-wall-degrading enzymes [8,10,11].

Table 1. Effect of ultrasonication and enzyme treatments on the yield and physicochemical properties
of Totapuri mango juice.

Treatment No. Treatment Method Yield (%) Viscosity (cP) Clarity (% T) TSS (◦Brix) Total Phenolics (mg/100 mL)

T1 Control 35.4 ± 1.2 f 25.4 ± 0.2 a 20.2 ± 2.5 f 13.0 ± 0.4 d 40.0 ± 1.5 f

T2 Ultrasonication 54.6 ± 1.1 e 23.1 ± 1.0 b 30.5 ± 1.2 e 14.1 ± 0.2 c 65.5 ± 1.0 c

T3 Pectinase 86.0 ± 2.4 b 3.56 ± 1.2 f 70.5 ± 3.8 b 15.2 ± 0.5 b 60.0 ± 0.8 d

T4 Enzyme mix 60.0 ± 2.6 d 18.4 ± 0.6 c 45.8 ± 2.4 d 14.6 ± 0.3 b,c 55.6 ± 0.6 e

T5 Ultrasonication + Pectinase 94.1 ± 1.4 a 5.9 ± 0.4 e 78.7 ± 4.3 a 16.8 ± 0.5 a 80.8 ± 0.7 a

T6 Ultrasonication + enzyme mix 80.0 ± 2.1 c 10.5 ± 0.8 d 58.6 ± 1.2 c 15.0 ± 0.2 68.0 ± 1.3 b

Letters a–f denote statistical significance at p < 0.05. TSS: total soluble sugar.

The important finding in the present study is that ultrasonication, when used in combination
with pectinase (T5), drastically decreased the time of pectinase treatment required. This treatment
method helped in the clarification of the juice within half (1 h) of the selected time duration (i.e., 2 h),
and showed a juice yield of 85% (Figure 1). The effect of pectinase concentration on juice yield in
combination with ultrasound was also studied; these results are shown in Figure 2. It was observed
that 0.15% enzyme treatment yielded 80% of juice after 2 h of incubation. This finding supports
the potential improvement of juice quantity and quality within a shorter duration with low enzyme
loading. In addition to this, the combination of ultrasonication with enzyme mixture treatment (T6)
drastically improved the quantity of mango juice compared to the enzyme mixture alone, and this
could be utilized as an alternative method for juice extraction from mango pulp.
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Figure 1. Effect of incubation time on mango juice yield following the treatments with the combination
of ultrasonication and pectinase (T5) and pectinase alone (T4). �, Combination of ultrasonication and
pectinase treatment (T5); �, Pectinase alone treatment (T4). Values are presented as means, and error
bars represent SD. Letters a–c denote statistical significance at p < 0.05.
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Figure 2. Effect of pectinase concentration on mango juice yield following treatments with the
combination of ultrasonication and pectinase (T5) and pectinase alone (T4). �, Combination of
ultrasonication and pectinase treatment (T5); �, Pectinase alone treatment (T4). Values are presented as
means, and error bars represent SD. Letters a–d denote statistical significance at p < 0.05.

Viscosity is a critical parameter of fruit juices that affects their rheological properties. In the
present study, ultrasonication did not significantly decrease the viscosity of mango juice compared to
the control (i.e., viscosity decreased from 25.4 ± 0.2 cP to 23.1 ± 1.0 cP). However, the viscosity of mango
juice was significantly decreased by enzymatic treatments (T3 and T4; from 25.4 ± 0.2 cP to 3.56 ± 1.2 cP
and 18.4 ± 0.6 cP, respectively) and combined enzymatic treatments with ultrasonication (T5 and T6;
from 25.4 ± 0.2 cP to 5.9 ± 0.4 cP and 10.5 ± 0.8 cP, respectively). Pectinase treatment (T3) significantly
decreased the juice viscosity compared to the enzyme mixture treatment (T4) because pectin is a key
molecule responsible for viscosity, and the pectinolytic activity of pectinase effectively decreased the
viscosity of the juice by breaking down the pectin into pectic acid, methanol, and oligogalacturonates.
The viscosity reduction profiles are based on the composition of fruit pulp. The results of the present
investigation are in accordance with the previous report by Costa et al. [21], who also found decreased
viscosity of pineapple juice due to the lysis of pectin by pectinase. The combination of the ultrasound
and enzyme mixture treatments dramatically decreased the viscosity of the mango juice compared to
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the enzyme mixture alone. This might be because of the separation of extracted juice from pectin by
ultrasonication and following the enzymatic treatments, as reported by Bora et al. [11].

Clarity is an essential and desirable characteristic for fruit juices. In the present investigation,
clarity was increased following all the treatments when compared to the control, from 20.2 ± 2.5 (T1) to
70.5 ± 3.8 (T2), 30.5± 1.2 (T3), 45.8± 2.4 (T4), 78.7± 4.3 (T5), and 58.6± 1.2 (T6). Pectinase treatment (T3)
and its combination with ultrasonication (T5) resulted in a very high increase in the clarity of the mango
juice, since pectin is the key substance responsible for the cloudiness of the juice, compared to starch and
cellulose. Enzyme mixture treatment (T4) and its combination with ultrasonication (T6) significantly
increased the clarity of the juice compared to the control (T1) because starch and cellulose present in the
pulp were degraded. Ultrasound along with the enzymatic treatments (T5 and T6) resulted in significant
improvement in clarity compared to when the treatments were applied independently. Similar results
were obtained with pectinase-treated banana juice and orange juice, whereby clarity was significantly
improved by the combination of ultrasound and pectinase treatments [22,23]. Santhirasegaram et al. [12]
reported a significant improvement in the clarity of mango juice following ultrasonication; similarly,
Abid et al. [24] and Bora et al. [11] achieved very high clarity in apple and banana juices following
sonication and enzymatic treatments, respectively.

Total soluble sugar (TSS) is the most important parameter in determining the taste and consumer
acceptability, because this provides sweetness to the produced juice. The content of TSS in the juices
obtained following treatments T2, T3, T4, T5, and T6 increased by 14.1%, 15.2%, 14.6%, 15.8%, and
15.0%, respectively, in comparison with the control sample (T1). Even though the yield was low in the
case of the ultrasonication treatment (T2) and the combined ultrasonication and pectinase treatment
(T5), the TSS content in T5 was higher. The reason for this could be that T5 generated increased juice
volume along with an increased release of bound soluble sugars from the complex molecules. In the
combined treatment, the ultrasound helped in increasing the TSS contents further via the random
breakdown of the cell wall structures, which enabled the higher accessibility of the cell wall components
for the enzymes [20]. When compared with the juices obtained following the T3 and T5 treatments,
the TSS levels were low in those obtained following the T4 and T6 treatments. This may be due to the
unavailability of high concentrations of starch and cellulose.

Phenolic compounds play a significant role in providing color and stabilizing the organoleptic
properties of juices. In the present study, total phenolic content was improved following all treatments;
the juices obtained following all treatments contained significantly higher total phenol contents
(65%, 50%, 45%, 100%, and 70% increase in the phenol contents of the juices obtained following the
T2, T3, T4, T5, and T6 treatments, respectively, compared to the control). The results showed that
ultrasonication alone was very effective in extracting more phenolics than the pectinase (T3) and
enzyme mixture treatments (T4). The combination of ultrasonication with pectinase and the enzyme
mixture treatments dramatically increased the total amount of phenolics extracted compared to the
treatment with pectinase and the enzyme mixture alone. Our results validate the previous studies
on pineapple, grape, and apple juice obtained via ultrasound and enzymatic treatments, whereby
a higher release of carotenoids, anthocyanins, and total phenolics was achieved [8,20–24]. In fruit
pulps and peels, phenolic compounds are bound with many polysaccharides and proteins, and the
depolymerization of such complex structures releases them into the juice. The higher phenolic contents
of juices obtained from ultrasound-treated samples suggest that the random degradation of cell wall
compounds is more essential than the specific action of certain enzymes.

From the results reported here, it can be concluded that pectinase may be more effective than
the ultrasonication and enzyme mixture (amylase and cellulase) treatment. With regard to all the
parameters tested, except for TSS, ultrasonication showed a significant effect. In combination with the
three enzymes, ultrasonication synergistically aided the extraction of juice and functional compounds
from mango pulp and shortened the extraction time. The physicochemical characteristics of the
juices obtained in this study support that pectinase treatment is necessary for producing high-quality
ready-to-serve juice from mango pulp and that the combination with ultrasonication increased the
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functional quality of the juice. Furthermore, our findings also suggest that ultrasonication and enzyme
mixture treatments alone are not sufficient to obtain high-quality juice from mango pulp. However, it
can be concluded that the combination of ultrasonication with the enzyme mixture drastically increased
the quality of the mango juice, and this combination could be adapted as an alternative method for
juice extraction from mango pulp. In addition, it is essential to optimize various parameters such as
time, temperature, frequency, and amplitude of sonication treatment in the future to understand the
mechanisms underlying their effects on mango juice extraction.
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