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Processing of dragon fruit beverage by acoustic treatment
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Abstract

Dragon fruit is being prevailed globally because of its rich source of polyphenolic components and its
antioxidant activities contributing to chemo-protective properties that is beneficial for human health.
Our research penetrated on the utilization of acoustic treatment on dragon fruit mash to produce
beverage. Different parameters of acoustic power are (300, 350, 400, 450, 500 W), treatment duration
(3.0, 3.5, 4.0, 4.5, 5.0 min), treatment temperature (35, 45, 55, 65, 75°C). Our results showed that
acoustic power at 450 W in 4.5 min at 55°C had significant effect on the juice extraction recovery,
vitamin C, total phenolic content, total flavonoid content and organoleptic property of dragon fruit
beverage. This finding gave a basic foundation for factual manufacturing in industrial scale. There is a
possibility to enhance the added value of dragon fruit as well as contribute to the poverty reduction and
hunger elimination for farmers in Vietnam.
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1.   Introduction

Dragon fruit (Hylocereus undatus (Haworth) Britton & Rose) could
be cultivated in the dry tropical climate (Ortizhernández and Carrillo-
salazar, 2012). It has red or white pulp with oval shape. It has a lot
of tiny black seeds (Ortiz-Hernández et al., 2012). The fruit was
often consumed fresh or processed form such as Jelly, Juice, Cordial,
Jam, Ice cream, Sherbet, Yogurt, Candy, Pastry, Colorant, Wine,
Nectar (Nurul et al., 2014; Barcelon et al., 2015; Islam et al., 2012;
Panchal et al., 2018; Nguyen Phuoc Minh, 2014; Nguyen Phuoc
Minh et al., 2019). It is rich in fiber, vitamins, calcium, phosphorus,
magnesium, phytochemicals and antioxidants (Montadher et al.,
2018; Hui et al., 2014; Sushmitha et al., 2018; Fernanda et al.,
2014). Phytochemical constituents included triterpenoid, alkaloid,
flavonoid and saponin (Sudha et al., 2017). These components
contribute to various medicinal and pharmaceutical properties
(Yogita et al., 2018).

Acoustic treatment can be considered as a cheap, simple, reliable,
environmentally friendly, and innovative technology (Valero
et al., 2007). The low frequency high power ultrasound has been
popularly applied in food processing sector (Feng et al., 2008). In
juice processing by ultrasound, there is a minimal effect on the
ascorbic acid content, phenolic, anthocyanin in various materials
such as strawberry, grape, citrus, olive, coconut, carrot, banana,
etc. (Herrera et al., 2005; Rodrigues et al., 2007; Ma et al., 2009;
Lieu et al., 2010; Zou et al., 2016; Lee et al., 2006). Ultrasonic

treatment caused the collapse through cavitation in the surroundings
of colloidal particles and then releases bioactive compounds from
the cell wall (Chi and Ha, 2018). Purpose of our research focused
on the utilization of acoustic treatment on dragon fruit mash to
produce beverage.

2.   Materials and Methods

2.1 Material

Dragon fruits were collected from Tien Giang province, Vietnam.
After collecting, they must be conveyed to laboratory for
experiments. They were washed under tap water to remove foreign
matters and dripped excess water. Chemical substances such as
Folin-Ciocalteu reagent, sodium carbonate anhydrous, gallic acid,
sodium nitrite, aluminium chloride, catechin were all supplied from
Labone Scientific Laboratory Vietnam. UV-spectrophotometer was
used for measurement.

2.2 Researching procedure

Dragon fruit mash was treated with different acoustic power (300,
350, 400, 450, 500 W) at different extraction duration (3.0, 3.5,
4.0, 4.5, 5.0 min) and different extraction temperature (35, 45, 55,
65, 75°C). Ultrasonic bath operated at frequency of 37 kHz. The
best acoustic power, extraction duration, extraction temperature
were defined via extraction recovery (%), vitamin C (mg/100 g),
total phenolic content (TPC, mg GAE/100 g), total flavonoid content
(TFC, mg CE/100 g) and organoleptic attribute (sensory score).

2.3 Chemical analysis

Extraction recovery (%) was evaluated according to the formula
described by Nguyen and Le (2012). Vitamin C (mg/100 g) was
evaluated by 2,6-dichlorophenolindophenol titration. Total phenolic
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content (TPC, mg GAE/100 g) was determined by the method of
Li et al. (2008). Total flavonoid content (TFC, mg CE/100 g) as
determined by application of a method described by Ozsoy et al.
(2008). Sensory score was estimated by a group of panelists using
9 point-Hedonic scale.

2.4 Statistical analysis

The experiments were run in triplicate with three different lots of
samples. Statistical analysis was performed by the Statgraphics
Centurion XVI.

3.   Results

3.1 Effect of acoustic power to the juice extraction recovery,
vitamin C, total phenolic content, total flavonoid content,
and organoleptic attribute of dragon fruit beverage

The highest significant juice extraction recovery (%), vitamin C

(mg/100 g), total phenolic content (TPC, mg GAE/100 g), total
flavonoid content (TFC, mg CE/100 g) and overall acceptance was
noticed at acoustic power 450 W, while at 300 W showed the
lowest ones (Table 1).

3.2 Effect of extraction duration to the juice extraction recovery,
vitamin C, total phenolic content, total flavonoid content,
and organoleptic attribute of dragon fruit beverage

Extraction duration is very important in decision of energy
consumption and cost of the extraction assay. The highest significant
juice extraction recovery (%), vitamin C (mg/100 g), total phenolic
content (TPC, mg GAE/100 g), total flavonoid content (TFC, mg
CE/100 g) and overall acceptance were noticed at extraction duration
4.5 min, while at 3.0 min showed the lowest ones (Table 2).

3.3 Effect of extraction temperature to the juice extraction
recovery, vitamin C, total phenolic content, total flavonoid
content, and organoleptic attribute of dragon fruit beverage

In solid-liquid extraction, cavitation can cause surface erosion and
particle breakdown (Vilkhu et al., 2008). The highest significant
juice extraction recovery (%), vitamin C (mg/100 g), total phenolic
content (TPC, mg GAE/100 g), total flavonoid content (TFC, mg
CE/100 g) and overall acceptance was noticed at 55°C, while
treatments at 75°C showed the lowest ones (Table 3).

Table 3: Effect of extraction temperature (°C) to juice extraction recovery (%), vitamin C (mg/100 g), TPC (mg GAE/100 g), TFC (mg CE/100 g),
organoleptic attribute of dragon fruit beverage

Parameter Extraction temperature (°C)

35 45 55 65 75

Juice recovery (%) 75.41 ± 0.02b 77.81 ± 0.00ab 79.48 ± 0.02a 89.51 ± 0.01a 89.56 ± 0.03a

Vitamin C (mg/100 g) 22.75 ± 0.03b 23.81 ± 0.03ab 24.39 ± 0.00a 21.53 ± 0.02c 19.28 ± 0.00d

TPC (mg GAE/100 g) 33.89 ± 0.01b 35.06 ± 0.02ab 37.41 ± 0.01a 32.05 ± 0.00c 28.41 ± 0.02d

TFC (mg CE/100 g) 12.94 ± 0.00b 13.48 ± 0.00ab 13.86 ± 0.00a 11.03 ± 0.01c   9.21 ± 0.01d

Sensory score  8.43 ± 0.02b  8.67 ± 0.01ab   8.79 ± 0.03a   8.12 ± 0.02bc  8.04 ± 0.00c

Note: The values were expressed as the mean of three repetitions; the same characters (denoted above), the difference between them was not
significant (α = 5%).

Table 1: Effect of acoustic power (W) to juice extraction recovery (%), vitamin C (mg/100 g), TPC (mg GAE/100 g), TFC (mg CE/100 g),
organoleptic attribute of dragon fruit beverage

Parameter Acoustic power (W)

300 350 400 450 500

Juice recovery (%) 57.48 ± 0.01c 65.81 ± 0.03b 69.43 ± 0.01ab 73.95 ± 0.00a 74.05 ± 0.01a

Vitamin C (mg/100 g) 16.37 ± 0.03c 19.46 ± 0.00b 20.85 ± 0.00ab 21.46 ± 0.01a 21.53 ± 0.00a

TPC (mg GAE/100 g) 28.35 ± 0.02c 31.07 ± 0.01b 31.79 ± 0.01ab 32.28 ± 0.00a 32.31 ± 0.00a

TFC (mg CE/100 g)  9.54 ± 0.00c 11.22 ± 0.02b 11.79 ± 0.02ab 11.98 ± 0.03a 12.01 ± 0.03a

Sensory score  6.36 ± 0.01c  7.05 ± 0.00b  7.56 ± 0.00ab  7.87 ± 0.02a   7.90 ± 0.01a

Note: The values were expressed as the mean of three repetitions; the same characters (denoted above), the difference between them was not significant
(α = 5%).

Table 2: Effect of extraction duration (min) to juice extraction recovery (%), vitamin C (mg/100 g), TPC (mg GAE/100 g), TFC (mg CE/100 g),
organoleptic attribute of dragon fruit beverage

Parameter Extraction duration (min)

3.0 3.5 4.0 4.5 5.0

Juice recovery (%) 73.95 ± 0.00c 74.38 ± 0.03bc 74.95 ± 0.01b  75.41 ± 0.02ab 75.63 ± 0.01a

Vitamin C (mg/100 g) 21.46 ± 0.01b 21.89 ± 0.00ab  22.08 ± 0.02ab 22.75 ± 0.03a 22.80 ± 0.03a

TPC (mg GAE/100 g) 32.28 ± 0.00b 32.91 ± 0.02ab  33.41 ± 0.00ab 33.89 ± 0.01a 33.90 ± 0.00a

TFC (mg CE/100 g) 11.98 ± 0.03b  12.38 ± 0.00ab  12.65 ± 0.00ab 12.94 ± 0.00a 12.98 ± 0.01a

Sensory score  7.87 ± 0.02c  8.05 ± 0.01bc   8.16 ± 0.01b   8.43 ± 0.02ab   8.57 ± 0.00a

Note: The values were expressed as the mean of three repetitions; the same characters (denoted above), the difference between them was not
significant (α = 5%).
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4.   Discussion

Sonication can be applied during fruit juice processing in order to
disrupt the pulp particles and to affect the particle size distribution
(Chi and Ha, 2018). In another study, ultrasonic extraction reduced
betacyanin content, TFC, and scavenging activity but increased the
yield for the flesh (Nurul Shazini Ramli et al., 2014). Zafra-Rojas
et al. (2013) and Zou et al. (2017) 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 (Zou
et al., 2016). Application of ultrasound at 45°C for 60 min resulted
in the highest juice yield, L-ascorbic acid content, total phenolic
content, total anthocyanin content and the antioxidant capacity of
the mulberry juice (Chi and Ha, 2018). The extended extraction
duration would cause an exposure of abundant oxygen and thus
accelerate more chances for oxidation of phenolic constituents
(Naczk and Shahidi, 2004; Chirinos et al., 2007) as well as the
possibility of destruction by endogenous enzymes (Kuljarachanan
et al., 2009). Jahouach-Rabai et al. (2008) reported that the
degradation of polyphenolic compounds was due to excessive
cavitations and cell disruption of the product. Accelerated thermal
treatment could improve the phenolic extraction by speeding up
both diffusion coefficient and solubility of phenolic compounds in
extraction solvent (Al-Farsi and Chang, 2007; Lim and Murtijaya,
2007). Thermal treatment was able to break down cellular
components and release the bounded phenolics (Wang et al., 2008).
However, harsh temperature likely decomposed the phenolics (Chan
et al., 2009; Liyana-Pathirana and Shahidi, 2005). Some authors
have postulated that the loss of TPC in treated samples at high
temperature could be resulted from the degradation of phenolic
compounds due to thermal effect and/or reduced free phenolic
compound (Masibo and He, 2008). 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 (Chi and
Ha, 2018).

5.   Conclusion

Dragon fruit has greatly increased its popularity worldwide due to
its attractive colours, sweet, juicy pleasant taste. It is one of the
most popular commercial fruits available in Vietnam. It has potential
for use as a source of functional ingredients to provide nutrients
that may prevent nutrition related diseases and improve physical
and mental well-being of the consumers. It is interesting to
investigate some major factors possibly affecting to during acoustic
extraction. Our results revealed that acoustic power, extraction
duration and temperature had significant influence to the juice
extraction recovery, vitamin C, total phenolic content, total
flavonoid content and organoleptic attributes of dragon fruit
beverage. Acoustic treatment should be considered as an
alternative method in the extraction of antioxidant-rich juices.
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