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Postharvest Profile, Processing and Waste Utilization of
Dragon Fruit (Hylocereus Spp.): A Review
Kirti Jalgaonkar, Manoj Kumar Mahawar, Bhushan Bibwe, and Pankaj Kannaujia

Division of Horticultural Crop Processing, ICAR-Central Institute of Postharvest Engineering and Technology
(CIPHET), Abohar, Punjab, India

ABSTRACT
Dragon fruit is a nutritious and wonderful exotic fruit cultivated
throughout the arid regions of the globe, particularly Asian countries.
The fruit with an attractive shape and magnificent color are refresh-
ing with mouthwatering taste. It is abundant in vital nutritional
ingredients viz. carotene, calcium, fiber, vitamin B, vitamin C, and
phosphorous. The fruit is processed into numerous value-added
products; however, that has been limited to small-scale processing
industries. In addition to pulp processing, the utilization of by-
products (peel, seed) will contribute to reducing waste disposal
problems, imparts value to the product for food and other industrial
applications. Further, extraction and application of bioactive com-
pounds from fruit waste having the application for food fortification
can enhance the overall efficacy of the process. This review highlights
the technologies and processes adopted for the overall utilization of
dragon fruit. Further to make rational usage of this valuable resource,
systematic compilation and presentation of reported literature are
required. Therefore, the present work was aimed towards the com-
prehensive utilization of this fruit through value addition approaches
and by-product utilization.

KEYWORDS
Dragon fruit; postharvest
processing; by-product
utilization; value addition

Introduction

Dragon fruit, known as pitaya or pitahaya belongs to the Cactaceae family and is prevalent
in two separate genera namely, ‘Hylocereus’ and ‘Selenicereus’. The most common com-
mercially cultivated varieties are from the Hylocereus genus covering around 16 different
species.[1] It is also called as strawberry pear, thangloy (Vietnamese), pitayaroja (Spanish),
and la pitahaya rouge (French). The fruits are grown on climbing cacti with 6 meters long
stem[2 and the areas with less annual rainfall are more suitable for cultivation. Pitaya
species are mostly found in Mesoamerica in varied landscapes ranging from few meters to
1700 m above sea level and 500 to 2000 mm rainfall.[3] The cultivation is prominent in
about 20 countries including Thailand, Indonesia, Taiwan, Vietnam, Srilanka, Bangladesh,
Japan, Malaysia, Philippines, Australia, United States, and China. India is an importer of
dragon fruit nevertheless the cultivation area is increasing nowadays. There are three
varieties that are grown commercially includes, Hylocereus undatus (white dragon fruit),
Hylocereus polyrhizus (red dragon fruit), and Selenicereus megalanthus (yellow dragon
fruit).[4 The market price of this fruit in the country is around 150–200/kg and sometimes
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even higher than this. Owing to its ornamental importance and consumption for table
purposes, the fruit has great potential in national as well as international markets. The
ultimate benefit of growing dragon fruit is that once planted, it will develop for around
20 years and one hectare is capable of accommodating about 800 plants. More signifi-
cantly it is a quick return perennial crop with production begins in the subsequent year
after planting and full production within 5 years can be achieved.

Dragon fruit being highly perishable requires more attention from cultivation, harvest-
ing, handling, storage, processing, and transportation till market distribution. Since the
major quantum of fruit undergoes for fresh consumption, establishing an adequate and
sound marketing channel for transportation to distant places presents a big challenge. In
this regard, postharvest research and development efforts must be intensified to bolster the
industry. From the perspective of processing, dragon fruit has been utilized for the
preparation of valorized products like juice, jam, jelly, powder, wine, etc.

Owing to its nutritional attributes and commercial importance, the significance of
dragon fruit in the processing industry cannot be overlooked. Reported literature also
signifies the attempts made by researchers on various aspects associated with processing,
value addition, and waste utilization of dragon fruit. However, a systematic review is
lacking in the reported literature inferring the various approaches/techniques of proces-
sing and by-product utilization of dragon fruit. Therefore, the available information has
been compiled and presented in this review emphasizing the research and technological
perspectives related to the fruit.

Physiology and structure

Being non-climacteric in nature, dragon fruit provides the best quality for consumption
when it is harvested ripe as the quality diminishes during storage.[5] At optimum maturity,
it has ample amount of small black seed with a bright red/yellow skin and white/coloured
flesh depending on the type of cultivar.

Dragon fruit consists of three principal components, pulp (47.40–73.76%), peel (36.-
70–37.60%), and seed (2.70–14.67%).[6,7] The colour of fruit pulp may vary from white to
various hues of red and purple.[8] Peel of red or yellow colour is observed in dragon fruit.
Also, the red colour of peel is deeper in red dragon fruit than white fruit.[9] Seeds are tiny,
soft in texture, edible and black coloured.

The most common growing varieties of dragon fruit are illustrated in Table 1. These
fruits have a very low ethylene production rate of 0.03–0.09 µl/kg/h. The ethylene
application to the fruit does not result for colour development.[11,12] Respiration rate
attains its peak (75–144 mg CO2/kg/h at 20–23°C) during the early stages of fruit
growth.[11,12]

Maturity traits

The foremost maturity criterion is change in the skin colour to almost either red or yellow
depending upon the cultivar. The other indices include size, weight, soluble solids content
(SSC), pulp betacyanins, flavor rating while the minimum value for firmness, mucilage,
starch content, and titratable acidity (TA), and a minimum of 32 days from
flowering.[12,13] Usually, a 40:1 ratio of SSC with TA was recommended as an optimum
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harvest index instead of considering them alone as a measure of maturity.[13] During
winter, colour break happens 30 days after flowering (DAF), and fruits are ready for
harvest at 33–34 days and during the summer season, colour break happens after 26 days
and picking at 30 DAF.[14] Sometimes, in the international market, consumers prefer less
sweet dragon fruit. In such cases, fruit can be harvested earlier or later than 31 DAF for
less sweet or sweeter taste fruit, respectively.[11]

Harvesting and grading

Harvesting of fruit is to be done after the attainment of physiological maturity and
completion of developmental stages.[15] The absence of peduncle makes the harvesting
of dragon fruit difficult. The most common practice followed for harvesting is, twisting the
fruit manually which often damages the skin. To overcome this, knife/secateurs can be
used which is carried out with two cut operation and can be speeded up by one cut with
a pair of shears.[16] Pictorial representation of harvested dragon fruit is shown in Fig. 1.

Based on the physical characteristics, dragon fruit is classified into three categories viz.
extra, class I and class II as described in Table 2. [18] In addition to the above classification,
the fruits are also graded on the basis of the weight. Red/white dragon fruits are graded in
nine different size codes and yellow fruit is graded in five different size codes as mentioned
in Table 3. [18] The grading is also performed on the number of fruits per 4-kg cardboard
box, i.e. 6, 8, 10, 12, 14, or 16.[2]

It is apparent that manual method for grading of dragon fruit is followed and there is
a definite need for adoption and implementation of advanced grading techniques which
can grade the fruit based on physical attributes, optical properties or weight, etc. Variation
in the characteristics of different cultivars must be carefully considered while designing

Figure 1. Harvested dragon fruit by twisting method (a) and by knife/secateurs (b).
Philippine National Standard[17]
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any relevant machine. The research in this domain should be need based keeping in view
of the demands of entrepreneurs/industries and its adoption to small scale.

Postharvest disorders

Chilling injury, decay, mechanical injury, and moisture loss are the main postharvest disorders
associated with dragon fruit. Chilling injury can occur at the temperature level of 5–6°C;
however, it depends on the species, maturity level at harvest and growing location. Fruits that
are harvested early are more prone to chilling injury which is characterized by flesh translu-
cency, softening, wilting, darkening of scales, browning of the outer flesh and poor flavor. The
mechanical injury occurs due to skin abrasion making the fruit unappealing and intensifies the
rate of water loss resulting in shriveling. Fully mature fruits are highly vulnerable towards
mechanical damage/injury.[11] In order to minimize/restrict the skin abrasion and compres-
sion injury, the harvested fruits need to be cautiously handled and packaged in protective

Table 2. Classification of dragon fruit.
Classification Requirements

Extra ● Superior quality
● Must be characteristics of the variety/and or commercial type
● Free of defects with the exception of very slight superficial defects which do not affect appearance,

quality, and packaging,
● Tolerance: Five percent by number or weight of dragon fruit not satisfying the requirements of the

class, but meeting those of Class I or, exceptionally, coming within the tolerances of that class
Class I ● Good quality

● Must be characteristics of the variety/and or commercial type
● Slight defects in shape
● Slight defects of the skin not exceeding 1 cm2 of the total surface area of the fruit
● Defects should not affect the fruit pulp
● Tolerance: Ten percent by number or weight of dragon fruit not satisfying the requirements of the

class, but meeting those of Class II or, exceptionally, coming within the tolerances of that class
Class II ● Fruits do not include in the upper class but should satisfy the minimum requirement such as whole,

sound, fresh in appearance, free of any visible foreign matter and pest, etc.]
● Slight defects in shape
● Slight defects of the skin not exceeding 2 cm2 of the total surface area of the fruit
● Ten percent by number or weight of dragon fruit satisfying neither the requirements of the class nor

the minimum requirements, with the exception of produce affected by rotting or any other dete-
rioration rendering it unfit for consumption

Codex Alimentarius[18]

Table 3. Grading of dragon fruit based on unit weight.

Size code

Unit weight (g)

Red/White Yellow

A 110–150 110–150
B 151–200 151–200
C 201–250 201–260
D 251–300 261–360
E 301–400 >361
F 401–500 –
G 501–600 –
H 601–700 –
I >701 –

Codex Alimentarius[18]
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containers. The fruit is vulnerable to moisture migration and physiological loss in weight
(PLW) which ranges from about 0.1% (5ºC) to 2.6% (20ºC) for H. undatus. Appropriate
packaging of fruit in perforated plastic bags while maintaining required relative humidity
(RH) can reduce PLW to as low as 0.05% at 5ºC and 10ºC. Water loss resulted in unsightly
shriveling as well as reduction in fruit weight. Optimum maturity, suitable harvesting time,
and proper packaging are the key factors that determine the nature and extent of injury to
dragon fruit. The reported information regarding postharvest disorders, symptoms, probable
causes, and remedies have been compiled and presented in Table 4.

Therefore, there is a need to modify the fruit environment after harvest that can
slowdown these deteriorative processes and extend its shelf life while maintaining the
physicochemical properties which are essential from nutrition and health point of view.

Storage

The postharvest storage life is affected by the rate of respiration and PLW. Recommended
storage temperature for dragon fruit (Hylocereus undatus and Hylocereus polyrhizus) is 10°
C[13] and for yellow pitaya (Selenicereus megalanthus) it is 6°C[12] with 85–90% RH.
Storage life at 10°C and 5°C with 90% RH was reported as 14 and 17 days,
respectively.[11] Nerd et al.[13] stored Hylocereus polyrhizus for 2 weeks at 6°C that
maintained the fruit quality, however, upon transferring the fruits to 20°C for the next
7 days, they became soft and unacceptable. In another study conducted by the same
authors, loss in flavour after 2 weeks at 14°C in H. undatus was reported. Chilling injury to
the fruit peel was also reported when the fruits were stored for 14 days at 6°C initially and
subsequently for 7 days of storage at 20°C. H. undatus was successfully stored for 21 days
at 5°C with an insignificant reduction in flavor and acceptable external quality.[21] Quick
softening of fruits along with decrease in sugar and acidity was observed at a storage
temperature of above 20°C.[22] The location of fruit cultivation also governs the response
to lower temperature as H. undatus grown in California withstood storage at 5°C for
20 days while maintaining a glossy external appearance and negligible internal injury.[23]

Obenland et al.[24] highlighted that storage of six different varieties (Cebra (C, red,
H. costaricensis); Lisa (L, red, H. costaricensis); Rosa (R, red, H. costaricensis); San Ignacio
(SI, red, H. costaricensis); Physical Graffiti (PG, light pink, H. polyrhizus × H. undatus);
Mexicana (M, white, H. undatus)) at 5°C and 10°C resulted in a slight darkening of inner
pulp colour. Non-significant effect of storage on overall visual liking, flavour, sweetness,
texture, or color of the peel was observed. The antioxidant activity was decreased while
fruit storage at 5°C but remains unaltered at 10°C, with the concentration of betacyanin
was same as that was predicted at harvest.

For Indian market, even though the growth in production data is encouraging, but still
most of the fruit comes via export and therefore maintaining the quality parameters
throughout the marketing channel is pertinent. However, it is quite difficult to maintain
the optimum temperature (5°C and 10°C) and RH (90%) all the time during transit.
Therefore, the losses during various phases of storage are critical but can be minimized by
proper handling, packaging practices. and by extending the accessibility of cold storage
facilities either to the farmers or nearby production catchments. The accessibility, storage
capacity, feasibility, and cost factors are the important parameters that need to be
considered before adopting the advanced storage systems by the growers.

6 K. JALGAONKAR ET AL.
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Effect of pre-treatment on shelf life

The key factors that deteriorate the fruit quality after harvest include the spoilage due to
the micro-organisms as well as the rapid physiological processes of the fruit. Factors like
weight loss, increased ripening, and high respiration which cause shriveling of dragon fruit
after eighth day of harvesting are responsible for its short storage life.[25] The physiological
processes need to be slowdown to maintain the quality and to enhance the storage life of
fruit. Different physical and chemical treatments have been developed to preserve the
dragon fruit such as edible coating, heat treatment, chemical treatment, and packaging.

Hoa et al.[21]observed that heat treatment (46.5°C for 20 min) to ‘Binh Thuan’ fruit core
followed by storing at 5°C in perforated polypropylene (PP) bags (25 µm) restricted fruit fly
infestation up to 4 weeks. Whereas, heat treatment (55°C for 15 min) followed by bagging in
perforated polyethylene (PE) plastic bag prolonged its shelf life for up to 21 days at 10°C
storage temperature and 90% RH as against about 6 to 7 days for fruits bagged in PE plastic
with holes when stored at 25–30°C.[26] Chutichudet and Chutichudet[27]reported that chit-
osan coating (3%) increased the storage life of dragon fruit upto 8.17 days compared to
untreated fruit (7.02 days) under conditions (27°C and 88% RH). Zahid et al.[28]revealed that
treating dragon fruit with 0.50% of ethanolic extract of propolis along with 70% ethanol for
2 min for uniform coating followed by drying (20 ± 2°C) and storing (20 ± 2°C, 80 ± 5% RH)
for 20 days not only curtailed the ripening process but also augmented biosynthesis of
nutritional constituents. In another study conducted by Ali et al.[25] dragon fruit was
immersed in chitosan dispersion solution (600 nm) for 15 min and then dried overnight at
room temperature followed by dipping in 1.0% chitosan solution for next 5 min. This
treatment was found effective in increasing the storage life up to 28 days when stored at
cold storage (10 ± 2°C and 80 ± 5% RH) without the development of off-flavour. Alvarez-
Herrera et al.[29] revealed that 1-methylcyclopropene (600 mg/liter) in vaporized form for 24 h
was effective to maintain the quality characteristics of yellow pitahaya for about 28 days in
a way by reducing the respiration and chlorophyll degradation. Mustafa et al.[30]pre-treated
the dragon fruit with four different concentrations of salicylic acid (SA) (0.1, 1, 2 and 5mM)
and methyl jasmonate (MJ) (0.01, 0.1, 0.2, and 0.5 mM) at cold storage conditions (6°C) for
21 days. During the experiment, it was observed that low dose of SA delayed process of
ripening whereas, MJ increased betacyanins as well as antioxidant activity and showed a non-
significant effect on ripening.

Dragon fruit is more prone to the fungal contamination by Rhizopus, Fusarium,
Botryosphaeria, and Colletotrichum which can easily damage the fruit during
storage.[25,28] To overcome this, Chaemsanit et al.[31] placed peppermint oil (100–-
1000 µl/l) with dragon fruit in the storage box for 21 days (25 ± 2°C, 75 ± 5% RH).
The peppermint oil adsorbed activated carbon at a concentration of 700 µl/l was found to
prevent the growth of Penicillium, Aspergillus niger, and Rhizopus with 100% inhibition on
fruit surface and decay fungi beyond 14 days of storage whereas untreated fruits start
decaying at 7 days of storage.

Consumer’s perception of the fruit quality is not only dependent on external appear-
ance and aesthetic quality but also on its nutritional properties. As the fruit progress
towards ripening, consistent variations in the physical and chemical parameters are
obvious. There are notable changes in bioactive contents which also affect the aesthetic
and nutritional properties of the fruit. Evidently, these changes do not follow the same
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pattern and are influenced by factors like cold storage and stress hormones. In this
direction, future studies can be formulated to explore the effect of combination of different
stress regulating hormones on dragon fruit.

Effect of packaging material and storage condition on shelf life

Packaging of fruit in different packaging materials is a promising approach to reduce rapid
shriveling and water loss during storage. The various approaches involving the packaging
of dragon fruit are presented hereunder:

Dragon fruit were harvested after 28–30 days of flowering and successfully kept for 35 days
at 10°C under modified atmosphere (MA) in PE bag (O2 transmission rate 4000 ml/m2/day),
whereas the control samples were retained afresh for only 14 days. The more matured fruits
(40 DAF) in the sameMA bag exhibited 50% lower shelf life.[11] According to Zee et al.[32] the
fruit quality was acceptable for 25–30 days when stored in perforated plastic bags at 4.5°C,
however, when stored at room temperature the shelf life was less than 10 days. Garcia and
Robayo[33] found that wrapping of green pitahaya in non-perforated PE wrap with storage at
10°C resulted in the shelf life of 18 days and 21 days with a less than 5% and 10% rate of
deterioration, respectively. Chandran[34] reported that dragon fruit (Hylocereus polyrhizus and
Hylocereus undatus) wrapped using cling packaging (0.8 µm) were stored up to 15 days at 6°C
compared to 9 days at 24 ± 1°C (Fig. 2). Sutrisno and Purwanto[35] recommended that storing
dragon fruit in MA containing 2–4% of O2 and 6–8% CO2 at 10°C enhanced the storage

Figure 2. Best results obtained at 6°C after 15 days of storage. All three stages of fruits (a) remained
unchanged and appeared fresh both on the exterior (b) and the pulp (c).
Chandran[34]
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duration to 25 days with stretch film and styrofoam plate of dimensions 120 × 180 mm.
Similarly, De Freitas and Mitcham[23] stored the dragon fruit at three different storage
conditions (5°C, 7°C, and 10°C) with or without perforated (holes of 10 mm diameter) in
20 µm low-density polythene bags which was followed by 5 days storage at 20ºC without bags.
The best results were obtained at storing fruit in a non-perforated plastic bag at 5°C with less
decay and low level of chilling injury. However, the application of perforated plastic bags can
be employed to decrease weight loss if it is paired with decay controlling strategies during
storage. Rodeo et al.[36] wrapped individual fruit in PE and PP bags, fitted inside the poly-
styrene (PS) cups and stored at 5°C. PE showed better results in terms of higher firmness, total
soluble solids and TA than PP bags. However, non-significant difference was observed
between two packaging material in terms of shelf life. Also, the use of PS cups improved the
fruit quality by giving safety to bracts from damaging/breaking during transport, handling,
and storage.

The PLW during storage and handling is very critical. There is a necessity to use
suitable packaging material in combination with effective decay controlling strategies
which not only reduce the weight loss but also increase the shelf life during storage.
Moreover, it is essential that the packaging material should be of low cost, easily available
and environmental friendly.

Processing and waste utilization

Each part of dragon fruit (pulp, peel, seeds, flower buds, dried flowers) has tremendous
nutritional value in terms of antioxidants, fiber, vitamin C, minerals, especially calcium, and
phosphorus. Some of these important properties are illustrated in Table 5. Owing to these

Table 5. Nutritional composition of different parts of Dragon fruit.
Pulp Peel Seeds

Moisture (g/100 g of pulp) 82.5–89.4d 84.86–91.19a,b 12.6 ± 6h

pH value 4.26–4.98c 4.83–5.48b 3.1–6.1k

Dry matter (%) 12 ± 1e NR NR
Density 20°C (g/cm3) 1.02–1.04c NR NR
Titratable acidity (%) 3.15–6.85c 0.22–0.25b NR
Total soluble solids (°Brix) 7.50–12.92c 7.15–12.77b NR
Total soluble solids: Titratable acidity 10.93–35.20c 4.60–5.70k NR
Pectin (mg/g) 0.64–1.36c NR NR
Fat content (%) 0.10–0.61d 0.02–0.07b 29.6 ± 6h

Ash content (%) 0.28–0.50d 14.29a 2.1 ± 1h

Mineral content NR 0.17–0.22b NR
Total phenolic content (mg/100 g) 3.75–19.72g 28.16–36.12g 1356 ± 2.04i

Total dietary fiber (g/100 g) 1.1–3.20f 69.30 ± 0.53j 30.2 ± 19h

Total ascorbic acid (mg/100 g) 13.0–55.80f NR NR
Total Vitamin C (g/1000 ml) 0.32–0.58c 0.0704–0.0762 0.0036 ± 0.01i

Protein content (g/100 ml) 12-12.5e 0.64–0.66b, 0.95 ± 0.15j 20.6 ± 6h

Citric acid (g/100 ml) 9.5–21.1c 0.08 j NR
Malic acid (g/100 ml) 60.8–82.0c 0.64 j NR
Glucose (g/100 ml) 491.4–1039.5c 4.15 ± 0.03j NR
Fructose (g/100 ml) 192.0–289.7c 0.86 ± 0.02 j NR
Betacyanin content (mg/g of dm) NR 41.55a NR
Total carbohydrates (%) NR 6.20 ± 0.09j 35.2 ± 15h

The reported values are concerned with only three major species (Hylocereus undatus, Hylocereus polyrhizus, Selenicereus
megalanthus) of dragon fruit.

a[37], b[46]; c[6], d[3], e[15], f[38], g[39], h[40], i[41], j[42], k[10], NR represents not reported.
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nutritional attributes, the fruit got attention from the researchers and can be processed into
different products (Fig. 3). The fruit peel has potential as an antibacterial agent[39], natural
colorant, and antioxidant.[43] Apart from the nutritional benefits of mature fruit, the young
stem, and fresh flower buds are also edible and can be used as a vegetable.[44,45] The
dehydrated dragon fruit flowers were used for making antioxidant-rich tea.[3]

Minimal processing has been practiced for the preparation of products to preserve the
essential sensory attributes. The fruit pulp used to make juice, wine, jam, jelly, and
preserve. Peel has utilization for the extraction of natural food colorant as well as
a source of pectin. Seeds are mainly utilized to extract the oil from it which contains
about 50% essential fatty acids.[20] Also, the seeds have application as an ingredient in
many food products such as syrup, ice cream, sherbet, candy, yogurt, and pastries.[3] The
subsequent section contains a detailed description of the efforts made by several research-
ers about the processing aspects of dragon fruit:

Fresh cut or minimal processing

The information about the minimal processing of dragon fruit on pilot scale is very
limited. Goldman et al.[47] reported that cutting/slicing did not aggravate fruit deteriora-
tion, but the cut slices adhered together during storage and were difficult to separate which
may be improved by the application of suitable edible coatings. The peeled and/or sliced
dragon fruit packed in microperforated packages maintained its organoleptic, visual, and
microbiological quality for at least 14 days at 4°C or 8°C storage (Table 6). Low molecular
weight chitosan (molecular weight = 12.36 ± 0.17 kDa, 95–98% deacetylated and viscosity
630 mPas; VA&G Bioscience Inc., Taoyuan, Taiwan) coating (0.2%, 0.5%, and 1.0%) on
sliced pitayas followed by 7 days storage at 8°C reduced water loss (from 86.93% to

Figure 3. Different processed/valorized products that can be prepared from dragon fruit.
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70.43%), thus maintained SSC (from 12.42° to 12.36°B), TA (from 0.17% to 0.14%),
ascorbic acid (AA) content (from 9.0 to 7.8 mg/100 ml) with improved flavour quality,
inhibited microorganism growth, juice leakage, and prevented surface browning. The
control fruits were unacceptable while the chitosan-coated fruits retained quality char-
acteristics after 1 week.[5] Frozen pulp is reported to be a marketable product having great
marketing potential as the product is not subjected to quarantine for fruit fly.[3]

Chansamrankul et al.[48] emphasized that the shelf life of fresh-cut fruit depends upon
the number of days fruit has been harvested and stored at ambient temperature. They
prepared fresh-cut fruit using the fruits which were stored for 0, 2, 4, and 6 days after
harvesting at approximately 30°C followed by packing in foam trays and wrapping with
polyvinyl chloride film and then storing at 4°C. Shelf life of 10 days was reported of the
fresh-cut products prepared from the fruits stored for 0, 2, and 4 days after harvesting,
whereas the shelf life of fresh-cut product prepared using the fruit stored for 6 days was
reported as 8 days. This decline in shelf life was due to the onset of translucent flesh tissue
in the fruit.

Application of CaCl2 at higher concentration for longer duration on fresh-cut fruit
showed lower activity of polygalacturonase (PG) and pectin methylesterase (PME)
enzymes without affecting its quality.[49] The optimum conditions for osmotic dehydra-
tion of dragon fruit cubes (1.5 ± 0.1 cm) were reported as 30°C of temperature, 55% of
sucrose concentration, 6% salt concentration, and 270 min of immersion time.[50] Li
et al.[51] pointed out that cutting of dragon fruit in different styles (quarter, half, and
full slice of 10 mm thickness) did not show adverse impact on the organoleptic properties,
but considerably influenced biosynthesis of phenolics and enhanced antioxidant activity of
sliced fruit. Moreover, reactive oxygen species may act as signaling molecules in the
phenolic accumulation in pitaya fruit induced by wounding stress.

Juice

Basically, consumers prefer low viscous, more clear and high nutrition fruit juice which is
rich in vitamin C, total polyphenols contents, and antioxidant activity. The main com-
pounds accountable for antioxidant activity of dragon fruit are phenolic compounds and
betacyanin[52, 39] Higher turbidity as well as viscosity with colloidal suspension is the
unique characteristics of pitaya juices. Therefore, clarification needs to be done for gaining
commercial importance and acceptability.[54] Enzymatic treatment is helpful to increase
juice yield, stability, and clarity by degrading soluble pectin and starches which are
responsible for haziness in juice [53] . Various approaches followed with an aim to improve
the juice quality as well as its shelf-life extension are described below:

Table 6. Microbiological quality of fresh cut dragon fruit (CFU/g).
Product Monitoring day Enterobacteria (CFU/g) E. Coli (CFU/g) Yeast (CFU/g) Molds (CFU/g)

Acceptable threshold
levels

<5000 Not found <20,000 <5000

Fresh peeled dragon
fruit

After 4 days transit <100 Not found <100 1000

Stored peeled dragon
fruit

After 5 days
storage at 6°C

<100 Not found 2000 1000

Goldman et al.[47]

12 K. JALGAONKAR ET AL.



Herbach et al.[55] emphasized that the application of minimum heat load resulted in
retaining two-third of the betacyanins content in pitaya puree after pasteurization. High
content of the mucilage in yellow pitaya created problem in juice clarification by filtration
process, required a high dose of enzymes and hamper further pigments concentration.
However, the presence of mucilage would provide an advantage over minimizing the
degradation of betacyanins during heating and storage. In addition, the certifiable hydro-
colloids might be profitable while using purple pitaya juice as a colouring foodstuff, hence
rendering thickening agents unnecessary. The study recommended that the application of
unclarified juice containing total fruit mucilage for dairy products may be beneficial. The
stability of pitaya juice storage at 20 ± 2°C can be enhanced by the addition of 1% of AA
which decreases the damage caused due to light and provide an opportunity to use clear
packaging materials.

For higher retention of betalains which includes betacyanins and betaxanthins, low-
temperature enzyme liquefaction process (7.9°C reaction temperature, 3 days reaction
time, 0.92% AA concentration, and 1% enzyme dosage) was effective which retained 80%
of betalain with reduced viscosity (50%) and increased the juice yield from 25–39% to
48–60%. The study also described that processing of dragon fruit juice into semi con-
centrate (33% TSS) and full concentrate (65% TSS) after enzyme-assisted pulp liquefaction
is a viable option on a pilot scale.[56]

Optimization for enzymatic clarification of fruit juice using Pectinex Ultra SP-L enzyme
was performed by Nur Aliaa et al.[54] and the recommended conditions for enzymatic
treatment were, 0.06% of enzyme concentration, 49°C of maceration temperature, and
40 min of maceration time to obtain juice yield of 80.3% (v/v). In another study, Nur Aliaa
et al., (2011) made an attempt to use commercially available enzymes viz. Pectinex Ultra
SP-L and Pectinex CLEAR to clarify the red pitaya juice. The clarification using Pectinex
CLEAR increased the protein content to 2.20% from 0.23% (w/w) of the raw juice
whereas, Pectinex Ultra SP-L raised total polyphenol content by 7% suggesting antiox-
idant-rich nature of the prepared pitaya beverage.

Moh[57] emphasized that concentrated fruit juice had longer storage life with lesser
transportation cost than that of fresh juice. The juice was concentrated using the freeze
concentration process performed at different conditions. During this process, stirring
rate and cooling medium temperature was varied in the range of 600, 800, 1000, 1200,
and 1400 rpm and −6, −8, −10, −12, and −14°C, respectively. Freeze concentration at
1200 rpm of stirring rate and −10°C of cooling medium temperature was found to be an
effective way to concentrate the juice (17°brix) as it preserves flavour that originally
found in fresh juice. Jayasinghe et al.[58] prepared dragon fruit-based yogurt and
reported that the maximum sensory acceptability and nutritive properties consequent
upon addition of 10% (w/w) dragon fruit juice, 10% sugar, and 0.8% gelatin. Also, it can
be stored at refrigeration conditions (4°C) for 15 days without affecting its quality
parameters.

Wong and Siow[59] examined the effect of various process conditions on the betacyanin
content of red-fleshed dragon fruit juice and concentrate. The authors reported the
optimized processing conditions for maximum retention of betacyanin content, i.e. addi-
tion of AA (0.25% w/w) to the juice adjusted to pH (4.0) and pasteurized (65°C for
30 min). Storage at agitation speed (220 rpm) recorded higher betacyanin stability in
concentrate as compared to juice, while the stability was on par when stored in light.
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Storage of fruit juice in light resulted in degradation of betacyanins whereas, betacyanins
present in concentrate did not get affected by storage condition. Also, the combination of
different enzymes such as Pectinex Ultra SP-L and Viscozyme in the ratio of 70:30
increased the red dragon fruit juice yield from 54.04 (control) to 86.35% at incubation
temperature (40°C) and time (120 min), respectively.[60]

Similarly, Siow and Wong[61] prepared red-fleshed dragon fruit juice (13.5 ± 1°brix)
and concentrate (60 ± 5°brix) with the addition of 0.25% (w/w) AA. The pH was
adjusted to 4.0 with 1 M HCl followed by pasteurizing (60°C for 30 min) and storing
at two different temperatures (4°C and 25°C). AA helped to retain betacyanins content
in juice and concentrate. Better retention of betacyanins and no microbial growth (mold
and yeast) was observed in the samples stored at 4°C than at 25°C (concentrate 4°C
> juice 4°C > concentrate 25°C > juice 25°C). Betacyanin was more stable in concentrate
samples compared to juice samples (concentrate 4°C > juice 4°C > concentrate 25°C
> juice 25°C). Jalgaonkar et al.[62] prepared functional health drink using 70% dragon
fruit juice, 22% of pomegranate juice, 5% grape juice, and 3% sugar syrup with overall
acceptability of 8.50.

Dragon fruit juice is one of the most important processed product with wider recogni-
tion and attractiveness. In addition, the characteristics like retention of nutritional as well
as organoleptic properties along with higher shelf-life, handling ease, and convenience
make juice a valuable product for both consumers and food industries. Moreover, from
the commercial and industrial perspective, efforts must be directed for establishing the
continuous juice processing line for pilot-scale production in the cultivation/catchment
area which will increase its global availability.

Juice powder

Dragon fruit powder is very prevalent because of high shelf life, good economic value, and
its ease for addition in different processed products as functional foods in the form of
natural colorant. Spray drying is an industrial technique utilized for obtaining powder
from different fruit juices with maximum retention of nutrients and other active sub-
stances. The spray-dried powder has the advantages of readily reconstitution, suitable for
transport at ambient conditions which ultimately reduces the cost of transportation
compared to raw fruits.[63] But the major drawbacks of stickiness and flow problems of
the powder are associated with spray drying of fruit juices[64] which can be overcome
using carrier materials such as maltodextrin, gum, starch, lipids, or gelatin as an additive
to the feed material during drying.

For obtaining fine and soft dragon fruit powder by spray drying, the best operation
condition suggested by Dailami[65] was 180°C of inlet temperature with 20% of mal-
todextrin. Whereas, the best operating condition to get maximum betacyanin content
was 155°C of inlet temperature and 20% of maltodextrin concentration as reported by
Tze et al.,[66] Yusof et al.[67] also prepared powder using peeled pitaya slices
(0.25–0.30 mm thickness; 100 ± 10 mm diameter) which were dried in an oven (70°C
for 48 h) followed by grinding in kitchen grinder to attain particle size of 300 µm. The
prepared powder was used to prepare tablets with the addition of maltodextrin (60%) as
a binder (Fig. 4). On the contradictory, Lee et al.[68] highlighted that, highest powder
yield (around 60%) of spray-dried red and white pitaya fruit was obtained at the
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threshold inlet air temperatures 120°C and 110°C, respectively, and threshold maltodex-
trin concentration of 30% (w/v). Storage of red and white fruit powders at 25°C for
25 days with increasing RH at 43%, 54% or 75% showed cracks and structural break-
down with liquefaction (Fig. 5). Storage of powder at 33% RH did not show any visible
changes and after storage there was no variation in the antioxidant properties of the
powder. It was observed that below the specified spray dryer operating conditions, free-
flowing characteristic/nature of the powder was not obtained. Incorporation of dragon
fruit juice powder into composite foods helps to meet the nutrient deficiency. However,
the possibility of its substitution, effect of serving to the targeted group with specific
health problems and different quality aspects of developed products needs to be studied
in detail.

Figure 4. Tablets prepared from pitaya powder. Yusof et al.[67].

Figure 5. Physical changes in spray-dried dragon fruit powder after storage (at 25°C for 25 days). Lee
et al[68].
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Wine

Fermentation of fruit juices not only improve the shelf life of produce but also enhance
flavor attributes and antioxidant potential. Foong et al.[69] made an effort to prepare
fermented drink using red dragon fruits and reported 1.42% of betanin as compared to
0.23–0.39% of betacyanin in raw fruit pulp. Pasteurization (75°C for 15 s) of fermented
juice indicated a positive effect on bioactive compounds with greater amounts of acetic
acids, betacyanins (betanin, isobetanin), phytosterols (campesterol, stigmasterol, β-
sitosterol), total flavonoid content, total flavanol assay, and total phenolic content as
well as higher (p < .05) radical scavenging capacity in ABTS assay as compared to
unpasteurized fermented juice. The prepared pasteurized and unpasteurized fermented
drinks were confirmed safe for consumption. Similar trends were reported by
Wybraniec et al.[70] and Stintzing et al.[71] in their respective studies.

On the similar line, Dam[72] also prepared wine using juice (pH 4.29 and 23.07°Brix) with
saccharose and fermented with 2.10 yeast cells/ml at 31–32°C for 7 days followed by 13–16°C
for 23 days. Different yeast formulation used (100% S. cerevisiae (CT1), 100% S. oviformis
(CT2), 100% S. vini (CT3), 25% S. ovifomis, 75% (v/v) S. vini (CT4), 50% (v/v) S. ovifomis,
50% (v/v) S. vini (CT5), and 75% (v/v) S. ovifomis, 25% (v/v) S. vini (CT6)) showed that CT 5
formulation gave best results in terms of colour, aroma, taste, transparency, and hormony.

For the preparation of fermented red dragon fruit drink, Choo et al.[73] used the
fermentation tank (2 L capacity) in which alternate layer of fruit pieces (5 mm thick)
and sugar were arranged in the ratio of 5:1 (fruit pieces: sugar) and stored for 8 weeks
followed by pasteurization (75°C for 15 s). During the study, the drink was stored at
refrigeration (4°C) and ambient (25°C) temperature for 8 weeks. Eighty percent retention
of betanin content was observed in drink stored at 4°C. Despite the reduction in betanin
during storage, the drink was considered to be sensory acceptable (more than 80% mean
score) among the consumers.

Seed separation and oil extraction

Generally, dragon fruit seeds remain closely embedded in pulp and different methods have
been used for their separation (Fig. 6). Ariffin et al.[20] have performed an investigation by
taking two dragon fruit varieties viz. Hylocereus polyrhizus and Hylocereus undatus. They
used the method for seed separation from flesh which included sterilization of dragon fruit
in an autoclave (1 h) followed by separation of peel and flesh, placing the flesh containing
seeds in a beaker. Then, the water was added to the beaker and shaken vigourously which
ultimately settled down the freed seeds at the bottom which can be recovered using mesh.
After the seed separation, seed were over nightly dried (60°C) in the oven and ground
using a mortar which was further used for extraction of oil using soxhlet apparatus with
petroleum ether (40–60°C) and rotary evaporator was used to evaporate petroleum ether.
Seed yield of 1.3% and 1.5% (w.b) and oil yield of 29.5% and 32% were observed from
H. polyrhizus and H. undatus, respectively. Moreover, H. polyrhizus and H. undatus also
contain about 51% essential fatty acids (C18:2 (50%) and C18:3 (1%)) but have lower seed
to fruit ratio, i.e. 1:99.

Schweiggert et al.[56] highlighted that seeds are released from their mucilaginous
capsule after enzyme-assisted liquefaction (7.9°C reaction temperature, 3 days reaction
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time, 0.92% AA concentration, 1% enzyme preparation). Seed may effortlessly be
recouped for oil extraction by juice filtration followed by immediate washing. For the
collection of more amount of seeds from dragon fruits, use of sieving machine with
<1.0 mm of size was found effective.[7]

Adnan et al.[41] investigated the antioxidant activity of the red pitaya seeds which were
ground in a mortar/grinder/mill/and sieved (<0.85 mm particle sized). Approximately
20 g of the sample was subjected to extraction using solvent in the ration of 1:10
(incubator shaker at 30°C, 150 rpm for 24 h) followed by vacuum filtration to remove
the seed residue and evaporation in rotary evaporator at 40°C. The oil extraction yield
using ethanol, chloroform, and hexane solvents was found to be 15.4%, 34.9%, and 26.9%,
respectively. Ethanolic extract showed high radical scavenging activity at 1000 μg/mL
(74.76%) compared to choroformic (17.53%) and hexanic extract (18.28%), indicated
that seed is a good source of natural antioxidant.

Villalobos-Gutierrez et al.[40] performed oil extraction using hexane in a soxhlet extrac-
tor for 2 h. A rotary vacuum evaporator (operated at 60°C) was used to evaporate the
hexane in vacuum followed by evaporation of residual solvent in hot air oven (100°C). The
seed oil found to have yellowish colour hue which indicated the presence of yellow-
coloured pigments. The authors demonstrated that dragon seed oil contains abundant
amount of linoleic acid as compared to flaxseed, rapeseed, sesame, and grape seed oils
which helps to get relief from flaky or rough skin and maintain skin smooth moist. The
seed oil contains palmitic acid C16:0 (182 g/kg of oil), palmitoleic acid C16:1 (3 g/kg of
oil), stearic acid C18:0 (49 g/kg of oil), oleic acid C18:1 (239 g/kg of oil), cis-11-vaccenic

Figure 6. Schematic diagram for seed oil extraction from dragon fruits.
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acid (45 g/kg of oil) C18:1, linoleic acid C18:2 (466 g/kg of oil), arachidic acid C20:0 (18 g/
kg of oil), saturated fatty acid (249 g/kg of oil), total unsaturated fatty acid (753 g/kg of
oil), monounsaturated fatty acid (287 g/kg of oil), polyunsaturated fatty acid C18:2 (466 g/
kg of oil). Comparable compositions were earlier reported for other Hylocereus sp by Rui
et al.[74] Iodine absorption number, saponification number, and free fatty acid values for
purple pitaya seed oil were found to be 105.6 g I2/100 g, 235.7 mg KOH/g, 1.9 mg KOH/g,
respectively. The corresponding values for white pitaya seed oil were, 101.2 g I2/100 g,
194.4 mg KOH/g, and 2.34 mg KOH/g, respectively. Hence, study needs to be done
whether the raffination of oil is necessary before consumption to enhance its economic
as well as nutritional qualities.

Similarly, Liaotrakoon et al.[75] have extracted the seed oil from white-flesh
(H. undatus) and red-flesh (H. polyrhizus) fruits using cold extraction process with
petroleum ether. They emphasized that the presence of mucilage layer between the pulp
and the seed makes it difficult to separate the pulp from seeds, the mucilaginous materials
were decomposed using an autoclave. Consequently, the pulp was autoclaved (15 psi for
40 min), followed by centrifugation (8000 g for 15 min) to separate and recover the seeds.
After overnight drying of seeds in an oven (60°C), they were ground into very fine
particles and consequently the oil was extracted using the cold extraction process with
petroleum ether. Significant amounts of oil (32–34%) and the main fatty acids were
linoleic acid (C18:2, 45–55%), oleic acid (C18:1, 19–24%), palmitic acid (C16:0,
15–18%), and stearic acid (C18:0, 7–8%) were found in seeds. The reported review
corroborated that though the oil extraction process from seeds has been optimized by
various researchers using different approaches but a feasible method for continuous
separation of seeds followed by efficient oil extraction method for maximum oil recovery
is still demanding. The efforts for the use of mechanization techniques for seed separation
followed by oil extraction on pilot scale need to be studied in detail.

Peel powder and pectin

Generally, dragon fruits are consumed fresh or being processed into juice. The fruit
consists of 36.70% to 37.60% of peel which is normally discarded during processing,
especially beverage processing industries which may create environmental problems.[42]

Peel is a good source of pectin, phenols, antioxidants, betacyanin pigment, total dietary
fibre, and hence, its conversion into easily handled products with a longer shelf life is
required. It can also be utilized for extraction of the pigments from peel and used the
extracted pigments into the other products to enhance its functional qualities.

Dragon peel powder (DPP) prepared using different methods are summarized in
Table 7. Better retention of red colour was observed in spray drying as compared to
drum drying of peel. Moreover, without prior addition of maltodextrin, spray-drying of
pitaya peel powder cannot be obtained as it is helpful in reducing powder stickiness. Also,
the use of maltodextrin can assist in the retention of betacyanin pigment and other
functional properties.[76]

As per the Fifth A Schedule (Regulation 18 c) Table II of Food Act 1983 and
Regulations Malaysia, dragon fruit peel powder can be claimed as a high total dietary
fiber food, with minimum 6 g fiber/100 g solids. Hence, it can be used as a functional
ingredient in different foods and beverages.[37]
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Table 7. Preparation of dragon peel powder using different drying methods.

Drying method
Varieties
used Operating parameters

Obtained
powder
coloured Findings References

Drum drying Red dragon
fruit
[Hylocereus
polyrhizus]

● Drum speed: 1 rpm
● Steam pressure: 2 bar
● Drum gap: 0.1 mm

Purple
colour

● Moisture content: 10.66% w.b.
● Water activity: 0.420
● Betacyanin content: 80.21 mg/

g of dm
● L value: 37.32 ± 0.27
● a value: 13.56 ± 0.23
● b value: 0.97 ± 0.09
● Hue: 3.61 ± 0.32
● Chroma: 13.60 ± 0.31
● 98.62% retention of total

phenolic content
● 3.328 mg trolox/g dm of

reduction of radical scaven-
ging activity

● Powder density: 0.1315 g/mL
● Solubility: 51.44%
● Water holding capacity:

2.523 g water/g sample
● Oil holding capacity OHC:

3.57 g/g
● Swelling capacity: 6.23 ml/g

[37]

Spray drying Red pitaya
fruits
(Hylocereus
polyrhizus]

● Inlet tempera-
ture: 149, 155, 165,
175, 181°C

● Outlet air tempera-
ture: 72, 75, 80, 85,
88°C

● Concentration of
maltodextrin DE 10:
4, 8, 15, 22, 26% (w/
w)

Purplish-
red

● Optimized condition obtained:
165°C of inlet temperature,
80°C of outlet air temperature
and 15% (w/w) of maltodex-
trin DE 10

● Powder contains 3.30%
moisture content, 0.30 water
activity, 87.62% betacyanin
retention, 66.94 L value, 27.72
a value, 93.03% solubi-
lity:93.03%, 28.21%
hygroscopicity

[76]

Spray drying Red pitaya
fruits
(Hylocereus
polyrhizus]

● Inlet temperature:
165°C

● Outlet air tempera-
ture: 80°C

● Concentration of
maltodextrin DE 10:
15% (w/w)

● Storage of powder in
Low-density poly-
ethylene bags at
accelerated (45 ± 2°
C; 38% RH) for
14 weeks and room
temperature (26 ± 2°
C, 50-70% RH for
6 months)

● Moisture content: 3.30%
● Water activity: 0.299
● Betacyanin content: 64.66 mg/

100 g
● a value: 23.10
● Solubility: 89.83%
● Hygroscopicity: 27.63%
● Half-life of the powder was

predicted to be approximately
76.2 weeks at accelerated
temperature and for
38.3 months at room
temperature.

● More than 86% of retention of
betacyanin pigment observed
at both the storage
temperatures

[77]

(Continued )
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Montoya-Arroyo et al.[79] in their study obtained fine powder from freeze-dried dragon
fruit peel which was converted into alcohol insoluble residues and subjected for rheolo-
gical measurements in aqueous solutions at various concentrations (1–10% w/v). The
results confirmed that owing to low values of degree of esterification and pectin content,
pitaya peel is not suitable for pectin extraction. However, shear thinning flow behavior
and high viscosity at low concentrations indicated similarity to commercial thickeners
available in market such as guar gum and lotus bean gum. De Mello et al.[46] through their
experimental results showed that pitaya peel had strong gel behavior thermal stability
during heating at various temperatures (5°C to 95°C) indicating it can be considered as
a texture agent. Moreover, they suggested that dragon fruit peel can be utilized as
a functional ingredient for food products due to its nutritional value, especially for the
presence of high fiber content.

Among the different bakery products available in the markets, cookies or biscuits
contribute major shares. Normally, these are prepared from refined flour, sugar, and
hydrogenated fats with the addition of other additives and emulsifiers. To enhance its
nutritional qualities an attempt was made by Ho and Abdul Latif[80] to add DPP as an
ingredient that also has good antioxidant properties. For the preparation of cookies,
refined flour was substituted with 5%, 10%, and 15% of DPP. It was observed that
betacyanin of dragon peel contributes to a good reddish colour (5.10) of composite
cookies, however, it receives less score than the control (5.73). Also, an increase in the
DPP amount resulted in increased diameter and spread ratio without affecting the

Table 7. (Continued).

Drying method
Varieties
used Operating parameters

Obtained
powder
coloured Findings References

Tray drying Hylocereus
undatus

● Peel of 6 × 2 cm
strips

● Forced air tempera-
ture: 50, 60, 70°C

● Air speed: 1.0 m/s

● Increase in the drying tem-
perature from 50°C to 70°C
resulted in increase in pH
(5.06 to 5.13), ascorbic acid
(11.38 to 16.11 mg/100 g),
luminosity (48.76 to 59.29),
yellowness (17.80 to 28.99)
and decrease in reducing
sugars (8.56% to 5.56% glu-
cose), moisture content
(5.39% to 4.40% w.b.), water
activity (0.353 to 0.318), titra-
table acidity (2.67% to 2.25%
citric acid), betacyanins (51.81
to 17.25 mg/100 g), betax-
anthins (63.50 to 35.22 mg/
100 g) and redness (16.80 to
28.99).

● Drying temperature of 50°C
considered optimum because
it retain maximum content of
betacyanins and betaxanthins
which helps industries to
substitute artificial dyes as
well as promote the health
benefits.

[78]
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hardness of the crumb. Up to 15% addition of DPP was found to improve nutritional
qualities without affecting the sensory acceptability of cookies.

Thirugnanasambandham and Sivakumar[81] extracted betalain from dragon fruit peel
using microwave-assisted extraction (MAE). The optimum conditions used were micro-
wave power (100 W), temperature (35°C), and treatment time (8 min) which resulted in
9 mg/L of betalain content from 20 g sample. Dragon fruit peel has a good source of
bioactive compounds such as phenolic acid, flavonoids, and betalains which can be
extracted from the MAE method.[82] On the similar line, extraction of polyphenols was
done using the following conditions such as 20.3 min of extraction time, 33.4:1 mL:g of
ratio of solvent to raw material, 497 W of microwave power, 43.3°C of extraction
temperature, and 64.9% of ethanol concentration which resulted in the polyphenols
yield of 463.8 ± 1.1 mg gallic acid equivalent per 100 g of dry dragon fruit peel.[82]

Conventionally, apple pomace, citrus albedo, and citrus peel are utilized as raw material
for pectin production in the world.[83–85] The dragon fruit peel also contains a good
amount of pectin (approx.17%) which is equivalent to apple pomace (10–15%) and slightly
lesser than citrus peel (20–30%) on dry matter basis as reported by Tang et al.[86]

Moreover, the amount of pectin in dragon peel is on the higher side than reported for
many by-products of the food industry, i.e. sunflower head residues[87], peach pomace,[88]

and cocoa husks.[89] Tang et al.[86] reported the highest yield of pectin at 120 min of
extraction time, with pH 3.5 and ethanol ratio of 0.5. Also, Thirugnanasambandham
et al.[90] emphasized that the MAE method was suitable for extraction of pectin from
dragon fruit peel with maximum pectin yield of 7.5% using 400 W of power, 45°C of
temperature, 20 min of extraction time, and 24 g/mL of solid–liquid ratio.

The reported literature corroborates that, pitaya peels have various bioactive, phenolic
compounds and it can be utilized as a food additive ingredient for the preparation of
bakery products. Use of spray and freeze drying has been adopted by researchers for the
preparation of peel powder to protect the nutritional components, however, it also
involves high operation cost. Hence, the feasibility of alternative novel or hybrid drying
techniques has to be studied in reference to the cost-effective drying, focusing on the small
growers and processors.

Conclusion

Dragon fruit is an emerging fruit crop in countries like India and the area of production
is increasing nowadays. Although, at present the availability of fresh fruit is very seasonal
and localized but the potential for domestic and international marketing is very high.
Pitaya, owing to its nutritional and functional properties, can help in reducing the risk of
chronic diseases. The demand for extracted colorants from natural sources like pitaya
peel will be increasingly higher for future markets, whereby colouring foodstuff from
pitaya will be a genuine option in contrast to red beet, which conveys negative implica-
tions due to its high nitrate and geosmin levels. This article reported the detailed
information regarding the complete utilization of dragon fruit as well as its by-
products for food processing and value addition applications. At present, derived
processed products of pitaya rarely appear in the market and more research is required
to improve their trading opportunities. Dragon fruit has been used for the preparation of
different value-added products, nonetheless, there is a dispensable gap in promoting the
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products in the global market. Focus in this direction could be beneficial to make dragon
fruit products available to the major population. Also, there is a need to focus on the
mechanization in preparation of value-added dragon fruit products considering the
ergonomic safety and throughput capacity, as for its preparation manual process has
been adopted. The mechanization will help to reduce the production cost, human
drudgery and in achieving a better quality of end products. Processing of by-products,
i.e. peel and seed merely will not enhance the profitability, yet additionally provide new
products for food, cosmetic, and pharmaceutical industry. Additional research is para-
mount until reliable and consistent information to investigate its unlimited use by the
food, pharmaceutical, and cosmetic enterprises are accessible. Summarized, both indus-
trial and developing countries will be extensively benefitted by effective pitaya
processing.

References

[1] Le Bellec, F.; Vaillant, F.; Imbert, E. Pitahaya (Hylocereus Spp.): A New Fruit Crop, a Market
with a Future. Fruits. 2006, 61(4), 237–250. DOI: 10.1051/fruits:2006021.

[2] Paull, R. E.;. Dragon Fruit: Postharvest Quality-maintenance Guidelines. Fruit, Nut Beverage
Crops. 2014, 28, 1–3.

[3] Gunasena, H. P. M.; Pushpakumara, D. K. N. G.; Kariyawasam, M. Dragon Fruit Hylocerus
undatus Haw. Britton and Rose. In Underutilized Fruit Trees in Sri Lanka; Pushpakumara, D.
K.N.G., Gunasena, H.P.M., Singh, V.P., Eds.; World Agroforestry Centre, South Asia Office:
New Delhi, 2007; pp 110–141.

[4] Paull, R. E.; Duarte, O. Tropical Fruit. CAB International: Wallingford, UK. 2012; pp 303–-
361Vol. II. Chapter 12.

[5] Chien, P. J.; Sheu, F.; Lin, H. R. Quality Assessment of Low Molecular Weight Chitosan
Coating on Sliced Red Pitayas. J. Food Eng. 2007, 79(2), 736–740. DOI: 10.1016/j.
jfoodeng.2006.02.047.

[6] Esquivel, P.; Stintzing, F. C.; Carle, R. Comparison of Morphological and Chemical Fruit
Traits from Different Pitaya Genotypes (Hylocereus Sp.) Grown in Costa Rica. J. Appl. Bot.
Food Qual. 2007, 81(1), 7–14.

[7] Lim, H. K.; Tan, C. P.; Karim, R.; Ariffin, A. A.; Bakar, J. Chemical Composition and DSC
Thermal Properties of Two Species of Hylocereus cacti Seed Oil: Hylocereus undatus and
Hylocereus polyrhizus.. Food Chem. 2010, 119(4), 1326–1331. DOI: 10.1016/j.
foodchem.2009.09.002.

[8] Mizrahi, Y.; Nerd, A. New Crops as Possible Solution for the Troubled Israeli Export Market.
In Trends in New Crops and New Uses; Janick, J., Whipkey, A., Eds.; ASHS Press: Alexandria,
1996; pp 37–45.

[9] Lichtenzveig, J.; Abbo, S.; Nerd, A.; Tel-Zur, N.; Mizrahi, Y. Cytology and Mating Systems in
the Climbing Cacti Hylocereus and Selenicereus. Am. J. Bot. 2000, 87(7), 1058–1065. DOI:
10.2307/2657005.

[10] Chik, C. T.; Bachok, S.; Baba, N.; Abdullah, A.; Abdullah, N. Quality Characteristics and
Acceptability of Three Types of Pitaya Fruits in a Consumer Acceptance Test. J. Tourism
Hospitality Culinary Arts. 2011, 3(1), 89–98. DOI: 10.1168/6.6778.

[11] To Le, V.; Ngu, N.; Duc, N. D.; Trinh, D. T. K.; Thanh, N. C.; Mien, D. V. H.; Hai, C. N.;
Long, T. N. Quality Assurance in Agricultural Produce. In ACIAR Proceedings No. 100;
Johnson, G.I., Le V, T., Duc, N.D., Webb, M.C.; Eds., Australia: 2000; pp 101–114.

[12] Nerd, A.; Mizrahi, Y. The Effect of Ripening Stage on Fruit Quality after Storage of Yellow
Pitaya. Postharvest Biol. Technol. 1999, 15(2), 99–105. DOI: 10.1016/S0925-5214(99)00035-6.

22 K. JALGAONKAR ET AL.

https://doi.org/10.1051/fruits:2006021
https://doi.org/10.1016/j.jfoodeng.2006.02.047
https://doi.org/10.1016/j.jfoodeng.2006.02.047
https://doi.org/10.1016/j.foodchem.2009.09.002
https://doi.org/10.1016/j.foodchem.2009.09.002
https://doi.org/10.2307/2657005
https://doi.org/10.2307/2657005
https://doi.org/10.1168/6.6778
https://doi.org/10.1016/S0925-5214(99)00035-6


[13] Nerd, A.; Gutman, F.; Mizrahi, Y. Ripening and Postharvest Behaviour of Fruits of Two
Hylocereus Species (Cactaceae). Postharvest Biol. Technol. 1999, 17(1), 39–45. DOI: 10.1016/
S0925-5214(99)00035-6.

[14] Kruger, F.; Lemmer, D. Postharvest Management of Dragon Fruit. 2017, 1–50. https://
amorentia.co.za/wp-content/uploads/2017/05/4.-Postharvest-Dragon-Fruit-Frans-Kruger.pdf.

[15] Le Bellec, F.; Vaillant, F. Pitahaya (pitaya) (Hylocereus spp.). In Postharvest Biology and
Technology of Tropical and Subtropical Fruits. Mangosteen to White Sapote;
YahiaElhadi, M., Ed.; Woodhead Publishing Limited: Cambridge, 2011; pp 247–271.

[16] Kosiyachinda, S.; Quality Management of Dragon Fruit: A Case Study of an Amateur
Orchard in Thailand. Acta Horticulturae 1088: Proc. IInd Southeast Asia Symposium on
Quality Management in Postharvest Systems, Laos, Vientiane, 2015; pp 267–272.

[17] Philippine National Standard. Fresh Fruit – Dragon Fruit (Pitahayas) Classification and
grading.PNS/BAFPS 115:2013. Bureau of Agriculture and Fisheries Product Standards,BPI
Compound Visayas Avenue, Diliman, Quezon City 1101 Philippines. 2013, 1–20.

[18] Codex Alimentarius. Codex Standard for Pitahayas, Codex Stan 237-2003, Amd.1-2005. Food
and Agriculture Organization/World Health Organization Codex Alimentarius Commission.
Rome, Italy. 2007, 107–111.

[19] Jiang, Y.; Zhang, Z.; Joyce, D. C.; Ketsa, S. Postharvest Biology and Handling of Longan Fruit
(Dimocarpuslongan Lour.). Postharvest Biol. Technol. 2002, 26(3), 241–252. DOI: 10.1016/
S0925-5214(02)00047-9.

[20] Ariffin, A. A.; Bakar, J.; Tan, C. P.; Rahman, R. A.; Karim, R.; Loi, C. C. Essential Fatty Acids
of Pitaya (Dragon Fruit) Seed Oil. Food Chem. 2009, 114(2), 561–564. DOI: 10.1016/j.
foodchem.2008.09.108.

[21] Hoa, T. T.; Clark, C. J.; Waddell, B. C.; Woolf, A. B. Postharvest Quality of Dragon Fruit
(Hylocereus undatus) following Disinfesting Hot Air Treatments. Postharvest Bio. Technol.
2006, 41(1), 62–69. DOI: 10.1016/j.postharvbio.2006.02.010.

[22] Punitha, V.; Boyce, A. N.; Chandran, S. Effect of Storage Temperatures on the Physiological
and Biochemical Properties of Hylocereus Polyrhizus. Acta Hortic. 2010, 875, 137–144. doi:
10.17660/ActaHortic.2010.875.16.

[23] De Freitas, S. T.; Mitcham, E. J. Quality of Pitaya Fruit (Hylocereus undatus) as Influenced by
Storage Temperature and Packaging. Sci. Agricola. 2013, 70(4), 257–262. DOI: 10.1590/
S0103-90162013000400006.

[24] Obenlanda, D.; Cantwellb, M.; Loboc, R.; Collin, S.; Sievert, J.; Arpaia, M. L. Impact of
Storage Conditions and Variety on Quality Attributes and Aroma Volatiles of Pitahaya
(Hylocereusspp.). Sci. Hortic. 2016, 199, 15–22. DOI: 10.1016/j.scienta.2015.12.021.

[25] Ali, A.; Zahid, N.; Manickam, S.; Siddiqui, Y.; Alderson, P. G. Double Layer Coatings: A New
Technique for Maintaining Physico-chemical Characteristics and Antioxidant Properties of
Dragon Fruit during Storage. Food Bioprocess Technol. 2014, 7(8), 2366–2374. DOI: 10.1007/
s11947-013-1224-3.

[26] Lau, C. Y.; Othman, F.; Eng, L. The Effect of Heat Treatment, Different Packaging Methods
and Storage Temperatures on Shelf Life of Dragon Fruit (Hylocereus Spp.). Research Centre
Semongok Agriculture, Kuching, Sarawak. 2008, 1–16

[27] Chutichudet, B.; Chutichude, P. Effects of Chitosan Coating to Some Postharvest
Characteristics of Hylocercus undatus (Haw) Brit. And Rose Fruit. Int. J. Agri. Res. 2011, 6
(1), 82–92. DOI: 10.3923/ijar.2011.82.92.

[28] Zahid, N.; Ali, A.; Siddiqui, Y.; Maqbool, M. Efficacy of Ethanolic Extract of Propolis in
Maintaining Postharvest Quality of Dragon Fruit during Storage. Postharvest Biol. Technol.
2013, 79, 69–72. DOI: 10.1016/j.postharvbio.2013.01.003.

[29] Alvarez-Herrera, J. G.; Deaquiz, Y. A.; Herrera, A. O. Effect of Different
1-methylcyclopropene Doses on the Postharvest Period of Pitahaya Fruits (Selenicereus
megalanthus Haw.). Rev. Facultad Nacional Agrononia. 2016, 69(2), 7975–7983. DOI:
10.15446/rfna.v69n2.59142.

[30] Mustafa, M. A.; Ali, A.; Symour, G.; Tucker, G. Treatment of Dragon Fruit
(Hylocereus polyrhizus) with Salicylic Acid and Methyl Jasmonate Improves Postharvest

FOOD REVIEWS INTERNATIONAL 23

https://doi.org/10.1016/S0925-5214(99)00035-6
https://doi.org/10.1016/S0925-5214(99)00035-6
https://amorentia.co.za/wp-content/uploads/2017/05/4.-Postharvest-Dragon-Fruit-Frans-Kruger.pdf
https://amorentia.co.za/wp-content/uploads/2017/05/4.-Postharvest-Dragon-Fruit-Frans-Kruger.pdf
https://doi.org/10.1016/S0925-5214(02)00047-9
https://doi.org/10.1016/S0925-5214(02)00047-9
https://doi.org/10.1016/j.foodchem.2008.09.108
https://doi.org/10.1016/j.foodchem.2008.09.108
https://doi.org/10.1016/j.postharvbio.2006.02.010
https://doi.org/10.17660/ActaHortic.2010.875.16
https://doi.org/10.17660/ActaHortic.2010.875.16
https://doi.org/10.1590/S0103-90162013000400006
https://doi.org/10.1590/S0103-90162013000400006
https://doi.org/10.1016/j.scienta.2015.12.021
https://doi.org/10.1007/s11947-013-1224-3
https://doi.org/10.1007/s11947-013-1224-3
https://doi.org/10.3923/ijar.2011.82.92
https://doi.org/10.1016/j.postharvbio.2013.01.003
https://doi.org/10.15446/rfna.v69n2.59142
https://doi.org/10.15446/rfna.v69n2.59142


Physico-chemical Properties and Antioxidant Activity during Cold Storage. Sci. Horti. 2018,
231, 89–96. DOI: 10.1016/j.scienta.2017.09.041.

[31] Chaemsanit, S.; Matan, N. Effect of Peppermint Oil on the Shelf-life of Dragon Fruit during
Storage. Food Control. 2018, 90, 172–179. DOI: 10.1016/j.foodcont.2018.03.001.

[32] Zee, F.; Yen, C. R.; Nishina, M. Pitaya (Dragon Fruit, Strawberry Pear); Cooperative
Extension Service, College of Tropical Agriculture and Huan Resources, University of
Hawaii at Manoa: Honolulu, 2004; pp 1–3.

[33] Garcia, M. C.; Robayo, Y. P. Evaluation of the Use of Passive Modified Atmospheres and Low
Temperatures on the Conservation of Yellow Pitahaya. Rev. Corpoica-Ciencia y Tecnol.
Agropecuaria. 2008, 9(1), 30–39. DOI: 10.21930/rcta.vol9_num1_art:102.

[34] Chandran, S.; Effect of Film Packaging in Extending Shelf Life of Dragon Fruit, Hylocereus
undatus and Hylocereus polyrhizus. ISHS Acta Horticulturae 875: Southeast Asia Symposium
on Quality and Safety of Fresh and Fresh-Cut Produce, Thailand, Bangkok, 2010; pp
389–394.

[35] Sutrisno, D. E. G. M.; Purwanto. Study of Dragon Fruit (Hylocereus costaricensis) Storage
under Modified Atmosphere Packaging. Jurnal Keteknikan Pertanian. 2011, 25(2), 127–132.
DOI: 10.19028/jtep.25.1.127-132.

[36] Rodeo, A. J.; Castro, A. C.; Esguerra, E. B. Postharvest Handling of Dragon Fruit (Hylocereus
Spp.) In the Philippines. Conference paper presented in Dragon Fruit Regional Network
Initiation Workshop and Steering Committee Meeting, Taipei and Taichung, Taiwan, 2018;
pp 125–131.

[37] Chia, S. L.; Chong, G. H. Effect of Drum Drying on Physico-chemical Characteristics of
Dragon Fruit Peel (Hylocereus polyrhizus). Int. J. Food Eng. 2015, 11(2), 1–9. DOI: 10.1515/
ijfe-2014-0198.

[38] Mahattanatawee, K.; Manthey, J. A.; Luzio, G.; Talcott, S. T.; Goodner, K.; Baldwin, E. A.
Total Antioxidant Activity and Fiber Content of Select Florida-grown Tropical Fruits. J. Agril.
Food Chem. 2006, 54, 7355–7363. DOI: 10.1021/jf060566s.

[39] Nurliyana, R.; Syed Zahir, I.; Mustapha Suleiman, K.; Aisyah, M. R.; Kamarul Rahim, K.
Antioxidant Study of Pulps and Peels of Dragon Fruits: A Comparative Study. Int. Food Res.
J. 2010, 17, 367–375.

[40] Villalobos-Gutierrez, M. G.; Schweiggert, R. M.; Carle, R.; Esquivel, P. Chemical
Characterization of Central Americalpitaya (Hylocereus Sp.) Seeds and Seed Oil. Cyta-J.
Food. 2012, 10(1), 78–83. DOI: 10.1080/19476337.2011.580063.

[41] Adnan, L.; Osman, A.; Hamid, A. A. Antioxidant Activity of Different Extracts of Red Pitaya
(Hylocereus polyrhizus) Seed. Int. J. Food Prop. 2011, 14(6), 1171–1181. DOI: 10.1080/
10942911003592787.

[42] Jamilah, B.; Shu, C. E.; Kharidah, M.; Dzulkifly, M. A.; Noranizan, A. Physico-chemical
Characteristics of Red Pitaya (Hylocereus polyrhizus) Peel. Int. Food Res. J. 2011, 18,
279–286.

[43] Lourith, N.; Kanlayavattanakul, M. Antioxidant and Stability of Dragon Fruit Peel Colour.
Agro FOOD Ind. Hi Tech. 2013, 24(3), 56–58.

[44] Ortiz-Hernandez, H. Y. D.;. Pitahaya: Unnuevocultivo para México. Limusa-Grupo Noriega
Editores. Ed. México D.F., Mexico. 1999; 111.

[45] Juarez-Cruz, A.; Livera-Munoz, M.; Sosa-Montes, E.; Goytia-Jimenez, M. A.; Gonzalez-
Hernandez, V. A.; Barcena-Gama, R. Composicionquímica De Tallos Inmaduros De
Acanthocereusspp. E Hylocereus undatus (Haw.) Britton & Rose. Rev. Fitotecnia Mex.
2012, 35(2), 171–175.

[46] De Mello, F. R.; Bernardo, C.; Dias, C. O.; Zuge, L. C. B.; Silveira, J. L. M.; Amante, E. R.;
Candido, L. M. B. Evaluation of the Chemical Characteristics and Rheological Behavior of
Pitaya (Hylocereus undatus) Peel. Fruits. 2015, 69(5), 381–390. DOI: 10.1051/fruits/2014028.

[47] Goldman, G.; Vinokur, Y.; Horev, B.; Rodov, V.; Lurie, S.; Rodov, V. Fresh-cut Products from
Cactus Species. Acta Hortic. 2005, 682(682), 1961–1966. DOI: 10.17660/
ActaHortic.2005.682.265.

24 K. JALGAONKAR ET AL.

https://doi.org/10.1016/j.scienta.2017.09.041
https://doi.org/10.1016/j.foodcont.2018.03.001
https://doi.org/10.21930/rcta.vol9_num1_art:102
https://doi.org/10.19028/jtep.25.1.127-132
https://doi.org/10.1515/ijfe-2014-0198
https://doi.org/10.1515/ijfe-2014-0198
https://doi.org/10.1021/jf060566s
https://doi.org/10.1080/19476337.2011.580063
https://doi.org/10.1080/10942911003592787
https://doi.org/10.1080/10942911003592787
https://doi.org/10.1051/fruits/2014028
https://doi.org/10.17660/ActaHortic.2005.682.265
https://doi.org/10.17660/ActaHortic.2005.682.265


[48] Chansamrankul, C.; Srilaong, V.; Uthairatanakij, A.; Pongphenjitareerat, P.; Kanlayanarat, S.
Delaying Fresh-cut Dragon Fruit Preparation after Harvesting on Quality and Shelf Life of
Product. Acta Hortic. 2008, 804(804), 411–416. DOI: 10.17660/ActaHortic.2008.804.59.

[49] Chuni, S. H.; Awang, Y.; Mohamed, M. T. M. Cell Wall Enzymes Activities and Quality of
Calcium Treated Fresh-cut Red Flesh Dragon Fruit (Hylocereus polyrhizus). Int. J. Agril. Biol.
2010, 12(5), 713–718.

[50] Bobade, S. S.; Nema, P. K.; Nandi, S. Assessment of Mass Exchange during Osmotic
Dehydration of Dragon Fruit. Agril. Eng. Int. 2016, 18(2), 286–296.

[51] Li, X.; Long, Q.; Gao, F.; Han, C.; Jin, P.; Zheng, Y. S. Effect of Cutting Styles on Quality and
Antioxidant Activity in Fresh-cut Pitaya Fruit. Postharvest Biol. Technol. 2017, 124, 1–7. DOI:
10.1016/j.postharvbio.2016.09.009.

[52] Jaafar, R. A.; Abdul Rahman, A. R. B.; Mahmod, N. Z. C.; Vasudevan, R. Proximate Analysis
of Dragon Fruit (Hylocereus polyrhizus). Am. J. Appl. Sci. 2009, 6(7), 1341–1346. DOI:
10.3844/ajassp.2009.1341.1346.

[53] Nur Aliaa, A. R.; SitiMazlina, M. K.; Taip, F. S. Effects of Commercial Pectinases Application
on Selected Properties of Red Pitaya Juice. J. Food Process Eng. 2011, 34(5), 1523–1534. DOI:
10.1111/j.1745-4530.2009.00388.x.

[54] Nur Aliaa, A. R.; Siti Mazlina, M. K.; Taip, F. S.; Liew Abdullah, A. G. Response Surface
Optimization for Clarification of White Pitaya Juice Using a Commercial Enzyme. J. Food
Process Eng. 2010, 33(2), 333–347. DOI: 10.1111/j.1745-4530.2008.00277.x.

[55] Herbach, K. M.; Maier, C.; Stintzing, F. C.; Carle, R. Effects of Processing and Storage on Juice
Colour and Betacyanins Stability of Purple Pitaya (Hylocereus polyrhizus) Juice. Eur. Food Res.
Technol. 2007, 224(5), 649–658. DOI: 10.1007/s00217-006-0354-5.

[56] Schweiggert, R. M.; Villalobos-Gutierrez, M. G.; Esquivel, P.; Carle, R. Development and
Optimization of Low Temperature Enzyme-assisted Liquefaction for the Production of
Colouring Foodstuff from Purple Pitaya (Hylocereus Sp. [Weber] Britton & Rose). Eur. Food
Res. Technol. 2009, 230(2), 269–280. DOI: 10.1007/s00217-009-1167-0.

[57] Moh, A. F. B.; The Effects of Process Parameters on Concentration of Dragon Fruit Juices via
Freeze Concentration Technique. Thesis submitted to Faculty of Chemical and Natural
Resources Engineering, University Malaysia Pahang. 2012, 1–31.

[58] Jayasinghe, O.; Fernando, S.; Jayamanne, V.; Hettiarachchi, D. Production of a Novel
Fruit-yoghurt Using Dragon Fruit (Hylocereus undatus L.). Eur. Sci. J. 2015, 11(3), 208–215.

[59] Wong, Y. M.; Siow, L. F. Effects of Heat, pH, Antioxidant, Agitation and Light on Betacyanins
Stability Using Red-fleshed Dragon Fruit (Hylocereus polyrhizus) Juice and Concentrate as
Models. J. Food Sci. Technol. 2015, 52(5), 3086–3092. DOI: 10.1007/s13197-014-1362-2.

[60] Phuong, T. N. M.; Tuan, D. Q. Application of Hydrolytic Enzymes for Improvement of Red
Dragon Fruit Juice Processing. Asia Pacific J. Sustainable Agril. Food Energy. 2016, 4(1), 1–4.

[61] Siow, L. F.; Wong, Y. M. Effect of Juice Concentration on Storage Stability, Betacyanins
Degradation Kinetics, and Sensory Acceptance of Red-fleshed Dragon Fruit (Hylocereus poly-
rhizus) Juice. Int. J. Food Prop. 2017, 20(3), 623–632. DOI: 10.1080/10942912.2016.1172086.

[62] Jalgaonkar, K.; Mahawar, M. K.; Kale, S.; Nath, P.; Bibwe, B.; Dukare, A.; Kannaujia, P.;
Meena, V. S. Response Surface Optimization for Development of Dragon Fruit Based Ready
to Serve Drink. J. Appl. Nat. Sci. 2018, 10(1), 272–278. DOI: 10.31018/jans.v10i1.1617.

[63] Kha, T. C.; Nguyen, M. H.; Roach, P. D. Effects of Spray Drying Conditions on the
Physicochemical and Antioxidant Properties of the Gac (Momordica cochinchinensis) Fruit
Aril Powder. J. Food Eng. 2010, 98(3), 385–392. DOI: 10.1016/j.jfoodeng.2010.01.016.

[64] Tonon, R. V.; Brabet, C.; Hubinger, M. D. Influence of Process Conditions on the
Physicochemical Properties of Acai (Euterpe oleraceae Mart.) Powder Produced by Spray
Drying. J. Food Eng. 2008, 88(3), 411–418. DOI: 10.1016/j.jfoodeng.2008.02.029.

[65] Dailami, M. T. B.; Production of Dragon Fruit Powder Using Spray Drying Method. B. Tech
thesis submitted to Faculty of Chemical Engineering and Natural, Resources University
Malaysia Pahang. 2009, 1–54.

FOOD REVIEWS INTERNATIONAL 25

https://doi.org/10.17660/ActaHortic.2008.804.59
https://doi.org/10.1016/j.postharvbio.2016.09.009
https://doi.org/10.1016/j.postharvbio.2016.09.009
https://doi.org/10.3844/ajassp.2009.1341.1346
https://doi.org/10.3844/ajassp.2009.1341.1346
https://doi.org/10.1111/j.1745-4530.2009.00388.x
https://doi.org/10.1111/j.1745-4530.2009.00388.x
https://doi.org/10.1111/j.1745-4530.2008.00277.x
https://doi.org/10.1007/s00217-006-0354-5
https://doi.org/10.1007/s00217-009-1167-0
https://doi.org/10.1007/s13197-014-1362-2
https://doi.org/10.1080/10942912.2016.1172086
https://doi.org/10.31018/jans.v10i1.1617
https://doi.org/10.1016/j.jfoodeng.2010.01.016
https://doi.org/10.1016/j.jfoodeng.2008.02.029


[66] Tze, N. L.; Han, C. P.; Yusof, Y. A.; Ling, C. N.; Talib, R. A.; Taip, F. S.; Aziz, M. G.
Physicochemical and Nutritional Properties of Spray-dried Pitaya Fruit Powder as Natural
Colorant. Food Sci. Biotechnol. 2012, 21(3), 675–682. DOI: 10.1007/s10068-012-0088-z.

[67] Yusof, Y. A.; Salleh, F. S.; Chin, N. L.; Talib, R. A. The Drying and Tableting of Pitaya
Powder. J. Food Process Eng. 2012, 35(5), 763–771. DOI: 10.1111/j.1745-4530.2010.00625.x.

[68] Lee, K. H.; Wu, T. Y.; Siow, L. F. Spray Drying of Red (Hylocereus polyrhizus) and White
(Hylocereus undatus) Dragon Fruit Juices: Physicochemical and Antioxidant Properties of the
Powder. Int. J. Food Sci. Technol. 2013, 48(11), 2391–2399. DOI: 10.1111/ijfs.12230.

[69] Foong, J. H.; Hon, W. M.; Ho, C. W. Bioactive Compounds Determination in Fermented
Liquid Dragon Fruit (Hylocereus polyrhizus). Borneo Sci. 2012, 31, 38–56.

[70] Wybraniec, S.; Platzner, I.; Geresh, S.; Gottlieb, H. E.; Haimberg, M.; Mogilnitzki, M.;
Mizrahi, Y. Betacyanins from Vine Cactus Hylocereus polyrhizus.. Phytochemistry. 2001, 58
(8), 1209–1212. DOI: 10.1016/S0031-9422(01)00336-3.

[71] Stintzing, F. C.; Schieber, A.; Carle, R. Betacyanins in Fruits from Red Purple Pitaya,
Hylocereus polyrhizus (Weber) Briton & Rose. Food Chem. 2002, 77(1), 101–106. DOI:
10.1016/S0308-8146(01)00374-0.

[72] Dam, S. M.; Development of Different Processed Products from the Edible and Inedible Parts
of the Dragon Fruit (Hylocereus undatus). Acta Horticulturae 989: Proceeding Southeast Asia
Symp on Quality Management in Postharvest Systems in conjunction with Asia-Pacific
Symposium on Postharvest Quality Management of Root & Tuber Crops, Bangkok,
Thailand, 2013; pp 271–278.

[73] Choo, K. Y.; Kho, C.; Ong, Y. Y.; Thoo, Y. Y.; Lim, R. L. H.; Tan, C. P.; Ho, C. W. Studies on
the Storage Stability of Fermented Red Dragon Fruit (Hylocereus polyrhizus) Drink. Food Sci.
Biotechnol. 2018, 27(5), 1411–1417. DOI: 10.1007/s10068-018-0367-4.

[74] Rui, H.; Zhang, L.; Li, Z.; Pan, Y. Extraction and Characteristics of Seed Kernel Oil from
White Pitaya. J. Food Eng. 2009, 93(4), 482–486. DOI: 10.1016/j.jfoodeng.2009.02.016.

[75] Liaotrakoon, W.; De Clercq, N.; Hoed, N.; Dewettinck, V. V.; Dragon Fruit, K. (Hylocereus
Spp.) Seed Oils: Their Characterization and Stability under Storage Conditions. J. Ameri. Oil
Chemists’ Soc. 2013, 90(2), 207–215. DOI: 10.1007/s11746-012-2151-6.

[76] Jamilah, B.; Ee, S. C.; Kharidah, M. M.; Dzulkifly, A.; Noranizan, A. Spray Drying
Optimization for Red Pitaya Peel (Hylocereus polyrhizus). Food Bioprocess Technol. 2013, 6
(5), 1332–1342. DOI: 10.1007/s11947-012-0842-5.

[77] Ee, S. C.; Bakar, J.; Kharidah, M.; Dzulkifly, M. H.; Noranizan, A. Physico-chemical Properties
of Spray-dried Red Pitaya (Hylocereus polyrhizus) Peel Powder during Storage. Int. Food Res.
J. 2014, 21(3), 1213–1218.

[78] Dos Santos, F. S.; de Figueiredo, R. M. F.; de M Queiroz, A. J.; Santos, D. D. C. Drying
Kinetics and Physical and Chemical Characterization of White-fleshed ‘Pitaya’ Peels. Rev.
Bras. De Engenharia Agrícola E Ambiental. 2017, 21(2), 872–877. DOI: 10.1590/1807-1929/
agriambi.v21n12p872-877.

[79] Montoya-Arroyo, A.; Schweiggert, R. M.; Pineda-Castro, M.; Sramek, M.; Kohlus, R.;
Carle, R.; Esquivel, P. Characterization of Cell Wall Polysaccharides of Purple Pitaya
(Hylocereussp.) Pericarp. Food Hydrocolloids. 2014, 35, 557–564. DOI: 10.1016/j.
foodhyd.2013.07.010.

[80] Ho, L. H.; Abdul Latif, N. W. B. Nutritional Composition, Physical Properties, and Sensory
Evaluation of Cookies Prepared from Wheat Flour and Pitaya (Hylocereus undatus) Peel
Flour Blends. Cogent Food Agril. 2016, 2(1), 1–9. DOI: 10.1080/23311932.2015.1136369.

[81] Thirugnanasambandham, K.; Sivakumar, V. Microwave Assisted Extraction Process of
Betalain from Dragon Fruit and Its Antioxidant Activities. J. Saudi Soc. Agril. Sci. 2017, 16
(1), 41–48. DOI: 10.1016/j.jssas.2015.02.001.

[82] Bai, X.; Zhou, T.; Lai, T.; Zhang, H. Optimization of the Microwave-assisted Extraction of
Polyphenols from Red Pitaya Peel Using Response Surface Methodology. J. Scientific Ind. Res.
2018, 77(7), 419–424.

[83] Liu, Y.; Shi, J.; Langrish, T. A. G. Water-based Extraction of Pectin from Flavedo and Albedo
of Orange Peels. Chemi. Eng. J. 2006, 120(3), 203–209. DOI: 10.1016/j.cej.2006.02.015.

26 K. JALGAONKAR ET AL.

https://doi.org/10.1007/s10068-012-0088-z
https://doi.org/10.1111/j.1745-4530.2010.00625.x
https://doi.org/10.1111/ijfs.12230
https://doi.org/10.1016/S0031-9422(01)00336-3
https://doi.org/10.1016/S0308-8146(01)00374-0
https://doi.org/10.1016/S0308-8146(01)00374-0
https://doi.org/10.1007/s10068-018-0367-4
https://doi.org/10.1016/j.jfoodeng.2009.02.016
https://doi.org/10.1007/s11746-012-2151-6
https://doi.org/10.1007/s11947-012-0842-5
https://doi.org/10.1590/1807-1929/agriambi.v21n12p872-877
https://doi.org/10.1590/1807-1929/agriambi.v21n12p872-877
https://doi.org/10.1016/j.foodhyd.2013.07.010
https://doi.org/10.1016/j.foodhyd.2013.07.010
https://doi.org/10.1080/23311932.2015.1136369
https://doi.org/10.1016/j.jssas.2015.02.001
https://doi.org/10.1016/j.cej.2006.02.015


[84] Masmoudi, M.; Besbes, S.; Chaabouni, M.; Robert, C.; Paquot, M.; Blecker, C.; Attia, H.
Optimization of Pectin Extraction from Lemon By-product with Acidified Date Juice Using
Response Surface Methodology. Carbohydr. Polym. 2008, 74(2), 185–192. DOI: 10.1016/j.
carbpol.2008.02.003.

[85] Rezzoug, S. A.; Rezzoug, Z. M.; Sannier, F.; Allaf, K. A Thermomechanical Preprocessing for
Pectin Isolation from Orange Peel with Optimization by Response Surface Methodology. Int.
J. Food Eng. 2008, 4(1), 1–21. DOI: 10.2202/1556-3758.1183.

[86] Tang, P. Y.; Wong, C. J.; Woo, K. K. Optimization of Pectin Extraction from Peel of Dragon
Fruit (Hylocereus Polyrhizus). Asian J. Biol. Sci. 2011, 4(2), 189–195. DOI: 10.3923/
ajbs.2011.189.195.

[87] Iglesias, M. T.; Lozano, J. E. Extraction and Characterization of Sunflower Pectin. J. Food Eng.
2004, 62(3), 215–223. DOI: 10.1016/S0260-8774(03)00234-6.

[88] Faravash, R. S.; Ashtiani, F. Z. The Influence of Acid Volume, Ethanol-to-extract Ratio and
Acid- Washing Time on the Yield of Pectin Substances Extraction from Peach Pomace. Food
Hydrocolloids. 2008, 22(1), 196–202. DOI: 10.1016/j.foodhyd.2007.04.003.

[89] Mollea, C.; Chiampo, F.; Conti, R. Extraction and Characterization of Pectin from Cocoa
Husks: A Preliminary Study. Food Chem. 2008, 107(3), 1353–1356. DOI: 10.1016/j.
foodchem.2007.09.006.

[90] Thirugnanasambandham, K.; Sivakumar, V.; PrakashMaran, J. Process Optimization and
Analysis of Microwave Assisted Extraction of Pectin from Dragon Fruit Peel. Carbohydr.
Polym. 2014, 112, 622–626. DOI: 10.1016/j.carbpol.2014.06.044.

FOOD REVIEWS INTERNATIONAL 27

https://doi.org/10.1016/j.carbpol.2008.02.003
https://doi.org/10.1016/j.carbpol.2008.02.003
https://doi.org/10.2202/1556-3758.1183
https://doi.org/10.3923/ajbs.2011.189.195
https://doi.org/10.3923/ajbs.2011.189.195
https://doi.org/10.1016/S0260-8774(03)00234-6
https://doi.org/10.1016/j.foodhyd.2007.04.003
https://doi.org/10.1016/j.foodchem.2007.09.006
https://doi.org/10.1016/j.foodchem.2007.09.006
https://doi.org/10.1016/j.carbpol.2014.06.044

	Abstract
	Introduction
	Physiology and structure
	Maturity traits
	Harvesting and grading
	Postharvest disorders
	Storage
	Effect of pre-treatment on shelf life
	Effect of packaging material and storage condition on shelf life
	Processing and waste utilization
	Fresh cut or minimal processing
	Juice
	Juice powder
	Wine
	Seed separation and oil extraction
	Peel powder and pectin

	Conclusion
	References

