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Abstract: Dragon fruit (Hylocereus spp.) has emerged as a globally significant fruit crop, valued for its distinctive appearance
and nutritional profile. Native to Central America, this cactaceous vine has adapted to various tropical and subtropical regions
wotldwide. The fruit's vibrant exterior houses a white or red pulp studded with numerous edible seeds. Cultivation techniques
have evolved to optimize yield and quality, with vertical or horizontal support systems and specific nutrient management
strategies being crucial for successful production. Dragon fruit propagation primarily relies on stem cuttings, which can bear fruit
within 14-18 months under favorable conditions. The fruit's nutritional composition is noteworthy, containing high levels of
antioxidants, vitamins (particulatly vitamin C), minerals, and dietary fiber. These components contribute to its potential health
benefits, including cholesterol reduction, improved digestion, and enhanced immune function. Pharmacological studies have
demonstrated various biological activities of dragon fruit extracts, such as anti-hyperlipidemic, hepatoprotective, and anti-ulcer
effects. These properties are attributed to bioactive compounds like betalains, phenolics, and flavonoids present in the fruit.
Additionally, dragon fruit shows promise in managing chronic conditions like diabetes and obesity, potentially through its effects
on blood glucose regulation and lipid metabolism.
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1. Introduction

Dragon fruit, also known as pitaya or strawberry pear, has emerged as a fruit of significant global interest in recent years. This exotic
fruit, belonging to the genus Hylocereus of the Cactaceae family, has captured the attention of consumers, researchers, and
agriculturists alike due to its unique appearance, nutritional value, and potential health benefits. Native to Central and South America,
dragon fruit has successfully spread to various tropical and subtropical regions worldwide, including Southeast Asia, the Indian
subcontinent, and parts of Africa [1]. The rising popularity of dragon fruit can be attributed to several factors. Its striking appearance,
with bright red or yellow skin adorned with green scales, makes it visually appealing and marketable. The fruit's white or red flesh,
dotted with numerous small, edible black seeds, offers a mildly sweet flavor and a texture reminiscent of kiwifruit. Beyond its
aesthetic appeal, dragon fruit has gained recognition for its nutritional profile, being rich in vitamins, minerals, and antioxidants [2].

In recent years, the cultivation of dragon fruit has expanded significantly, driven by increasing demand in both local and international
markets. Countries such as Vietnam, Thailand, and Malaysia have become major producers, while newer markets in India, Sri Lanka,
and even some Mediterranean countries are showing growing interest in dragon fruit cultivation [3]. This expansion is not only due
to the fruit's commercial potential but also its adaptability to various climatic conditions and its relatively low maintenance
requirements. The scientific community has shown increasing interest in dragon fruit, with a growing body of research exploring its
nutritional composition, potential health benefits, and agronomic aspects. Studies have investigated its antioxidant properties,
potential role in managing chronic diseases such as diabetes and hyperlipidemia, and its effects on digestive health [4]. Additionally,
research has focused on optimizing cultivation techniques, improving post-harvest handling, and developing value-added products
from dragon fruit.
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As global awareness of health and nutrition continues to grow, dragon fruit stands out as a promising functional food. Its potential
to contribute to a balanced diet and possibly offer specific health benefits has led to its inclusion in various dietary recommendations
and health-focused products. This increased attention has also spurred interest in developing new varieties with enhanced traits,
such as improved taste, higher nutrient content, ot better adaptability to different growing conditions [5]. The economic impact of
dragon fruit cultivation is noteworthy, particularly in developing countries where it has become an important cash crop. Its relatively
high market value, coupled with its ability to grow in areas where other crops might struggle, has made it an attractive option for
farmers looking to diversify their agricultural output. Moreover, the fruit's exotic status in many Western markets has opened up
lucrative export opportunities for producing countries [6].

1.1. Plant taxonomy and botanical classification

Dragon fruit belongs to the family Cactaceae, subfamily Cactoideae, and tribe Hylocereae. The genus Hylocereus, to which dragon
fruit belongs, comprises approximately 14 species of epiphytic climbing cacti native to the tropical and subtropical forests of Central
and South America [7]. The most commonly cultivated species for fruit production are Hylocereus undatus (white-fleshed pitaya),
Hylocereus costaricensis (red-fleshed pitaya), and Hylocereus megalanthus (yellow pitaya).

The taxonomic classification of dragon fruit is as follows:

Kingdom: Plantae

Division: Magnoliophyta

Class: Magnoliopsida

Order: Caryophyllales

Family: Cactaceae

Subfamily: Cactoideae

Tribe: Hylocereae

Genus: Hylocereus

Species: H. undatus, H. costaricensis, H. megalanthus (among others)

Hylocereus undatus, characterized by its red skin and white flesh, is the most widely cultivated species globally. It is known for its
mild, slightly sweet flavor and is often referred to as the white-fleshed pitaya. H. costaricensis, with its red skin and deep red flesh,
is valued for its more intense flavor and higher antioxidant content. H. megalanthus, distinguished by its yellow skin and white flesh,
is less common in cultivation but is prized for its sweeter taste [8]. The genus Hylocereus is closely related to other climbing cacti
genera such as Selenicereus and Epiphyllum. These genera share similar morphological characteristics, including their epiphytic or
lithophytic growth habits, large fragrant flowers that open at night, and fleshy fruits with numerous small seeds [9].

Recent taxonomic studies using molecular markers have provided new insights into the phylogenetic relationships within the
Hylocereus genus and its related taxa. These studies have helped clarify some of the taxonomic ambiguities that previously existed
due to the morphological similarities between species. For instance, some species previously classified under Selenicereus have been
reclassified as Hylocereus based on genetic evidence [10]. The botanical classification of dragon fruit is significant not only for
taxonomic purposes but also for agtricultural and breeding applications. Understanding the genetic relationships between different
Hylocereus species and related genera is crucial for developing new cultivars with improved traits such as disease resistance, higher
yield, or enhanced nutritional profiles. This knowledge also aids in the conservation of wild Hylocereus species, which may serve as
valuable genetic resources for future breeding programs [11].

In recent years, there has been growing interest in the diversity of wild Hylocereus species and their potential for domestication and
crop improvement. Expeditions to the native habitats of these species in Central and South America have led to the discovery of
new genetic variants with unique characteristics. These discoveries have expanded our understanding of the genus and opened up
new possibilities for dragon fruit breeding and cultivation [12]. The botanical classification of dragon fruit also has implications for
its cultivation and management. Different species and varieties may have varying requirements in terms of climate, soil conditions,
and cultivation practices. For instance, H. undatus is generally more adaptable to different environmental conditions compared to
H. megalanthus, which tends to be more sensitive to temperature fluctuations [13].

2. Morphology and Physiology of Dragon Fruit

Dragon fruit plants exhibit unique morphological and physiological characteristics that contribute to their adaptability and
productivity. Understanding these features is crucial for effective cultivation and management of the crop.

2.1. Stem and Root System

The dragon fruit plant is characterized by its distinctive stem structure, which serves both structural and physiological functions.
The stems are thick, fleshy, and typically triangular in cross-section, with three prominent ribs or wings [14]. These succulent stems
are green, photosynthetic, and covered with a waxy cuticle that helps reduce water loss, an adaptation reflective of its cactus lineage.
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The stems can grow up to several meters in length and often branch profusely, forming a complex network of vines. Along the
edges of the stems are areoles, specialized structures from which spines, flowers, and new stems emerge. The spines are typically
short and not particularly sharp, unlike many other cacti species [15].

One of the most notable physiological adaptations of dragon fruit is its Crassulacean Acid Metabolism (CAM) photosynthetic
pathway. This adaptation allows the plant to open its stomata at night to fix carbon dioxide, reducing water loss in hot, arid
environments. The fixed CO2 is then used for photosynthesis during the day when the stomata are closed, making dragon fruit
highly water-efficient [16].

The root system of dragon fruit is relatively shallow and fibrous, typically extending only 15-25 cm into the soil. This shallow root
system is complemented by numerous aerial roots that emerge from the stems. These aerial roots serve multiple functions:

1. Anchoring the plant to its support structure
2. Absorbing moisture and nutrients from the air and the surface of the support
3. Facilitating the plant's epiphytic growth habit in its natural habitat

The shallow root system and the presence of aerial roots make dragon fruit well-adapted to growing on trees, rocks, or artificial
supports, but also necessitate careful water and nutrient management in cultivated settings [17].
2.2. Flowers and Pollination

Dragon fruit flowers ate among the most striking features of the plant, often referred to as "Queen of the Night" due to their
nocturnal blooming habit. The flowers are large, typically 25-30 cm in length and 15-20 cm in diameter, making them among the
largest in the cactus family [18].

The flowers are hermaphroditic, containing both male and female reproductive organs. They are composed of numerous white or
pinkish tepals (undifferentiated petals and sepals) arranged in a spiral pattern. The innermost tepals surround a central cluster of
stamens and a prominent, lobed stigma.

Key characteristics of dragon fruit flowers include:

1. Nocturnal blooming: Flowers typically open in the evening and remain open for only one night.
2. Strong fragrance: The flowers emit a sweet scent to attract pollinators.

3. Large size: The substantial size of the flowers allows for easy access by pollinators.

4. Short lifespan: Individual flowers last only about 8-12 hours before wilting.

Pollination in dragon fruit is primarily carried out by nocturnal animals, particularly sphinx moths and bats. These pollinators ate
attracted by the flower's strong fragrance and large size. Some species of dragon fruit are self-incompatible, requiring cross-
pollination for fruit set, while others can self-pollinate [19]. In commercial cultivation, hand pollination is often practiced to ensure
consistent fruit set and to improve fruit quality. This process involves manually transferring pollen from the anthers to the stigma,
either within the same flower (for self-compatible varieties) or between different plants (for cross-pollination) [20].
2.3. Fruit Characteristics
The dragon fruit is a berry, botanically speaking, with a unique appearance that sets it apart from other fruits. The external features
and internal structure of the fruit vary somewhat between species, but generally share common characteristics.
2.3.1. External features

Shape: Oval to oblong, typically 10-12 cm in length.

Skin color: Bright red or yellow, depending on the species.

1
2
3. Scales: Green, leaf-like scales cover the skin, giving the fruit its dragon-like appearance.
4

Texture: The skin is leathery but relatively thin.
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2.3.2. Internal structure

1. Pulp color: White, red, or pink, depending on the species and variety.

2. Texture: The pulp is soft and juicy, with a texture similar to that of kiwifruit.

3. Seeds: Numerous small, black seeds are distributed throughout the pulp. These seeds are edible and contain beneficial oils.
The development of the fruit from flower to maturity typically takes 30-50 days, depending on environmental conditions and species.
The fruit continues to ripen after harvest, with changes in skin color indicating ripeness [21, 22].
Physiologically, the fruit undergoes several changes during ripening:

1. Softening of the pulp due to cell wall degradation

Increase in sugar content, primarily glucose and fructose

2

3. Reduction in acidity

4. Development of characteristic flavors and aromas
5

Changes in pigmentation, particulatly in red-fleshed varieties

3. Cultivation Techniques

The successful cultivation of dragon fruit requires a comprehensive understanding of various agronomic practices. These techniques
have been refined over time through research and practical experience, leading to improved yield and fruit quality.

3.1. Propagation Methods

Dragon fruit can be propagated through several methods, with stem cuttings being the most common and efficient approach for
commercial production.

3.1.1. Stem Cuttings

This method involves using mature stem segments, typically 20-30 cm long, cut from healthy mother plants. The cuttings are allowed
to dry for 5-7 days to form a callus at the cut end, which helps prevent rotting when planted. They are then planted directly in the
field or in nursery bags filled with a well-draining potting mix. Rooting usually occurs within 2-3 weeks under optimal conditions
[23].

3.1.2. Seed Propagation

While less common for commercial production due to genetic variability and slower growth, seed propagation is used for breeding
programs and genetic diversity conservation. Seeds are extracted from ripe fruits, washed, and dried before sowing in a sterile
growing medium. Germination typically occurs within 10-14 days [24].

3.1.3. Grafting

This technique is sometimes used to combine desirable traits from different varieties or to improve disease resistance. Scions from
high-yielding or disease-resistant varieties are grafted onto established rootstocks [25].

3.1.4. Micropropagation

In vitro propagation techniques have been developed for rapid multiplication of elite dragon fruit varieties. This method allows for
the production of large numbers of genetically identical, disease-free plants [26].

3.2. Planting Density and Support Systems

Dragon fruit plants require a support system due to their climbing nature. The choice of support system and planting density can
significantly impact yield and ease of management.

3.2.1. Support Systems:

1. Single Pole System: Individual plants are trained to grow up a single pole, typically 1.8-2.5 meters tall. This system is simple
but limits the plant's growth potential.
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2. Trellis System: Plants are grown on a wire trellis supported by posts. This system allows for better light penetration and
easier harvesting.

3. T-bar System: Similar to the trellis system but with a horizontal bar at the top of each post, forming a T-shape. This
provides more support for the spreading branches.

3.2.2. Planting Density:

The optimal planting density depends on the chosen support system and local environmental conditions. Typical densities range
from 400-1000 plants per hectare. Higher densities can increase early yields but may lead to overcrowding and reduced fruit quality
in later years [27].

3.3. Pruning and Training

Proper pruning and training are essential for maintaining plant health, facilitating harvesting, and optimizing yield.

3.3.1. Initial Training

Young plants are guided to grow up the support structure. Once they reach the top, they are allowed to cascade down.

3.3.2. Pruning

1. Formative Pruning: Conducted in the first year to establish the desired plant structure.

2. Maintenance Pruning: Regular removal of weak, diseased, or overcrowded branches to maintain plant vigor and improve
light penetration.

3. Rejuvenation Pruning: Severe pruning of older, less productive plants to stimulate new growth.

3.3.3. Timing

Major pruning is typically done after the fruiting season to avoid reducing the current year's yield. Light pruning can be done year-
round as needed [28].

3.4. Mineral Nutrition and Irrigation Requirements

Dragon fruit plants have specific nutritional and water requirements that must be met for optimal growth and fruit production.

3.4.1. Mineral Nutrition

Dragon fruit requires a balanced supply of macro and micronutrients. Key nutritional requirements include:

1. Nitrogen (N): Essential for vegetative growth and fruit development. Application rates typically range from 200-300 kg
N/ha/year, split into several applications.

2. Phosphotus (P): Important for root development and flowering. Usually applied at 100-150 kg P205/ha/yeat.

3. Potassium (K): Crucial for fruit quality and plant disease resistance. Application rates of 200-300 kg K20 /ha/year are
common.

4. Calcium (Ca) and Magnesium (Mg): Important for cell wall strength and chlorophyll production, respectively. These are
often supplied through liming materials or foliar sprays.

5. Micronutrients: Iron (Fe), Zinc (Zn), and Boron (B) are particularly important for dragon fruit. They are typically applied
as foliar sprays to correct deficiencies [29].

Organic fertilizers, such as compost or well-rotted manure, are often used to improve soil structure and provide slow-release
nutrients. A common practice is to apply 10-20 kg of organic matter per plant annually.
3.4.2. Irrigation Requirements

Despite its cactus origins, dragon fruit requires regular irrigation for optimal growth and fruit production, especially in commercial
settings.
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1. Water Needs: Adult plants typically require 40-50 liters of water per week during the growing season, depending on climate
conditions.

2. Irrigation Methods: Drip irrigation is the preferred method, allowing for efficient water use and reducing the risk of fungal
diseases associated with wet foliage.

3. Irrigation Frequency: Generally, 2-3 irrigations per week are sufficient, but this may increase during fruit development or
in hot, dry conditions.

4. Water Quality: Dragon fruit is moderately tolerant to salinity, but water with high salt content should be avoided to prevent
soil salinization and reduced plant growth [30].

3.5. Pollination Management

Effective pollination is crucial for fruit set and development in dragon fruit. While some varieties are self-compatible, cross-
pollination generally results in better fruit set and quality.

3.5.1. Natural Pollination

In their native habitats, dragon fruits are pollinated by nocturnal animals, primarily bats and moths. However, in many cultivated
areas, natural pollinators may be insufficient.

3.5.2. Hand Pollination

This is a common practice in commercial dragon fruit production to ensure consistent fruit set.
Process
1. Pollen Collection: Pollen is collected from freshly opened flowers in the evening.
2. Pollen Application: Using a small brush or cotton swab, pollen is applied to the stigma of receptive flowers.
3. Timing: Hand pollination is typically done between 8 PM and midnight when flowers ate fully open.
Benefits of Hand Pollination
1. Increased fruit set
2. Improved fruit size and shape
3. Better control over cross-pollination for desired traits
Some growers use artificial lighting to attract nocturnal pollinators or to extend the pollination window [31].

3.6. Harvesting and Post-harvest Handling

Proper harvesting and post-harvest handling are critical for maintaining fruit quality and extending shelf life.

3.6.1. Harvesting

1. Maturity Indicators: Fruit is typically ready for hatvest 30-50 days after flowering. Visual cues include full color
development and slight softening of the fruit.

2. Harvesting Method: Fruits are hand-picked by twisting or cutting the peduncle close to the fruit base. Care must be taken
to avoid damaging the fruit or surrounding branches.

3. Timing: Harvesting is usually done in the morning to avoid heat stress on the fruit.
4. Frequency: During peak season, harvesting may be required every 3-4 days to ensure fruits are picked at optimal maturity.

3.6.2. Post-harvest Handling

1. Cleaning: Fruits are gently cleaned to remove any dirt or debris.
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2. Sorting and Grading; Fruits are sorted based on size, color, and quality. Any damaged or diseased fruits are removed.

3. Storage: Optimal storage conditions ate 10-14°C with 90-95% relative humidity. Under these conditions, fruits can be
stored for up to 2-3 weeks.

4. Packaging: Fruits are typically packed in single-layer cardboard boxes with protective padding to prevent bruising during
transport.

5. Ripening: Dragon fruits continue to ripen after harvest. For local markets, fruits can be harvested when fully colored but
still firm. For distant markets, fruits are harvested slightly eatlier to allow for ripening during transport.

6. Post-harvest Treatments: Some producers use hot water treatments or fungicides to reduce post-harvest diseases,
particularly in fruits destined for export markets.

3.6.3. Quality Control

Maintaining high fruit quality is essential for market success. Key quality parameters include:
1. Size and shape uniformity
2. Freedom from external damage or blemishes
3. Proper color development
4. Appropriate firmness
5. Absence of decay or overripeness

Post-harvest losses in dragon fruit can be significant, often reaching 20-30% in developing countries. Implementing proper
harvesting techniques and post-harvest handling practices can substantially reduce these losses and improve market value [32].

4. Nutritional Composition of Dragon Fruit

Dragon fruit has gained significant attention in recent years, not only for its exotic appearance but also for its nutritional profile.
The fruit is known for its rich content of essential nutrients and bioactive compounds, making it a valuable addition to a healthy
diet. The nutritional composition of dragon fruit can vary depending on the species, variety, growing conditions, and ripeness of
the fruit. This section provides an overview of the macronutrients, micronutrients, minerals, and bioactive compounds found in
dragon fruit.

4.1. Macronutrients

4.1.1. Carbohydrates

Dragon fruit is primarily composed of carbohydrates, which constitute the major portion of its dry weight. The carbohydrate content
typically ranges from 9-14% of the fresh weight, depending on the variety and ripeness [33].

1. Sugars: The majority of carbohydrates in dragon fruit are simple sugars, primarily glucose and fructose. The sugar content
increases as the fruit ripens, contributing to its sweet taste.

2. Dietary Fiber: Dragon fruit is an excellent source of dietary fiber, containing both soluble and insoluble forms. The fiber
content ranges from 1-3% of the fresh weight, which is relatively high compared to many other fruits [34].

4.1.2. Proteins

While not a significant source of protein, dragon fruit does contain small amounts of this macronutrient. The protein content
typically ranges from 0.5-1% of the fresh weight [35].

4.1.3. Lipids

Dragon fruit is generally low in fat, with lipid content usually less than 1% of the fresh weight. However, the seeds contain beneficial
oils rich in essential fatty acids [30].
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4.1.4. Water Content

Like many fruits, dragon fruit has a high water content, typically around 80-90% of its fresh weight. This high water content
contributes to the fruit's refreshing nature and low caloric density [37].

4.2. Micronutrients and Minerals

4.2.1. Vitamins

Dragon fruit is a good source of several vitamins, particularly:

1. Vitamin C: The ascorbic acid content in dragon fruit ranges from 4-25 mg per 100g of fresh weight, varying among species
and varieties. White-fleshed varieties generally have lower vitamin C content compared to red-fleshed ones [38].

2. Vitamin B Complex: Dragon fruit contains various B vitamins, including thiamine (B1), riboflavin (B2), niacin (B3), and
pyridoxine (B6). These vitamins play crucial roles in energy metabolism and nervous system function [39].

3. Vitamin E: Present in small amounts, vitamin E contributes to the fruit's antioxidant properties.

4.2.2. Minerals

Dragon fruit is rich in several essential minerals:

1. Potassium: The most abundant mineral in dragon fruit, with content ranging from 200-300 mg per 100g of fresh weight.
Potassium is crucial for maintaining proper heart, muscle, and nerve function [40].

2. Magnesium: An important mineral for various bodily functions, including energy production and bone health. Dragon
fruit typically contains 30-50 mg of magnesium per 100g of fresh weight [41].

3. Calcium: Present in moderate amounts, calcium contributes to bone health and cellular signaling.

4. Iron: While not a major source, dragon fruit does contain small amounts of iron, which is essential for oxygen transport
in the blood.

5. Phosphorus: Another mineral found in moderate amounts in dragon fruit, phosphorus is important for bone health and
energy metabolism.

6. Zinc: Present in small quantities, zinc plays a role in immune function and wound healing.

The mineral content of dragon fruit can be influenced by soil conditions and agricultural practices, leading to variations among fruits
from different regions [42].

4.3. Bioactive Compounds

Dragon fruit is particularly valued for its rich content of bioactive compounds (shown in Table 1), which contribute to its potential
health benefits.

4.3.1. Polyphenols

Dragon fruit contains various polyphenolic compounds, including:

1. Flavonoids: These compounds, including quercetin, kaempferol, and isorhamnetin, contribute to the fruit's antioxidant
properties [43].

2. Phenolic acids: Gallic acid, chlorogenic acid, and caffeic acid ate among the phenolic acids found in dragon fruit,
particularly in the peel [44].

4.3.2. Betalains

Red-fleshed varieties of dragon fruit are rich in betalains, water-soluble nitrogen-containing pigments that give the fruit its vibrant
color. The two main types of betalains found in dragon fruit are:

1. Betacyanins: Responsible for the red-violet color, with betanin being the predominant compound.
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2. Betaxanthins: Contributing to yellow coloration, although less prevalent in dragon fruit compared to betacyanins [45].

Betalains are powerful antioxidants and have been associated with various potential health benefits, including anti-inflaimmatory and
anti-cancer properties.

4.3.3. Carotenoids

While not as abundant as in some other fruits, dragon fruit does contain carotenoids, particularly lycopene and beta-carotene. These
compounds contribute to the fruit's antioxidant capacity and may have potential benefits for eye health [46].

4.3.4. Oligosaccharides

Dragon fruit contains prebiotic oligosaccharides, particulatly in the form of fructooligosaccharides. These compounds are not
digested in the upper gastrointestinal tract but serve as a food source for beneficial gut bacteria, potentially promoting digestive
health [47].

4.3.5. Sterols

The seeds of dragon fruit contain plant sterols, which have been associated with potential cholesterol-lowering effects [48]. The
bioactive compound profile of dragon fruit can vary significantly between different species and varieties. Generally, red-fleshed
varieties tend to have higher levels of antioxidants and bioactive compounds compared to white-fleshed varieties [49]. It's worth
noting that many of these bioactive compounds are present in higher concentrations in the peel of the fruit compared to the pulp.
While the peel is typically not consumed, research is ongoing into potential uses of dragon fruit peel as a source of functional
ingredients or nutraceuticals [50]

Table 1. Major Bioactive Compounds in Dragon Fruit and Their Potential Health Benefits

Compound Potential Health Benefits

Betalains Antioxidant, anti-inflammatory, anti-cancer
Flavonoids Cardiovascular protection, anti-inflammatory
Vitamin C Immune support, antioxidant

Oligosaccharides | Prebiotic effects, digestive health

Phenolic acids Antioxidant, anti-inflammatory

Dietary fiber Digestive health, cholesterol management

5. Health Benefits of Dragon Fruit

Dragon fruit has garnered attention not only for its unique appeatance and taste but also for its potential health benefits. The fruit's
rich nutritional profile, including various vitamins, minerals, and bioactive compounds, contributes to its potential positive effects
on human health. While more research is needed to fully understand and confirm these benefits, existing studies suggest several
promising health-promoting properties of dragon fruit.
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Dragon Fruit Pharmacological Activities

Anti-hyperlipidaemic & Anti- Antioxidant Activity Hepatoprotective

obesity

Anti-ulcer Other Potential Benefits

Figure 1. Pharmacological benefits of Dragon fruit

5.1. Cholesterol Management

Dragon fruit has shown potential in helping to manage cholesterol levels, which is crucial for cardiovascular health.

5.1.1. Lipid Profile Inprovement

Several studies have indicated that regular consumption of dragon fruit may help improve lipid profiles:

1.

LDL Cholesterol Reduction: A study on type 2 diabetic subjects found that consuming dragon fruit led to a significant
decrease in LDL (low-density lipoprotein) cholesterol, often referred to as "bad" cholesterol [51].

HDL Cholesterol Increase: The same study observed an increase in HDL (high-density lipoprotein) cholesterol, known as
"good" cholesterol, which helps remove other forms of cholesterol from the bloodstream [52].

Triglyceride Reduction: Some research has suggested that dragon fruit consumption may help lower triglyceride levels,
another important factor in cardiovascular health [53].

5.1.2. Mechanisms of Action

The cholesterol-lowering effects of dragon fruit may be attributed to several factors:

1.

Fiber Content: The high fiber content of dragon fruit can help bind to cholesterol in the digestive system, preventing its
absorption.

Plant Sterols: Dragon fruit seeds contain plant sterols, which can compete with cholesterol for absorption in the intestines,
potentially lowering blood cholesterol levels.

Antioxidants: The antioxidants in dragon fruit, particularly betalains, may help prevent the oxidation of LDL cholesterol,
a process that contributes to atherosclerosis [54].

While these results are promising, more extensive human trials are needed to conclusively establish the cholesterol-managing effects
of dragon fruit and determine optimal consumption levels for these benefits.

5.2. Immune System Enhancement

Dragon fruit contains several nutrients that play important roles in supporting and enhancing the immune system.
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5.2.1. Vitamin C

Dragon fruit is a good source of vitamin C, an essential nutrient for immune function. Vitamin C contributes to immune defense

by:
1. Supporting cellular functions of both the innate and adaptive immune system.
2. Promoting oxidant scavenging activity of the skin, potentially protecting against environmental oxidative stress.
3. Enhancing epithelial barrier function against pathogens [55].

5.2.2. Other Immune-Boosting Nutrients

1. Vitamin B Complex: B vitamins found in dragon fruit, including B1, B2, and B3, play roles in cell functioning, energy
metabolism, and immune response.

2. Minerals: Dragon fruit contains minerals like iron and zinc, which are crucial for normal development and functioning of
cells mediating innate and adaptive immunity [56].

5.2.3. Antioxidants and Immune Function

The various antioxidants in dragon fruit, including flavonoids and betalains, may help protect immune cells from oxidative stress,
potentially enhancing overall immune function [57].

While these nutritional components suggest potential immune-boosting properties, more research is needed to determine the
specific effects of dragon fruit consumption on immune function in humans.

5.3. Digestive Health and Diabetes Management

Dragon fruit has shown promise in promoting digestive health and potentially aiding in diabetes management.

5.3.1. Digestive Health

1. Fiber Content: The high fiber content of dragon fruit promotes digestive health by supporting regular bowel movements
and preventing constipation.

2. Prebiotics: Dragon fruit contains oligosacchatides that act as prebiotics, promoting the growth of beneficial gut bacteria.
This can contribute to improved digestion and overall gut health [58].

3. Digestive Enzymes: Some studies suggest that dragon fruit may contain enzymes that aid in digestion, although more
research is needed in this area [59].

5.3.2. Diabetes Management

Several studies have investigated the potential of dragon fruit in diabetes management:

1. Blood Glucose Regulation: A study on pre-diabetics found that regular consumption of red dragon fruit led to a reduction
in fasting blood glucose levels [60].

2. Insulin Resistance: Some research suggests that dragon fruit may help improve insulin resistance, a key factor in type 2
diabetes [61].

3. Antioxidant Effects: The antioxidants in dragon fruit may help combat oxidative stress, which is often elevated in diabetic
individuals and contributes to complications of the disease [62].

5.3.3. Mechanisms of Action

The potential benefits for diabetes management may be due to several factors:
1. Fiber Content: Dietary fiber can slow the absorption of sugar, helping to prevent rapid spikes in blood glucose levels.

2. Antioxidants: Compounds like betalains may help protect pancreatic cells from oxidative damage, potentially preserving
insulin-producing function.
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3. Bioactive Compounds: Some compounds in dragon fruit may have direct effects on glucose metabolism, although more
research is needed to elucidate these mechanisms [63].

While these results are promising, larger and longer-term human studies are needed to fully understand the potential role of dragon
fruit in diabetes management.

5.4. Antioxidant Properties and Cancer Prevention

Dragon fruit is rich in antioxidants, which play a crucial role in protecting cells from oxidative stress and may contribute to cancer
prevention.

5.4.1. Antioxidant Profile

Dragon fruit contains various types of antioxidants:
1. Betalains: These pigments, particularly abundant in red-fleshed varieties, have shown strong antioxidant activity.

2. Flavonoids: Including quercetin, kaempferol, and isorhamnetin, these compounds contribute to the fruit's antioxidant
capacity.

3. Vitamin C: A well-known antioxidant that can neutralize free radicals and regenerate other antioxidants in the body.
4. Phenolic Compounds: Various phenolic acids in dragon fruit contribute to its overall antioxidant activity [64].

5.4.2. Antioxidant Activity

Studies have shown that dragon fruit extracts exhibit significant antioxidant activity in vitro:
1. Free Radical Scavenging: Dragon fruit extracts have demonstrated the ability to neutralize various types of free radicals.

2. Metal Chelation: Some compounds in dragon fruit can bind to metal ions, preventing them from participating in reactions
that generate free radicals [65].

5.4.3. Potential Cancer Prevention
While direct studies on dragon fruit and cancer prevention in humans are limited, the fruit's antioxidant properties suggest potential
cancer-preventive effects:

1. DNA Protection: Antioxidants can help protect DNA from oxidative damage, a process implicated in cancer initiation.

2. Cell Signaling: Some compounds in dragon fruit may influence cell signaling pathways involved in cancer development
and progression.

3. Anti-inflammatory Effects: The anti-inflammatory properties of dragon fruit components may contribute to cancer
prevention, as chronic inflammation is a risk factor for various types of cancer [66].

In vitro studies have shown promising results:

1. A study on B-cell lymphoma cells found that dragon fruit extract induced apoptosis (programmed cell death) in these
cancer cells [67].

2. Another study suggested that dragon fruit peel extract had antiproliferative effects on breast cancer cells [68].

However, it's important to note that these ate preliminary findings from laboratory studies. The effects observed in cell cultures or
animal models may not directly translate to human cancer prevention. More research, particularly long-term human studies, is
needed to establish the role of dragon fruit in cancer prevention conclusively.

While the potential health benefits of dragon fruit are promising, it's important to remember that no single food can prevent or cure
diseases. Dragon fruit should be considered as part of a balanced, varied diet rich in fruits, vegetables, and other plant-based foods.
As research continues, we may gain a more comprehensive understanding of how dragon fruit and its components contribute to
human health and disease prevention.
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6. Pharmacological Activities of Dragon Fruit

Dragon fruit, also known as pitaya, has been the subject of numerous studies investigating its potential pharmacological activities.
These studies have explored various extracts and components of the fruit, including its pulp, peel, and seeds, in both in vitro and in
vivo models. The following sections provide an overview of the current understanding of dragon fruit's pharmacological activities,

highlighting its potential therapeutic applications.

6.1. Anti-hyperlipidaemic and Anti-obesity Effects

Dragon fruit has shown promising results in managing lipid profiles and potentially combating obesity, making it an interesting
subject for cardiovascular and metabolic health research.

6.1.1. Anti-hyperlipidaemic Effects

Several studies have demonstrated the ability of dragon fruit to positively influence lipid profiles:

1. Cholesterol Reduction: A study on high-fat diet-induced rats found that dragon fruit supplementation significantly reduced
total cholesterol and LDL-cholesterol levels [69].

2. Triglyceride Lowering: The same study observed a decrease in triglyceride levels in rats fed with dragon fruit extract [70].

3. HDL-cholesterol Increase: Some research has indicated that dragon fruit consumption may lead to an increase in HDL-
cholesterol levels, which is associated with improved cardiovascular health [71].

6.1.2. Mechanisms of Action

The anti-hypetlipidaemic effects of dragon fruit may be attributed to several factors:

1. Fiber Content: The high fiber content in dragon fruit can interfere with cholesterol absorption in the gut and increase its
excretion.

2. Antioxidants: Compounds like betalains and phenolics may help prevent LDL oxidation, a key step in the development of
atherosclerosis.

3. Enzyme Modulation: Some studies suggest that dragon fruit components may influence enzymes involved in lipid
metabolism, such as HMG-CoA reductase [72].

6.1.3. Anti-obesity Effects

While research in this area is still limited, some studies have suggested potential anti-obesity effects of dragon fruit:

1. Weight Gain Prevention: A study on high-fat diet-induced obese rats found that dragon fruit supplementation helped
prevent excessive weight gain [73].

2. Fat Accumulation Reduction: The same study observed reduced visceral fat accumulation in rats fed with dragon fruit
extract.

3. Metabolic Improvement: Dragon fruit supplementation was associated with improved insulin sensitivity and glucose
tolerance in obese rat models [74].

6.1.4. Potential Mechanisms
The anti-obesity effects may be related to several factors:
1. Fiber Content: The high fiber content can promote satiety and reduce overall calorie intake.

2. Prebiotic Effects: Dragon fruit's oligosaccharides may positively influence gut microbiota, which is increasingly recognized
as a factor in obesity and metabolism.

3. Antioxidant and Anti-inflammatory Effects: These properties may help combat the chronic low-grade inflammation
associated with obesity [75].
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While these results are promising, more extensive human studies are needed to confirm these effects and establish optimal
consumption levels for anti-hyperlipidaemic and anti-obesity benefits.

6.2. Antioxidant Activity

One of the most well-studied pharmacological activities of dragon fruit is its antioxidant capacity. The fruit's rich content of various
antioxidant compounds contributes to its potential health benefits.

6.2.1. In Vitro Antioxidant Activity

Numerous studies have demonstrated the strong antioxidant activity of dragon fruit extracts in various in vitro assays:

1. DPPH Radical Scavenging: Dragon fruit extracts have shown significant ability to neutralize DPPH (2,2-diphenyl-1-
picrylhydrazyl) radicals, a common measure of antioxidant capacity [76].

2. ABTS Radical Scavenging: Studies have also demonstrated the fruit's ability to scavenge ABTS (2,2"-azino-bis(3-
ethylbenzothiazoline-6-sulphonic acid)) radicals [77].

3. Ferric Reducing Antioxidant Power (FRAP): Dragon fruit extracts have exhibited strong ferric reducing ability, another
indicator of antioxidant potential [78].

4. Metal Chelation: Some studies have shown that dragon fruit components can chelate metal ions, preventing them from
participating in pro-oxidant reactions [79].

6.2.2. In Vivo Antioxidant Effects

Animal studies have provided evidence for the in vivo antioxidant effects of dragon fruit:

1. Oxidative Stress Reduction: Studies in various animal models have shown that dragon fruit supplementation can reduce
markers of oxidative stress in the blood and tissues [80].

2. Antioxidant Enzyme Enhancement: Dragon fruit consumption has been associated with increased activity of antioxidant
enzymes like superoxide dismutase (SOD) and catalase in animal models [81].

3. Lipid Peroxidation Inhibition: Some studies have observed reduced levels of malondialdehyde (MDA), a marker of lipid
peroxidation, in animals supplemented with dragon fruit [82].

6.3. Mechanisms and Active Compounds

The antioxidant activity of dragon fruit is attributed to various bioactive compounds:

1. Betalains: These pigments, particularly abundant in red-fleshed varieties, are potent antioxidants and free radical
scavengers.

2. Phenolic Compounds: Various phenolic acids and flavonoids in dragon fruit contribute to its antioxidant capacity.
3. Vitamin C: As a well-known antioxidant, vitamin C in dragon fruit contributes to its overall antioxidant activity.

4. Oligosaccharides: Some studies suggest that the prebiotic oligosaccharides in dragon fruit may indirectly contribute to
antioxidant status by promoting beneficial gut bacteria [83].

The strong antioxidant activity of dragon fruit underlies many of its potential health benefits, including its anti-inflammatory,
cardioprotective, and potentially anti-cancer effects.
6.4. Hepatoprotective Properties

Dragon fruit has shown promise in protecting the liver from various forms of damage, suggesting potential applications in liver
health and disease prevention.

6.4.1. Protective Effects Against Liver Damage

Several studies have investigated the hepatoprotective effects of dragon fruit:
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Chemical-Induced Liver Damage: A study on rats found that dragon fruit extract protected against carbon tetrachloride-
induced liver damage, as evidenced by reduced levels of liver enzymes and improved histopathological findings [84].

Alcohol-Induced Liver Injury: Another study suggested that dragon fruit extract could mitigate alcohol-induced liver
damage in mice, potentially through its antioxidant and anti-inflammatory properties [85].

Non-Alcoholic Fatty Liver Disease (NAFLD): Some research has indicated that dragon fruit consumption may help
prevent or alleviate NAFLD, possibly due to its effects on lipid metabolism and oxidative stress [86].

6.4.2. Mechanisms of Hepatoprotection

The liver-protective effects of dragon fruit may be attributed to several mechanisms:

1.

Antioxidant Activity: The fruit's potent antioxidants can help neutralize free radicals and reduce oxidative stress in the
liver.

Anti-inflammatory Effects: Dragon fruit components may help modulate inflammatory responses in the liver.

Lipid Metabolism Regulation: The fruit's effects on lipid metabolism may contribute to its potential benefits in fatty liver
conditions.

Enzyme Modulation: Some studies suggest that dragon fruit may influence the activity of liver enzymes involved in
detoxification processes [87].

While these results are promising, more research, particularly human clinical trials, is needed to fully establish the hepatoprotective
effects of dragon fruit and its potential applications in liver health.

Table 2. Summary of Pharmacological Activities of Dragon Fruit

Pharmacological Activity | Key Findings

Anti-hyperlipidaemic Reduction in total cholesterol, LDI-cholesterol, and triglycerides; increase in HDL-cholesterol
Anti-obesity Prevention of excessive weight gain, reduction in visceral fat accumulation

Antioxidant Strong free radical scavenging activity, enhancement of antioxidant enzymes

Hepatoprotective Protection against chemical-induced and alcohol-induced liver damage

Anti-ulcer Prevention of gastric ulcer formation, enhancement of gastric mucus barrier

Anti-diabetic Improvement in insulin sensitivity and glucose metabolism

Antimicrobial Potential activity against various pathogens

Cardiovascular protection | Potential anti-hypertensive effects, improvement in lipid profiles

6.5. Anti-ulcer Activity

Dragon fruit has demonstrated potential anti-ulcer properties, which could be beneficial in preventing and managing gastrointestinal

ulcers.

6.5.1. Gastric Ulcer Protection

Studies have investigated the effects of dragon fruit on gastric ulcers:

1.

Ulcer Prevention: A study on rats found that pretreatment with dragon fruit extract significantly reduced the formation of
ethanol-induced gastric ulcers [88].
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2. Ulcer Healing: Some research has suggested that dragon fruit may also promote the healing of existing ulcers, possibly due
to its antioxidant and anti-inflammatory properties [89].
6.5.2. Mechanisms of Anti-ulcer Activity
Several mechanisms may contribute to the anti-ulcer effects of dragon fruit:

1. Mucus Protection: Dragon fruit extract has been shown to enhance the gastric mucus barrier, which protects the stomach
lining from acidic digestive juices.

2. Antioxidant Effects: The fruit's antioxidants may help protect gastric tissues from oxidative damage, a factor in ulcer
formation.

3. Anti-inflammatory Properties: By reducing inflammation in the gastric mucosa, dragon fruit may help prevent and heal
ulcers.

4. H. pylori Inhibition: Some studies suggest that dragon fruit components may have antimicrobial effects against
Helicobacter pylori, a major cause of gastric ulcers [90].

While these findings are promising, more research is needed to fully understand the anti-ulcer potential of dragon fruit and its
possible applications in human gastrointestinal health.

6.6. Other Potential Therapeutic Applications

Beyond the aforementioned activities, dragon fruit has shown potential in several other therapeutic areas:

1. Anti-diabetic Effects: Studies have suggested that dragon fruit may help improve insulin sensitivity and glucose
metabolism, potentially beneficial in diabetes management [91].

2. Antimicrobial Activity: Some research has indicated that dragon fruit extracts may have antimicrobial properties against
various pathogens [92].

3. Neuroprotective Effects: Preliminary studies suggest potential neuroprotective effects, possibly due to the fruit's
antioxidant and anti-inflammatory properties [93].

4. Wound Healing: Some research has explored the potential of dragon fruit extracts in promoting wound healing [94].

5. Cardiovascular Protection: Beyond its effects on lipid profiles, dragon fruit may have other cardiovascular benefits,
including potential anti-hypertensive effects [95].

7. Conclusion

Dragon fruit exhibits promising pharmacological activities, including anti-hypetlipidaemic, antioxidant, hepatoprotective, and anti-
ulcer effects. Its rich nutritional profile contributes to potential benefits in metabolic health, cardiovascular protection, and diabetes
management. While initial studies are encouraging, more extensive human clinical trials are needed to confirm these effects and
establish optimal consumption guidelines. As research progresses, dragon fruit may emerge as a valuable functional food, potentially
contributing to the prevention and management of various health conditions. However, it should be considered as a complement
to, not a replacement for, conventional medical treatments and a balanced diet.
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