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Abstract

Dragon fruit, known for its vibrant color and rich nutritional profile, has gained attention as a potential
ingredient in dairy products. This review explores the various benefits of incorporating dragon fruit into
dairy products, focusing on its antioxidant, antibacterial, and sensory-enhancing properties. Dragon
fruit is rich in bioactive compounds, including antioxidants, vitamins, and anthocyanins, which can
improve the nutritional quality of dairy items, offering health benefits such as increased antioxidant
activity and enhanced immunity. The fruit’s natural colorants and flavor compounds also contribute to
the aesthetic appeal and unique taste of dairy products, enhancing consumer acceptance. Additionally,
dragon fruit has been shown to improve the texture, reduce syneresis, and maintain stability during
storage. Despite its potential, several challenges, such as the fruit's perishability, seasonal availability,
and impact on physicochemical properties like pH and texture, must be addressed for consistent use in
dairy products. Future research directions include exploring sustainable processing techniques,
optimizing storage conditions, and developing novel dairy formulations with dragon fruit. The
incorporation of dragon fruit into dairy products not only provides functional and sensory benefits but
also supports the trend of cleaner, more sustainable food products.
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1. Introduction

Innovation in dairy products is essential for meeting evolving consumer preferences and
driving market growth. It enhances the nutritional profile of products, diversifies offerings,
improves shelf life, promotes sustainability, and reduces waste. The integration of fruits into
dairy products has emerged as a significant trend in the development of functional foods,
offering both nutritional and sensory enhancements. Dairy products, such as yogurts,
cheeses, and ice creams, are enriched with fruits to improve their taste, color, aroma, and
nutritional profile, including increased fiber, vitamins, and antioxidants (Salehi, 2021;
Vosgan et al., 2016) ['-62. The addition of fruits not only enhances the sensory attributes but
also contributes to the functional properties of dairy products, such as improved texture and
stability due to the water-binding and gelling abilities of certain fruits (Salehi, 2021) [621,
Amazonian fruits, for instance, have shown great potential in expanding the nutritional and
functional profile of dairy products. These fruits, when incorporated into dairy, improve
sensory aspects and support the growth of beneficial microorganisms, thereby increasing
consumer acceptance and diversifying the dairy market (Oliveira et al., 2024) 3, Similarly,
the inclusion of fruits like persimmon in dairy products has been shown to enhance the
bioaccessibility of carotenoids, particularly when combined with whole milk, which aids in
the absorption of these beneficial compounds (Garcia-Cayuela et al., 2018) 2],

Moreover, the addition of fruits to dairy products can significantly increase the content of
bioactive compounds, which are associated with various health benefits, including
antioxidant activity and improved gut health (Prestes et al., 2021, Santo et al., 2011) [% 71,
This trend aligns with the growing consumer demand for foods that not only satisfy taste
preferences but also contribute to health and wellness. As such, the incorporation of fruits
into dairy products represents a promising avenue for the development of innovative
functional foods that cater to modern dietary needs and preferences. Extensive research has
been conducted on incorporating various fruits into dairy products to improve their
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nutritional value, enhance sensory appeal, and offer
functional health benefits. Fruits such as mango, strawberry,
blueberry, and pomegranate have been successfully added to
products like yogurt, ice cream, and milk-based beverages.
The incorporation of fruits represents a growing area of
innovation, aimed at enhancing nutritional value, sensory
appeal, and functional health benefits addressing consumer
demand for healthier and more diverse dairy offerings.
Similarly, dragon fruit, with its vibrant color, rich
antioxidants, and beneficial compounds, presents significant
potential for enhancing dairy products. This review explores
the opportunities and challenges associated with the
incorporation of dragon fruit into dairy formulations,
highlighting its nutritional impact, processing methods, and
market potential.

2. Nutritional and Functional Properties of Dragon Fruit
2.1 Chemical composition of Dragonfruit

Dragon fruit is typically grown in three varieties across
various countries. All of these varieties have a leathery
texture and slightly leafy skin. The three types include (Fig.
1) Hylocereus undatus (red-skinned with white flesh),
Hylocereus costaricensis (red-skinned with red flesh), and
Hylocereus megalanthus (yellow-skinned with white flesh)
(Hunt, 2006; Hamidah et al., 2017) (32 261,

Dragon fruit is rich in essential minerals, including
potassium, phosphorus, sodium, and magnesium, with levels
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exceeding those found in mangosteen, mango, and
pineapple. (Gunasena et al., 2007; Stintzing et al., 2003; To
et al., 1999) [23 68 71 and all sources of vitamins (Choo and
Yong, 2011). Dragon fruit serves as an excellent source of
minerals, glucose, fructose, dietary fiber, and vitamins (Rao
and Sasanka, 2015) 581,

The fresh dragon fruit comprises 82.5-83.0% moisture,
0.16-0.23% protein, 0.21-0.61% fat, and 0.7-0.9% fiber.
Every 100 grams of fresh pulp provides 6.3-8.8 mg of
calcium, 30.2-36.1 mg of phosphorus, 0.5-0.61 mg of iron,
and 8-9 mg of vitamin C (TFIDRA, 2005) . The red-
fleshed variety is particularly abundant in betalains, aligning
with the growing commercial demand for antioxidant-rich
products and natural food colorants (Perween et al., 2018)
471, The red layer of the fruit is a rich source of vitamins
such as B1, B2, B3, C, and various minerals (Le Bellec et
al., 2006) 1371, Additionally, this fruit exhibits relatively high
antioxidant activity when compared to other subtropical
fruits (Davis, 2007) 14, Dragon fruit is abundant in
nutrients, including vitamins B1, B2, B3, and C, along with
high fiber content and minerals such as calcium, iron, and
phosphorus. It contains low levels of carbohydrates and no
fats. Additionally, its seeds are composed of 50% essential
fatty acids, primarily linoleic acid and linolenic acid
(Sonawane, 2017) 671, The numerous small black seeds in
these fruits are rich in high-quality essential fatty acids
(Ortiz-Hernandez and Carrillo-Salazar, 2012) 441,

Fig 1: Varieties of Dragon Fruit with Distinct Skin and Flesh Colors

Table 1: Chemical of different varieties of Dragon fruit

Components Hylocereus undatus Hylocereus megalanthus Hylocereus costaricensis
Carbohydrate (9/100 g) 17.02 + 0.63a 15.76 + 1.05a 6.61 + 1.03a
Protein (9/100 g) 0.22 +£0.02b 0.35 £ 0.04a 0.40 £ 0.02a
Fat (9/100 g) 0.09 +0.01a 0.06 £ 0.01a 0.07 £ 0.02a
Moisture (%) 82.00 £ 0.58b 83.00 + 1.15b 91.33 £0.88a
Crude fiber (g/100 g) 0.07 £ 0.01b 0.13 + 0.02ab 0.32 £ 0.07a
Ash (g/100 g) 0.60 = 0.06b 0.70 £0.12b 1.27 £ 0.09a
Energy (Kcal/100 g) 69.74 + 2.44a 64.97 = 4.25a 28.68 + 4.07b

2.2 Bioactive components in dragon fruit

Dragon fruit is a rich source of numerous bioactive
compounds, contributing to its extensive health benefits.
The antioxidant profile of dragon fruit is primarily attributed
to its phenolic compounds, flavonoids, and anthocyanins.
The total phenolic content varies significantly among
species, with Hylocereus polyrhizus exhibiting the highest
phenolic and antioxidant potential (Chen et al., 2024;
Avrivalagan et al., 2021) & 4. These phenolic compounds act
as free radical scavengers, reducing oxidative stress

Yasmin et al., (2024) (&3]
associated with chronic diseases (Rathi et al., 2023) 581,

e Anthocyanins: Present in the peel and pulp, these
compounds, including cyanidin 3-glucoside,
delphinidin 3-glucoside, and pelargonidin 3-glucoside,
provide vibrant coloration and potent antioxidant
activity (Saenjum et al., 2021; Huang et al., 2021) [
31]

e Betacyanins: These pigments are abundant in red-
fleshed varieties and exhibit chemopreventive
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properties, making them valuable for functional food
applications (Pasko et al., 2021; Joshi & Prabhakar,
2020) [45. 3],

e Fatty Acids: The seeds contain 50% essential fatty
acids, such as linoleic acid and linolenic acid, which
contribute to cardiovascular health (Sonawane, 2017;
Ortiz-Hernandez and Carrillo-Salazar, 2012) 4,

e Flavonoids and Tannins: Flavonoids like kaempferol,
quercetin, and isoflavones are present across the fruit,
offering antioxidative and anti-inflammatory properties.
Tannins are found in two forms—hydrolyzable

(gallotannins, ellagitannins) and condensed
(proanthocyanidins, anthocyanidins) (Crane and
Balerdi, 2005) [*21,

e Phytosterols:  Compounds like  tyrosol  and
hydroxytyrosol  contribute to lipid metabolism
regulation.

e Other Bioactives: The seeds also contain epicatechin
gallate, epigallocatechin, caffeine, and gallic acid,
known for their anti-inflammatory and antioxidative

effects (Saenjum et al., 2021; Nishikito et al., 2023) [
42]

The peel of dragon fruit is rich in terpenoids, including
limonene, carvone, and lutein, as well as pigments like
betacyanin. Additionally, the fruit contains bioactive
carotenoids such as p-carotene and lycopene, further
enhancing its antioxidant profile (Hossain et al., 2021) [*],

2.3 Health benefits of dragon fruit

Dragon fruit offers a range of health benefits due to its rich

nutritional and bioactive composition.

e Probiotic Support: The pulp of dragon fruit contains
polysaccharides and mixed oligosaccharides that
promote the growth of beneficial gut bacteria like
Lactobacilli and Bifidobacteria, which aid in gut health
and inhibit harmful gastrointestinal pathogens
(Wichienchot et al., 2010; Sonawane, 2017) [0 671,

e Antioxidant Properties: The fruit's high levels of
antioxidants, including betacyanins, anthocyanins, and
flavonoids, help mitigate oxidative stress, reducing the
risk of chronic diseases like cancer and cardiovascular
issues (Patel and Ishnava, 2019; Liaotrakoon, 2013) 46
39]

e Cardiovascular Health: Dragon fruit is low in
calories, contains no cholesterol, and is rich in essential
fatty acids and antioxidants, which help regulate blood
pressure and reduce cardiovascular  problems
(Sonawane, 2017) [671,

e Immune System Support: he high vitamin C content
strengthens immunity and aids in collagen synthesis,
while other micronutrients like iron and magnesium
support overall health (TFIDRA, 2005) [,

¢ Anti-inflammatory Effects: Bioactive compounds like
gallic acid, epicatechin gallate, and quercetin exhibit
anti-inflammatory  properties, helping reduce
inflammation and related conditions (Nishikito et al.,
2023) 421,

e Cancer Prevention: Betacyanins and flavonoids in the
fruit have chemopreventive properties and can induce
cytotoxic effects on cancer cells without harming
normal cells thus reducing the risk of certain cancers
(Joshi & Prabhakar, 2020; Pasko et al., 2021) [35 451,
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This selective toxicity is vital for developing safer
cancer prevention strategies.

e Improved Gut health: Dragon fruit has been linked to
improved gut microbiota, promoting the growth of
beneficial bacteria that produce short-chain fatty acids
(SCFAs),  further enhancing  digestive  health
(Chumroenvidhayakul, 2022) [ Its bioactive
compounds also contribute to gut barrier integrity,
reducing the risk of gastrointestinal disorders
(Chumroenvidhayakul, 2022) (24,

e Improve Eye Health: Dragon fruit is a source of
carotenoids, which are known to support eye health by
reducing the risk of age-related macular degeneration
(Joshi & Prabhakar, 2020, Chatterjee et al., 2024) [35],

e Weight Management: Being low in calories and fat-
free, dragon fruit can reduce body fat and improve lipid
profiles, making it beneficial for obesity management
(Ho et al., 2024) 29,

Dragon fruit, with its diverse bioactive components and
health benefits, aligns with the consumer demand for
functional foods, making it an excellent choice for
innovative food product development.

3. Applications in Dairy Products

Dragon fruit has proven to be a versatile ingredient in
various dairy products, enhancing both sensory attributes
and nutritional profiles. For ice cream, the optimal level of
dragon fruit oligosaccharide ranges from 4.00 g/100g,
combined with stabilizers (0.20-0.46 ¢g/100g or 0.54-0.80
9/100g) and sucrose (8.00-12.00 g/100g), to achieve the best
sensory quality (Wichamanee et al., 2016)B [,
Additionally, the incorporation of 6% red dragon fruit peel
significantly improves the physical properties and sensory
acceptance of kulfi, contributing positively to its texture and
color (Waladi et al., 2015) [, In ice cream formulations, a
combination of 80-100 parts dragon fruit, 100-120 parts
yogurt, and 60-80 parts milk, along with sweeteners like
rock candy and honey, enhances both flavor and nutrition
(Zhang and Lin, 2014) 8],

For yogurt, the optimal level of dragon fruit puree has been
identified as 31.42 g, significantly improving viscosity and
acidity levels (Yankey et al., 2023) [, Furthermore, a
fortification level of 20% red dragon fruit peel extract
enhances viscosity and total acidity, while reducing pH and
syneresis (Pradana et al., 2023) 8. A 20% concentration of
dragon fruit juice has been found to maximize vitamin C
content and antioxidant properties in yogurt (Afwan et al.,
2016) [, while the best sensory properties are achieved with

a 10% red dragon fruit juice addition (Produksi et al., 2023)
[50]

In dragon fruit milk beverages, formulations typically
include 15-20 parts of dragon fruit juice combined with 10
parts of milk to ensure a balance of flavor and nutrition
(Yinsheng & Zhenlong, 2012) 4. Additionally, the
incorporation of red dragon fruit into cheese spreads has
received positive feedback, with studies indicating that a
concentration of around 40% vyields the best sensory
properties, including taste and texture (Umar et al., 2019)
[781, Lastly, (Yunianti et al., 2024) [ found that adding 35%
red dragon fruit skin to dadiah gelato results in the best
quality, enhancing color, aroma, and taste.
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4. Techniques for Incorporating Dragon Fruit into Dairy

Products

4.1 Methods for Obtaining Dragon Fruit Puree

4.1.1 Thermal Processing (TP) and High-Pressure

Processing (HPP)

e Process: This method involves heating the dragon fruit
puree at 65°C for 20 minutes.

o Benefits: It effectively maintains the phenolic content,
antioxidant activities, and color stability of the puree
(Chen et al., 2024) €1,

4.1.2. High-Pressure Processing (HPP):

e Process: Involves treating the puree at 350 MPa for 5
minutes.

e Benefits: HPP is particularly efficient in suppressing
microbial growth and reducing enzyme activities, thus
extending the shelf life of the puree beyond 60 days
(Chen et al., 2024) &,

4.1.3. Cryoconcentration

e Process: This method involves concentrating dragon
fruit juice at temperatures between -10 to -35 °C.

e Benefits: It preserves vitamins, bioactive compounds,
and nutritional ingredients effectively. The process
takes about 1.6 hours and results in a high-quality
product with a concentration efficiency of 46.6% and
minimal vitamin C loss (11.3%) (Chau et al., 2023) [,

4.1.4 Basic Fruit Pulp Preparation

Process: The process includes separating the fruit from the
peel, beating the fruit, removing seeds, and adding acid and
vitamin C. The mixture is then stirred to prepare the fruit
pulp, which can be further processed into a beverage by
adding water, heating, and incorporating colloids and
sweeteners (Nishikito et al., 2023) 2],

4.2 Methods for Obtaining Dragon Fruit Powder

4.2.1 Foam Mat Drying

e Process: Foam mat drying involves creating a foam
from dragon fruit puree using foaming agents like egg
white, followed by drying the foam at controlled
temperatures. Ethanol pretreatment and varying air
temperatures are used to optimize drying kinetics and
moisture diffusivity (Macedo et al., 2021, Altay, 2022,
Thuy et al., 2024) [40.2. 731,

e  Benefits: This method is economical and suitable for
high-viscosity products. It results in powders with good
flowability and low stickiness, maintaining the
nutritional and sensory qualities of the fruit (Macedo et
al., 2021, Altay, 2022, Thuy et al., 2024) [40.2. 73],

4.2.2 Refractance Window Drying (RWD)

e Process: RWD uses a thin layer of dragon fruit pulp
spread over a heated surface, with water as the heat
transfer medium. The process is conducted at a high
temperature of 95°C, resulting in a short drying time
(Dadhaneeya et al., 2023 Gautam et al., 2020) [23 211,

o Benefits: RWD preserves the nutritional quality,
phenolic content, and antioxidant activity of the fruit. It
also results in a better color retention compared to other
methods, making it suitable for natural colorant
production (Dadhaneeya et al., 2023 Gautam et al.,
2020) 23211,
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4.2.3 Microwave-Assisted Foam Drying

e Process: This method combines microwave energy
with foam drying, using different microwave power
levels to enhance drying kinetics. Egg white is used as a
foaming agent to stabilize the foam (Altay, 2022) [21,

e Benefits: It offers rapid drying with improved moisture
diffusion and energy efficiency. The resulting powder
has excellent flowability and low moisture content,
preserving the fruit's color and nutritional properties
(Altay, 2022) 12,

4.2.4 Spray Drying

e Process: Dragon fruit juice is mixed with drying agents
like maltodextrin and whey protein isolate, then
atomized into a hot air chamber. The process is
conducted at high temperatures to produce fine powder
particles (Lee et al., 2013, Shofinita et al., 2021) [38 64,

e Benefits: Spray drying is effective for producing heat-
sensitive powders with high yield and retention of
bioactive compounds. It is suitable for large-scale
production and results in powders with good storage
stability (Lee et al., 2013, Shofinita et al., 2021) [38. 641,

4.2.5 Drum Drying

e Process: Ground dragon fruit peel is spread on a heated
drum, where it is dried and scraped off as a powder.
The process involves steam pressure and controlled
rotation speed (Chia et al., 2015) [,

e Benefits: Drum drying enhances the antioxidant and
fiber content of the peel, making it a functional
ingredient. It is efficient for processing by-products like
peels, reducing waste (Chia et al., 2015) [,

4.2.6 Hot Air Oven Drying

e Process: Dragon fruit peel or pulp is dried in a hot air
oven at temperatures ranging from 50 °C to 70 °C. The
drying time and temperature are adjusted to optimize
the product's physicochemical properties (Rosidi et al.,
2021) B9,

e Benefits: This method is simple and cost-effective,
suitable for small-scale operations. It retains the fiber
content and antioxidant activity, although it may result
in longer drying times compared to other methods
(Rosidi et al., 2021) 59,

4.2.7 Freeze-Drying and Spray-Drying

e Process: Fresh dragon fruit pulp is freeze-dried or
spray-dried after mixing with beta-cyclodextrin (Xu et
al., 2015) 611,

e Benefits: These methods preserve the fruit's flavor and
nutrients, resulting in a product with high rehydration
ratios and dietary fiber content.

4.3 Methods for Extracting Natural Pigments from

Dragon Fruit

4.3.1 Ultrasound-Assisted Extraction (UAE)

e Process: This method involves using ultrasound waves
to enhance the extraction of phytocompounds from
dragon fruit peel. The process parameters include
ultrasonic temperature (30-70°C), solvent to solid ratio
(10:1-30:1 mL/qg), solvent concentration (30-60%), and
ultrasonic treatment time (5-25 min). The optimal
conditions were found to be 60°C, a solvent to solid
ratio of 25:1 mL/g, 60% solvent concentration, and 20
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minutes of ultrasonic treatment (Raj et al., 2020,
Carrera et al., 2021) [55%

e Benefits: UAE is efficient in extracting high levels of
total polyphenolic content, antioxidant activity, and
betacyanin content. It allows for precise control over
extraction conditions, leading to high yield and quality
of pigments (Raj et al., 2020, Carrera et al., 2021) 1559,

4.3.2 Water Extraction

e Process: This method uses water as a solvent to extract
pigments from dragon fruit peels. The extraction is
optimized at 25°C, pH 5, and a duration of 4 hours. The
pigment content is analyzed using UV-Vis spectrometry
(Sambasevam et al., 2020) &1,

e Benefits: Water extraction is eco-friendly and cost-
effective, making it a sustainable option for extracting
natural pigments. It also provides a stable pigment
extract that can be used as a natural colorant
(Sambasevam et al., 2020) [,

4.3.3 Maceration with Citric Acid

e Process: This involves soaking dragon fruit peel in a
10% citric acid solution with varying ratios (1:3, 1:6,
1:9) and maceration times (3 to 4 days). The optimal
extraction was achieved with a 1:3 ratio and 4 days of
maceration (Dewi et al., 2020) [*91,

e Benefits: This method is simple and effective for
extracting anthocyanins, providing a high yield and
stable pigment suitable for use as a natural dye (Dewi et
al., 2020) 151,

4.3.4 Microencapsulation

e Process: Pigments are extracted and then encapsulated
using maltodextrin through spray-drying or freeze-
drying techniques. This process helps in preserving the
pigments and enhancing their stability ((Hariadi et al.,
2023, Torres et al., 2020) 277,

e Benefits: Microencapsulation improves the stability
and shelf-life of the pigments, making them suitable for
various applications, including food coloring and

cosmetics ((Hariadi et al., 2023, Torres et al., 2020) 27
75].

4.4 Methods for Extracting Oil from Dragonfruit Seeds

4.4.1 Cold Extraction with Petroleum Ether

e Process: This method involves using petroleum ether as
a solvent to extract oil from the seeds of white-flesh and
red-flesh dragon fruits. The seeds are subjected to a
cold extraction process, which helps in preserving the
nutritional quality of the oil.

e Benefits: The cold extraction process is beneficial as it
retains a significant amount of essential fatty acids,
such as linoleic acid, oleic acid, and palmitic acid,
which are crucial for nutritional purposes. Additionally,
the oil extracted contains a high level of tocopherols,
particularly a-tocopherol, which contributes to its
oxidative stability and nutritional value (Liaotrakoon et
al., 2013) 9,

5. Impact on Different properties

5.1 Nutritional Enhancements

Incorporation of dragon fruit into dairy-based items
provides multiple benefits, such as improving health
benefits due to its antioxidant properties and potential
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immunomodulatory effects (Sulistyarini et al., 2024) [,
Studies show that dragon fruit not only boosts flavor and
color but also enriches the overall nutritional content of
dairy products like yogurt, ice cream, and soft candies
(Tarte et al., 2023; Yunianti et al., 2024) [85 711,

5.1.1 Protein and Fat Content

Adding dragon fruit, especially red dragon fruit, to dairy
products like goat milk-based soft candy has been shown to
significantly increase the organic matter, protein, and fat
content, particularly at higher concentrations (40% and
45%) (Sulistyowati et al., 2023) [ this enhancement
improves the nutritional value of the product, making it
more beneficial for consumers.

5.1.2 Iron Fortification

Red dragon fruit peel has also been explored for its effect
on iron content in dairy products. While it can increase
protein levels, its impact on iron levels when fortified with
Fe NaFeEDTA remains minimal (Gunawan et al., 2021) 241,
This indicates that while dragon fruit improves some aspects
of nutrition, additional ingredients or methods may be
required to achieve significant iron fortification

5.2 Functional Properties

5.2.1 Antioxidant Activity

Dragon fruit is particularly noted for its antioxidant
properties. When incorporated into non-dairy ice cream, it
significantly increases radical scavenging activity and the
total phenolic content of the product, which suggests that it
could offer enhanced health benefits related to oxidative
stress reduction and improved immune function (Rahayu et
al., 2024) 531,

5.2.2 Color and Emulsification

Dragon fruit’s vibrant color makes it an excellent natural
colorant, improving the visual appeal of dairy products such
as ice cream and soft candy. Additionally, it acts as a natural
emulsifier, enhancing the texture and consistency of these
products (Sulistyowati et al., 2023; Rahayu et al., 2024) ['%
53]

Dragon fruit is rich in vitamins, antioxidants, and bioactive
compounds, which can substantially improve the nutritional
profile of dairy products (Tarte et al., 2023; Yunianti et al.,
2024) [ 7 |ts addition to dairy products enhances
functional properties such as antioxidant capacity and
potential immunomodulatory effects (Sulistyarini et al.,
2024) 91, Studies have demonstrated that dragon fruit can
elevate the quality and nutritional value of dairy products,
aligning with the required standards for products like
yogurt. Jayasinghe et al. (2015) B4 reported that dragon
fruit-incorporated yogurt met the Sri Lankan yogurt
standards for total solids (23.58%), solid-non-fat (SNF)
content (9.639%), and fat content (3.2%), ensuring the
product adheres to quality guidelines for texture and
consistency. This further reinforces the potential of dragon
fruit to enhance the nutritional and functional attributes of
dairy-based products.

5.3 Sensory and Organoleptic Properties

5.3.1 Taste and Texture: The addition of dragon fruit
improves sensory attributes such as taste, aroma, and
texture, making products more appealing to consumers. For
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instance, soft candy with 30% dragon fruit was preferred for
its enhanced sensory qualities (Sulistyowati et al., 2023) [,

5.3.2 Melting Properties: In ice cream, higher
concentrations of dragon fruit can alter melting rates, with a
notable impact on the product's texture and consumer
acceptance (Rahayu et al., 2024) 53,

6. Consumer Acceptance and Sensory Evaluation

Dragon fruit's incorporation into products like gelato has
shown improvements in sensory attributes, particularly in
color and taste, which are preferred by consumers (Yunianti
et al.,, 2024) ®l Hyloceregurt formulations, while well-
received in terms of smell, taste, and consistency, may
require further refinement to meet microbiological standards
(Sulistyarini et al., 2024) [69],

Adding red dragon fruit juice to yogurt significantly
improves its flavor and overall acceptance. A concentration
of 15% red dragon fruit juice was found to be optimal,
providing a pleasant taste and liked texture (Putri et al.,
2019) BU, Similarly, yogurt with 10% red dragon fruit juice
showed the best sensory properties, including aroma, color,
and taste (Siregar et al., 2023) B% The addition of red
dragon fruit to ice cream significantly enhances its sensory
qualities, such as color, aroma, texture, and taste. A 40%
concentration of dragon fruit was found to provide the best
sensory properties (Umar et al., 2019) [8],

7. Shelf-Life and Storage Stability

Dragon fruit, particularly its juice and colorants, offers
promising benefits in extending the shelf life and improving
the stability of dairy products. Several studies have
highlighted the potential of dragon fruit's antioxidant,
antibacterial, and color-preserving properties in enhancing
the longevity and quality of dairy-based items.

7.1 Antioxidant and Antibacterial Properties

Dragon fruit juice, when subjected to lacto-fermentation,
exhibits significant antibacterial activity against common
pathogens like Escherichia coli and Salmonella
Typhimurium. This fermentation process not only maintains
the juice’s antioxidant properties but also contributes to an
extended shelf life of dairy products incorporating it
(Muhialdin et al., 2020) 4, The natural antibacterial effects
of dragon fruit juice help reduce microbial spoilage, making
it a valuable ingredient for improving the shelf life of dairy
products.

7.2 Shelf-Life Extension

Fermented dragon fruit juice has been shown to extend the
shelf life of fresh juice by up to three months (Muhialdin et
al., 2020) M, This suggests its potential to enhance the
longevity of dairy products that include it as an ingredient.
By slowing down spoilage, this natural preservation method
can be effectively used in dairy items such as yogurt, ice
cream, and other dairy-based desserts.

7.3 Impact on Texture and Quality

Dragon fruit’s antioxidant and color-preserving properties
help maintain the texture and appearance of dairy products.
For example, in yogurt, the addition of red pitahaya colorant
shows minimal betacyanin loss during refrigerated storage,
with lower syneresis compared to plain yogurt. This
indicates that dragon fruit not only enhances the sensory
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qualities of dairy products but also stabilizes their texture
during storage (Gengatharan et al., 2017) [, These
properties are key in maintaining product consistency and
consumer appeal.

7.4 Storage Conditions

Controlled atmosphere storage has been shown to improve
the shelf life of dragon fruit by maintaining its acidity and
reducing color degradation. These findings suggest that
similar storage techniques could be applied to dairy products
containing dragon fruit, enhancing their stability (Ho et al.,
2021) 28 Such methods can help prevent quality
deterioration, ensuring that dairy products with dragon fruit
retain their nutritional and sensory properties over time.

7.5 Processing Methods

High-pressure processing (HPP) of dragon fruit purée is
more effective than traditional thermal pasteurization in
extending shelf life. HPP suppresses microbial growth while
maintaining the antioxidant properties of dragon fruit, which
could be particularly beneficial for dairy products
incorporating dragon fruit purée (Ismail et al., 2024) B3],
This method ensures better retention of quality and a longer
shelf life, making it an ideal option for enhancing the
stability of dragon fruit-enriched dairy products.

8. Potential Challenges and Limitations

The perishable nature of dragon fruit necessitates careful
formulation to ensure year-round availability and stability of
dairy products (Sahrwat et al., 2023) 64 Incorporating
dragon fruit can potentially improve the shelf-life of dairy
products through its antioxidant properties, although

specific studies on this aspect are limited (Tarte et al., 2023)
[85],

8.1 Physicochemical Challenges

8.1.1. Water Content and Texture: Adding dragon fruit
peels to milk products like pies can reduce water content,
making the product crisper. This change in texture might not
be desirable for all milk-based products (Rahmah et al.,
2022) B4

8.1.2 PH and Acidity: The addition of dragon fruit skin can
affect the pH and acidity levels of milk products. For
instance, in yogurt, the pH and acidity levels were not
significantly affected by the addition of skim milk, but the
viscosity increased (Arifani et al., 2023, Hafiizha et al.,
2020) B 281 In pasteurized milk, dragon fruit skin powder
can maintain pH levels for a limited time, but the
antioxidant activity decreases with prolonged storage
(Faridah et al., 2020) 9,

8.2 Nutritional and Sensory Challenges

8.2.1 Nutritional Content: The incorporation of dragon
fruit skin can increase the antioxidant and flavonoid content
in fermented milk, but it may also decrease carbohydrate
and protein content (Dianasari et al., 2020) €], The calcium
content can vary significantly depending on the formulation
(Elisanti et al., 2024) [81,

8.2.2 Sensory Attributes: The addition of dragon fruit can
alter the color, aroma, and taste of milk products. For
example, in yogurt, the addition of dragon fruit juice as a
sugar substitute resulted in a sour taste and a dark pink
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color, which may not be appealing to all consumers (Kalsum
et al., 2024) B8 Similarly, in ice cream, the addition of
dragon fruit peel affected the sensory properties, resulting in
a deep red color and a distinct flavor (Simanjuntak et al.,
2023) %1, These challenges need to be carefully addressed
to optimize the use of dragon fruit in dairy products.

9. Future trends and perspectives

The future of dragon fruit in dairy products holds exciting
potential for innovation and sustainability. One promising
direction is the integration of bioactive synergy, where the
combination of dragon fruit's antioxidants, vitamins, and
probiotics could enhance the health benefits of dairy,
promoting anti-inflammatory, antioxidant, and gut-health
properties. In tandem with this, smart packaging could be
developed to extend the shelf life of dairy products by
incorporating dragon fruit’s natural compounds, such as
betacyanins, into packaging materials, reducing the need for
preservatives and aligning with the growing demand for
sustainable packaging. Additionally, the growing interest in
personalized nutrition presents an opportunity to tailor
dragon fruit-enriched dairy products to meet specific health
needs, such as boosting immunity or aiding digestion,
creating functional foods that cater to individual health
goals. The trend of plant-based dairy alternatives could also
be explored, where dragon fruit is combined with plant-
based milks to enhance the nutritional profile, offering a
creamy, antioxidant-rich alternative for those avoiding
animal-based dairy. Another future possibility is the
development of zero-waste dairy products, where both the
flesh and peels of dragon fruit are utilized, turning the fruit’s
by-products into a valuable source of natural fiber and
prebiotics, thus reducing waste and adding nutritional value.
As consumer demand for fermented foods rises, dragon fruit
could find its place in fermented dairy beverages, like kefir
and lassi, combining its flavor and health benefits with
probiotics. Moreover, the integration of Al and machine
learning into product development could revolutionize how
dragon fruit and dairy interact at the molecular level,
enabling the creation of optimized products that match
evolving consumer preferences. Lastly, dragon fruit’s
potential as a natural gelling agent in products like yogurt
and pudding offers a clean-label, plant-based alternative to
artificial thickeners, further enhancing the appeal of dragon
fruit-infused dairy. These trends point to a future where
dragon fruit not only enriches the sensory and nutritional
profiles of dairy but also supports sustainability and
innovation in the food industry.

10. Conclusion

Incorporating dragon fruit into dairy products presents a
promising frontier for both nutritional and functional
enhancements. The fruit's rich profile of antioxidants,
vitamins, and bioactive compounds, such as betacyanins,
has the potential to significantly improve the health benefits
of dairy products, contributing to better antioxidant activity,
enhanced immunity, and overall health. Dragon fruit also
offers unique sensory attributes, including vibrant color and
distinct flavor, which can positively influence consumer
preference, especially in products like yogurt, ice cream,
and beverages. Furthermore, its incorporation into dairy
products can improve texture, reduce syneresis, and
maintain product stability during storage, thanks to its
natural preservatives and fermentation potential.

https://www.biochemjournal.com

However, the successful integration of dragon fruit into
dairy products does not come without challenges. The
perishable nature of the fruit, along with seasonality and
microbiological safety concerns, presents hurdles for its
consistent year-round use. Additionally, physicochemical
changes such as alterations in pH, acidity, and texture can
affect the final product's quality and consumer acceptance.
Despite  these challenges, continued research and
development in processing methods, storage conditions, and
product formulations hold the key to overcoming these
obstacles.

Looking ahead, future research could explore innovative
applications, such as the use of dragon fruit as a natural
colorant and emulsifier, its role in personalized nutrition,
and its potential in plant-based dairy alternatives. The
sustainability aspect also stands out, with opportunities to
minimize waste by utilizing dragon fruit’s peels and other
by-products. With ongoing advancements, dragon fruit is
poised to become a staple in the dairy industry, offering
consumers a healthier, more sustainable alternative while
diversifying the range of dairy products available on the
market.
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