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Abstract Ornamental aquaculture represents a multibillion-dollar global market based on the trade of
aquatic organisms and products related to their breeding and maintenance. In this context, ornamental fish
stand out due to their high economic and zootechnical relevance. The commercial value of ornamental fish
is directly linked to their phenotypic characteristics, particularly skin colouration. However, a frequent
reduction in pigmentation intensity is observed when fish are kept in culture or aquarium systems. As a
strategy to mitigate this effect, dietary supplementation with natural additives has shown promise. Among
these, natural pigments are relevant, especially anthocyanin compounds, which, in addition to affecting
colouration, also promote physiological benefits to organisms, acting as antioxidants and metabolic
modulators. Microencapsulation emerges as a technique to preserve the stability of these pigments against
external environmental factors. This review addresses the use of bioactive compounds in aquaculture, the
blackberry fruit (Rubus spp.) and the purple sweet potato tuber ([pomoea batatas (L.)), the influence of
anthocyanins on fish colouration, and the microencapsulation technique for natural anthocyanin pigments.
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Introduction

Industrial aquaculture is a growing segment of agribusiness and is part of a chain that, in addition to the
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production of aquatic organisms, involves issues of sustainability, water and human resources, investment,
biosafety, and health (Marques et al. 2020). In developing countries, aquaculture plays an important role in
food and nutritional security, income generation, and promoting local biodiversity, and preserving cultural
traditions (Vissio et al. 2021).

Aquaculture encompasses all forms of aquatic organism farming, producing animals or plants in fresh,
brackish, and/or marine (FAO 2015; Chiquito-Contreras et al. 2022). It also encompasses individual, corpo-
rate, or state ownership, in contrast to capture fisheries, where aquatic organisms are exploited as a common
property source (Rana 1997; Brugere et al. 2023). Among the production, ornamental aquaculture has been
gaining prominence, especially fish farming.

According to Valenti et al. (2021), more than 250 species of ornamental fish, invertebrates, and aquat-
ic plants have been cultivated in Brazil. The ornamental freshwater fish farming is particularly prominent
in the country’s Southeast region, centered in the states of Sdo Paulo and Minas Gerais. The production
of more than 100 species has been reported in recent decades, fishe specimens that come from the Ama-
zon basin and Asia, with millions of specimens sold annually in the domestic market. Among the species
produced are the angelfish (Pterophyllum scalare), discus (Symphysodon aequifasciatus), betta (Betta
splendens), kinguio (Carassius auratus), nishikigoi or koi carp (Cyprinus carpio), and guppy (Poecilia
reticulata).

The demand for ornamental fish has been growing, as it is part of an expanding economic activity. In
general, the value of commercialized fish increases according to their morphology and colouration. There-
fore, the development of techniques for the production and maintenance of these fish is essential. Key
techniques in this context include nutritional supplementation (such as the supply of carotenoids), stocking
density control, and the maintenance of adequate environmental parameters (Kaur and Shah 2017; Rashid-
ian et al. 2021; Lau et al. 2023), among others.

In this context, the inclusion of food additives in the diet of ornamental fish can reduce costs, promote
welfare responses, decrease oxidative activity, alter colouration, and improve fish growth and health (Vane-
gas-Espinoza et al. 2019; Rashidian et al. 2021; Rekha et al. 2024). Among the various food additives, natu-
ral dyes stand out, which can act directly on chromatophores, playing a fundamental role in the dynamics of
fish colouration and altering the colour pattern displayed (Scardua et al. 2024). Among these natural dyes,
anthocyanin pigments stand out for their ability to stimulate colouration and, possibly, promote the health
and well-being of ornamental fish.

The main source of widely used fish skin pigmentation is carotenoids. However, anthocyanins, in addi-
tion to their beneficial effects on the health and nutrition of humans and animals, are also used to improve
fish colouration (Monika et al. 2019; Linh et al. 2022). Among the natural sources of anthocyanins, the
blackberry fruit (Rubus spp.) (Zielinski et al. 2015; Memete et al. 2023) and the purple sweet potato tuber
(Ilpomoea batatas (L.)) stands out (Li et al. 2019; de Barros et al. 2024b).

To increase the effectiveness of anthocyanin pigments in fish organisms, one alternative is the microen-
capsulation of these compounds. This technique is widely used to protect the bioactive compounds present
in natural dyes, ensuring greater stability and bioavailability. However, despite its potential, there are still
few references on the application of anthocyanin microencapsulation in diets for ornamental fish, as high-
lighted by Sukardi et al. (2018) and Vanegas-Espinoza et al. (2019).

Bioactive compounds used in ornamental fish feed

In Brazil, the regulation of the use of additives for animal feed is carried out by Normative Instructions
N°. 13 of November 30, 2004, and N°. 3 January 25, 2021, of the Ministry of Agriculture and Livestock
(MAPA). Defining additives as any substance, microorganism, or formulated product, intentionally added
to products and/or diet, which are not normally used as ingredients, but which improve or affect the char-
acteristics of the products and/or animal performance (Diario Oficial Da Unido, IN n° 3 de 25/01/2021; IN
n°13 de 30/11/2004).

The use of additives in aquaculture has been highlighted for promoting a series of advantages, such as
increased productivity, improved diet palatability, reduced mortality, strengthened immunity, and optimized
feed conversion (Porto et al. 2020; Cardoso et al. 2021). In ornamental aquaculture, in addition to the bene-
fits already mentioned, additives are widely used to improve the morphological appearance of fish, with an
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emphasis on intensifying colouration, a crucial factor for the commercial value of these species (Honorato
et al. 2021; Singh et al. 2021; Lau et al. 2023).

Table 1 presents the studies on the use of bioactive compounds, microencapsulation techniques, and the
main findings in ornamental aquaculture, as presented in this article.

In a study by Ebeneezar et al. (2020), experimental diets were supplemented with natural oleoresin
pigments from paprika, turmeric, chlorophyll, and their combinations at a concentration of 20 g.kg™' to
increase skin pigmentation in clownfish (Amphiprion ocellaris). After 60 days of supplementation, the
additives affected the intensity of skin colour for shades of red and yellow, with paprika oleoresin being
considered superior. In addition to colouration, the parameters of final body weight, specific growth rate,
percentage of weight gain, and feed efficiency were also affected by the additives, in which the diet with the
combinations stood out, followed by the diet containing paprika.

Using the hydroalcoholic extract of jabuticaba (Plinia cauliflora) peel (HEJ) in Betta splendens diets,
the effects on antioxidant activity, growth index, and colouration were evaluated. Diets supplemented with
HEJ at concentrations of 0.5, 1, 1.5, and 2 g.kg™! were provided, in addition to a control group. After 21 days
of supplementation, a reduction in superoxide dismutase activity was observed in the skin of the groups fed
with 1.5 and 2 g.kg"' of HEJ compared to the others. In addition, there was an increase in feed conversion
efficiency and an increase in the brightness of the fish colouration. It was concluded that supplementation
with 2 g.kg! of hydroalcoholic extract of jabuticaba peel (HEJ) provides an antioxidant effect, reflected in

Table 1 Studies on the use of bioactive compounds and microencapsulation in ornamental fish farming

Topic / Bioactive compound

Source / Additive

Species of fish

Main findings

Reference

Pigments Sources of Carotenoids

Anthocyanin Sources

Non-Conventional Sources
(Aquatic Plants)

Microencapsulation Technique

Natural Carotenoids (beet, carrot,
and tomato)

Paprika, Turmeric, and Chlorophyll
Oleoresin

Co-stabilized Anthocyanin Extract
(red cabbage and beet peel)

Roselle Anthocyanins (Hibiscus
sabdariffa)

Hydroalcoholic extract of Jabuticaba
(EHJ)

Hydroalcoholic roselle extract
(HER)

Duckweed Meal (Lemna minor)
Algal Meal

(Spirulina sp. and Chlorella
vulgaris)

B-estradiol (hormones), Lysine
(amino acid), and vitamin C

Oxytetracycline

Masculinizing hormone (17-0-

methyltestosterone)

Roselle Anthocyanins (Hibiscus
sabdariffa)

Selenium (Se)

Probiotic

Koi Carp (Cyprinus carpio)

Clown fish (Amphiprion
ocellaris)

Orange sword

tail fish (Xiphophorus
helleri)

Goldfish (Carassius
auratus)

Betta (Betta splendens)

Mato-Grosso
(Hyphessobrycon eques)

Rainbow Trout
(Oncorhynchus mykiss)

Rainbow Trout
(Oncorhynchus mykiss W.)

Gilthead seabream (Sparus
aurata) and Senegal sole
(Solea senegalensis Kaup)

Zebrafish (Danio rerio) and
Goby (dsterropteryx
semipunctata)

Nile tilapia (Oreochromis
niloticus)

Goldfish (Carassius
auratus)

Nile tilapia (Oreochromis
niloticus)

Nile tilapia (Oreochromis
niloticus)

Improved growth and colouration;
mixture of sources was more effective.
Higher intensity of red and yellow;
improved zootechnical performance.

Intense red colouration; viability as a
pigment source.

Improved growth and colouration.

Increase in blue colouration
brightness; antioxidant effect.
Enhanced red pigmentation; better
zootechnical and enzymatic
parameters.

Reported as a sustainable source of
proteins and carotenoids.

50% substitution of fishmeal enhanced
growth performance and histological
indices.

Protein-based microcapsules;
Findings demonstrate the feasibility of
these microencapsulated particles.
Lipid-based spray-dried
microcapsules;

The method effectively enabled
antibiotic administration.
Spray-dried micro-bound or
microencapsulated diets, with or
without coating material;

The technique was successfully
applied to achieve sex reversal;
Microencapsulated anthocyanins;
The method proved effective in
supplying pigments.
Selenium-loaded chitosan
nanoparticles;

The method effectively delivered
selenium, improving growth
performance, feed utilization,
oxidative status, and antioxidant
response.

Microencapsulated probiotics;

The technique enhanced production
performance and health indicators,
confirming immunomodulatory
probiotic effects.

Maiti et al. (2017)

Ebeneezar et al. (2020)

Monika et al. (2019)

Vanegas-Espinoza et al.
(2019)
Franca et al. (2022)

Cruz et al. (2023)

Fiordelmondo et al.
(2022)

Velichkova et al. (2024)

Yufera et al. (2003)

Temple and Langdon
(2009)

Honorato et al. (2012)

Vanegas-Espinoza et al.

(2019)

Araujo et al. (2021)

de Moraes et al. (2022)

*Note: Some included studies use model species or commercial aquaculture species to demonstrate the effectiveness of principles and techniques that are
directly applicable to ornamental aquaculture.
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a greater brightness of the colouration of blue Betta splendens (Franga et al. 2022).

In the study carried out by Maiti et al. (2017) with koi carp (Cyprinus carpio), a 45-day feeding trial was
conducted to evaluate the improvement in colouration and growth parameters. The diets were supplement-
ed with 1% natural carotenoids, obtained from beet root powder, carrot peel powder, tomato peel powder,
and a mixture of these ingredients (mix), totalling five experimental diets. The study demonstrated that
natural carotenoids were effective in improving growth and colour parameters with the inclusion of 1% in
the diet. However, among all the diets tested, the mixture of natural carotenoids was the most effective in
increasing growth parameters and intensifying the skin colour of koi carp.

Cruz et al. (2023) evaluated the effects of including the hydroalcoholic extract of rosella (Hibiscus sab-
dariffa) in the diets of the Mato Grosso fish (Hyphessobrycon eques). Diets supplemented with hydroalco-
holic extract of rosella (HER) at concentrations of 0.12, 0.25, and 0.50 mg of HER/kg of feed were tested, in
addition to a control group. The results demonstrated that the inclusion of 0.25 and 0.50 HER/kg promoted
improvements in zootechnical indices, standard length, and feed efficiency. Regarding colouration, the fish
showed changes in chroma (shades of green and red), with a tendency towards an increase in the red hue.
Furthermore, the use of 0.25 and 0.50 mg of HER/kg resulted in a reduction in the activity of the enzymes
alanine aminotransferase (ALT) and aspartate aminotransferase (AST), while there was an increase in cata-
lase activity at higher concentrations of the extract. Thus, the hydroalcoholic extract of rosella proved to be
effective in feeding the Mato Grosso fish at a concentration of 0.50 mg of HER/kg.

It is important to highlight that aquatic plants, natural components of the ecosystems where ornamental
species originate, represent a sustainable and still underutilized source of bioactive compounds (Omweno et
al. 2024; Sumana et al. 2025). Species such as duckweed (Lemna minor) (Fiordelmondo et al. 2022), mac-
roalgae and microalgae (e.g., Spirulina and Chlorella) (Ringe et al. 2025; Nahavandi and Razmi 2025) are
rich in proteins, lipids, minerals, carotenoids, antioxidants, B-carotene, xanthophyll, and polysaccharides
(Fiordelmondo et al. 2022; Ringg et al. 2025; Nahavandi and Razmi 2025). The inclusion of these resources
in feeds can fill a significant gap in ornamental fish nutrition, offering a natural and low-cost alternative to
conventional synthetic additives.

Velichkova et al. (2024), aiming to reduce the use of fishmeal in rainbow trout (Oncorhynchus mykiss
W.) feeds, investigated the partial and total replacement of fishmeal with an algae meal composed of Spiru-
lina sp. and Chlorella vulgaris. The study aimed to evaluate the effects of 50% and 100% replacement rates
on fish growth, histological parameters, and fillet quality. At the end of the experimental period, the replace-
ments positively influenced hydrochemical parameters. The highest average live weight was measured in
rainbow trout fed a diet containing 50% algae meal. In this same group, hepatocytes exhibited larger fat
droplets, and their nuclei were located in the peripheral zone of the cells. Furthermore, replacing fishmeal
with 50% algae meal in the feed resulted in a 36.44% reduction in the lipid content of rainbow trout fillets
compared to the control fish. It is concluded that a diet with 50% algae meal is sufficient to improve the
values of the histological structures studied in the fish intestines.

Therefore, it is possible to verify that several additives added to the diet of ornamental fish are effec-
tive in positively altering zootechnical parameters, skin colour, feed efficiency, antioxidants, and digestive
enzymes.

Rubus spp.

Blackberries (Rubus spp.) belong to the large group of plants in the genus Rubus. This genus belongs to
the Rosaceae family, which is of great importance for Brazilian fruit growing (Facchinello et al. 1994;
Daubeny 1996; Antunes 2002, 2006; Jacques and Zambiazi 2011; Vizzotto et al. 2012; Martins et al. 2023).
This fruit species has an erect or creeping habit, producing aggregated fruits, which are formed by small
drupes, weighing about four to seven grams, black in colour when ripe, and with an acidic to sweet-acid
flavour. Its main commercial cultivars have thorns, which require the harvester to be very careful with
their physical integrity, as well as the quality of the fruit (Jacques and Zambiazi 2011; Vizzotto et al. 2012;
Martins et al. 2023).

The in natura blackberry is highly nutritious, containing approximately 85% water, 10% carbohydrates,
and a high amount of minerals, calcium, B vitamins, and vitamin A. It can be consumed fresh or used in
the production of processed products, such as juice, ice cream, yogurt, jams, and creamy sweets. It is a fruit
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that has been attracting the attention of producers and consumers, as it has a high content of bioactive com-
pounds in its composition (Poling 1997; Antunes 2002, 2006; Bowen-Forbes et al. 2010; Wu et al. 2010,
2021; Jacques and Zambiazi 2011; Vizzotto et al. 2012; Martins et al. 2023).

Among these bioactive compounds, blackberries contain phenolic compounds, tocopherols, ascorbic
acid, and carotenoids, which are phytochemicals with antioxidant action (Wang and Jiao 2000; Jacques
and Zambiazi 2011; Martins et al. 2023). Among fresh fruits, blackberries have the highest concentrations
of antioxidants ever studied (Jacques and Zambiazi 2011; Kaume et al. 2012; Rotili et al. 2022; Martins et
al. 2023), with a high concentration of phenolic compounds, with emphasis on the high levels of anthocy-
anins, which exceed the levels observed in strawberries (Wang and Jiao 2000; Zielinski et al. 2015; Wu et
al. 2021; Rotili et al. 2022; Martins et al. 2023). It presents antioxidant activity against superoxide radicals
(O,), hydrogen peroxide (H,0,), hydroxyl (OH), and singlet oxygen (O,) (Wang and Jiao 2000; Jacques
and Zambiazi 2011; Wu et al. 2021; Rotili et al. 2022; Martins et al. 2023) .

The presence of ellagic acid, a phenolic compound with antioxidant, antimutagenic, anticancer, and
potent inhibitor of chemical induction of cancer, has also been reported (Maas et al. 1991; Wang et al. 1995;
Antunes, 2002 2006; Jacques and Zambiazi 2011; Vizzotto and Pereira 2011; Vizzotto et al. 2012; Wu et
al. 2021; Martins et al. 2023). Blackberries also contain an abundant soluble fiber, pectin, which acts to
reduce blood cholesterol levels, preventing cardiovascular and circulatory diseases (Ness and Powles 1997,
Antunes 2002; Stoclet et al. 2004; Vizzotto and Pereira 2011; Wu et al. 2021; Martins et al. 2023).

In Brazil, the main producing state is Rio Grande do Sul. However, there is high production potential
in temperate and subtropical regions due to its adaptability and potential to achieve high productivity. It
can be implemented in the states of Sdo Paulo, Parand, Santa Catarina, and in the south of Minas Gerais.
Due to its low cost of implementation and maintenance of the orchard, but mainly due to the reduced
use of agricultural pesticides, it becomes an option for family farming, enabling the achievement of high
economic returns (Antunes 2002, 2006; Antunes and Rasseira 2004; Jacques and Zambiazi 2011; Rotili
et al. 2022).

Ipomoea batatas (L.)

Purple sweet potato ([pomoea batatas (L.)), is a creeping dicotyledonous plant, considered a perennial
herb. It is scientifically classified in Kingdom Plantae, Division Magnoliophyta, Class Magnoliopsida, Or-
der Solanales, Family Convolvulaceae, Genera: Ipomoea, and Species: potatoes (Bovell-Benjamin 2007,
Mohanraj and Sivasankar 2014; Li et al. 2019; Rosell et al. 2024).

The root is popularly known as the purple sweet potato (Fan et al. 2008; Zhang et al. 2009; Amaro et al.
2017; Sanchez et al. 2019; Im et al. 2021) or purple-fleshed sweet potato (Yoshimoto et al. 2001; Bridgers
et al. 2010; Xu et al. 2015; Rosell et al. 2024).

Purple sweet potato is rich in dietary fiber, minerals, vitamins, polysaccharides, and antioxidants such
as phenolic acids, anthocyanins, tocopherol, and B-carotene, and can be used by humans and animals (Sim-
monds 1993; Teow et al. 2007; Xu et al. 2015; Im et al. 2021; Rosell et al. 2024). It has a red-purple colour,
high anthocyanin content, high total phenol content, and high antioxidant activity (Li et al. 2019; de Barros
et al. 2024b). The purple colour of purple sweet potato is achieved due to the presence and form of antho-
cyanins (Zhao et al. 2013; de Barros et al. 2024a, b).

Li et al. (2019) reported that the functional activities of purple sweet potato anthocyanins include an-
tioxidant, antimutagenic, antitumor, and liver protection activities, where the natural edible pigment of
purple sweet potatoes is safe, non-toxic, odorless, bright in colour, and has the advantages of high-yield,
low cost, rich nutrition, better light and heat stability, and certain pharmacological effects. It also has broad
application prospects in the food, cosmetics, medicine, and aquaculture products industries.

The anthocyanin content of purple sweet potatoes is significantly higher than that of white, yellow, and
orange-fleshed sweet potatoes (Fan et al. 2008; Li et al. 2019; Wang et al. 2024). Numerous studies have
shown that the stability is dependent on several factors, including pigment structure and concentration, pH,
and temperature in the extraction process (Fan et al. 2008; de Barros et al. 2024a, b).

The chemical structure of purple sweet potato anthocyanins is mainly composed of cyanidins and peoni-
dins in the form of monoacylation and diacylation, which, due to the presence of the acylation form, makes
purple sweet potato anthocyanins more thermally stable and provides ultraviolet resistance (Li et al. 2019;
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Tang et al. 2023; Rosell et al. 2024; Wang et al. 2024).
Influence of anthocyanins on fish colouration

Fish colouration in ornamental aquaculture is one of the determining factors for consumer enthusiasm
and market demand across the planet (Sathyaruban et al. 2021; Lau et al. 2023; Scardua et al. 2024).
Colouration variation in fish is exhibited through the expression of dermal chromatophores, such as
melanophores, xanthophores, erythrophores, iridophores, leucophores, and cyanophores, which contain
different pigments. In vertebrates, the main pigments responsible for promoting colouration in the dermis
are melanins, pteridines, carotenoids, and anthocyanins. Melanin and pteridine pigments are synthesized
by animals, while carotenoids and anthocyanins are not biosynthesized by animals, therefore, dietary
carotenoids and anthocyanins in natural or synthetic forms must be added to the diet for fish to achieve
their colourations (Vanegas-Espinoza et al. 2019; Sathyaruban et al. 2021; Cruz et al. 2023; Lau et al.
2023; Scardua et al. 2024).

Anthocyanins are phytogenic bioactive compounds that are widely present in fruits, vegetables, leaves,
flowers, grains, and roots, where at least 653 anthocyanins are found in nature. They are hydrophilic pig-
ments that make up a subgroup of flavonoids. They are glycosidic forms of anthocyanidins, and their
molecule has a diphenylpropane skeleton (C6C3C6) and exhibits red, purple, or blue colour, depending on
the pH (Figure 1). Among the anthocyanins, those commonly found are cyanidin, delphinidin, and pelar-
gonidin, or their methylated derivatives, that is, malvidin, peonidin, and petunidin (Figure 2) (Mota 2006;
Zielinski et al. 2015; Linh et al. 2022; de Barros et al. 2024a; Guo and Shahidi 2024).

In our previous research, under the title “Anthocyanin extraction methods: synthesis of morpho-ana-
tomical knowledge for decision-making based on decision-tree” (de Barros et al. 2024a), Figures 1 and 2
were made for better understanding and used in this article.

Anthocyanins have a variety of beneficial effects in animals and humans, including antioxidant, an-
ti-inflammatory, antimicrobial, and anticancer activities, used for the treatment of oxidative damage in the

Vanillic Acid

Aldehyde
p-Hydroxybenzoic acid

Dihydroxybenzoic acid
impossibility of reversibility
—_—
—
possibility of reversibility
Fig. 1 Changes in anthocyanin characteristics by temperature, pH, Hydroxyl (OH), and Water (H,O). Figure from the study by De

Barros et al. (2024a). ACY-G (anthocyanin glycoside), CRB-G (Carbidol glycoside), QND-G (Khenidal glycoside), QNA-G (An-
ionic kenoidal glycoside), CCN-G (Chalcone glycoside).
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liver and hyperglycemia, and also for the prevention of cardiovascular diseases, in addition to inhibiting
the activity of free radicals and reducing inflammation and aging (Yilmaz 2019; Linh et al. 2022; [jinu et
al. 2023).

In a study carried out with orange sword tail fish (Xiphophorus helleri), the effects of dietary incorpo-
ration of co-stabilized anthocyanin pigment extract from red cabbage and biological waste from beet peel
(concentration of 400 mg.kg™') were evaluated to improve colouration and growth. The results after 45 days
of feeding indicated high-intense red colouration in the treatments supplemented with anthocyanins. No
significant variation was observed for growth parameters between treatments. The study indicated the pos-
sibility of using anthocyanin extracts as one of the biological sources of pigment to improve the colouration
of orange scabbardfish ( J. et al. 2019).

Microencapsulation of natural dyes

To increase the effectiveness of anthocyanin pigments in fish diets, one alternative is the microencapsu-
lation of these pigments. One of the main disadvantages of natural pigments is their instability, which is
influenced by environmental factors such as light, oxygen, pH, and temperature. However, an advantage is
their solubility in water, which facilitates degradation during the feeding and storage process (Zhao et al.
2008; Ozkan and Bilek 2014; Vanegas-Espinoza et al. 2019; Mohammadalinejhad and Kurek 2021; Sia et
al. 2025).

Microencapsulation in fish diets results in a lower leaching rate of feed compounds, enabling the use of
ingredients with better nutritional quality, providing better nutrition and ensuring better responses from the
animals, reducing the possibility of contamination to people handling the diet, as well as to the environment
(Honorato et al. 2012, 2016; Araujo et al. 2021; de Moraes et al. 2022).

Thus, the microencapsulation technique has been used for several years, with the aim of protecting
bioactive compounds (Vanegas-Espinoza et al. 2019; Mohammadalinejhad and Kurek 2021; de Moraes et
al. 2022), enabling the release of attractive substances, and conserving nutrients (Honorato et al. 2016; de
Moraes et al. 2022). This technique can be performed in several ways, including simple or complex coace-

B'yci= Peoﬂ"d‘“

Fig. 2 Five common types of anthocyanins. Figure from the study by De Barros et al. (2024a). These structures showed the presence
of A,”B,” C,” D,” and E’, which correspond to OH, OCH,, H, OH, and OCH,, respectively, in R1 and R2. Cyanidin is formed by the
combination of A’ and C’, while peonidin is formed by the combination of B’ and C.” Delphinidin is formed by the combination of
A’ and D’ and malvidin is formed by the combination of B’ and E.” Petunidin is formed by the combination of A’ and E. * The type
of sugar present in the anthocyanin molecule is defined by the position of R3.
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rvation, ionic gelation, spray-drying, among others (Yufera et al. 2003; Honorato et al. 2016; Mohammad-
alinejhad and Kurek 2021). Among these techniques, spray-drying is the most used in the pharmaceutical
and food industries due to its versatility and relatively low cost (Vanegas-Espinoza et al. 2019; Mohamma-
dalinejhad and Kurek 2021; de Barros et al. 2024a).

An important decision in the microencapsulation procedure is the choice of material for the microcap-
sule wall and the spray-drying conditions, which are key factors for the size, morphology, encapsulation
efficiency, and stability of the core material. Among the wall material options, maltodextrins and starches
stand out (Vanegas-Espinoza et al. 2019; de Moraes et al. 2022; Zarantoniello et al. 2024; de Barros et al.
2024b).

According to Vanegas-Espinoza et al. (2019), maltodextrin forms a good film during atomization, with
rapid crust formation around the core material, which prevents its degradation or volatilization during the
drying process. With high water solubility and low viscosity, maltodextrin has potential for application in
the aquaculture industry, especially in the microencapsulation of food additives.

Microencapsulated diets have demonstrated greater efficacy compared to microagglutinated or mashed
diets in the transport of biologically important substances, such as the hormone estradiol (Yufera et al.
2003), oxytetracycline ( Temple and Langdon 2009), testosterone (Honorato et al. 2012), selenium (Araujo
et al. 2021), and probiotics (de Moraes et al. 2022). Therefore, diets produced by this process may enable
the use of additives for ornamental aquaculture.

Conclusion

It is concluded that the use of microencapsulated blackberry or purple sweet potato anthocyanins for or-
namental fish diets presents technical and biological viability, representing a sustainable alternative for
maintaining the colouration and health of organisms in cultivation systems.
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