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Purpose of the study: The purpose of this study is to examine the effect of
roselle (Hibiscus sabdariffa) supplementation on the performance of
ornamental fish, including growth rate, survival rate, feed intake, and body
pigmentation, through a systematic review of national and international
research findings.

Methodology: This study employed a literature review method using Google
Scholar, ScienceDirect, and ResearchGate databases. Data were analyzed
descriptively using Microsoft Excel 2021. Reference validation was based on
ISSN and DOI verification. Literature selection, classification, and data
extraction were performed systematically following PRISMA guidelines to
ensure research reliability.

Main Findings: The main findings show that Roselle (Hibiscus sabdariffa)
contains bioactive compounds such as anthocyanins, flavonoids, and vitamin C
that enhance fish health and immunity. Supplementation improved survival
rate and feed intake but did not significantly increase color performance, as
anthocyanins are not dominant pigments for coloration compared to
carotenoids like astaxanthin and zeaxanthin.

Novelty/Originality of this study: This study provides new insight into the
potential use of Roselle (Hibiscus sabdariffa) as a natural feed additive for
ornamental fish. Unlike previous studies focused on food fish, it highlights
Roselle’s bioactive compounds in enhancing immunity and feed intake,
offering an eco-friendly alternative to synthetic additives in sustainable
aquaculture practices.
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1. INTRODUCTION

The ornamental fish industry is one of the fastest-growing sectors in global aquaculture. The demand
for ornamental fish continues to rise in line with economic growth, public interest in the hobby, and the
expansion of export markets [1], [2]. Thailand is recognized as one of the world’s leading producers and
exporters of freshwater ornamental fish, particularly species such as Betta splendens (Siamese fighting fish),
Poecilia reticulata (guppy), and Carassius auratus (goldfish) [3], [4]. This sector not only contributes
significantly to the economy but also plays an important role in improving community welfare and diversifying
aquaculture commodities.
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However, despite its great economic potential, the ornamental fish industry faces several challenges,
particularly in improving fish performance, which includes growth, stress tolerance, immunity, and body color
quality. Factors such as feed quality, environmental conditions, and the use of feed additives greatly influence
fish performance [5], [6]. The use of synthetic substances such as antibiotics and color-enhancing hormones is
still common in some areas, even though they are known to cause adverse effects on fish health, the
environment, and consumer safety [7], [8]. Therefore, more environmentally friendly and sustainable approaches
are needed to enhance ornamental fish performance, one of which is through the utilization of natural materials
derived from medicinal plants.

Herbal plants have been widely used in aquaculture as immunostimulants, antioxidants, and growth and
color enhancers. Various studies have shown that natural ingredients such as Curcuma longa (turmeric),
Azadirachta indica (neem), and Spirulina platensis can enhance the immune system, feed efficiency, and body
coloration in fish [9], [10]. The use of medicinal plants as natural additives in fish feed is considered one of the
key strategies for achieving sustainable aquaculture practices.

One of the promising herbal plants for aquaculture development is roselle (Hibiscus sabdariffa).
Roselle has been widely known in various tropical countries, including Thailand, for its rich phytochemical
content and numerous health benefits [11], [12]. Roselle contains anthocyanins, flavonoids, ascorbic acid, and
phenolic compounds with high antioxidant activity [13], [14]. These compounds play an important role in
reducing oxidative stress, strengthening the immune system, and improving metabolic processes in aquatic
organisms.

Previous studies have shown that roselle extract or powder can enhance growth, feed efficiency, and
immune responses in cultured fish such as Oreochromis niloticus (Nile tilapia) and Clarias gariepinus (African
catfish). Moreover, the anthocyanin content in roselle can serve as a natural pigment source, which has the
potential to improve the body coloration of ornamental fish an essential parameter determining their market
value [15], [16]. However, studies on the application of roselle in freshwater ornamental fish are still very
limited, particularly in Thailand. Few investigations have explored in depth the effects of roselle
supplementation on the growth performance, coloration, and immunity of ornamental fish under tropical
aquaculture conditions.

Most previous studies have focused on food fish rather than ornamental species and have primarily
emphasized growth and immunity aspects without evaluating changes in body coloration and aesthetic quality.
Furthermore, no comprehensive study in Thailand has yet examined the effects of roselle supplementation on
freshwater ornamental fish performance under controlled conditions. Scientific data regarding the optimal
dosage, physiological parameters, and antioxidant effects of roselle on ornamental fish remain limited.
Therefore, further research is needed to fill this knowledge gap.

This study is of high importance because the use of natural materials such as roselle (Hibiscus
sabdariffa) to improve the performance of freshwater ornamental fish has not been widely explored, especially
in Thailand—one of the world’s largest ornamental fish producers. The use of synthetic feed additives remains a
common practice, even though it may have negative impacts on fish health, the environment, and production
sustainability. Hence, a natural, safe, effective, and locally available alternative is needed. Roselle, rich in
bioactive compounds, has great potential as a multifunctional natural ingredient to improve the growth, survival,
and pigmentation of ornamental fish. This research is essential to provide a scientific basis for the development
of herbal-based feeds that support sustainable aquaculture practices and enhance the competitiveness of
Thailand’s ornamental fish industry in the global market. This study aims to determine the effects of roselle
(Hibiscus sabdariffa) supplementation on weight gain, survival rate, and feed consumption of ornamental fish, as
well as its influence on body pigmentation improvement.

2. RESEARCH METHOD

In this study, the method used was a literature review by collecting data from various academic sources.
The data collection process involved recording, reading, and processing research materials. Data extraction was
conducted following PRISMA 2020 guidelines, applying inclusion criteria such as experimental design, peer-
reviewed publication, and relevance to ornamental fish performance. Studies lacking DOI or ISSN validation
were excluded. Descriptive statistical analysis and synthesis were performed using Microsoft Excel 2021.

This research was conducted through a systematic and structured literature review. First, literature
related to the chemical and phytochemical composition of roselle (Hibiscus sabdariffa) applied as a
supplementation material in ornamental fish was collected. Second, the search focused on studies that evaluated
the effects of roselle compounds on ornamental fish performance. Third, both international and national research
findings were organized chronologically based on publication year, and data were extracted regarding
performance parameters such as weight gain, survival rate, feed intake, and changes in body pigmentation or
coloration. Fourth, all findings were summarized and analyzed to identify variations in methods, dosages,
outcomes, and research gaps. Fifth, based on the synthesis of the available evidence, a formulation was
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developed regarding the effectiveness of roselle compounds in enhancing ornamental fish performance. Finally,
conclusions were drawn summarizing the theoretical and practical implications, along with recommendations for
further experimental research.

The data analysis method used in this study was descriptive. To ensure the relevance of the collected
data to the research topic, a selection process was conducted. The journal articles obtained were screened,
compiled, and reviewed. The scope of data presented in the discussion table was limited to sources downloaded
exclusively from official websites. Subsequently, the collected data were categorized into patterns, themes, or
basic descriptive units. Any data unrelated to the research topic or lacking validation were excluded from the
analysis.

3.  RESULTS AND DISCUSSION

Roselle contains active compounds that can help improve fish health by enhancing the immune system,
preventing bacterial infections, and promoting color enhancement and growth. The complete composition of
roselle is presented in the following table:

Table 1. Composition of Roselle (Hibiscus sabdariffa) Petal Powder

Component Amount/100 g References
Anthocyanin 355 mg Pérez-Escalante et al. [16]
Vitamin C 2033.52 mg
Lycopene 164 pg
Ascorbic acid 11 mg
Iron 25 mg
Carotene 0.03 mg
Thiamine 0.117 mg Islam et al. [17]
Riboflavin 0.6 mg
Niacin 3.7 mg

The highest compound content in roselle (Hibiscus sabdariffa) petal powder is Vitamin C, with a
concentration of 2033.52 mg per 100 g of roselle petal powder. Vitamin C plays an essential role as a powerful
antioxidant defense system in fish. Based on results from several controlled studies and field observations,
dietary supplementation with Vitamin C above the level recommended for optimal growth has been proven
effective in providing additional protection for the fish immune system under stressful conditions [18].

Anthocyanins and carotenoids are compounds contained in roselle that are believed to influence
pigmentation in ornamental fish. Anthocyanins are natural pigments with antioxidant properties and are
commonly found in various parts of plants. They are organic compounds belonging to the flavonoid group and
are classified as polyphenolic compounds [19], [20].

Carotene is a natural pigment found in various types of plants, algae, and bacteria. This pigment is
responsible for the bright red, orange, and yellow coloration observed in many ornamental fish species.
Carotenoids are not synthesized by fish but are obtained through their diet. Several studies have investigated the
effects of carotenoid supplementation in ornamental fish. For instance, a study published in the Aquaculture
journal reported that feeding diets supplemented with carotene resulted in increased growth rate, improved
survival, and enhanced coloration [21], [22].

According to Sholichah et al. [23] and Pérez-Escalante [16], roselle (Hibiscus sabdariffa) petal powder
has an effect on the performance of ornamental fish such as goldfish (Table 2) and koi (Table 3). The
performance parameters influenced include body weight gain, survival rate, and feed intake.

Table 2. Effect of Roselle (Hibiscus sabdariffa) Concentration Variations on Goldfish (Carassius auratus)

Roselle Concentration in Feed (mg/kg)

0 40 80 160

Survival (%) 90.00 96.6 96.6 96.6
Weight gain (g) 11.70 14.08 11.69 13.3
Feed intake (g) 42.08 47.11 40.70 44.84

In 2011, Veroénica Pérez-Escalante conducted a study using goldfish (Carassius auratus) as the test
subjects. The research applied four different concentrations of roselle (Hibiscus sabdariffa) powder in fish feed.
The goldfish were reared for eight weeks and fed diets supplemented with roselle powder at doses of 0, 40, 80,
and 160 mg/kg of feed.
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Table 3. Effect of Roselle (Hibiscus sabdariffa) Concentration Variations on Koi Fish (Cyprinus carpio)

Roselle Concentration in Feed (mg/kg)

0 500 1000 1500

Survival (%) 56.67 63.33 93.33 83.33

Weight gain (g) 0.49 0.72 1.15 0.99
Feed intake 3 3 4 4

Note:Feed intake score: 1 = Feed not eaten; 2 = Feed slightly eaten; 3 = Most feed eaten; 4 = All feed consumed

The use of roselle as a feed additive has also been tested in a study conducted by Sholichah et al. [23].
The study used koi fish (Cyprinus carpio) as the research subjects. The fish were reared for 84 days and fed diets
supplemented with roselle powder at concentrations of 0, 500, 1000, and 1500 mg/kg of feed.

The growth performance of fish fed roselle-supplemented diets at different doses showed inconsistent
results and no significant differences. As presented in Table 2, the highest weight gain of 14.08 g was observed
in goldfish fed the second treatment (40 mg/kg of feed). Similarly, in Table 3, koi fish fed with 1000 mg of
roselle powder per kg of feed showed a weight gain of 1.15 g. The variation in weight gain among fish may be
influenced by factors such as fish species, feed quality, environmental conditions, and feeding management.
Some fish species have faster growth rates and higher metabolic activity than others, thus requiring more
nutrients to support their growth [24].

The addition of roselle to fish feed did not significantly affect weight gain, likely because the dominant
compounds in roselle petals possess primarily antioxidant properties. According to Velasco-Santamaria and
Corredor-Santamaria [25], fish weight gain is more strongly influenced by the availability of essential nutrients
such as protein, fat, and vitamins in the feed. This statement aligns with findings showing that increased fish
weight indicates that nutrient requirements—such as protein, carbohydrates, and fat are present at optimal levels
in the feed, thereby fulfilling the fish’s daily nutritional needs [26], [27].

A proximate analysis of roselle-supplemented feed conducted by Raudhotul reported a favorable fat
content ranging from 6.2% to 6.8%, since fat levels exceeding 13% may cause fat accumulation and reduce fish
appetite [28]. The protein content of the roselle-enriched feed, according to Papillon and Efendi [29] was
categorized as good, ranging between 32.8% and 35.7%, consistent with the recommended protein level for
quality fish feed (>30%). According to Mukti et al. [30], carbohydrate content consists of indigestible
carbohydrates (crude fiber) and digestible carbohydrates (nitrogen-free extract or NFE). Musdalifah et al. [31],
stated that the tolerable level of crude fiber in roselle-supplemented feed is 8—12%, indicating that a crude fiber
level of 10.1% remains within the safe range.

Based on both studies, roselle supplementation in feed showed that the survival rate did not reach
100%. The survival rate in the first study appeared more stable compared to the second one, yet both were still
considered good. This aligns with the findings of [32], which state that a survival rate (SR) > 50% is considered
good, 30-50% is moderate, and <30% is poor. The anthocyanin concentration in roselle petals was reported to be
3.55+0.35 mg/g.

The most notable characteristic of roselle petals is the presence of bioactive compounds such as
anthocyanins, ascorbic acid, flavonoids, and amino acids, which play an important role in stimulating leukocytes
as a part of the nonspecific defense system, thus functioning as immunostimulants that can enhance the survival
rate of fish against pathogens [33] The red pigment also demonstrates strong antioxidant capacity, and these
components can participate in the fish’s metabolic processes, thereby promoting better health and growth
performance [34].

One mechanism by which anthocyanins may help increase fish antibody levels is by stimulating the
production of immune cells, such as lymphocytes and macrophages, which are responsible for fighting infections
and diseases within the fish body [35], [36]. Additionally, anthocyanins can help reduce oxidative damage in fish
cells. Oxidative damage occurs when free radicals are generated in the fish body due to oxidative stress or
unfavorable environmental exposure. Anthocyanins protect cells from oxidative damage by scavenging free
radicals and preventing cellular deterioration [37].

Anthocyanins are also found in other Hibiscus species, such as Hibiscus rosasinensis. According to
Weerasingha [38], he highest roselle anthocyanin content can be extracted using the hot-water extraction
method, where 100 g of Hibiscus rosasinensis petals contain 679.3 mg of anthocyanins.

Both studies indicate that the addition of roselle-derived anthocyanins to fish feed can improve feed
intake. Table 3 shows that the feed intake levels ranged between 3 and 4, meaning that the feed was almost
completely consumed or fully consumed, suggesting that roselle supplementation provides a good level of
palatability.Palatability refers to the degree to which a feed is preferred or desired by animals, particularly in
livestock or aquaculture contexts. It is influenced by several factors, including the aroma, taste, texture, shape,
color, and nutritional composition of the feed. The higher the palatability of a feed, the greater the likelihood that
the fish will voluntarily consume it and thus obtain the nutrients necessary for optimal growth and development.
The high palatability of roselle-supplemented feed also indicates that diffused anthocyanins from the feed into
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the water do not interfere with the fish’s chemosensory stimulation, since according to Sihombing et al. [28] the
shape and aroma of feed play an essential role in helping fish locate and recognize available food sources.

Fish feeding behavior is highly influenced by the chemical mixture present in the feed, which stimulates
the chemosensory cells to trigger a feeding response. Fish exhibit olfactory (smell) and gustatory (taste)
sensitivities to feed ingredients that resemble their natural diet. The olfactory system functions as a long-distance
sense, providing cues for approaching food, while the gustatory system operates at close range and determines
whether the food will be accepted or rejected .

Research has shown that the addition of roselle-derived anthocyanins to fish feed can increase feed
consumption. However, it is essential to note that anthocyanin supplementation should not be excessive and must
maintain a balanced feed ratio appropriate for the nutritional requirements of ornamental fish. Therefore,
anthocyanin supplementation in ornamental fish feed should be administered proportionally and in accordance
with fish nutritionist recommendations.

Roselle contains compounds that contribute to pigmentation, namely anthocyanins and carotene (Table
1). According to Pérez-Escalante [16] anthocyanins increased the number of chromatophore cells by up to 200
cells per area, allowing pigmentation to become concentrated in specific regions. Although anthocyanin levels
increase within fish tissues, this pigment tends not to be stored in chromatophore cells [39]. nstead, carotenoid
groups such as astaxanthin and zeaxanthin are more likely to be stored and converted within the fish body [40],
[41]. Nevertheless, anthocyanins still fulfill other vital biological functions, as demonstrated by Davalos et al.
[42] who emphasized their significant role as antioxidant agents..

Table 4. Sources of Carotenoids from Natural Ingredients

No . . Color
Source Fish Species Dosage Reference
Enhancement (%)

1 Marigold Carassius auratus 150 mg/kg 54.44% Sukarman et al. [43]
2 Shrimp head . o .

powder Carassius sp 100 g/kg 25% Fitriana et al. [44]
3 .

Sweet potato Melanotacnia 200 mg/kg 17% Yaeni et al. [45]
praecox
4 5 %, 10 %,
15 % of feed

10-15 % (highest at

Carrot Carassius auratus (= 50,000 — 10 %) Dersiani et al. [46]
150,000
mg/kg)
5 .
Red spinach Puntigrus 60 g/ke 20.57% Gamel et al. [47]
tetrazona

Table 4 presents previous studies on the use of carotenoids derived from various natural sources to
enhance pigmentation in ornamental fish. The highest color enhancement was observed in fish fed diets
supplemented with Marigold, showing an increase of 54.44%. This result is attributed to the ability of goldfish
(Carassius auratus) to efficiently utilize carotenoid compounds in marigold to improve body pigmentation. This
finding is also supported by Yuangsoi et al.[48] , who stated that herbivorous fish species, such as goldfish and
koi, are capable of storing lutein, zeaxanthin, and canthaxanthin in their bodies without altering their molecular
structures, and can further convert them into astaxanthin.

According to Sukarman et al. [43], color enhancement can be measured using the Lightness, Chroma,
and Hue (LCH) method, which is a color quality assessment technique used to quantify specific color parameters
of an object. The LCH method consists of three interrelated parameters: Lightness (L), indicating how light or
dark a color is, with values ranging from 0 (black) to 100 (white); Chroma (C), representing the saturation or
purity of the color, with values ranging from 0 (gray) to 100 (highly vivid color); and Hue (H), which indicates
the type of color perceived, such as red, green, or blue, with values ranging from 0 to 360 degrees on the color
wheel. Measuring these three parameters allows for a more accurate and objective evaluation of color quality in
ornamental fish pigmentation studies.

This study presents a novel contribution by exploring the use of roselle (Hibiscus sabdariffa) as a
natural feed supplement for freshwater ornamental fish—a field previously dominated by research on food fish
species. It broadens scientific understanding of the bioactive compounds in roselle, such as anthocyanins,
flavonoids, and vitamin C, which can enhance immune response and feed efficiency in ornamental fish. By
synthesizing national and international studies, this research highlights roselle’s potential as an eco-friendly
alternative to synthetic additives in sustainable aquaculture. Furthermore, it represents one of the first systematic
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reviews to integrate evidence on roselle’s effects on growth, survival rate, and pigmentation in tropical
ornamental fish.

The findings imply that roselle holds great promise as a natural dietary supplement to improve
physiological performance and immunity in ornamental fish without harming animal health or the aquatic
environment. Its application may support sustainable aquaculture practices and encourage innovation in herbal-
based feed production in tropical regions such as Thailand and Indonesia. However, the main limitation of this
study lies in its literature-based nature, as no direct experimental validation was conducted to determine the
optimal dosage or interactions of roselle’s active compounds among different fish species. Therefore, further in
vivo experimental studies under controlled conditions are strongly recommended to verify these findings and
establish the practical effectiveness of roselle supplementation in various aquaculture settings.

4. CONCLUSION

This study concludes that Hibiscus sabdariffa (roselle) contains bioactive compounds such as
anthocyanins, flavonoids, and vitamin C that can positively influence the health and performance of freshwater
ornamental fish. Roselle supplementation improves survival rate, feed intake, and immune response due to its
antioxidant and immunostimulant properties. However, the effect on pigmentation performance remains limited,
as anthocyanins are not dominant pigments responsible for color enhancement compared to carotenoids such as
astaxanthin and zeaxanthin. Overall, roselle demonstrates great potential as a sustainable and eco-friendly herbal
supplement to replace synthetic additives in ornamental fish feed. Future studies are recommended to conduct
experimental validation on optimal dosage, species-specific responses, and synergistic effects with other natural
ingredients to maximize both health and coloration performance in ornamental fish aquaculture..
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