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    ABSTRACT: Dragon fruit skin contains betacyanin, a pigment responsible for the red color. Red dragon fruit skin can be used as a flour ingredient in artificial feed containing carotenoids, which is useful for enhancing the color of ornamental fish. The aim of this research is to determine the effect of using red dragon fruit peel flour concentration in feed on improving the color of koi betta fish. The research implementation period was 55 days from October 6 to November 27, 2025, including 1 week pre-research, 3 days without test feed and 45 days of research. The test fish used in the study were 12 koi betta fish, with four treatments and three replications. The test material used was red dragon fruit peel powder added to the betta feed. The addition of red dragon fruit peel flour in feed for koi betta fish shows an increase in the brightness of different colors, this is due to the different doses given in the feed. The highest color enhancement was achieved at doses of 20% and 30%. Adding red dragon fruit peel powder to the feed is well absorbed by the fish, resulting in an increase in the brightness of the koi betta's color. The survival rate of koi betta fish for 45 days for all treatments was 100%.
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INTRODUCTION


Color is one of the
reasons ornamental fish are popular among people, so it's really important to
maintain the fish's color by giving them feed that contains color pigments. To
enhance the color of fish, can add pigment sources to their feed. Adding these
color-enhancing sources to the feed can boost the pigments in the fish's body,
or help the fish retain the pigments in the fish body (Subamia et al.,
2010). The brightness of ornamental fish can be increased by giving feed that
contains carotenoids (Barlian et al., 2017; Malini et al., 2018).


The ornamental fish
business doesn't just focus on production efforts, but also has to pay
attention to the outward appearance of the fish, which attracts enthusiasts,
such as the beauty of the colors, brightness of the colors, body patterns, as
well as a nice, healthy shape and lively, agile movements (Bachtiar and Tim
Lentera, 2002). One type of ornamental fish with its own unique charm compared
to other ornamental fish is the koi betta fish. Betta fish are a type of
freshwater ornamental fish that are very popular among Indonesians, easy to
care for, and can be bred. Betta fish have beautiful colors, brightness,
patterns, and shapes (Melati et al., 2017). The color of
ornamental fish can be improved in quality through various efforts, such as
providing feed that is a source of carotenoids and color supplements, as well
as maintaining water quality (Fathurrahman et al., 2020). Carotenoid
sources can come from fruits, vegetables, and animal products.


One fruit that produces natural
coloring is the red dragon fruit peel (Hylocereus polyrhizus), which is
usually unused and thrown away. The red dragon fruit peel contains betacyanin,
which is a natural coloring substance. Betacyanin is the pigment responsible
for giving a red color (Winahyu, et al., 2021). Adding red dragon fruit
peel can be used as a flour ingredient in making artificial feed that contains
carotenoids and is useful for enhancing the brightness of ornamental fish
colors (Kalidupa et al., 2018; Wijaya, et al., 2021).


Based on the description above, using
dragon fruit peel in feed has the potential to enhance the color of koi betta
fish. Color is an indicator of beauty in ornamental fish the brighter the
color, the more appealing the fish. Therefore, to maintain and improve fish
color quality, feed containing carotenoids is needed. To achieve a beautiful
color in koi betta fish, research needs to be conducted using dragon fruit peel
powder added to the feed to boost color brightness.


The purpose of this study is to find
out the effect of using red dragon fruit peel flour concentration in feed on
improving the color of koi betta fish.


 


THEORETICAL
REVIEW


Koi Betta
Fish (Betta splendens)


Koi betta fish are one of
the most popular freshwater ornamental fish due to their attractive body
coloration, unique patterns, and ease of maintenance. The commercial value of
ornamental fish is strongly influenced by color quality, where brighter and more
intense coloration increases market demand. Color development in betta fish is
determined by genetic factors, environmental conditions, water quality, and
nutritional composition, particularly dietary pigments such as carotenoids.
Since betta fish cannot synthesize carotenoids naturally, these pigments must
be supplied through feed to maintain and improve body coloration. 


 


Carotenoids
and Fish Coloration


Carotenoids are natural
pigments responsible for yellow, orange, and red coloration in aquatic organisms.
In ornamental fish, carotenoids are absorbed from feed, transported through the
bloodstream, and deposited in chromatophore cells located in the skin. The
accumulation of carotenoids enhances pigment intensity, resulting in brighter
body coloration. Previous studies have demonstrated that supplementation of
carotenoid-rich feed significantly improves the color quality of ornamental
fish without adversely affecting their growth or survival. Therefore,
carotenoid supplementation has become an effective strategy for increasing the
aesthetic and economic value of ornamental fish. 


 


Red Dragon
Fruit Peel (Hylocereus polyrhizus) as a
Natural Pigment Source


Red dragon fruit peel is an
agricultural by-product rich in bioactive compounds, including betacyanin,
β-carotene, polyphenols, flavonoids, vitamin C, and antioxidants.
Betacyanin is the primary pigment responsible for the characteristic red color
of the fruit peel, while β-carotene contributes to pigmentation in fish.
The utilization of red dragon fruit peel as a feed additive not only provides a
natural source of pigments but also offers antioxidant properties that may
improve fish health and immune responses. Consequently, the peel has
considerable potential as an environmentally friendly alternative to synthetic
color enhancers in aquaculture. 


 


Mechanism of
Color Enhancement in Ornamental Fish


Color enhancement in
ornamental fish occurs through the absorption and deposition of dietary
pigments within chromatophore cells. The effectiveness of pigmentation depends
on several factors, including carotenoid concentration, feed quality, feeding
duration, and the fish's ability to absorb and metabolize pigments. Appropriate
carotenoid supplementation increases color intensity, whereas excessive
supplementation may reduce absorption efficiency because fish possess a limited
capacity to utilize carotenoids. Therefore, determining the optimal
supplementation level is essential to achieve maximum color enhancement. 


 


Survival Rate
as an Indicator of Feed Safety


Survival rate (SR) is a
fundamental biological parameter used to evaluate the suitability and safety of
feed additives in aquaculture experiments. A high survival rate indicates that
the dietary treatment does not negatively affect fish health or environmental
conditions. Besides improving coloration, natural feed additives containing
antioxidant compounds may contribute to better physiological conditions and
disease resistance, thereby supporting fish survival throughout the culture
period.


 


 


METHODOLOGY



 
  	
  Treatment A 

  
  	
  :

  
  	
  10% red dragon fruit peel flour + 100g feed

  
 

 
  	
  Treatment B

  
  	
  :

  
  	
  20% red dragon fruit peel flour + 100g feed

  
 

 
  	
  Treatment C

  
  	
  :

  
  	
  30% red dragon fruit peel flour + 100g feed

  
 

 
  	
  Treatment D

  
  	
  :

  
  	
  0% red dragon fruit peel flour + 100g feed
  (control)

  
 




For each treatment, there are 3
repetitions or 3 betta fish in separate or different containers.


 


Making Test Feed


The additional feed
used is dragon fruit peel powder and betta fish feed. To make dragon fruit peel
powder, first wash the dragon fruit thoroughly, then separate the peel from the
flesh. The clean dragon fruit peel is cut into small pieces and placed on a
tray lined with aluminum foil. Then, it is sun-dried until completely dry, or
it can be dried in an oven at 40°C for about 6 hours. Once dry, blend it using
a blender and sift it to get red dragon fruit peel powder. Store the red dragon
fruit peel powder in a glass jar. For the test feed, the red dragon fruit peel
powder is measured according to the determined dose, put into a bottle, and
diluted with enough water, then shaken until homogeneous and sprayed evenly
onto the fish feed. After that, the feed is air-dried for about 60 minutes and
is ready to be given to the fish.


 


Preparing Maintenance Containers, Water
Medium, and Fish Samples


The containers used in the study were
12 jars, with 3 test fish in each treatment. Each jar had one koi betta fish.
Before using the jars, they were first washed to prevent possible diseases
caused by pathogens like bacteria and fungi. Next, the jars were filled with
water, which had been settled in a storage bucket for about 24 hours before
use. This helps avoid diseases caused by pathogens.


The test fish used in the study were
koi bettas, which were put into separate jars and then adapted before being
treated.


Water quality measurements like
temperature and pH are monitored/measured every day


 


Observing The Brightness of Fish Colors


The observation parameter
in the study was the increase in color brightness of betta fish, carried out
from day 0, day 15, day 30, and day 45.


 


RESEARCH RESULTS


The
results of this study is a 45 day study showed that the color of koi Betta
fish changed. The observation of color changes in the koi betta fish was done
four times, on day 0, day 15, day 30, and day 45. The brightness of the betta
fish's color increased due to the addition of carotenoids in their feed, which
can enhance the color brightness on the koi betta's body. Adding red dragon
fruit peel powder can affect the increase in color brightness of koi betta
fish. Including red dragon fruit peel powder in Betta food for koi betta fish
shows different increases in color brightness, caused by the different doses
given in the feed. The improvement in appearance or color brightness varies
with each treatment (Figure 1, Figure 2, Figure 3, and Figure 4).
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  Figure 1. Color Changes of Koi
  Betta Fish for 45 Days of Maintenance in Treatment A

  
 




 


From the image above, in
treatment A, which is the addition of 10% red dragon fruit peel powder in the
feed, you can see gradual color changes in some parts of the fish's body
occurring on day 30 and day 45.
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  Figure 2. Color
  Changes of Koi Betta Fish for 45 Days of Maintenance in Treatment B

   

  
 




From the image above, in treatment
A, which is the addition of 10% red dragon fruit peel powder in the feed, you
can see gradual color changes in some parts of the fish's body occurring on day
30 and day 45.
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  Figure
  3.  Color Changes of Koi Betta Fish for 45 Days of Maintenance in
  Treatment C

  
 




 


From the image above in
treatment C, which is the addition of red dragon fruit peel flour at 30% in the
feed. By day 15, changes could already be seen in several parts of the fish's
body, continuing until day 45.
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  Figure
  4. Color Changes of Koi Betta Fish for 45 Days of Maintenance in
  Treatment D

  
 




 


From
the image above, in treatment D, it is without the addition of red dragon fruit
peel flour in the feed (control).


Based
on the research conducted over 45 days, it was shown that adding red dragon
fruit peel powder to betta feed can affect the color of koi betta fish. The
color changes in each treatment (A, B, C & D) were observed over the 45
days of maintenance from day 0 to day 45. The observations of the koi betta
fish's body color showed that color changes occurred in each treatment. In
Treatment A, the color change happened on day 30. In Treatment B, the color
change occurred on day 15. In Treatment C, the color change also occurred on
day 15. Meanwhile, Treatment D was the control.


The
highest color change was seen in treatment B, which had a 20% dose, followed by
treatment C with a 30% dose, treatment A with a 10% dose, and finally treatment
D. If too much carotenoid is added to the feed, the fish can’t absorb or digest
it properly. Adding 20% red dragon fruit peel powder to the feed can be well
absorbed by the fish’s body, which results in brighter colors in koi betta
fish. Increasing the dose of red dragon fruit peel powder can raise the
carotene content in the feed, which might lead to a decrease in color
brightness in koi betta fish. Fish have a maximum limit for absorbing carotene,
and too much can reduce the absorption of carotene by the koi betta fish.


The results
obtained for survival success during the 45-day maintenance period can be seen
in Figure
5.





Figure 5.  Survival Rate of Koi
Betta Fish


 


DISCUSSION


According
to Wijaya et al. (2021), the differences in carotenoid content in dragon
fruit extract affect the brightness of betta fish. If ingredients containing
pigmentation are added to the feed, it can increase the pigment compounds in
the fish, thereby enhancing the color in their body. Feed that contains
carotene compounds can improve the color of betta fish. One source of carotene
that can enhance the color of ornamental fish is dragon fruit. Giving dragon
fruit extract can boost the color of betta fish, making them brighter from
their originally dull appearance.


The
difference in carotenoid absorption levels due to different doses given can
affect the improvement of color quality in fish (Udjan et al., 2023).
The dose given can influence the enhancement of fish color. The dose needs to
be right not too much or too little. Giving too much can lower the color value,
and if the carotenoid dose is reduced, it can affect the brightness improvement
of the color (Simamora, 2019).


Adding
red dragon fruit peel flour, which contains carotenoids, to koi betta fish feed
can affect color changes in bettas over a 45-day rearing period. This aligns
with Malini's (2018) statement that adding pigmentation ingredients to feed can
increase pigment compounds in the fish's body, thereby strengthening their body
color. Feed that contains carotenoid compounds can enhance the color in bettas.


Adding
red dragon fruit peel can be used as a flour ingredient in making artificial
feed that contains carotenoids, which can help enhance the brightness of
ornamental fish colors. The feed given must contain carotenoid compounds in
order to improve the color of betta fish. Betta fish cannot produce
colors/pigments on their bodies, so carotenoids are very necessary. Carotenoids
in aquatic animals cannot be synthesized, so they have to get pigments from
feed. The deeper the color of the dragon fruit, the higher its carotenoid
content. The carotenoid content in dragon fruit is about 0.005-0.012 mg per 100
g serving (Kalidupa et al., 2018). The advantage of red dragon fruit
peel is that it's rich in polyphenols, making it potentially a natural
antioxidant (Efianda et al., 2020).


Adding
red dragon fruit peel powder to betta food can help boost the color brightness
of koi bettas because koi bettas can't produce carotenoids on their bodies, so
koi need to get them from their food. The carotenoids in bettas' bodies can't
be made by the fish itself, so koi betta fish need extra ingredients containing
carotenoids in their diet. Research has shown that the higher the dose, the
brighter the color. The high brightness is due to the high carotenoid content
in the dragon fruit extract. 


Fish
are one of the animals that cannot synthesize carotenoids on their bodies, so
when a source of carotenoids is added to their feed, the color of their body
can improve (Kalidupa et al., 2018). If feed is given without added
carotenoids, the chromophore cells cannot spread throughout the fish's body,
making the fish's color pale (Sari et al., 2012). There are two factors
that affect the quality of fish color: internal factors that come from within
the fish and are fixed, acting as chromatophores, and external factors that
come from outside the fish, such as the environment, including water quality,
light, high-nutrient feed, and carotene sources (Pratama et al., 2018).


Carotenoids
are a group of pigments that are yellow, orange, or reddish-orange in color,
are fat-soluble but not water-soluble, with a high content of carotenoids.
Carotenoids are pigments that give color (Santikawati et al., 2020).
Carotenoids are natural pigments that range in color from yellow to red and
play a role in color formation. The skin of red dragon fruit has a fairly high
β-carotene content, which is 3,452 ppm. The
β-carotene content obtained meets the standards of carotenoid pigments
that can be used as natural colorants in fish feed. The color change in fish
depends on the amount of feed, the feed composition, and the color components
provided to the fish. Ornamental fish fed with carotene-containing feed are believed
to make better use of the coloring substances to enhance their body color
(Haerawati & Sambara, 2024). Dragon fruit skin contains a fairly high
amount of the natural pigment betacyanin. Betacyanin is a pigment that helps
give a red color (Winahyu et al., 2021).


According to
Wijaya et al (2021), the effect on ornamental fish color formation is
caused by dietary factors, so betta fish should be given food that supports the
fish's color quality. Fish that are red or yellow usually need a high carotenoid
content to help maintain beautiful colors. In male ornamental fish, carotenoids
are focused on the skin to make the color bright, while in female ornamental
fish, carotenoids are stored in the gonads to maintain gonad quality.


Sholihah
et al. (2015) stated that adding carotenoids to ornamental fish feed
doesn't affect fish growth, because carotenoids are mainly used to improve
color quality. Changes in the fish's body brightness are caused by the high
carotenoid content in dragon fruit skin and the fish's ability to effectively
absorb carotenoids from the feed.


Physiologically,
fish can produce color variations from feed that contains color pigments
(Yusniarti et al., 2018). Color changes are caused by the active
movement of pigment granules or chromatophores, including xanthophores,
erythrophores, and iridophores. Fish can only synthesize black and white
pigments, while for other colors like red, orange, and yellow, the fish need
supplementary feed containing carotenoids. Each pigment plays an important role
in creating unique and attractive color patterns (Andriani et al., 2024
& 2025). Differences in brightness levels are caused by different
absorption rates of the fish and the different doses given in each treatment (Amin
et al., 2012).


The
process of color change in fish starts with carotenoids (color pigments) in
their feed, which are absorbed and transported through the bloodstream, then
stored in adipose tissue. The pigments are then stored in chromatophore cells
located in the dermis (Melati et al., 2017). Dark body color in fish is
caused by an even distribution of pigment cells, while pale fish color is
caused by pigment cells clustering in the cell nucleus (Meilisza et al.,
2021). Color enhancement is influenced by both internal and external factors.
Internal factors include age, size, genetics, sex, and the fish's ability to
absorb nutrients from food (Merli et al., 2017).


Survival rate
is the percentage of organisms that are alive at the end of the maintenance
period compared to the number of organisms that were initially stocked in a
container (Susantie et al., 2018). 


The
calculation of survival success shows a high survival rate of 100%, meaning all
the koi betta fish survived until the end of the care period. Adding red
dragon fruit peel powder to fish feed is not harmful to the growth and survival
of fish, because red dragon fruit contains polyphenols that act as antioxidants
and play a role in the immune system against disease attacks in living
creatures. Survival shows a good and proper adaptation process, so fish can
live and grow in a controlled rearing environment (Waladi et al., 2015).
The nutritional content in red dragon fruit peel powder includes water, fiber,
betahistine, antioxidants (anthocyanins, flavonoids, phenolics), vitamin C,
minerals (calcium & phosphorus), carbohydrates (pectin & starch),
magnesium, and bioactive compounds (alkaloids & saponins).


 


CONCLUSIONS AND RECOMMENDATIONS


This study concludes that
adding red dragon fruit peel powder to the feed of koi betta fish showed
different levels of color brightness, which is due to the different doses given
in the feed. The highest color brightness increase was at doses of 20% and 30%.
Adding 20% and 30% red dragon fruit peel powder to the feed can be well
absorbed by the fish's body, leading to an increase in the color brightness of
koi betta fish. These findings can be used as base information for color
brightness of betta fish.


 


FURTHER STUDY


This study was limited to
four treatment. Further studies are recomended to include five or six treatment
and use herbal feed.
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