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ABSTRACT

Koi fish coloration is genetically significant, but environmental factors and color quality can lead to degradation.
Some individuals use synthetic dyes to enhance their appearance, which harms the environment. This study
explored the effects of microencapsulated Rose sp. flower anthocyanin (MRFA) as a natural alternative dye to
enhance the color of Sanke and Kohaku koi fish. Sanke exhibits orange-black hues, while Kohaku shows orange-
white hues, allowing for comparative analysis. Before the experiment, MRFA was analyzed using FESEM and
XRD to assess the particle size distribution and shape of the anthocyanin microcapsules. A Randomized
Complete Design (CRD) with four treatments (T0, 150 mg (T1), 300 mg (T2), and 450 mg (T3)) and five
replications were used. Data was analyzed with SPSS. Results showed that MRFA particles were distributed,
though not entirely homogeneous (14 pm to 170 pm), with XRD spectra indicating interactions between
maltodextrin and Rose sp. anthocyanin. Results showed that MRFA significantly improved certain color
parameters in Sanke, particularly at moderate doses (T'1 and T2), but the control group (T0) outperformed MRFA
in some cases. In Kohaku, no significant improvement was observed compared to the control, suggesting that
MRFA was less effective in enhancing white—orange pigmentation. Overall, our findings indicate that MRFA
supported koi growth but showed limited, strain-specific effects on coloration. Further studies with longer trials
and larger populations are needed to confirm its potential as a natural feed additive.

Introduction

Koi fish are characterized by patterns and colors
that affect market sales (Hermawan ¢z o/, 2024; LLuo
et al., 2018). There is a direct correlation between the
color quality and the koi fish price (Hakim ¢z 2/, 2025;
Kalidupa ez a/, 2018; Lili e/ al, 2020). Koi fish are
noted for their gorgeous colors, but environmental
factors may influence them (Afnan e¢7 a/, 2019; Jalila
et al., 2021). Consequently, synthetic dyes are often
added to their diets to improve ornamental fish skin
color (Kurnia ¢z al., 2019). However, it generally has
relatively high prices and negatively influences the
ecosystem (Garcia-Chavarria and Lara-Flores, 2013).
Scientists are calling for natural pigment coloring
compounds to replace synthetic dyes due to their
harmful effects on the ecosystem and fish growth

* Corresponding author.
Email address: soniandriawan 992@gmail.com

p-ISSN 2089-7790; e-ISSN 2502-6194

(Sathyaruban ef al, 2021; Zutshi and Madiyappa,
2020). In a case study on Hyphessobrycon callistus,
dietary zeaxanthin and astaxanthin negatively
correlated with antioxidant indices (Wang e/ al,
2000). In addition, the North American yellow perch
grows slowly, which could explain our finding.
Yellow perch-fed canthaxanthin (CTX) enriched
meals grew more slowly than those fed non-
supplemented diets, possibly due to a preference for
non-supplemented foods over carotenoids (Brown ¢/
al., 2009).

Natural materials offer the potential to
enhance object color while remaining cost-effective
(Khoo ¢ al, 2017). For instance, a 15% dose of
dragon fruit yielded optimal results by intensifying
black and orange hues in koi carp (Kalidupa e¢7 al,
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2018). Similatly, carrots have been employed to
maintain the vibrancy of ornamental fish colors
(Malide ez al., 2020; Wagde ¢z /., 2018). However, the
widespread use of these ingredients as human food
may lead to future competition. Consequently, Rose
sp. petals could be a natural coloring agent for koi
fish. Rose sp. crowns contain water, vitamins,
carotene, anthocyanins, sugar, and essential oils (Saati
et al., 2021; Wulandari e/ al., 20106). Anthocyanins, a
type of flavonoid and significant plant secondary
metabolite (Delgado-Vargas e al, 2000), could
potentially enhance koi fish coloration when used as
feed additives.

A high rate of anthocyanins can be extracted
from Rose sp. petals, and their use as natural colorants
has been demonstrated in various fields (Salman e/
al., 2023; Yan et al., 2023). These examples highlight
the stability and versatility of anthocyanins, which
support their potential application as natural feed
additives to enhance ornamental fish coloration.
Furthermore, Rose sp. is widely cultivated in Malang,
East Java, Indonesia, making this resource locally
abundant and accessible (Darliah ¢ a/, 2010;
Prabavathy ez al, 2018; Ula ¢f al, 2019). Regarding its
application to organisms, a study conducted by
Vanegas-Espinoza ¢/ al. (2019) demonstrated that
450 mg of microencapsulated anthocyanin from
Hibiscns — sabdariffa  significantly — enhanced  the
noticeable distribution of chromatophores in the
head, dorsal, and caudal fins of Carassius auratus. The
discovery was also supported by Yong ¢/ al. (2022)
found that the inherent pigment anthocyanin
extracted from Hibiscus sabdariffa can enhance the
coloration of the shrimp's body. Anthocyanins are
stable and resistant to thermal and photodegradation
when incorporated into clay mineral structures,
making them suitable for use as colorants (Camara ¢/
al., 2022). Overall, anthocyanins offer a promising
alternative to synthetic dyes due to their stability,
color fastness, and potential for various applications
in textiles, food, cosmetics, and packaging.

In contrast, research has not used Rose sp. as the
dye in kot fish. The objective of this study was to
investigate the effects of microencapsulated rose
anthocyanins on improving coloration and growth
performance in two koi strains (Sanke and Kohaku).

Materials and Methods

The study took place between June and October
2024 at the Fishery Laboratory within the
Aquaculture Department of the University of
Muhammadiyah Malang, and at the Central
Laboratory of Life Sciences at Brawijaya University
in East Java, Indonesia.
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Experimental design

The study utilized a completely randomized
design (CRD) with four treatments and five
repetitions. They consisted of the control group (T0),
150 mg (T1), 300 mg (T2), and 450 mg of
microencapsulated Rose sp. flower anthocyanin
(MRFA), which was added to the commercial feed to
enhance the coloration of Kohaku and Sanke
varieties. This approach aligns with the findings
reported by Vanegas-Espinoza ez a/. (2019).

Fish and Rose sp. preparation

Kohaku and Sanke (10 to 15 cm) koi were
provided by Koi farmers in Blitar, East Java,
Indonesia, with as many as 240 fish each. These fish
were of various colors, including orange and black
(Sanke) and orange and white (Kohaku), which
allowed for the evaluation of MRFA's efficacy for
two different fish. Those fish were then acclimated
for seven days without feeding in a tank (200 X 100
X 50 cm), complete with water aeration, filtration,
and a heater. Afterward, 20 Kohaku and Sanke fish
were divided into 12 aquariums (60 X 30 X 30 cm)
and fed twice daily with a mixture of treated feed and
commercial feed (protein ratio 32%), equal to 3% of
their body weight, for four weeks. The tanks were
completed with water aerations to maintain water
quality during the study. Meanwhile, Rose sp. was
purchased from a florist in Batu City, East Java,
Indonesia, and weighed approximately 5 kg. The
flowers were separated from their stem, washed
under running water for a minute, and kept until use.

Extraction and quantification of anthocyanins
from Rose sp. flower

The anthocyanin extraction method followed
those provided by Saati ¢/ 2/ (2022) and Vanegas-
Espinoza ez al. (2019), with some light modifications.
The Rose sp. flowers were crushed using a blender
(LY-388-2L, King Chef) before being lyophilized
with a Freeze Dryer Biobase BK-FD10S. Two
hundred forty grams of Rose sp. flower powder were
homogenized in 3 L of 96% ethanol and 30 mL of
0.01 N hydrochloric acid for 15 minutes using a
magnetic stirrer and macerated for 24 hours.
Afterward, the mixture was filtered using Whatman
paper No. 42 before being powdered using a Freeze
Dryer Biobase BK-FD10S. Moreover, the
anthocyanin concentration of the extract was
measured using a UV-VIS T80 spectrophotometer at
wavelengths of 502 nm and 700 nm by adding
solutions at pH levels of 1 and 4.5.
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Anthocyanin microencapsulation

The microencapsulation process, as described by
Vanegas-Espinoza ¢/ al. (2019), involved several
steps. First, 4 mg of Rose sp. flour was blended with
15% (w/v) commercial maize starch, maltodextrin,
and 1% (w/v) sucrose using a homogenizer (Model
HR-6B). The resulting mixture was spun at 4000 rpm
for 20 minutes. Next, the suspension was introduced
to a Freeze Dryer (Biobase BK-FD10S). The final
product, microencapsulated Rose sp. flower
anthocyanin (MRFA), was collected and stored at
4°C for further analysis.
Particle size distribution and of
anthocyanin microcapsules

The measurements of MRFA were conducted
using a TField Emission Scanning Electron
Microscope (FE-SEM) (Quanta FEG 650) and an X-
Ray Diffractometer (XRD) (PANalytical: X'Pert3
Powder), in collaboration with the Central
Laboratory of Life Sciences at Brawijaya University,
East Java, Indonesia. The sample (MRFA) was
observed at an on-screen Polaroid display
magnification of 100,000X and an In-lens detector at
10 kV. Meanwhile, the techniques of XRD rely on
the diffraction of X-rays by periodic atomic planes
and the detection of the diffracted signal at a precise
angle or energy. The XRD diffractogram data were
analyzed qualitatively for the phase type of the
deposition layer sample using Match! Version 2
software.

shape

Diet preparation

The diet was prepared by combining commercial
feed and MRFA. One kilogram of the commercial
feed was divided into three groups based on
treatments, including T1 (150 mg of MRFA), T2 (300
mg of MRFA), and T3 (450 mg of MRFA). MRFA
was incorporated into the commercial feed by mixing
with Progol (5 mg) as a binder and 125 mL of water.
The mixture was thoroughly blended with the pellets
and then dried using a spray dryer. This process
allowed MRFA to adhere firmly to the feed surface
without full repelleting. The feed was kept in black
plastic at room temperature until use.

Fish color analysis

Kohaku and Sanke's color quality was measured
three times, including the 2nd week and 4th week,
during the feeding trials, according to some resources
(Fabanjo and Abdullah, 2021; Lalita ¢z a/, 2022). At
the same time, a permanence test was then conducted
during a 2-week post-treatment period (weeks 5-6)
after MRFA supplementation was stopped, to
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evaluate whether the effects persisted, according to
Malini and Agustin (2018) studied. Five fish samples
were isolated for each treatment, and their color
qualities were carefully observed using the Color
Reader CR-10 Plus. The tool provided the color
values, including L/Lightness, A/Red, B/Yellow,
C/Chrome, and H/Dull.

Growth performance and survival rate analysis

The growth performances of Sanke and Kohaku,
as well as their survival rates, were also examined.
These analyses included the growth rate (GR), the
absolute length growth (AL), the feed conversion
ratio (FCR), the total feed consumption (TFC), and
the survival rate (SR) (Handajani ez @/, 2021; Robbani
et al., 2022).

GR (g) = Wt-WO0
AL (cm) =Lt-LO0
(Wt-wo)
TFC =F1-F2
S0
SR ==X 100%
St
Note:
GR = Growth rate (g)
WO = Initial weight (g)
Wt = Final weight (g)
AL = Absolute length (cm)
LO = Initial length (cm)
Lt = Final length (cm).
FCR = Feed conversion rate

F = The number of feed (g)

TFC = Total feed consumption (g)
F1 = Uneaten feed
F2 = Faten feed

Water quality analysis

According to Sanke and Kohaku cultures, water
changes (50%) every four days, resulting in better
growth performance and nutrient utilization, based
on Ikpe ¢ al. (2022). The water qualities, including
temperature, pH, and ammonia, were measured twice
weekly using proper tools based on a method from
Ulfa (2018). The present study determined the
temperature using a liquid thermometer (Alla France
5152T110-gp) and measured pH values with a pH
meter (pH Meter Smart Sensor AS218). To assess
ammonia levels in the water, this study followed a
standard curve that included concentrations of 0
mg/mL, 0.1 mg/mlL, 0.2 mg/mL, 0.3 mg/mL, and
0.5 mg/mL. In each Etlenmeyer flask, we combined
25 mL of the standard solution with 1 mL of phenol,
1 mL of sodium nitroprusside, and 2.5 mL of
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oxidizing solution (prepared by mixing 100 mL of
alkaline citrate with 25 mL of sodium hypochlorite).
After covering the flasks with paraffin film, we
allowed them to stand for 1 hour to develop color.

Finally, we analyzed the samples at 640 nm using a
spectrophotometer (UV-1900, A124257).

Data analysis

ANOVA (One-way Analysis of variance) was
utilized to examine the experimental results. Multiple
comparisons (Duncan test) were conducted using

Table 1. Qualitative determination of Rose sp.
anthocyanins was carried out by scanning at a
wavelength of 520 nm to 750 nm on samples
dissolved in the two buffer pH conditions (pH 1 and
4.5). The present study found that Rose sp.
anthocyanins peaked at an acidic pH of 1.0, reaching
0.701 and 0.171 (520 nm and 700 nm, respectively).
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IBM SPSS Statistics 26 to identify significant
differences between treatments. The results were
displayed as a mean * SD. Differences between
groups at each time point were deemed significant

(p<0.05).

Results
Rose sp. anthocyanin levels
The results showed that Rose sp. flower

methanolic extract proved that anthocyanins could
be extracted, as seen in

However, neither sample showed differences in
MAP (Monomeric Anthocyanin Pigments) results
(1.24 mg/L and 1.22 mg/L), as indicated by their
numbers. Regarding those discoveries, Rose sp.
anthocyanins extraction could employ methanol in
the maceration process for 24 hours.

Table 1. Anthocyanin content of Rose sp. flower extract was measured at pH 1.0 and 4.5. Values represent
duplicate measurements of the same sample.

Technical H1 H 4.5
replicates szop 700 520p 700 A MW DE ¢ MAP (mg-L)
Sample 1 0.670  0.158 0.582  0.144 0.074 449.2 1 26900 1.24
Sample 2 0.701 0.171 0.614 0.157 0.073 449.2 1 26900 1.22
A : Solution absorbance g :  Molecular absorptivity of cyanide-3-
MW  : Molecular weight glucoside
DF  :Dilution factor MAP : Monomeric Anthocyanin Pigment

Field emission Scanning Electron Microscopy
(FESEM) analysis of MRFA

The surface morphology analysis of MRFA
particles, conducted using FESEM at a magnification
of 500 times, revealed an irregular form among the
particles. The morphology of maltodextrin looked
like a large lump with a rough surface texture. The
analysis of anthocyanin—maltodextrin microcapsules
showed that the morphology of particles was still
clearly

54 g rr " .‘l
Figure 1. Surface morphology of particles using FESEM analysis, (A and B) MRFA, (C) maltodextrin.

X-ray diffraction (XRD) analysis of Rose sp.
anthocyanin

The XRD test results (Figure 2) indicate that the
silica ash obtained from well-burned rice husks
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distributed, even though it was not homogeneously
distributed (14 um to 170 um) (Figure 1).
Furthermore, the present study conducted
FESEM analysis to examine the surface morphology
of MRFA nanoparticles (as shown in Figure 1).
Notably, the barrier layer has a significant influence
on particle wrinkling. This study employed

maltodextrin to produce nearly spherical and
smooth particles.

during the initial treatment is not amorphous. This
is evidenced by the sloping peak at 20 = 22°
characteristic of amorphous silica. Previous research
has shown that silica isolated from husked rice
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exhibits an amorphous structure.

Figure 2 displays the XRD diffractograms for the
MRFA and maltodextrin layers, analyzed using
Match! Version 2 software. Overall, both sample
layers demonstrate an amorphous phase, as the
diffraction peaks do not correspond to any crystalline
phase. This qualitative analysis confirms the
successful growth of MRFA and maltodextrin
samples with an amorphous layer structure.

[r——

Figure 2. XRD analysis of MRFA with maltodextrin.

Effect of MRFA on Kohaku and Sanke
Coloration

During week 2, MRFA supplementation
produced significant differences only in chroma
values, with T3 showing the highest level (42.33 *
2.52). However, by week 4, although overall color
values increased across treatments, no significant
differences were observed among groups (p>0.05).
This indicates that MRFA had only a short-term
effect on Kohaku coloration (Figure 3).

2Tl aT2 mT3 aTo

60,00
50,00
3 %
g 40,00 gg
Z 30,00 v
5 %4
' 20,00 i %
10,00 2 %
- %4
0,00 L =
L/light Alred B/yellow C/chrome H/dull
Parameters
A
BT1 &8T2 mT3 aTO
50
40
3
T 30
&
)
= 20
@]
10
L/light Alred B/yellow  C/chrome H/dull
Parameters
B

Figure 3. The Kohaku color level at (A) week 2
treatment and (B) week 4 treatment with
MRFA.
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In contrast, Sanke Koi responded more clearly to
MRFA supplementation. At week 2, T1 and T2
significantly improved red, yellow, and chroma
parameters compared to the control (p<0.05).
However, higher supplementation (T3) was less
effective. By week 4, some parameters decreased
slightly, but Sanke maintained higher color intensity
in T2 compared to the control, suggesting a more

sustained effect of MRFA on black-based
pigmentation (Figure 4).
®T] T2 mT2 @To0
80,00
70,00 e ¢ ¢ aa 2
& 60,00 = 2 b Bl
< 50,00 8 o B - B
g 50, b o & B2 BEE
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=7 ab > a bb ] 4 vl A 22| || |29
230,00 | BT awo ] BEE BEE:
S Bme B e 2 BN BN B
S 2000 (@AY B B BEEINIE B
’ A B BN B B
10,00 | B w|$: R Bl B
000 LREANE BREANIE: BN BRPANIE BN
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Figure 4. The Sanke color level, (A) week 2nd
treatment, (B) week 4th treatment with
MRFA.

Color permanence after MRFA feeding

The color permanence test aimed to determine
whether the various dosages of MRFA in this study
could remain and be absorbed by the koi fish body
after all treatments were stopped. The data showed
significant differences in all parameters (p<0.05) in
Kohaku and Sanke at week 6 (two weeks after MRFA
supplementation was stopped) (Figure 5). Overall,
Kohaku and Sanke could absorb the MRFA very
well, as proved by the numbers of several parameters
compared to the control group.
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Figure 5. Permanence of color parameters in koi
species: (A) Kohaku, (B) Sanke, measured
two weeks post-treatment with MRFA
supplementation.

Based on the data, T3 and T2 were the most
effective treatments for Kohaku (A) and Sanke (B),
respectively, during a 2-week observation period.
The T3 could promote Kohaku's red and chrome
color higher than other treatments, reaching 26.4 *
1.42 and 26.7 £ 3.77, respectively. Meanwhile, T2
was determined to be the best treatment for Sanke
according to the numbers for red (23.46 * 2.19),
yellow (47.3 = 4.55), and chrome (51.3 = 2.11). Based
on the analysis data, it can be concluded that MRFA
could be absorbed and significantly increase the color
of the koi fish body. Moreover, our study also
discovered that MRFA was more effective in
promoting Sanke's color than Kohaku's color.

On the other hand, a significant figure in
permanent color analysis showed that all treatments
performed better than the control group (p<0.05) on
the 14th day after the feeding trials were terminated.
This means that the color of Sanke and Kohaku
improved and became brighter permanently after the
treatments were finished. Figure 5 indicates that
Sanke and Kohaku completely absorbed the MRFA.

Growth performance and survival rate analysis
This study observed significant differences across

all treatments for five measurements by comparing

the growth performance and feed consumption of

368

Depik Jurnal Ilmu-Ilmu Perairan, Pesisir dan Perikanan
Volume 14, Number 3, Page 363-373

MRFA-supplemented commercial feed with that of
Sanke and Kohaku strains over 30 days (as shown in
Table 2 and Table 3). Overall, T3 exhibited the most
favorable parameters, while TO performed the
weakest in promoting Sanke and Kohaku growth. T3
demonstrated superior Kohaku growth performance
compared to Sanke, with an absolute weight
difference of 1.02 g, while other parameters remained
nearly consistent.

Water quality analysis during observations
Three water quality parameters were measured in
this study: temperature, pH, and ammonia, which
were recorded three times a week for one month. All
water quality values remained suitable for Kohaku
and Sanke cultures during the study. The water
medium was consistent at 28.00 to 33.00°C (Figure

0), which was an optimum range for fish
development.
—te=T(0 —8=T] T2 —=%T3
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31 .
3 —
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Time observation
A
e T() ==T1] T2 =%=T3
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31
305
¥ 30
2295
é 29
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27.5
Week 1 Week 2 Week 3 Week 4
Time observation
B

Figure 6. The temperature level of Kohaku (A) and
Sanke (B) rearing media water during the
study.
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Figure 7. pH level of Kohaku (A) and Sanke (B)
rearing media water during the study.
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Figure 8. Ammonia level of Kohaku (A) and Sanke
(B) rearing media water during the study.

At the same time, the pH level determined could
support fish growth during the experiment, ranging
from 7 to 8 (Figure 7). Moreover, throughout the
experiment, ammonia concentrations remained
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within the acceptable range (0.25 mg'I." to 1 mg-L.")
(Figure 8). Based on those discoveries, the MRFA
supplemented in commercial feed did not negatively
affect water quality during the study.

Discussion

Anthocyanins are pigments as a subgroup of
water-soluble flavonoids found in most vascular
plants, which are significant secondary plant
metabolites (Alappat and Alappat, 2020). This study
found that the Rose sp. flower contained anthocyanin
(1.24 mg/L and 1.22 mg/L), observed using a UV-
VIS T80 spectrophotometer at different wavelengths
(Table 1). Some researchers also supported our study,
which showed that the flower contains many
anthocyanins (Barani e/ al, 2022; 1i et al, 2023).
FESEM evaluated Microencapsulated Rose sp.
flower anthocyanin (MRFA) nanoparticle surface
morphology (Figure 1). As shown, the barrier layer
affects particle wrinkling. This study used
maltodextrin to create almost seamless particles.
Using maltodextrin DE24 as a wall material resulted
in a softer surface than tapioca starch (Loksuwan,
2007). In addition, both MRFA and maltodextrin
samples have been successfully cultivated using a
structure consisting of an amorphous phase layer.
This result was also supported by Saleh (2019) and
Yang ¢ al. (2019) demonstrated the amorphous phase
of the a-C: H thin layer structure and the
Crystallization of Ni Nanocrystals, respectively.

On the one hand, according to this study, the
data were insignificant (»>0.05) in week 4, which
contradicted some previous findings regarding
Kohaku pigments. For instance, Lili ¢z o/ (2020)
proved that adding marigold meal at a concentration
of 1.5% increased the color intensity of Kohaku
strain koi fish in the head and tail by 5.97 and 6.50%,
respectively. Furthermore, one study found that four
botanical additives, including flower petals of Hibiscus
rosasinensis, Rosa indica, Ixora coccinea, and Crossandra
infundibuliformiss, significantly increased the color
pigments in an ornamental fish species (Singh ¢7 a/.,
2021). As a result, based on our findings, all MRFA
dosages were unable to promote Kohaku's pigment
after the 4th week of observation.

On the other hand, Figure 4 illustrates variations
in color parameters of Sanke koi across different
treatments throughout the second and fourth weeks
of identification. These findings are also consistent
with various research studies. Other plant extracts,
such as Mucuna prariens seed methanol, Tribulus
terrestris seed ethanol, and Basella alba leaves ethanol,
have been shown to enhance the pigmentation of fish
species like Botia rostrata (Mukherjee er al, 2023).
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Pumpkin extract, specifically at a concentration of
30ml-100gr, has also been found to increase the
brightness of the color of ornamental fish (Sari ¢/ a/.,
2022).

Although MRFA  supplementation improved
Kohaku coloration initially, the effect was not
sustained by week 4, which contrasts with previous
studies where marigold meal and other botanical
additives enhanced Kohaku pigmentation (Lili ¢7 /.,
20205 Singh ez al., 2021). Several factors may explain
these differences. First, genetic variation among
Kohaku strains could influence their capacity to
absorb and deposit pigments (Dani ¢/ a/., 2012; Shi ez
al., 2024). Second, the type and dosage of pigment
sources vary across studies, which may affect
bioavailability and effectiveness (Ayvaz ¢f al., 2023).
Finally, anthocyanins are more commonly associated
with black pigmentation (Ahmad ez a/, 2022; Bao ef
al., 20225 Kim e# al., 2021), which may explain why
Sanke responded more strongly than Kohaku. These
factors highlight the need for further strain-specific
and pigment-specific studies to clarify the
mechanisms involved.

Furthermore, the present study found that the
application of MRFA boosted Kohaku and Sanke's
colors promptly after the second week of feeding
trials (Figure 3 and Figure 4, respectively). The
discovery might be assisted by other research that
plant extract microencapsulation can improve the
absorption of bioactive compounds by the body
(Calderon-Santoyo e al., 2022; Pertiwi ef al., 2023).
The microcapsules formed have spherical shapes
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and small particle sizes, facilitating their absorption
(Figure 1) (Lengyel ez al, 2019). It could be assumed
that MRAF was absorbed quickly by the Koi fish
through intestinal absorption during feeding trials.
A similar study proved that 450 mg of Hibiscus
sabdariffa anthocyanin stimulated Carassius auratus
colors during eight weeks of feeding trials (Vanegas-
Espinoza et al., 2019).

Based on these findings, this suggests that
microencapsulated rose anthocyanins (MRFA) can
serve as a potential eco-friendly feed additive in
aquaculture to support koi coloration and growth.
However, MRFA did not significantly improve
coloration in Kohaku compared to the control (T0),
and in Sanke, the control group outperformed
MRFA in some parameters, particularly yellow and
chroma values at week 4. These results highlight that
the effectiveness of MRFA may vary depending on
koi strain and color traits, and further studies with
longer durations (color permanence test, Figure 5)
and larger populations are recommended to validate
its broader application in ornamental fish culture.

Furthermore, MRFA demonstrated growth-
enhancing effects in Koi compared to the control
group (as shown in Table 2 and Table 3). These
findings aligned with previous research that
highlighted anthocyanins as fish growth promoters.
For instance, dark rice bran anthocyanin extracts at

concentrations of 4 to 8 g'kg ' improved growth,
feed utilization, and the expression of innate immune
and antioxidant genes in Nile tilapia cultured within
a biofloc system (Linh ¢z a/., 2022).

Table 2. Sanke's growth rate, survival rate, and feed utilization.

Treatment Absolute weight (g) Absolute Length (cm) SR (%) TFC (g) FCR
TO 5.00£0,562 1.56%0.23» 1002002 195.5014.022 1.9910.23b
T1 9.93£0.90bc 1.6310.452 1002002 199.75%3.052 1.3240.21»
T2 8.47+1.03b 1.67£0.552 1002002 227.80£3.05> 2.03 £0.18>
T3 10.60%1.25¢ 1.90£0.702 1002002 195.5043.292 1.4520.14»

Values with different superscript letters in the same column are significantly different (p<0.05).
Table 3. Kohaku's growth rate, survival rate, and feed utilization.

Treatment Absolute weight (g) Absolute Length (cm) SR (%) TFC (g) FCR
TO 5.03+0,25a 1.62%0.22a 100£00a  196.00£3.12a 2.00£0.43b
T1 8.43+0.70bc 1.61£0.15a 100£00a  200.50£3.25a 1.62%0.14a
T2 9.12%1.33b 1.58%0.33a 100£00a  210.45+2.85b 1.53%0.18a
T3 11.62%1.27¢ 1.7240.26a 100£00a  200.50%4.13a 1.4240.14a

Values with different superscript letters in the same column are significantly different (p<0.05).

Similarly, a dietary supplement derived from
Hylocereus polyrhizus fermentation waste, containing
0.57¢/100g of anthocyanin, enhanced weight gain
(WG) and specific growth rate (SGR) in Platax
pinnatus during an 8-week feeding trial (Chu e/ al,
2021).  Anthocyanins may also influence gut
microbiota colonization, impacting the development
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of intestinal bacteria (Tian ¢/ o/, 2019). Notably, they
promote the growth of beneficial bacteria, such as
Bifidobacterinm spp. and Lactobacillus-Enterococcus spp.,
in vitro (Boto-Ordonez ef al, 2014). Given the role
of gut microbiota in processes like epithelial
proliferation, nutrient metabolism, and innate
immune responses (Yukgehnaish e a/, 2020). The
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microbiota residing in a fish's digestive tract can serve
as a source of growth-promoting probiotics and
contribute to vitamin production (Ramos ¢/ /., 2017).
Based on these findings, the present study concludes
that MRFA has growth-enhancing properties.

This study calculated temperature, pH, and
ammonia three times a week for one month. All
water quality values were adequate for the Kohaku
and Sanke cultures during the investigation. Warm-
water fish can survive in temperatures ranging from
22 to 32°C, as demonstrated by Nuwansi e/ a/.
(2021). The optimal pH range for fish in a fish
culture system is between 6 and 8.5. Nutrient
absorption was most efficient at slightly low pH
levels (Heydarnejad, 2012; Tumwesigye ¢f al., 2022).
The ammonia level in water is still tolerable for fish

when it does not exceed 1 mg-L' (Robbani ¢ 4,
2022).

On top of that, this study still has some
limitations. The relatively short duration (four weeks
of feeding plus two weeks post-treatment) may not
reflect long-term effects. Genetic variation among
koi strains could also have influenced responses, and
the sample size, though adequate for analysis, limits
generalization. Future studies with longer trials,
larger populations, and multiple strains are needed
to validate the broader application of rose
anthocyanins in ornamental fish culture.

Conclusion

This study demonstrated that microencapsulated
rose anthocyanins (MRFA) supported the growth
performance of both Kohaku and Sanke koi but
showed limited and strain-specific effects on
coloration. At week 2, MRFA improved certain color
parameters, particularly in Sanke, while Kohaku
showed only temporary chroma enhancement. By
week 4, MRFA did not significantly improve Kohaku
coloration compared to the control (T0), and in
Sanke, the control group was even superior in yellow
and chroma values. The permanence test indicated
that MRFA did not further increase coloration once
supplementation was stopped, but helped maintain
the coloration achieved during the feeding period.

Opverall, these findings suggest that MRFA has
potential as an eco-friendly, locally available feed
additive in ornamental aquaculture, although its
effects vary between strains and color traits. The
relatively short experimental duration, modest
sample size, and potential genetic variability among
fish are limitations of the present study. Future
research  with longer feeding trials, larger
populations, and multiple koi = strains  is
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recommended to validate the long-term applicability
of rose anthocyanins in fish pigmentation.
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