Indonesian Aquaculture Journal, 15 (2), 2020, 67-75

Available online at: http://ejournal-balitbang.kkp.go.id/index.php/iaj

EFFECTS OF SYNTHETIC ASTAXANTHIN, CHLORELLA, AND SPIRULINA
SUPPLEMENTATION IN DIETS ON GROWTH AND PIGMENTATION OF
KURUMOI RAINBOWFISH, Melanotaenia parva

Nina Meilisza”?, Muhammad Agus Suprayudi™, Dedi Jusadi™,
Muhammad Zairin Jr.”, and | Made Artika™

) Research Institute for Ornamental Fish Culture
JI. Perikanan No. 13, Pancoran Mas, Depok 16346

") Departement of Aquaculture, IPB University
JIl. Rasamala, Campus IPB Darmaga Bogor 16680

" Departement of Biochemistry, IPB University
JIl. Rasamala, Campus IPB Darmaga Bogor 16680

(Received: December 27, 2019; Final revised: May 11, 2020; Accepted: May 14, 2020)

ABSTRACT

Several studies have recommended the supplementation of astaxanthin in the Kurumoi rainbowfish diet to
enhance its color and growth. However, knowledge regarding the effects of naturally-sourced and
synthetically-made carotenoids in fish diets is currently limited. This study’s objective was to compare the
growth and color performances of Melanotaenia parva by supplementing fish feed with synthetic astaxanthin
and natural carotenoids sourced from Chlorella and Spirulina. A total of 12 fish (weight of 1.27 = 0.02 g and
total length of 4.70 = 0.07 cm) were stocked at a density of one fish per liter. Basal feed (B) was used as the
control feed. The experimental feeds were: B added with different doses of synthetic astaxanthin (Carophyll®
Pink 10% water-soluble) from low to higher doses as follows: 0.6 g kg* (AS-L), 2.6 g kg* (AS-O), and 5.1 g kg
1 (AS-H); and B added with natural carotenoids of Chlorella sp. (Ch) and Spirulina sp. (Sp) of 8.6 g kg* and 5.5
g ka?, respectively. The experimental diets were given at satiation for 56 days at 8 am and 3 pm. The study
results showed that the addition of synthetic astaxanthin at a dose of 2.6 g kg* could increase the fish
growth up to 12% with carotenoid deposition in the fish fin of three times higher than that of the treatments
without synthetic astaxanthin. This dose was considered the optimal dose to increase the fish’s growth
performance and pigmentation compared with the high dose of 5.1 g kg?. Despite having the same
nutrient composition, natural carotenoids in Chlorella and Spirulina did not produce better results compared
to the low dose of synthetic astaxanthin of 0.6 g kg™.

KEYWORDS: synthetic carotenoid; Melanotaenia parva; optimization; growth; color

INTRODUCTION

Ornamental fish Melanotaenia parva, known as
Kurumoi Rainbowfish, is an endemic and vulnerable

were given to the fish and led to the color and growth
degradations.

The dietary requirement of ornamental fish is

species of Kurumoi Lake, Papua (Allen, 1996). This
fish was successfully cultivated in 2008 by the Re-
search Institute for Ornamental Fish Culture (RIOFC).
Kurumoi Rainbowfish has been selected as the orna-
mental fish candidate for export among the other
Rainbowfish domesticated at the RIOFC. However,
discoloration and reduced growth were observed on
Kurumoi rainbowfish, which had been kept in aquari-
ums. It was suspected that inadequate quality feeds
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specific and different from that of fish for consump-
tion, particularly for body pigmentation. As ornamen-
tal fish cannot synthesize their own pigment de novo
(Gouveia et al., 2003), pigment sources have to be
supplied through their diet (Sinha & Asimi, 2007).
The pigment responsible for pigmentation is caro-
tenoid, which also plays a vital role in fish growth
and survival (Baker et al., 2002). Several studies
showed that carotenoid type astaxanthin is effective
for pigmentation in red Rainbowfish (Glossolepis
incisus), red cherry shrimp (Neocaridina heteropoda),
and clownfish (Amphiprion ocellaris) (Subamia et al.,
2010; Amin et al., 2012; Yulianti et al., 2014).
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The addition of synthetic astaxanthin of
2.6 g kg* feed was found to be the best dose to
enhance color quality, growth, and health status of
Kurumoi Rainbowfish (Melanotaenia parva) (Meilisza
et al., 2017; 2018; 2019). However, information re-
garding the minimum and maximum doses of
astaxanthin in the diet of Kurumoi Rainbowfish is
not yet available. Previously, selecting synthetic caro-
tenoids to be added in ornamental fish diets is based
on purity and ease of application. However, the pro-
duction cost is high, and access is difficult at certain
times to these types of synthetic carotenoids.

In comparison, natural carotenoids are abundantly
available. Natural carotenoids suitable for ornamen-
tal fish naturally come from microalgae containing at
least more than one type of carotenoid. O'Sullivan et
al. (2011) mentioned that Chlorella and Spirulina are
carotenoid-producing and highly nutritious
microalgae.

Chlorella is a single-celled green alga with a domi-
nant carotenoid of lutein, while Spirulina is a blue-
green alga with the primary carotenoid of zeaxan-
thin. Both algae are widely used in fish feed or as a
food supplement (De Chavez & Bolivar, 2018). Some
studies also revealed Chlorella and Spirulina’s role in
fish color quality (James et al., 2006; Kim & Lee 2012;
Teimouri et al., 2013; Barone et al., 2018; Bakshi et

al., 2018).

There are several advantages of synthetic and natu-
ral carotenoids for fish species. However, it is not
clear which one is more effective to improve the color
and growth performances of Melanotaenia parva.
Therefore, this study was conducted to compare the
effects of different synthetic astaxanthin and natural
carotenoid dosages in Chlorella and Spirulina on color
quality and growth of Melanotaenia parva.

MATERIALS AND METHODS

Fish and Rearing

A total of 12 fries of Kurumoi Rainbowfish
Melanotaenia parva per aquarium from natural spawn-
ing (average weight of 1.27 + 0.02 g and average
length of 4.70 & 0.07 cm) were placed in an indoor
aquarium at a density of one fish per liter. Fish rear-
ing was done in a stagnant water system with a daily
water exchange of 1/3 water volume. The fish were
kept for 56 days and fed to satiation twice a day at 8
am and 3 pm.

Feed and Treatment

This study used different dosages of synthetic
astaxanthin (AS) coded as optimal dose (AS-O), low
dose (AS-L), high dose (AS-H), and natural carotenoid

(Nina Meilisza)

coded as Ch for Chlorella and Sp for Spirulina. Basal
feed (B) used in this study was a formulated feed in
the form of pelleted feed (semi-pure) (see Meilisza et
al., 2018). The formulated feed’s nutrient composi-
tion is listed in Table 1 and determined using proxi-
mate analysis (AOAC, 2002). The experimental diets
consisted of basal feed added with synthetic
astaxanthin (Carophyll® Pink 10% Cold Water Soluble) of
0.6 g kg* (AS-L), 2.6 g kg™ (AS-0), 5.1 g kg* (AS-H),
Chlorella sp. 8.6 g kg™ (Ch) and Spirulina sp. 5.5 g kg*
(Sp). The dose of Chlorella and Spirulina was adjusted
to the nutrient composition of basal feed (isoprotein,
isolipid) based on the study conducted by Ako et al.
(2000) (Table 1).

This experiment was designed using the Com-
pletely Randomized Design by applying six treatments
and three replications. The feed was first produced
by dissolving astaxanthin in water, while Chlorella and
Spirulina were dissolved in liquid raw material (oil).
Later, micronutrients were added, and all ingredients
were mixed until the texture was smooth and ex-
truded using a simple pellet machine with a hole -
diameter of 2 mm. Feed extrudes were air-dried and
squeezed or cut to adjust the size of the fish mouth
opening. Afterward, the feed was ready to use or
stored in a refrigerator to avoid damage.

Sampling and Observation

Fish rearing in the aquarium was conducted for
56 days by regularly observing the fish growth (weight
and length) once every 14 days. After the rearing pe-
riod was completed (day-56), fish samples were taken
and kept in the freezer for subsequent fish tissue
tests. The observation of color quality was done on
all live fish in each aquarium at the beginning and end
of the study. Measurement of color appearance was
done using chroma meter CR-400 (Konica Minolta,
Osaka, Jepang). Color parameter consisted of L for
lightness (%) ranged between 0 for black and 100 for
white, C for chroma (%) ranged of 0-100, H for hue (°)
ranged from 0-360, a* for red (+) or green (-), b* for
yellow (+) and blue (-).

The analysis of total carotenoid in the fish muscle,
skin, and fin was conducted after carotenoid extrac-
tion of ten fish samples per replication was done,
according to the procedure of Schiedt and Liaaen-
Jensen (1995) and measured using Thermo scientific
Genesys 10S Uv-Vis spectrophotometer. Parameters
observed in this study included survival rate, specific
growth rate, feed conversion, analysis of color quan-
tification based on TCF rank, lightness, hue, chroma,
red value (a*) and yellow value (b*). Total carotenoid
in fish muscle, skin, and fin in the fish samples was
also determined.
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Table 1. Composition of experimental diets made of several types and doses of synthetic and

natural carotenoids

Ingredients Fish diets

(g/kg) B ASL  ASO  ASH Ch Sp
Fishmeal 637 636.4  634.4 632 628 631.5
Gelatin 120 120 120 120 120 120
Dextrin 110 110 110 110 110 110
Fish oil 63 63 63 63 63 63
Vitamin mix 20 20 20 20 20 20
Mineral mix 30 30 30 30 30 30
cMmct 20 20 20 20 20 20
Astaxanthin (10%)* 0 0.6 2.6 5.1 0 0
Chlorella 0 0 0 0 8.6 0
Spirulina 0 0 0 0 0 5.5
Nutrient composition (% dry matter):
Crude protein™® 5133 5120 50.67 5047 5045  50.87
Crude fat"® 1524 1625 17.08 1731 1523  16.09
Crude fiber™® 2.82 2.99 2.46 2.97 3.34 2.98
Ash™® 2067 1957 1947 1870  19.14  18.70
NFENS 9.94 9.99 10.32 1055 1184  11.36
Total carotenoid (mg/kg) 10.33 5215 139.12 25998 9587  58.09

Note: ¥ Carboxy Methyl Cellulose; ? Formulated according to carotenoid digestibility (Meilisza et al., 2017);

NS = no significant

Data Analysis

The collected data on the growth, survival, feed
conversion, lightness, chroma, hue, values of a* and
b* as well as the total carotenoid in fish tissues were
analyzed using one way analysis of variance and
followed by Tukey posthoc test to determine signifi-
cance between treatments using SPSS software ver-
sion 17.

RESULTS AND DISCUSSION

Growth, Survival, and Feed Conversion

Results of the study show that significant
differences were evident on the parameters of spe-
cific growth rate, relative weight, absolute length,
relative length, and feed conversion of fish fed with
the experimental diets (P<<0.05). The fish given AS-
O and AS-H feeds have higher values of specific growth
rate, relative weight, and lower feed conversion ra-
tios (Table 2).

The research findings above mean that the syn-
thetic and natural carotenoids and their doses affected
the growth and feed conversion despite the fact that
no effect was observed on the survival rate (Table 2).
This study’s result was different from that of Kim &
Lee (2012), where supplementation of various syn-

thetic and natural carotenoids in the feed for eight
weeks of rearing showed no effect on survival, growth,
and feed efficiency of koi fish.

The specific growth rate of Kurumoi Rainbowfish
fed with AS-O was significantly higher than that of
the fish fed with the other experimental diets, while
the fish given AS-L feed was not different from the
control. Talebi et al. (2013) reported similar results
for rainbow trout. They found that a lower astaxanthin
dose (4.1 g kg?) for eight weeks of rearing showed
no significant effect on fish growth and survival. In
addition, the growth rate of fish fed with AS-L diet
was also not different for fish fed with Ch and Sp.
This finding indicates that AS-L feed was not optimal
to support a better growth rate of the fish.

Chlorella and Spirulina were not as effective as the
optimal dose of synthetic astaxanthin but equaled to
AS-L feed. With similar nutrient compositions, caro-
tenoid concentrations in Chlorella and Spirulina were
9.8 g kg-1 and 5.8 g kg-1, respectively, below the
AS-O and AS-H diets’ values. Different results were
reported by Sun et al. (2012), who added canthaxanthin
and Spirulina in koi feed. Their study found that the
specific growth rate of fish fed with Spirulina was
higher than that of the fish fed with canthaxanthin
(synthetic carotenoid) even though total carotenoid
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Table 2. The growth, survival, and feed conversion of Kurumoi Rainbowfish maintained for 56 days

Experimental diets

Parameters
B AS-L

AS-O AS-H ch Sp

1.24 +0.08
1.79+0.08
4.66 =0.15
515+ 0.17

0.66 = 0.03
0.55 =+ 0.00

44.47 + 2.70°
0.50 £0.04"

10.67 + 0.86"
91.67

231+ 0.06

1.29+0.01
1.92 +0.03
4.61 +0.02
521 +0.04

0.71 = 0.02%°
0.63 = 0.02

49.22 + 1.41%°
0.60 =+ 0.02°

13.02 + 034"
94.44

1.85 + 0.28%°

Initial weight (g)
Final weight (g)
Initial length (cm)
Final length (cm)
Specific growth rate (% day'l)
Absolute weight (g)
Relative weight (%)
Absolute length (cm)
Relative length (%)
Survival (%)

Feed conversion (%)

126 +0.11
1.89+0.18
472 +0.13
514 +0.13

0.73+0.02" 0.68 001" 0.70 = 0.02"
063+008 059+001 0.61=+0.02

50.17 + 1.74° 46.45 + 0.42°° 48.41 = 1.37"°
0.42 +0.01* 043+0.08" 0.39+ 0.09°

12,67 +0.46" 898+ 0.36° 899+ 1.70° 807+ 1.79°
94.44 97.22 91.67 94.44

142 + 027" 148+ 061" 2.21+0.09" 200+ 016"

127 +0.01
1.86 = 0.02
4.76 =0.07
5.18 +0.03

1.27+0.01
1.88 +0.03
479 +0.01
5.18 = 0.08

1.29 +0.03
1.94 +0.08
4.66 =+ 0.02
5.25 + 0.02
0.74 + 0.04°
0.66 = 0.06

50.99 + 3.23"

0.59 =+ 0.02"

Note: *) Values followed by different superscript letters within the same row are significantly different (P<<0.05)

content in Spirulina was lower than the synthetic
canthaxanthin.

The study conducted by Buyukcapar et al. (2007)
revealed other findings that the administration of
natural carotenoids in rainbow trout at an excessive
dose could cause adverse effects on fish growth.
These discrepancies are the reasons why the use of
natural carotenoids is less popular due to the lack of
purity and large quantity required to obtain the de-
sired dose, which will further affect the quality of
feed nutrients.

Generally, the values of specific growth rate and
feed conversion obtained by Kurumoi Rainbowfish
fed with carotenoid-supplemented feed in this study
were not so different from the values generated by
goldfish of similar size. Gouveia & Rema (2005) used
goldfish of 1.7 g for four weeks of rearing with the
treatment of Chlorella, Spirulina, and synthetic
astaxanthin resulted in a specific growth rate of 1.1-
1.2% and feed conversion ratio of 2.0-2.1.

Color Quality

At the end of the experiment, the percentages of
chroma, hue, and red value of tested fish were sig-
nificantly different. The fish given AS-O and AS-H feeds
had higher values than the fish fed with the natural
carotenoids and basal feed (P<<0.05). The lightness
percentage and yellow value indicated insignificantly
different results (P>0.05). Visual observation using
TCF revealed that Kurumoi Rainbowfish at the end of
the experiment showed different colors according to
the feed consumed (Table 3).

Total carotenoid in the muscle of fish fed with
the experimental diets and control feed (B) at the

end of the study was not significantly different
(P=0.05) (Figure 1). In the fish skin, the total caro-
tenoid of fish fed with AS-O was higher and signifi-
cantly different than the control (P<<0.05) (Figure 2),
while fish fed with AS-L, AS-H, Ch, and Sp were not
significantly different from AS-O and the control. In
the fish fin, higher carotenoid values were also found
in the fish fed with AS-O and AS-H feed. Furthermore,
the administration of AS-L, Ch, Sp, and control feed
resulted in a significantly lower total carotenoid
(P<<0.05) (Figure 3).

Some previous research showed that Chlorellaand
Spirulina’s natural carotenoids were effective in in-
creasing the pigmentation in many fish species. Cells
of certain Chlorella strains contain astaxanthin at a
significant amount, along with other essential caro-
tenoids (Del Campo et al., 2004). For example, past
studies showed that Spirulina powder’s administra-
tion had increased the pigmentation of rainbow trout
Oncorhynchus mykiss (Teimouri et al., 2013; Allaf et al.,
2014). Spirulina powder was also able to improve the
color quality of fin of red swordtail Xiphophorus
helleri and dwarf gourami Trichogaster lalius (James et
al., 2006; Bakshi et al., 2018).

Natural carotenoid in Chlorella vulgaris is also ef-
fective in replacing the synthetic sources for pigmen-
tation in Cyprinus carpio (Das & Biswas, 2016) and
Carassius auratus (Ezhil et al., 2008). A study con-
ducted by Sun et al. (2012) found that the amount of
synthetic carotenoid was comparable to the amount
of natural carotenoid in the skin of koi fish fed with
canthaxanthin. The values of total synthetic carotenoid
of white, black, and red were 2.78, 2.20, and 2.61 mg
kg?, respectively, while those of Spirulina were 3.28,
2.38, and 3.42 mg kg, respectively
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Figure 1. Total carotenoid in the muscle of fish Melanotaenia parva
after 56 days of rearing.
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Figure 2.  Total carotenoid in the skin of fish Melanotaenia parva after
56 days of rearing.
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Figure 3. Total carotenoid in the fin of fish Melanotaenia parva after
56 days of rearing.
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Table 3. Color quality of Kurumoi rainbowfish maintained for 56 days

Experimental diets

Parameters

B AS-L

AS-O

AS-H Ch Sp

LAW (%)

LAK (%)

CAw (%)

CAK (%)

HAw (°)

HAK (°)

a* Aw

a* Ak

b* Aw

b* Ak

TCF Aw of fin
TCF Ak of fin

55.90 =+ 3.08"
57.50 =+ 3.50°
3.79 + 0.45°
5.43 +0.61°

55.67 = 2.78"
64.08 = 0.79°
3.46 + 0.19°
3.43 +0.27°
301.58 + 20.29°

1.99 + 156
3.78 + 1.70°
2.94 +0.61°

-353 +1.20°
Light yellow

1.72 + 0.99°
0.47 +0.39°
-3.04 + 0.55°

-3.29 +0.34°
Light yellow
Light yellow

55.71 + 3.64
61.41 + 4.40
3.59 = 0.25"
6.87 = 0.23"
302.44 + 24.35" 302.18 =+ 26.53" 291.70 + 10.88"
282.72 +7.21* 31553 +20.74° 323.27 +3.65° 317.93 + 15.74° 315.38 + 15.38" 312.82 + 8.51°
1.76 + 1.41°
5.50 + 0.38"
-2.84 +0.85°

-4.10 = 0.32°
Light yellow
Yellowish-orange Reddish-orange

a a a

54.68 =+ 2.38"

65.08 + 1.83°
3.63 = 0.52° 3.91 +0.07°
579 +014°  502+0.19

299.63 + 16.38° 307.10 = 15.38"

53.73 + 1.70
60.43 + 1.23
3.75 + 0.44°
7.95 + 0.63"

54.88 +3.12
63.89 =3.73

a a a

2.27 +0.86°
3.87 +0.42°
-3.07 £ 0.57°

-3.16 + 0.42°
Light yellow
Light yellow

1.76 + 1.01°
347 + 1.62°
-3.06 + 0.57°

-4.31 +1.34°
Light yellow
Bluish-Yellow

1.36 =+ 0.56°
577 + 1.59
-3.47 + 0.61°

-5.25 + 1.68°
Light yellow
Reddish-orange

Note:

Y Values followed by different superscript letters within the same row are significantly different (P<<0.05)

Description: Initial lightness (LAw). Final lightness (LAK). Initial chroma (CAw). Final chroma (CAK). Initial hue (HAw). Final hue
(HAK). Initial red value (a* Aw). Final red value (a* Ak). Initial yellow value (b* Aw). Final yellow value (b* Aw). Initial
score of Toca Color Finder (TCF Aw). Final score of Toca Color Finder (TCF Ak).

This study also shows that carotenoid deposition
in muscle tissue of Kurumoi rainbowfish was really
low (1 - 2.5 mg kg?) and not significantly different,
both within the control and experimental diets. How-
ever, the values of carotenoid deposition in the fish’s
skin ranged between 1 - 4 mg kg* and were signifi-
cantly different compared to that of the feed of 2.6 ¢
kg™ (AS-0O) and the control (Figure 1 and 2). In con-
trast, several past studies found higher carotenoid
depositions in several fish species’ muscles despite
being administered lower carotenoid doses. The re-
sult of a study by Baker et al. (2002) showed that At-
lantic salmon Salmo salar fed with astaxanthin feeds
(4.5 g kg?) had 2.72 mg kg™ of astaxanthin and 0.03
mg kg* of canthaxanthin carotenoid in the fish’s
muscles.

A high carotenoid deposition in Kurumoi
Rainbowfish was found to be accumulated in the fish
tissues. The highest total carotenoid values were
found in the tissues of fish fed with AS-O and AS-H
(103-104 mg kg™, followed by AS-L and Chlorella (88-
89 mg kg?), Spirulina (67 mg kg*), and the lowest by
the control (33 mg kg-!) (Figure 3). These findings
suggest that carotenoid’s addition has significantly
affected the fin pigmentation in Kurumoi Rainbowfish
and synthetic carotenoid is more effective than natu-
ral carotenoid.

The use of a natural carotenoid in this study
sourced from Spirulina powder was ineffective in en-
hancing the color quality of Kurumoi Rainbowfish.
The Chlorella administration also produced a similar

result when compared to synthetic carotenoids. Fig-
ures 1, 2, and 3 show lower total values of the natu-
ral carotenoid deposited in the muscle, skin, fin, and
the produced color (Table 3) compared with the low-
est administration dose of astaxanthin 0.6 g kg*. It
is argued here that Kurumoi Rainbowfish is unable
to effectively utilize other types of carotenoid to be
converted into the main carotenoid for producing
color, namely astaxanthin (Meilisza et al., 2018).

O’Sullivan et al. (2011) argued that carotenoids in
Spirulina and Chlorella mainly consisted of zeaxanthin
and lutein, respectively. Similarly, this study’s find-
ings reconfirm that Spirulina and Chlorella indeed con-
tain different types of carotenoids, which further trig-
ger different pigmentation responses in fish, particu-
larly in visual color appearance (Table 3) and total caro-
tenoid deposited in the fin (Figure 3). The effective-
ness of pigmentation of carotenoid feed is not only
affected by carotenoid types but also the adminis-
tered doses. The lowest dose of astaxanthin (0.6 g
kg™) produced similar pigmentation effectiveness to
that of carotenoid from Chlorella, particularly in the
fish fin, but lower than that of the doses of 2.6 and
5.1 g kg* (Figure 3).

In a study carried out by Teimouri et al. (2013) on
rainbow trout, the addition of Spirulina powder of
10.5 g kg* (2.5 % of fishmeal substitution) showed an
insignificant difference in carotenoid concentrations
in the fish’s muscle compared with the administra-
tion of Spirulina powder of 21 g kg* and astaxanthin
of 5.0 g kg, but significantly different compared with
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a higher dose of Spirulina powder. In Kurumoi
Rainbowfish, carotenoid concentrations in the
muscles were similar between the control feed and
experimental diets. In contrast, the addition of
Spirulina of 5.5 g kg* in feed resulted in a higher caro-
tenoid concentration in Kurumoi Rainbowfish fin
compared to the control. A similar finding was men-
tioned by Bakshi et al. (2018), who found that the
addition of Spirulina powder of 2, 4, and 6 g kg™ in
the feed significantly increased the concentration of
carotenoid in the fin of Trichogaster lalius compared
to the control.

A study on rainbow trout conducted by Teimouri
et al. (2013) showed that the addition of Spirulina
powder (10.5 g kg* and 21 g kg™) and astaxanthin (5.0
g kg?) did not significantly affect the growth, feed
conversion, and hue of the fish. Similarly, the growth,
feed conversion, and hue of Kurumoi Rainbowfish
given Spirulina powder in this study were not signifi-
cantly different from that of the fish given AS-L (5.0 g
kg?) feed. Yet, the measured parameters were differ-
ent on the application of higher astaxanthin doses of
AS-0 and AS-H feed. This finding indicated that the
addition of Spirulina powder of 5.5 g kg* in feed was
inadequate for Kurumoi Rainbowfish. The carotenoid
concentration on the muscle, skin, and fin of Kurumoi
Rainbowfish fed with experimental diets showed that
the fin deposits a higher concentration of carotenoid,
followed by skin and muscle. This result was also
shown in the study conducted by James et al. (2006).

A study on guppy fish showed that astaxanthin at
a dose of 5.0 g kg™ able to enhance the color quality
of the fish’s skin (Mirzaee et al., 2012). Coloration
intensity in red velvet swordtail (Xiphophorus helleri),
Rainbowfish (Pseudomugil furcatus), and topaz cichlid
(Cichlasoma myrnae) increased significantly when the
fish were given feed containing 1.5-2% Spirulina
platensis rich in carotenoid and 1% of Haematococcus
pluvialis for three weeks (Ako et al., 2000).

In this study, the saturation point of pigmenta-
tion was found at a dose of 5.1 g kg* with total caro-
tenoid value and color quality (lightness, hue, red
value, and yellow value) that were not different from
the dose of 2.6 g kg* (Figure 1, 2, 3 and Table 3). Fish
appearance resulted from synthetic and natural caro-
tenoid feed might show a color difference, as shown
in the study conducted by Yedier et al. (2014). They
reported that astaxanthin in feed could enhance or-
ange-red color in red zebra cichlid, while Spirulina
could enhance orange and yellow colors. This finding
is in line with the result of this study, namely
difference in body color is affected by the types of
carotenoids consumed by the fish (Table 3).
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This study also revealed that the red value of
Kurumoi Rainbowfish at the end of the experiment
(day-56) was significantly different from the control.
In contrast, the yellow value was not significantly dif-
ferent in the fish fed with the experimental diets and
control. A study conducted by Kim and Lee (2012) on
koi fish fed with feed containing different doses of
synthetic (astaxanthin and canthaxanthin of 5 and 10
g kg?, respectively) and natural (Spirulina of 19 and 34
g kg*) carotenoids at the same rearing period showed
significant changes in the value of red (a*) and yellow
(b*) colors. The value of red and yellow colors in the
fish fed with feed containing synthetic canthaxanthin
was higher than that of the control and fish fed with
Spirulina. This finding revealed that higher applica-
tion of carotenoid doses did not affect pigmentation
since Spirulina pigmentation was less effective com-
pared to the synthetic carotenoid. Moreover,
Chapman (2000) concluded that the combination of
synthetic and natural pigments should be added at
the level between 0.04-2% in feed in order to enhance
the coloration of ornamental fish.

Chapman (2000) concluded that astaxanthin was
pigmented faster in fish and the retention coefficient
of carotenoid decreased with the increasing dose.
The author’s finding has also been reconfirmed in
this study. Moreover, the effectiveness of carotenoid
use is also affected by many factors, and the most
important factor is fish species that utilize this sub-
stance. In Kurumoi Rainbowfish, astaxanthin is the
best pigment for pigmentation, growth, and fish
health compared to canthaxanthin and lutein which
has been discussed in Meiliszaet al. (2017) and Meilisza
etal. (2018; 2019).

CONCLUSION

Synthetic astaxanthin is more effective for growth
and pigmentation in Kurumoi rainbowfish than natu-
ral carotenoids. The dose of 2.6 g kg of synthetic
astaxanthin in the diet is superior on growth and pig-
mentation of Kurumoi rainbowfish than other test-
ing diets. Future applications of natural carotenoids
should consider higher application doses to tap the
full benefits of natural carotenoids and be as good
synthetic astaxanthin.
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