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Abstract. Umaiyah S, Putra AN, Herjayanto M, Syamsunarno MB. 2023. Potential effects of fermented moringa (Moringa oleifera) leaf
extract to increase the color brightness of the Oranda goldfish (Carassius auratus). Nusantara Bioscience 15: 289-297. Moringa
(Moringa oleifera Lam.) leaf extract serves as a natural reservoir of carotenoids, prominently B-carotene, effectively employed to
augment the color quality of ornamental fish. This study aimed to evaluate the potential effects of adding fermented moringa leaf extract
to feed to enhance the color vibrancy of Oranda goldfish (Carassius auratus (Linnaeus, 1758)). Moringa leaves were also fermented
using Aspergillus niger Tiegh. at a dosage of 0.5 g/100 g for 48 hours, followed by extraction using 70% ethanol. Four doses of
fermented moringa leaf extract (0, 40, 50, 60 mL/kg) with three replications were added to a commercial feed using the coating method.
The results showed that the carotene in fermented moringa leaf extract is 94.22 ppm/50 mL. Adding moringa leaf extract to the feed
enhanced the Oranda goldfish's brightness and color diversity. The addition of fermented moringa leaf extract at a dose of 60 mL/kg led
to the highest color diversity values on the body (57.81%), caudal (71.71%), and head (71.13%) compared to other treatments. Moringa
leaf extract did not affect growth rate, survival, blood profile, and water quality parameters for maintaining Oranda goldfish. The extract
from A. niger had the potential to be used in the cultivation of Oranda goldfish, and the addition of 60 mL/kg achieved the best color

brightness and diversity.
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INTRODUCTION

The Oranda goldfish (Carassius auratus (Linnaeus,
1758)) is one of the ornamental fish species with high
economic value, resulting in significant demand and
cultivation potential (Hedayati et al. 2017). The fish has
various colors, such as black, white, red, orange, brown,
and yellow (Gurung et al. 2018) and belongs to the
Cyprinidae family (Hedayati et al. 2017). Oranda is a
goldfish widely cultivated in Indonesia due to its beautiful
colors and unique body shape (Yan et al. 2022). Oranda
goldfish has long fins, including the dorsal fin and long
double caudal fin, the goldfish most widely cultivated in
Indonesia (Prakoso et al. 2023). Improving fish color
quality is an effort that can lead to higher selling value of
ornamental fish (Sawant et al. 2020). The better and unique
the color and the more perfect the physical form of the
ornamental fish, the more expensive the selling price will
be on the market (Hoseinifar et al. 2023). The color quality
and appearance of the Oranda goldfish are directly
proportional to the market price (Kautsar et al. 2022).
However, the cultivation faces many challenges, such as
the degradation of color quality, both in brightness and
diversity (Andriani et al. 2021). Enhancing fish color can
be achieved by providing feed containing color pigments or
carotenoids (Dananjaya et al. 2017), and carotenoids in the
diet naturally enhance the color brightness (Sahin et al.
2022).

Carotenoids are natural pigments in animals, plants, and
microorganisms (Astari et al. 2016; Wongphonprateep and

Pichitkul 2021). Carotenoids are the primary source of
coloration on fish skin, and based on their chemical
structure, carotenoids are divided into 2 groups: carotenes
and xanthophyll (Sathyaruban et al. 2021). Fish cannot
synthesize carotenoids, which must be added to their diet
(Hekimoglu et al. 2017; Koncara et al. 2019). The
improvement in fish color begins with the intake of
carotenoid-containing feed, which enters the fish body and
is synthesized into pigments. Furthermore, these pigments
were carried through the bloodstream and deposited in
chromatophores in the dermis/skin (Das and Biswas 2016).
Fish pigmentation depends on the additional feed
containing carotenoids. Fish only modify pigments from
their dietary sources (Meilisza et al. 2019). However, the
high cost of synthetic carotenoids limits their use in feed
formulations due to increased expenses (Besen et al. 2019).

Moringa leaves (Moringa oleifera Lam.) can serve as
an alternative source of carotenoids due to their beta-
carotene content, one of the provitamin A compounds
(Angelica et al. 2020). Jebaraja et al. (2013) found that
Moringa leaf contains a significant amount of p-carotene,
specifically lutein, at 520 mg/kg. Beta-carotene belongs to
the carotenoid group and is crucial in skin color regulation
by providing orange to red colors (Chapman and Miles
2018). The findings of Takdir et al. (2022) explained that
applying Moringa leaf extract in feed enhances growth and
color vibrancy in betta fish. However, the leaves also
contain anti-nutritional compounds such as saponins,
tannins, phytates, and polyphenols (Putra et al. 2020a).
These anti-nutritional substances limit the use of Moringa
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leaves due to their potential to inhibit growth and
physiological processes within the fish body (Abdel-Latif
et al. 2022). Fermentation process using Aspergillus niger
Tiegh. can reduce the crude fiber and anti-nutritional
content in fish feed ingredients (Putra et al. 2022a). Several
studies have reported natural potential sources of
carotenoid to improve the color quality of goldfish such as
astaxanthin (Weeratunge and Perera 2016), red paprika
(Kumar et al. 2017), bixin (Dananjaya et al. 2017), Lutein
(Besen et al. 2019), annatto seeds extract (Dananjaya et al.
2020), red yam flour (Putra and Romdhonah 2019), carrot
flour (Tiewsoh et al. 2019), lobster meal (Bell et al. 2019),
Spirulina platensis (Gomont) Geitler (Kargun and Dikbas
2020), sweet potato and yellow pumpkin flour (Kautsar et
al. 2022). However, no data reports the utilization of
fermented moringa leaf extract for enhancing pigmentation
of goldfish. Therefore, the study is needed to explore the
potential of the Moringa leaves as a source of carotenoids
in fish feed. This study aimed to evaluate the potential
effects of adding the fermented extract of Moringa leaf to
feed to enhance the color brightness of Oranda goldfish.

MATERIALS AND METHODS

Fermented moringa leaf extract preparation

The fermentation of moringa leaf powder started with
steaming for 30 min at a temperature of 100°C. A. niger
inoculum with a dosage of 0.5 g/100 g was mixed with
moringa leaf powder and incubated for 48 hours, following
the study findings of Ikhwanuddin et al. (2018). Moringa
leaf powder was dried in an oven at 60°C for 10 min. The
powder was extracted using 70% ethanol in a 1:1 (w/v)
ratio and stirred using a magnetic stirrer for 15 hours at
room temperature, following the method described by Putra
et al. (2015). The powder was filtered using filter paper,
and the obtained filtrate was evaporated with a vacuum
evaporator at 60 °C for 45 min to remove ethanol residue.
Subsequently, the remaining solution was diluted with
distilled water until the total dissolved solids reached 5%.

Preparation of test feed and experimental design
Fermented Moringa leaf extract was weighed according
to the treatment doses and homogenized at 250 mL/kg of
water and 2% egg yolk, following Putra et al. (2020b). The
extract was then coated by evenly spraying onto the
commercial feed and air-drying at room temperature for 40
minutes. The feed coating process followed the method
described by Putra and Romdhonah (2019). The
commercial feed used as the test diet was ornamental
(PF500, Indonesia), with a particle size of 0.5-0.7 mm,
minimum protein content of 39.5%, fat 5.3%, crude fiber
4.0%, ash content 11.6%, moisture content 10.4%,
nitrogen-free extracts 39.6%, dry matter 89.6%, organic
matter 78.0%, and energy 433.78 kcal/g (protein: 5.6
kcal/g, fat: 9.4 kcal/g, BETN: 4.11 kcal/g). Feeding was
conducted three times a day ad libitum at 08:00, 12:00, and
16:00 local time. This study employed an experimental
method with a Completely Randomized Design (CRD)
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consisting of four groups of fermented Moringa leaf extract
treatments. The treatments included A (without the addition
of fermented Moringa leaf extract, 0 mL/kg), B (fermented
Moringa leaf extract 40 mL/kg), C (fermented Moringa leaf
extract 50 mL/kg), and D (fermented Moringa leaf extract
60 mL/kg).

The test fish used were Oranda goldfish sourced from
an ornamental fish breeder in Pandeglang, Banten,
Indonesia, with an average length of 4.5£0.20 cm and
weight of 3.2+0.27 g. The fish were acclimated and fasting
for 24 hours to eliminate the influence of residue in their
bodies. A total of 120 were randomly distributed into
30x30x30 cm aquariums with a water volume of 20
L/aquarium and a density of 10 fish per aquarium. The
aquariums used are colorless (colored glass), and all
treatments are given the same light, namely bright during
the day and dark at night, to minimize the effect of light
and tank color on Oranda goldfish. Fish maintenance was
carried out for 40 days using a recirculation system, with
one aerator as an oxygen source and one water heater
(Amara HT-50) in each aquarium. Water quality
management is carried out by daily siphoning of waste and
feed residue was performed, and 30% of the total aquarium
water volume was replaced daily. Water quality
measurements consist of temperature with a digital
thermometer (TPM 10), pH with a pH meter (Backlight
PH-2011), and oxygen content with a DO meter (Lutron
DO-551).

Test parameters
Fish color quality

Color quality measurements were taken every 10 days
(10, 20, 30, and 40 days) using the measurement method
proposed by Kautsar et al. (2022). The measurements were
conducted visually using the Toca Color Finder (TCF)
standard values by 8 healthy and non-colorblind panelists.
The assessment ranged from a score of 1 (lowest) to 7
(highest), with color gradations from yellow to orange and
red. Three test fish were assessed per replication at each
measurement interval, and the scores and colors are
presented in Table 1.

Table 1. Toca Color Finder (TCF) score in ornamental fish

gfcl,?; Color TCF Code

1 TCF code 0305
2 TCF code 0405
3 TCF code 0505
4 TCF code 0604
5 > TCF code 0625
6 ] TCF code 0605
7 B TCF code 0616
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Fish color diversity

Observations were made at the end of the rearing
period, covering three sample points: head, body, and
caudal peduncle. Color diversity observations followed the
method proposed by Andriani et al. (2021). Test fish were
photographed using a 13-megapixel camera, and the
obtained photos were analyzed using color gradient
conversion methods on a scale and percentage basis using
Adobe Photoshop CS4. Color diversity observations were
conducted on 3 fish from each treatment.

Chromatophore cell count

Four randomly selected fish were used to prepare
histological slides at the end of the rearing period. The
preparation was conducted at the Laboratory of
Histopathology, Fish and Environmental Disease
Examination Station, Serang, Banten. Following the
method described by Putra et al. (2021a). Histological
preparation started with the fixation step, where the
sampled fish organ was immersed in 10% phosphate-
buffered formalin and 5% ethylenediaminetetraacetic acid
solution for 24 hours. Dehydration followed, involving
immersion of the fish organ samples in alcohol with
gradually increasing concentrations of 70%, 80%, 96%,
and absolute alcohol for 3 hours; the next step involved
immersing the samples in xylene solution for 1 hour before
embedding them in paraffin. The staining phase was then
conducted using hematoxylin and eosin (H and E), and the
prepared slides were observed under a microscope (Leica
DM500) at 10x magnification. Meanwhile, chromatophore
cell counts were performed at three randomly selected
points on each slide. The number of cells in each treatment
group of Oranda goldfish was counted and statistically
analyzed based on the obtained data.

Fish blood profile

The measurement of fish blood profiles, including
leukocyte, erythrocyte, hematocrit, and hemoglobin counts,
was conducted at the end of the rearing period. Blood
samples were taken from four fish in each treatment using a
1 mL syringe containing 0.1 mL of anticoagulant to prevent
blood coagulation. Blood samples from each treatment
were mixed with Hayem (for erythrocyte measurement)
and Turk solutions (for leukocyte measurement) until
homogenous. Subsequently, 1-2 drops of blood were
placed into a hemocytometer and counted under a
microscope at 400x magnification. Erythrocyte and
leukocyte measurements followed the method described by
Kumar et al. (2015), and hemoglobin levels were measured
using the Sahli method (Pawar and Bhilave 2019). Blood
was drawn into a Sahli pipette up to the 2 mL mark and
was transferred to a Hb-meter tube containing 0.1 N HCI.
The solution was allowed to stand for 3-5 minutes for
hemoglobin to react with HCI, forming acid hematin, and
distilled water was added until the color matched the
standard in the Hb-meter tube. Hemoglobin values were
also determined based on the height scale of the formed
surface of the solution, indicating the amount in grams per
100 mL of blood. The hematocrit level was calculated
according to the method proposed by Yaji et al. (2018).
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Hematocrit tubes containing fish blood samples were
centrifuged for 5 minutes at 5,000 rpm, and the levels were
expressed as a percentage of the volume of packed blood
cells.

Growth parameters

Growth parameters, including feed consumption,
specific growth rate, and survival rate, were measured
following the formulas proposed by Rifai et al. (2022). The
feed conversion ratio was calculated using the formula
proposed by Hermawan et al. (2021). These parameters
included (i) Feed consumption (g) = initial feed amount (g)
- final feed amount (g), (ii) Absolute weight (g) = mean
final fish weight (g) - mean initial fish weight (g), (iii)
Absolute length (cm) = mean final fish length (cm) - mean
initial fish length (cm), (iv) Weight/length growth rate =
((Ln final weight/length) - (Ln initial weight/length)) / 40
days, (v) Feed conversion ratio = feed consumption / (final
weight - initial weight), (vi) Survival rate (%) = (humber of
fish at the end/ beginning of the study) x 100.

Chemical analysis

Proximate analysis was conducted to determine the
protein, fat, crude fiber, ash, and moisture content of the
test feed at the Fish Nutrition Laboratory, Institut Pertanian
Bogor, Bogor, Indonesia, following the procedures outlined
by AOAC (2005). Carotenoid content analysis in the
fermented Moringa leaf extract was conducted at the
Postharvest Agricultural Research and Development
Center, Bogor, using the method proposed by Meilisza et
al. (2019) with a spectrophotometer at 480 nm.

Statistical analysis

Color variation data, the number of chromatophore
cells, and growth were analyzed using Analysis of
Variance (ANOVA) through SPSS software version 17.0.
Significant differences in the results were tested using
Duncan's Multiple Range Test with a confidence interval of
95%. The obtained data were presented in tables and
graphs, and the color brightness and fish blood profile data
were analyzed descriptively.

RESULTS AND DISCUSSION

Fish color brightness

The values for Oranda goldfish with the addition of
fermented Moringa leaf extract are presented in Figure 1.
The results indicated that adding fermented Moringa leaf
extract to the feed enhances the intensity of color
brightness in Oranda goldfish. The color brightness scores
of Oranda goldfish on the 10" day and 20" day ranged
from 3.72 to 3.75 and 3.73 to 3.80, respectively. The
improvement in color enhancement was noticed on the 20™"
day, with the highest score recorded in treatment D at 4.75,
followed by C, B, and A at 4.53, 4.34, and 3.75,
respectively. The same trend was observed on the 40" day,
where the highest score was found in treatment D at 5.04,
followed by C, B, and A at 4.79, 4.44, and 3.70.
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Color variation in Oranda goldfish

Color variation calculations were observed at the head,
body, and caudal peduncle. The color variation analysis in
Oranda goldfish with different doses of fermented Moringa
leaf extract is presented in Table 2, while the images of
Oranda goldfish at the end of the rearing period are shown
in Figure 2. The color range values on the body, caudal,
and head ranged from 47.28% to 57.81%, 48.37% to
71.71%, and 54.59% to 71.13%, respectively.

3,743,73

I A S o

Color score

10th day 20th day

A B
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Table 2. Color variation analysis in C. auratus Oranda goldfish
using Adobe Photoshop CS4*

Feed Color Variation (%)

Test** Body Caudal Head

A 47.28 +5.58° 48.37 £6.93*° 5459 +3.71°

B 50.65 + 2.40% 54,14 +8.88% 62.96 +0.45°

C 52.22 + 4,64 55.86+1.98%  65.93 +0.87"
D 57.81 +6.31° 71.71£2.70°  71.13 +4.45°

3,8 3,8

Note: *Different superscript letters behind the standard deviation
(%) values indicate significant differences (P < 0.05). ** A
(control), B (40 mL/kg fermented Moringa leaf extract), C (50
mL/kg fermented Moringa leaf extract), and D (60 mL/kg
fermented Moringa leaf extract)

453475 4,79 77"
4,34 : :[ 4,44 I ]:
I o I
3.70 3.70
30th day 40th day

Figure 1. Scores of color brightness in Oranda goldfish with different fermented Moringa leaf extract additions. A (control), B (40
mL/kg fermented Moringa leaf extract), C (50 mL/kg fermented Moringa leaf extract), and D (60 mL/kg fermented Moringa leaf

extract)

Figure 2. Visual appearance of color quality in Oranda goldfish at the end of the rearing period. A (control), B (40 mL/kg fermented
Moringa leaf extract), C (50 mL/kg fermented Moringa leaf extract), and D (60 mL/kg fermented Moringa leaf extract)
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Number of chromatophore cells

The number of cells in Oranda goldfish with different
doses of the extract in the feed is presented in Figure 3,
while the histological results are shown in Figure 4. The
result showed that the highest (P<0.05) number of
chromatophore cells was found in treatment D of 136 cells,
followed by treatment C of 106 cells, treatment B of 100
cells and treatment A of 83 cells. Chromatophore cells
appear as dark purple spherical cells under a 10x
microscope magnification.

Growth and survival rate of Oranda goldfish

The growth and survival rate of Oranda goldfish with
different doses of fermented Moringa leaf extract in the
feed are presented in Table 3. The average final, absolute,
and specific growth rate length ranged from 5.90 to 6.24
cm, 1.57 to 1.64 cm, and 0.74 to 0.78 % cm/day. The final
weight ranged from 7.14 to 7.25 g, while the absolute
weight and specific growth rate in weight ranged from 3.41
to 3.52 g and 1.62 to 1.66 % g/day, respectively. Feed
consumption values, feed conversion ratio, and survival
rate did not differ significantly (P>0.05) among treatments.
The feed consumption and conversion ratio ranged from

c
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12.17 to 12.88 g and 3.54 to 3.76, and the treatments
showed the same survival rate of 100%.

160 -
140 -

o

4 ab
120 b

g

the number of chromathphore
cell (cells)
oo
o

Test feed

Figure 3. Number of chromatophore cells in Oranda goldfish with
fermented Moringa leaf extract in the feed. Different superscript
letters (a, ab, b) above the bar graph indicate significant
differences (P<0.05). A (control), B (40 mL/kg fermented
Moringa leaf extract), C (50 mL/kg fermented Moringa leaf
extract), and D (60 mL/kg fermented Moringa leaf extract)

D

Figure 4. Histological observation results of chromatophore cells (yellow circle) in the skin tissue of C. auratus Oranda goldfish. A
(control), B (40 mL/kg fermented Moringa leaf extract), C (50 mL/kg fermented Moringa leaf extract), and D (60 mL/kg fermented

Moringa leaf extract)
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Blood profile of Oranda goldfish

The blood profile values of Oranda goldfish, including
hemoglobin, hematocrit, erythrocytes, and leukocytes, are
presented in Table 4. The study indicated that hemoglobin
and hematocrit values ranged from 5.0 to 5.8 g/dL and
10.81 to 22.58%. The erythrocyte values ranged from 0.55
t0 2.11 x 108 cells/mm?®. Leukocyte values also ranged from
4.7510 7.17 x 10* cells/mm?,

Water quality

Water quality is crucial as the primary medium for fish
survival, and the range of values in the environment for
Oranda goldfish with the addition of fermented Moringa
leaf extract is presented in Table 5.

Discussion

Color brightness is a primary factor in determining the
quality of ornamental fish and is influenced by genetics,
nutrition, color pigment content in the feed, and
environment (Koncara et al. 2019). The result showed that
adding fermented Moringa leaf extract produced higher
scores of color brightness in Oranda goldfish on the 30™

and 40" day. The higher scores in the treatments with the
addition of fermented Moringa leaf extract were attributed
to the presence of carotenoid pigments efficiently absorbed
and utilized by the fish to enhance and maintain their color
quality. Sathyaruban et al. (2021) stated that goldfish
cannot improve and maintain their body color without
carotenoid content in their diet. One of the functions of
carotenoids is to maintain and enhance color brightness
(Chapman and Miles 2018). These compounds are
absorbed into pigment cells through various processes, and
the distribution of pigment cells affects the increase and
decrease of fish color. Similar findings have been reported
by Takdir et al. (2022) that Moringa leaf extract
supplementation significantly influenced the coloring of
betta fish. This was supported by Angelica et al. (2020),
who said that one of the antioxidant compounds in Moringa
leaves was beta-carotene, which is responsible for orange,
red-orange, and yellow pigments. According to Dananjaya
et al. (2020), increasing pigmentation on the skin and fins
of goldfish occurs at different times depending on the
environment and carotenoid concentration in the diet.

Table 3. Average survival rate, absolute weight, absolute length, and feed consumption of Oranda goldfish (C. auratus)*

Feed Test**

Growth Parameters

A B C D
Initial length (cm) 4.65+0.10% 4.51+0.28% 4.3340.15% 4.56+0.10°
Final length (cm) 6.24+0.03? 6.15+0.372 5.90+0.08? 6.15+0.13?
Absolute length (cm) 1.59+0.132 1.64+0.322 1.57+0.212 1.59+0.28?
Specific growth rate of length (%.cm/hari) 0.74+0.072 0.78+0.14° 0.77+0.11° 0.75+0.13?
Initial weight (g) 3.73+0.06° 3.68+0.09° 3.73+0.06° 3.73+0.06°
Final weight (g) 7.25+0.69° 7.16+0.66° 7.14+0.40° 7.24+0.34°
Absolute weight (g) 3.52+0.66° 3.49+0.60° 3.41+0.43° 3.50+0.30°
Specific growth rate of weight (%.g/hari) 1.65+0.232 1.66+0.202 1.62+0.162 1.65+0.092
Feed consumption (g) 12.88+0.142 12.17+0.30? 12.60+0.412 12.31+0.48?
Feed conversion ratio 3.76+0.81% 3.56+0.63% 3.74+0.56° 3.54+0.43?
Survival rate (%) 100.00+0.002 100.00 + 0.00? 100.00 + 0.00? 100.00 + 0.00?

Note: *Different superscript letters behind the standard deviation (+) values indicate significant differences (P < 0.05). ** A (control), B

(40 mL/kg fermented Moringa leaf extract), C (50 mL/kg fermented
extract)

Table 4. Blood profile of Oranda goldfish with the addition of
fermented Moringa leaf extract in the feed

Moringa leaf extract), and D (60 mL/kg fermented Moringa leaf

Table 5. Water quality parameters in the environment for Oranda
goldfish rearing

Blood Profiles

Parameters Feed Test*

A B C D
Temperature (°C) 26-29 26-29 26-29 26-29
pH 7.89-8.63 7.77-8,70 7.53-8.50 7.81-8.55
DO (mg/L) 5.80-6.7 5.31-7.3 585-7.50 5.21-7.7

Ammonia (mg/L) 0-0.025 0-0.25 0-0.25 0-0.25

Feed Erythrocyte  Leukocyte
Test* Hemoglobin Hematocrit (108 (104
(9.%) (%) cellssmm®)  cells/mmd)
A 5.71.6 13.33x1.2 1.38+15.6 4.75+28.6
B 5.4+2.1 10.81+1.7 0.82+£16.4 5.70£31.6
C 5.0£1.8 20.68+1.4 0.55+18.2 6.36+15.7
D 5.8+1.1 22.58+1.6 2.11+21.4 7.17£14.0

Note: *A (control), B (40 mL/kg fermented Moringa leaf extract),
C (50 mL/kg fermented Moringa leaf extract), and D (60 mL/kg
fermented Moringa leaf extract)

Note: *A (control), B (40 mL/kg fermented Moringa leaf extract),
C (50 mL/kg fermented Moringa leaf extract), and D (60 mL/kg
fermented Moringa leaf extract)
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In the present study, adding the highest dose of
fermented Moringa leaf extract (60 mL/kg) resulted in the
highest color brightness score compared to other
treatments. This suggests that a higher dose has a higher
carotene content, resulting in better color quality of the
Oranda goldfish. The same results have been reported by
Andriani et al. (2021). The addition of butterfly pea leaf
meal as a carotenoid source in the feed with the highest
dose of 12% produced the best quality score (87.33)
compared to treatment with additional doses of 6% (73.83),
1% (32.17) and 0% (24.67). Nutritional strategy is an effort
widely used to improve the color quality of ornamental
fish. Using fish feed rich in carotenoids has been proven to
increase the brightness of ornamental fish (Sawant et al.
2020). Visual color variation in the present study was also
observed at the end of the rearing period at the head, body,
and caudal. The result demonstrated that the percentage of
visual color variation increased with the fermented
Moringa leaf extract dose. Treatment D significantly
(P<0.05) resulted in the highest color variation level in the
body (57.81%), caudal (71.71%), and head (71.13%)
compared to the others. This finding suggested that higher
doses of the extract lead to higher carotenoid content in the
feed, resulting in better color variation than other
treatments. Moringa leaves are a source of carotenoids in
the feed, enhancing the color quality of ornamental fish
(Angelica et al. 2020). The results showed that the leaf
extract's carotene content is 94.22 ppm/50 mL. Similar
findings have been reported by other studies using natural
ingredients as a source of carotenoids.

Dananjaya et al. (2017) reported that increasing the
dietary carotenoid level enhances pigmentation on the skin
and fin of goldfish. Kurnia et al. (2019) stated that the
addition of red dragon fruit peel meal extract as a potential
carotenoid source with the highest dose (15%) resulted in
the best color quality in koi carp compared to other
treatments (0%, 5% and 10%). Chromatophores are cells
responsible for increasing or decreasing the brightness of
fish scales (Astari et al. 2016). When the number of
chromatophore cells increases, the color of the fish body
becomes brighter and more attractive when the number of
cells increases. In the present study, we found the highest
number of chromatophore cells in treatment D, while the
smallest number was found in treatment A. These results
align with the brightness level and color variation of
goldfish in this study. The number and combination of
chromatophore cells in each fish species vary depending on
the feed and environment (Sabrina et al. 2023).

Carotenoids have a positive effect on increasing color
pigmentation and goldfish growth (Besen et al. 2019).
However, the present study showed no significant
differences in the growth parameters of Oranda goldfish
among treatments. The addition of fermented Moringa leaf
extract to the feed is thought not to affect macro and
micronutrient content in the feed so that the growth
performance of the Oranda goldfish produced in each
treatment is the same. The same results have been reported
by Hekimoglu et al. (2017), who found that
supplementation of algae carotenoids in the diet did not
affect the growth and feed conversion ratio of tomato
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clownfish. Gurung et al. (2018) also reported that adding
natural carotenoid sources (cassava leaves, potato leaves,
and colocasia leaves) in the feed does not affect the Oranda
goldfish's specific growth rate and feed conversion ratio. In
a similar study, Bell et al. (2019) revealed that including
lobster meal (0-15%) in the diet did not affect the growth
performance of goldfish. Similarly, there is no significant
effect on the diet's absolute weight, absolute length specific
growt rate and survival rate of goldfish with different
concentrations of red yam flour (0-12%) as carotenoid
sources (Putra and Romdhonah 2019). These results are
also in line with the report by Kautsar et al. (2022) that the
addition of natural ingredients (sweet potato, carrot, and
pumpkin meal) as a source of B-carotene has no impact on
absolute weight growth and absolute length growth of
Oranda goldfish. There were no significant differences
(P>0.05) in the amount of feed consumption, where the
addition of fermented extract to the feed did not affect the
palatability of Oranda goldfish. Feed palatability is
determined by taste, smell, and color, which affect feed
consumption, digestibility, and fish growth levels. Putra et
al. (2020a) stated that using Moringa leaves as feed
ingredients did not affect the feed consumption of catfish.
This study found no difference in the survival rate of
Oranda goldfish; the same results were found by Dananjaya
et al. (2017). Using natural bixin as a potential carotenoid
with different levels in feed did not affect the survival rate
of goldfish. A similar result was found by Besen et al.
(2019), who found that dietary lutein as a carotenoid in the
diet (50 mg/kg) did not influence goldfish juvenile survival
rate, growth, and feed efficiency.

The blood profile values of Oranda goldfish in each
treatment fall within the normal range. Hemoglobin in the
blood functions as an oxygen transport tool found within
erythrocytes, while hematocrit represents the percentage of
the volume serving as an indicator of fish stress
(Madyowati and Muhajir 2018). The normal hemoglobin
value of fish is 4.70-16.6 g/dL (Fazio et al. 2019), while the
hematocrit range for teleosts fish is 9.4-33.53% (Witeska et
al. 2022). According to Esmaeili et al. (2021), the normal
range of red and white blood cells in fish was 0.4 to 5.2 x
10% cells/mm?® and 2.17 to 116.5 x 10 cells/mm?. Based on
these results, adding fermented Moringa leaf extract to the
feed is assumed not to affect the physiological processes
within the body of Oranda goldfish. The analysis can
evaluate the physiological responses within the fish's body,
indicating stress. Sources of stress, such as environmental
factors, including temperature, pH, fish handling, and light,
as well as biotic factors, including pathogenic infections,
can negatively impact the physiological state (Royan et al.
2014). The anti-nutritional substances present in Moringa
leaves can interfere with the physiological processes within
the body of fish (Putra et al. 2022b). The fermentation
process of A. niger is believed to have reduced the crude
fiber value and anti-nutritional content in the leaves. This
aligns with the statement by Putra et al. (2022a) that the
fermentation of feed ingredients using A. niger can
decrease the crude fiber wvalue and anti-nutritional
substances. However, in the present study, the authors did
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not measure the anti-nutritional substances in Moringa leaf
extract before and after fermentation.

Water quality plays an important role for ornamental
fish because good water quality produces bright colors and
fish growth (Indriani et al. 2023). Changes in rearing water
temperature will affect the metabolism, growth, and feed
consumption of the fish's body (Charlot et al. 2017). In this
study, the obtained temperature values from 26 to 29°C
indicated the normal range of fish rearing temperature.
According to Chen et al. (2019), the optimal temperature
value for goldfish is 28°C. Catalano et al. (2019) added that
goldfish still grow to a temperature of 18°C. Roslan et al.
(2021) stated that the normal range for Dissolved Oxygen
(DO) and pH values in freshwater fish are >4 mg/L and
6.5-8.5. In this study, DO and pH values ranged from 5.21
to 7.50 mg/L and 7.53 to 8.70; these results indicate that
the DO and pH values in this study are in the normal range.
Ammonia is toxic and the most abundant product of
nitrogen metabolism produced by intensive aquaculture
systems (Putra et al. (2021b). The result showed that the
value of ammonia produced was 0 to 0.25 mg/L; the results
are within the normal range of freshwater fish rearing.
Mustaqim et al. (2022) stated that the ammonia value for
fish rearing should not exceed 1.5 mg/L. The addition of
fermented Moringa leaf extract in the feed did not affect
the water quality values in the environment for Oranda
goldfish.

In conclusion, the carotene in fermented Moringa leaf
extract showed a content of 94.22 ppm/50 mL. Adding
Moringa leaf extract to the feed enhanced and maintained
the color of the Oranda goldfish. The addition of fermented
Moringa leaf extract at a dosage of 60 mL/kg resulted in
the highest color diversity values on the body (57.81%),
caudal peduncle (71.71%), and head (71.13%) compared to
others. The addition of fermented Moringa leaf extract did
not affect growth, survival rate, blood profile, and water
quality. Fermented Moringa leaf extract using A. niger at a
dosage of 60 mL/kg could be used in Oranda goldfish
cultivation. Further study should be conducted to explore
the addition of carotenoid content in Oranda goldfish after
being fed with fermented Moringa leaf extract to optimize
the dosage.

ACKNOWLEDGEMENTS

The authors are grateful to Lembaga Penelitian dan
Pengabdian Masyarakat, Universitas Sultan Ageng
Tirtayasa, Indonesia, for funding this study through the
Internal Research Grant scheme, Penelitian Dasar Internal
Scheme with contract no. B/248/UN.43.9/PT.01.03/2023.

REFERENCES

Abdel-latief HMR, Abdel-Daim MM, Shukry M, Nowosad J, Kucharczyk
D. 2022. Benefits and applications of Moringa oleifera as a plant
protein source in Aquafeed: A review. Aquaculture 547: 737369.
DOI: 10.1016/j.aquaculture.2021.737369.

Andriani Y, Julia RO, Yuliadi LPS, Iskandar I, Rukayadi Y. 2021.
Improving the color quality of the swordtail fish through the

NUSANTARA BIOSCIENCE 15 (2): 289-297, November 2023

supplementation of butterfly pea leaf meal. Sarhad J Agric 37 (1): 48-
54. DOI: 10.17582/journal.sja/2021/37.51.48.54.

Angelica G, Syamsunarno MRAA, Rosdianto AM. 2020. Studi literatur
potensi suplementasi serbuk daun kelor (Moringa Oleifera) terhadap
kecerahan warna ikan hias. Jurnal Perikanan dan Kelautan 10 (1): 30-
42. DOI: 10.33512/jpk.v10i1.8419. [Indonesian]

AOAC (Association of Official Analytical Chemist). 2005. Official
methods of analysis of the association of analytical chemist. Virginia
USA, Association of Official Analytical Chemist: 96.

Astari IM, Setyawati TR, Yanti AH. 2016. Scale brightness of common
goldfish on diet supplemented with seaweed Sargassum sp. and
pumpkind Cucurbita moschata. Jurnal Akuakultur Indonesia 5 (6):
80-88. DOI: 10.19027/jai.15.80-88.

Bell NA, Jeffrey S, Maclsaac, Colombo SM. 2019. The effect of lobster
meal on the growth performance and pigmentation of the common
goldfish (Carassius auratus). Aquac Rep 13: 100187. DOI:
10.1016/j.aqrep.2019.100187.

Besen KP, Melim EWH, Cunha LD, Favaretto ED, Moreira M, Fabregat
TEHF. 2019. Lutein as a natural carotenoid source: Effect on growth,
survival and skin pigmentation of goldfish juveniles (Carassius
auratus). Aqua Res 50 (8): 2200-2206. DOI: 10.1111/are.14101.

Catalano DN, Heins BJ, Missaghi A, Hathaway MR, Martinson KL. 2019.
The effect of goldfish (Carassius auratus) on water quality in horse
stock tanks. J Equine Vet Sci 79: 73-78. DOI:
10.1016/j.jevs.2019.05.016.

Chapman FA, Miles DA. 2018. How Ornamental Fishes Get Their Color.
The Institute of Food and Agriculture Science (IFAS) Extension: 192:
1-6, University of Florida, Miami. DOI: 10.32473/edis-fa192-2018.

Charlot K, Faure C, Antoine-Jonville S. 2017. Influence of hot and cold
environments on the regulation of energy balance following a single
exercise session: A mini-review. Nutrient 9: E592. DOIl:
10.3390/nu9060592.

Chen T, Wong MKH, Chan BCB, Wong AOL. 2019. Mechanism for
temperature modulation of feeding in goldfish and implication on
seasonal changes in feeding behavior and food intake. Front
Endocrinol 10: 133. DOI: 10.3389/fendo0.2019.00133.

Dananjaya SHS, Manjula P, Dissanayake AS, Edussuriya M, Radampola
K, Park BK, Zoysa MD. 2020. Growth performance and color
enhancement of goldfish, Carassius auratus, fed diets containing
natural dyes extracted from annatto (Bixa orellana) seeds. J A Aquac
32 (1): 53-69. DOI: 10.1080/10454438.2019.1629371.

Dananjaya SHS, Munasinghe DMS, Ariyaratne HBS, Lee J, Zoysa MD.
2017. Natural bixin as a potential carotenoid for enhancing
pigmentation and colour in goldfish (Carassius auratus). Aquac Nut
23 (2): 255-263. DOI: 10.1111/anu.12387.

Das AP, Biswas SP. 2016. Carotenoids and pigmentation in ornamental
fish. J Aquac Mar Biol 4 (4): 1-3. DOI:
10.15406/jamb.2016.04.00093.

Esmaeili M. 2021. Blood performance: A new formula for fish growth and
health. Biology 10 (12): 1236. DOI: 10.3390/biology10121236.

Fazio F, Saoca C, Costa G, Zumbo A, Piccione G, Paririno V. 2019. Flow
cytometry and automatic blood cell analysis in stripped bass Morone
saxatiles (Walbaum, 1792) a new hematological approach.
Aquaculture 513: 734398. DOI: 10.1016/j.aquaculture.2019.734398.

Gurung S, Bohara K, Adhikari R, Bista A, Singh S. 2018. Growth
performance and feeding efficiency of Goldfish (Carassius auratus)
and Red Cap Oranda fish (Carassius auratus auratus) by using
different locally prepared feed mixed with different plat extracts at
Paklihawa, Nepal. J Inst Agric Anim Sci 35 (1): 277-284. DOI:
10.3126/jiaas.v35i1.22558.

Hedayati A, Darabitabar F, Ahmadvand S, Ahmadvans S. 2017. Short
Communication: Acute toxicity effects of titanium nano particle TiO,
NPs on hematological indices in Goldfish (Carasius auratus,
Linnaeus 1758). Nusantara Biosci 9 (2): 152-155. DOI:
h10.13057/nushiosci/n090208.

Hekimoglu MA, Firat K, Saka S, Suzer C, Kop A, Durmaz. 2017. Effect
of supplemented algal carotenoid diets on skin color of tomato
clownfish, Amphiprion frenatus. 2017. Pak J Zool 49 (2): 663-668.
DOI: 10.17582/journal.pjz/2017.49.2.663.668.

Hermawan D, Suprayudi MA, Jusadi D, Alimuddin, Ekasari J. 2021.
Evaluation of corn steep powder as a protein source of Nile tilapia
Oreochromis niloticus diet. Jurnal Akuakultur Indonesia 20 (2): DOI:
10.19027/jai.20.2.115-129.

Hoseinifar SH, Maradonna F, Faheem M, Harikrishnan R, Devi G, Ringo
E, Doan HV, Ashouri G, Gioacchini G, Carnevali O. 2023.


http://dx.doi.org/10.33512/jpk.v10i1.8419
https://doi.org/10.19027/jai.15.80-88
https://doi.org/10.1111/are.14101
https://doi.org/10.1016/j.jevs.2019.05.016
https://doi.org/10.3389%2Ffendo.2019.00133
https://doi.org/10.1080/10454438.2019.1629371
https://doi.org/10.1111/anu.12387
https://doi.org/10.3390%2Fbiology10121236
https://doi.org/10.3126/jiaas.v35i1.22558
https://doi.org/10.13057/nusbiosci/n090208

UMAIY AH et al. — Potential effects of fermented moringa 297

Sustainable ornamental fish aquaculture: The implication of microbial
feed additives. Animals 13 (10): 1583. DOI: 10.3390/ani13101583.
Ikhwanuddin M, Putra AN, Mustahal. 2018. Pemanfaatan dedak padi
fermentasi menggunakan Aspergillus niger sebagai bahan baku pakan
ikan nila (Oreochromis niloticus). Jurnal Perikanan dan Kelautan 8

(1): 79-87. DOI: 10.33512/jpk.v8i1.3793. [Indonesian]

Indriani R, Hadiroseyani Y, Diatin I, Nugraha MFI. 2023. The growth
performance and physiological status of comet goldfish Carassius
auratus in aquascape with different aquatic plant species. Jurnal
Akuakultur Indonesia 22 (1): 36-46. DOI: 10.19027/jai.22.1.36-46.

Jebaraja KJ, Sivakumar V, Vasagam KPK. 2013. Vegetable products as
dietary pigment sources for juvenile goldfish, Carassius auratus. Isr J
Aquac 65 (1): 1-6. DOI: 10.46989/001¢.20663.

Kautsar MAA, Lili W, Subiyanto, Herman RG. 2022. The effect of giving
various natural sources of B-Carotene to increased color intensity on
the Oranda goldfish (Carassius auratus). Asian J Fish Aquac Res 18
(2): 29-37. DOI: 10.9734/AJFAR/2022/v18i230437.

Koncara G, Utomo NBP, Setiawati M, Yamin M. 2019. Improved quality
of color Sumatra Albino, Puntigrus tetrazona (Bleeker, 1855) with
artificial feed enriched Red Spinach flour (Amaranthus tricolor L.).
Jurnal Ikhtiologi Indonesia 19 1): 53-64. DOI:
10.32491/jii.v19i1.398.

Kumar PA, Sudhakaran S, Mohan TC, Pamanna D, Kumar PR,
Shanthanna P. 2017. Evaluation of colour enhance potential of three
natural plant pigment sources (African tulip tree flower, red paprika,
pomegranate peel) in goldfish (Carassius auratus). Intl J Fish Aquat
Stud 5 (6): 47-51.

Kumar R, Mukherjee SC, Ranjan R, Vani T, Brahmachari RK, Nayak SK.
2015. Effect of dietary supplementation of Bacillus subtilis on
hematological and immunological parameters of Catla catla
(Hamilton). Aquac Intl 23: 1275-1292. DOI: 10.1007/s10499-015-
9883-x.

Kurnia A, Nur I, Muskita WH, Hamzah M, Iba W, Patadjai RS, Balubi
AM, Kalidupa N. 2019. Improving skin coloration of koi carp
(Cyprinus carpio) fed with red dragon fruit peel meal. AACL Bioflux
12 (4): 1045-1053.

Madyowati SO, Muhajir. 2018. Respon Stressor Kepadatan Ikan Mas
(Cyprinus carpio L) Setelah Diinfeksi Bakteri Edwardsiella tarda
Secara Buatan Terhadap Nilai Hematokrit. Prosiding Seminar
Nasional Kelautan dan Perikanan IV 2018. Swiss-Belinn, Tunjungan-
Surabaya, 05 September 2018.

Meilisza N, Suprayudi MA, Jusadi D, Zairin Jr M, Artika IM, Utomo
NBP. 2019. Enhancement of colour quality, growth and health status
of rainbow Kurumoi fish Melanotaenia parva through dietary
synthetic carotenoids supplementation. Jurnal Akuakultur Indonesia
18 (1): 54-69. DOI: 10.19027/jai.18.1.54-69.

Mustagim M, Mutasar, M, Akmal Y, Wahyuni, M, Fajri T, Ritaqwin Z.
2022. Reducing ammonia levels in catfish cultivation water using
several aquatic plants: Short communication. Depik 11 (3): DOI:
10.13170/depik.11.3.27723.

Pawar PV, Bhilave MP. 2019. Effect of insecticide chlorantraniliprole on
hematological of fingerlings of freshwater fish Cirrhinus mrigala. Intl
J Res Anal Rev 6 (1): 982-989.

Prakoso YA, Babazadeh D, Wijayanti D. 2023. Potency of desert rose
(Adenium abesum (Forssk.) roem. & schult.) flower extract against
artificially indused furunculosis in Oranda goldfish (Carassius
auratus auratus). Pak Vet J 43 (2): 339-344. DOI:
10.29261/pakvetj/2023.024.

Putra AN, Indayanah U, Nokiyah, Syamsunarno MB. 2022b. Improving
quality of cassava peal meal as raw material for Tilapia feed. Depik
11 (3): 271-280. DOI: 10.13170/depik.11.3.24620.

Putra AN, Maula IM, Aryati, Syamsunarno MB, Mustahal. 2020a.
Evaluation of moringa leaves (Moringa oleifera) meal hydrolyzed by
sheep rumen liquor as feed ingredient for catfish feed (Clarias sp.).
Jurnal Perikanan UGM 22 (2): 133-140. DOI: 10.22146/jfs.57468.

Putra AN, Mustahal, Syamsunarno MB. 2020b. Effect of dietary probiotic
Bacillus NP5 on the growth performances of catfish (Clarias sp.).
Biotropia 27 (1): 51-59. DOI: 10.11598/bth.2020.27.1.1102.

Putra AN, Romdhonah Y. 2019. Effects of dietary Bacillus NP5 and sweet
potato extract on growth and digestive enzyme activity of dumbo
catfish Clarias sp. Jurnal Akuakultur Indonesia 18 (1): 80-88. DOI:
10.19027/jai.18.1.80-88.

Putra AN, Syamsunarno MB, Ningrum W, Jumyanah, Mustahal. 2021b.
Effect of the administration of probiotic Bacillus NP5 in the rearing
media on water quality, growth, and disease resistance of African
catfish (Clarias gariepinus). Biodiversitas 21 (6): 2566-2575. DOI:
10.13057/biodiv/d210629.

Putra AN, Syamsunarno MB, Rohayati D, Sarah YM, Matien GA. 2022a.
Evaluation of fermented rice bran to replace soybean meal in the diet
of Clarias sp. fingerling. Jurnal Akuakultur Indonesia 21 (2): 142-
151. DOI: 10.19027/jai.21.2.142-151.

Putra AN, Widanarni, Utomo NBP. 2015. Growth performance of tilapia
(Oreochromis niloticus) fed with probiotic, prebiotic and synbiotic in
diet. Pak J Nut 14: 263-268. DOI: 10.3923/pjn.2015.263.268.

Putra DF, Khairumi U, Arisa Il, Fahal EM. 2021a. Histopathology status
of black tiger shrimp (Penaeus monodon) in the conventional system
in Bireuen, Aceh Province. Depik 10 (1): 17-22. DOI:
10.13170/depik.10.1.18715.

Rifai R, Jusadi D, Suprayudi MA, Alimuddin, Nuryati, S. 2022.
Evaluation of dietary a-lipoic acid supplementation on the growth
performance and physiological status of striped catfish
Pangasianodon hypopthalmus. Jurnal Akuakultur Indonesia 21 (2):
198-206. DOI: 10.19027/jai.21.2.198-206.

Roslan MNAM, Estim A, Maran BAV, Mustafa S. 2021. Effects of
aquatic plants on nutrient concentration in water and growth
performance of fantail goldfish in an aquaculture system.
Sustainability 13 (20): 11236. DOI: 10.3390/su132011236.

Royan, Rejeki FS, Haditomo AHC. 2014. Pengaruh Salinitas yang
Berbeda Terhadap Profil Darah lkan Nila (Oreochromis niloticus). J
Aquac Manag Technol 3 (2): 109-117. [Indonesian]

Sabrina AN, Mukti AT, Suciyono, Kenconojati H, Ulkhag MF, Fasya AH,
Lamadi A, Imlani A, Mariah SR. 2023. Color brightness and growth
levels of goldfish (Carassius auratus) reared with different light
spectrums.  J Medik Vet 6  (2):  250-255. DOl:
10.20473/jmv.vol6.iss2.2023.250-255.

Sahin D, OZ M, Aral O, Bahtiyar M, Tasci S. Growth and pigmentation of
goldfish (Carassius auratus L, 1758) fed on a diet supplemented with
purslane (Portulaca sp.) Extract. Pak J Zoo 54 (1): 175-181. DOI:
10.17582/journal.pjz/20210318090307.

Sathyaruban S, Uluwaduge, DI, Yohi S, Kuganathan S. 2021. Potential
natural carotenoid sources for the colouration of ornamental fish: A
review. Aquac Intl 29: 1507-1528. DOI: 10.1007/s10499-021-00689-
3.

Sawant PB, Chakravarty S, Dasgupta S, Chadha NK, Sawant BT. 2020.
The quintessence of colour enhancement in ornamental fishes: An
empirical pathway towards rainbow revolution. Curr Sci 119 (2):
1093-1100. DOI: 10.18520/cs/v119/i7/1093-1100.

Takdir M, Malik AA, Yani Fl. 2022. Pengaruh dosis penambahan ekstrak
daun kelor pada pakan terhadap pertumbuhan sintasan dan tingkat
pewarnaan benih ikan cupang Betta sp. Jurnal Ecosystem 22 (1): 41-
48. DOI: 10.35965/ec0.v22i1.1386. [Indonesian]

Tiewsoh W, Singh E, Nath R, Surnar SR, Priyadarshini A. 2019. Effect of
carotenoid in growth and colour enhancement in goldfish, Carassius
auratus (L.). J Exp Zool India 22 (2): 765-771.

Weeratunge WKOV, Perera BGK. 2016. Formulation of a fish feed for
goldfish with natural astaxanthin extracted from shrimp waste. Chem
CentJ 10: 44. DOI: 10.1186/s13065-016-0190-z.

Witeska M, Kondera E, Lugowska K, Bojarki B. 2022. Hematological
methods in fish-Not only for beginners. Aquaculture 547: 737498.
DOI: 10.1016/j.aquaculture.2021.737498.

Wongphonprateep S, Pichitkul P. 2021. Creation of nanoparticle
carotenoid from crude palm oil to enhancing the skin color of goldfish
(Carassius auratus). Burapha Sci J 26 (3): 1438-1455.

Yaji A, lheanacho S, Ogueji E. 2018. Sublethal exposure and toxicity
effect of propanol on hematology and serum biochemistry in
Orechromis niloticus in a Static Bioassay. Gazi Univ J Sci 31 (4):
1048-1062.

Yan N, Huo J, Chung-Davidson Y-W, Cui W, Huang W, He W, Zhang Q,
Li W, Zhou Y, Ren J. 2022. Differences in postembryonic dorsal fin
development resulted in phenotypic divergence in two goldfish
strains, Red Cap Oranda and Ranchu. Aquac Fish 7: 396-404. DOI:
10.1016/j.aaf.2020.07.009.


https://doi.org/10.3390/ani13101583
http://dx.doi.org/10.33512/jpk.v8i1.3793
https://doi.org/10.19027/jai.22.1.36-46
https://doi.org/10.32491/jii.v19i1.398
https://doi.org/10.19027/jai.18.1.54-69
https://doi.org/10.13170/depik.11.3.24620
http://dx.doi.org/10.22146/jfs.57468
https://doi.org/10.11598/btb.2020.27.1.1102
https://doi.org/10.19027/jai.18.1.80-88
https://doi.org/10.19027/jai.21.2.142-151
http://dx.doi.org/10.3923/pjn.2015.263.268
https://doi.org/10.3390/su132011236
https://doi.org/10.1016/j.aquaculture.2021.737498

	INTRODUCTION

