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Abstract

Silver rasbora (Rasbora argyrotaenia) is a new fish species cultured economically for
consumption and aquascape. The purpose of this study was to know the effect and determine the
optimal concentration of Sardinella lemuru fish oil enrichment on artemia to the survival rate
and growth of silver rasbora larvae. Fish larvae were feed by enriched artemia nauplii with
different doses per liter water. Larvae feeding artemia enrichment with Sardinella lemuru fish
oil in different doses not affect (P > 0.05) on survival, but all growth parameters significantly
affected (P < 0.05). Optimal artemia enrichment dose for feeding practical of silver rasbora larvae
is 0.5 ml fish oil + 0.5 ml egg yolk. Estimate doses that leads to the maximum length gain is
0.6035 ml fish oil + 0.6035 ml egg yolk.

Introduction

Silver rasbora (Rasbora argyrotaenia) is a tropical freshwater fish
spread in Asian region (Mekong, Chao Phraya and Mae Khlong basins,
Malay Peninsula to Borneo, Java and Sumatra in Indonesia), and occurs
in rivers and enters flooded fields mainly (CAPULI and BAILLY 2019).
The decline in silver rasbora wild population due to high capture for con-
sumption (ROSADI et al. 2014) needs aquaculture production to overcome
this problem. As newly cultured species (ADAWIYAH et al. 2019), silver ras-
bora farming continues to grow and several studies on hatcheries and
grow-ups have been carried out.
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The fry availability affects the reliability of silver rasbora farming as
a limiting factor (BUDI et al. 2020). Thus, increasing survival and growth
must be one of the study goals for many species during the larval phase
(SLATER et al. 2018). The quality and quantity of suitable feed in the early
larval life can affect the growth and survival of fish (QIN et al. 1997). As
the first feed for larvae, many hatcheries still depend on the zooplankton
in spite of little or absence of nutrients (KOTANI 2017). Although deficient
in certain important nutrients, artemia is important zooplankton as early
feed used in larviculture, and enrichment is thus common with nutrients
and other functional additives (LANES et al. 2012).

Fish oil is one of additives used in artemia enrichment as life food
(LANES et al. 2012). As the major lipid source, the fish oil used to increase
energy content and essential fatty acids (EFA) in fish diets (HOSSEINI et al.
2010). EFA are important for early development and survival of fish lar-
vae (IZQUIERDO 1996). Sardinella lemuru fish oil is a by-product produced
in the fish canning industry located in Banyuwangi, East Java, Indonesia.
It has been used for feed supplementation in silver rasbora juvenile (AGUS-
TIN et al. 2020, AYUNDA et al. 2020, DEWI et al. 2020, MARINI et al. 2020),
and potentially use for silver rasbora larvae. The purpose of this study was
to know the effect and determine the optimal concentration of Sardinella
lemuru fish oil enrichment on Artemia to the survival rate and growth of
larvae of silver rasbora.

Materials and Methods
Larvae origin

This study was conducted from January to February 2019 in Universi-
tas Airlangga, Banyuwangi Campus. The research was carried out in
accordance with the ethical standards of the Law of the Republic of Indo-
nesia Number 18 of 2002 about the National System of Research, Develop-
ment, and Application of Science and Technology.

Approximately 1-year old brood fish of silver rasbora were imported
from Technical Implementation of Development Unit of Freshwater Aqua-
culture of Umbulan (Pasuruan, East Java, Indonesia). Breeding of brood fish
were done using 6 males (4.62 £0.07 g of body weight and 7.50 £0.40 cm
of total length) and 2 females (5.20 £0.14 g body weight and 8.60 £0.56 cm
total length). Palm tree fibers were used as a substrate of brood fish
natural mating and spawning (BUDI et al. 2020) in a glass aquarium
(40 x 50 x 50 cm?). Brood fish were transferred from the aquarium and
the eggs stick to the substrate incubated in this media approximately
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2 days for hatching. The dissolved oxygen (DO), temperature, pH, and
total ammonia nitrogen (TAN) measured were 6.82 £0.38 ppm (range
6.2-7.5 ppm), 24.94 +£0.6°C (range 24-27°C), 7.24 £0.32 (range 6.9-7.5),
and 0.012 £0.001 ppm (range 0.010-0.013 ppm), respectively.

Artemia culture and enrichment

A total 1 g of Artemia cysts were cultured in 1.5 1 aerated conical plas-
tic bottle using 11 salt water (30 ppt). After 24 hours, artemia nauplii were
transferred to enriched media (100 individual/ml) with various Sardinella
lemuru fish oil concentrations based on treatments for 6 hours. Before
enrichment process, chicken egg yolk was mixed with fish oil (ratio 1:1) to
formed emulsion in enrichment media.

Experimental design and rearing

A total of 900 silver rasbora larvae (1.08 +0.06 mg body weight,
3.14 £0.17 mm total length) aged 4 days after fertilization (DAF) were
assigned to 18-cylinder plastic tank (10 1 capacity; 30 cm diameter) with
51 water volume with maintain dissolved oxygen level using gentle aera-
tion. Fish larvae were feed by enriched artemia nauplii based on the treat-
ments with doses per liter media 0 ml fish oil (Py), 1 ml egg yolk (P,),
0.25 ml fish oil + 0.25 ml egg yolk (Py), 0.5 ml fish oil + 0.5 ml egg yolk (P5),
0.75 ml fish oil + 0.75 ml egg yolk (P,), and 1 ml fish oil + 1 ml egg yolk (P5).
There were 3 repetitions for each treatment. Feed was given ad satiation
and estimated 20 artemia nauplius per day per larvae with feeding fre-
quency 4 times per day which is 06.00 AM, 12.00 AM, 05.00 PM, and
09.00 PM. Water quality parameters of larvae rearing can be seen in Table 1.

Table 1
Water quality parameters of silver rasbora larvae fed artemia enriched with Sardinella lemuru
fish oil for 21 days

Treatments* Dlssol[\rzsg/ﬁxygen Tem}Efé']ature pH Total amr[nrgg/llz]i nitrogen
P, 7.2-8.5 25-27 7-7.4 0-0.029
P, 7.5-8.5 25-27 6.9-7.4 0-0.002
p, 7.2-8.4 25.5-27 6.9-7.3 0-0.027
Py 7.8-8.5 25.5-27 6.9-7.3 0-0.035
P, 7.8-8.4 25-27 7-7.4 0.038-0.069
Py 7.8-8.4 25.5-27 6.9-7.3 0-0.073

*Treatments doses per liter media 0 ml fish oil (Py), 1 ml egg yolk (P;), 0.25 ml fish oil + 0.25 ml
egg yolk (P,), 0.5 ml fish oil + 0.5 ml egg yolk (Py), 0.75 ml fish oil + 0.75 ml egg yolk (P,), and
1 ml fish oil + 1 ml egg yolk (Py).
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Observation and measurements of larvae

At least 10% (n = 5) of larvae number at each treatment were sampled
randomly in 4 DAF, 11 DAF, 18 DAF, and 25 DAF. Rapid cooling anes-
thetic method was used for larvae sampling procedure (CHEN et al. 2013).
Larvae total body length (mm) was measured using a micrometer under
a stereo-microscope and larvae body weight was measured using a digital
scale with 0.1 mg precision.

Observed parameters

The effects of feeding artemia enriched with Sardinella lemuru fish oil
on survival and growth of silver rasbora larvae were calculated the follow-
ing parameters. Survival rates (SR, %) was calculated following formula:

SR [%] = [(N;/ N;) - 100],
where:

N; — the initial larvae numbe
Nf — the final larvae number.

Length gain (LG, mm) was calculated based on formula:
LG =TL,- T,

where:
TL; and TLf are initial and final average total length [mm].

Weight gain (WG, mm) was calculated based on formula:
WG = W= W,

where:
W, and Wf are initial and final average weight [mg].

Growth rate (GR, mg/days) was calculated following formula:
GR = (W,— W)/ D,

where:
W, and W;are initial and final average weight [mg]
D — rearing times [days].

The specific growth rate (SGR, %/day) was calculated by formula:
SGR = [(In BWf- In BW;) / D) - 100],

where:
BW; and BW,are the initial and final body weights of fish
D — rearing times [days].
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Data analysis

The each analyzed data parameters were confirmed normal distribu-
tion and homogeneity of variances. Statistically data analysis was used
ANOVA test with 95% confidence level and continued with Duncan Multi-
ple Range Test (DMRT) using SPPS 17.0 software. Sardinela lemuru fish
o1l doses that leads to the maximum length gain of silver rasbora (Rasbora
argyrotaenia) was estimated using polynomial contrast (regression) (YOSSA
and VERDEGEM 2015).

Results

The survival and growth of silver rasbora larvae fed artemia enriched
with Sardinella lemuru fish oil are showed in Table 2. Larvae feeding with
artemia enriched with Sardinella lemuru fish oil affect significantly
(P < 0.05) on all growth parameters, but not so with survival. Overall
growth data showed the same tendency; where LG, WG, GR, and SGR
tends to be increase from P, to maksimum in Pj3; and then tends to be
decrease to Py as last treatment. Sardinela lemuru fish oil doses that leads
to the maximum length gain of silver rasbora (Rasbora argyrotaenia) esti-
mated using polynomial contrast (regression) was 0.6035 ml/l.

Table 2
Survival rate (SR), length gain (LG), weight gain (WG), growth rate (GR), and specific growth
rate (SGR) of silver rasbora larvae fed artemia enriched with Sardinella lemuru fish oil

for 21 days

Treatments* SR [%] LG [mm] WG [mg] GR [mg/days] SGR [%/days]
P, 88.3+7.8 | 7.53¢+0.46 | 13.70+1.71 0.652+0.08 12.73¢ £0.55
P, 87.345.8 | 7.59°+0.20 | 15.5%+0.68 | 0.749£0.03 13.294b¢ £0.20
P, 88.7+1.3 | 8.115¢+0.54 | 15.7%+0.76 | 0.75% +0.04 13.35%¢ £0.22
P, 91.8+2.1 | 8.739+0.14 | 18.0%+1.80 0.86%+0.09 13.96% £0.46
P, 90.0 +5.4 | 85190 +£0.10 | 16.290+1.04 | 0.77%+0.05 13.4826 +0.29
Py 89.8+3.3 |[8.14%¢+0.19 | 13.80+1.80 0.66° +0.09 12.89%¢ +0.39

*Treatments doses per liter media 0 ml fish oil (Py), 1 ml egg yolk (P,), 0.25 ml fish oil + 0.25 ml
egg yolk (Py), 0.5 ml fish oil + 0.5 ml egg yolk (Py), 0.75 ml fish oil + 0.75 ml egg yolk (P,), and
1 ml fish oil + 1 ml egg yolk (Pj). Values are means + SD. Superscript letters denote significant
differences (P < 0.05) between treatments.
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Fig. 1. Estimate Sardinela lemuru fish oil doses (0.6035 ml/l) that leads to the maximum length
gain of silver rasbora (Rasbora argyrotaenia) using polynomial contrast (regression)

Discussion

Enrichment diets have been successfully used in artemia as natural
feed for fish larvae (OZUSAGLAM et al. 2013). Fatty acid profiles of sardine
oil emulsions increase levels of PUFA in enriched artemia (ARULVASU and
MUNISWAMY et al. 2009). Larvae feeding artemia enrichment with Sardi-
nella lemuru fish oil in different doses not affect (P > 0.05) on survival.
Meanwhile, interestingly, all growth parameters significantly affected
(P<0.05) and increase compare to control. Similar result was also obtained
in previous study with artemia fed on gelatin-acacia microcapsules con-
taining cod liver oil, which supported faster growth rate significantly in
post-larval gobies than control (JONES et al. 1984) and using sardine oil in
artemia enrichment as natural food was also increased growth in Poecillia
latipinna fry (ARULVASU and MUNISWAMY et al. 2009). Sardinella lemuru
fish oil contain essential fatty acids (EFA) including EPA and DHA (MARINI
et al. 2020) that have important role in fish growth (IZQUIERDO 1996) and
deficiency of EFA causing some non-infectious diseases, low immunity,
and increase abnormality rate (NOGA 2010).

In present study, the higher growth was obtained in P4 (enrichment
doses 0.5 ml fish oil + 0.5 ml egg yolk) and tends to be decrease in higher
doses. It shows that excessive of Sardinella lemuru fish oil in enrichment
artemia is not good for larvae growth. Sardinella lemuru fish oil as source
of fatty acid (lipids) contain high energy that use for growth. Excess of
fatty acid means that energy also excessive. Similar case was also obtained
in other previous excessive dietary of fatty acid; excessive levels of DHA
significantly reduced total weight of summer flounder larvae (BISBAL
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and BENGSTON 1991), also growth of African catfish larvae tended to be
reduced by excess in cod fish oil and coton seed oil in the diet (LEGENDRE
et al. 1995). Based on the study, we recommend 0.5 ml fish oil + 0.5 ml egg
yolk as optimal artemia enrichment dose for feeding practical of silver
rasbora larvae.

Larvae feeding artemia enrichment with Sardinella lemuru fish oil in
different doses not affect (P > 0.05) on survival, but all growth parameters
significantly affected (P < 0.05). Optimal artemia enrichment dose for
feeding practical of silver rasbora larvae is 0.5 ml fish oil + 0.5 ml egg yolk.
Estimate doses that leads to the maximum length gain is 0.6035 ml fish
oil + 0.6035 ml egg yolk.

Acknowledgements

There are no grant funding institutions in this study. The authors
would like to thank all colleagues at the Faculty of Fisheries and Marine,
Universitas Airlangga.

Accepted for print 14.06.2023

References

ADAWIYAH L.A., SULMARTIWI L., BODUR T., BUDI D.S. 2019. Induction of spermiation using
ovaprimT™ with topical gill method in the silver rasbora (Rasbora argyrotaenia). Theriogenol-
ogy, 126: 172-176.

AGUSTIN L., SULMARTIWI L., MUBARAK A.S. 2020. Addition of lemuru fish oil in feed on the gonad-
al maturity level of female silver barb, Rasbora argyrotaenia. IOP Conf. Ser. Earth Environ.
Sci., 441: 012047.

ARUVALSU C., MUNUSWAMY N. 2009. Survival, growth and composition of Poecilia latipinna fry
fed enriched Artemia nauplii. Current Sci., 96:114-119.

AYUNDA R., SULMARTIWI L., MUBARAK A.S. 2020. Addition of Lemuru fish oil to protein retention
and feed utilization efficiency of silver barb Rasbora argyrotaenia. IOP Conf. Ser. Earth Envi-
ron. Sci., 441: 012047.

BiSBAL G.A., BENGSTON D.A. 1991. Effect of dietary (n-3) HUFA enrichment on survival and
growth of summer flounder, Paralichthys dentatus, larvae. Larvi, 91:56-57.

BUDI D.S., RIZKYAN 1., PRAYOGO. 2020. The effect of stocking density on the survival and growth of
silver rasbora (Rasbora argyrotaenia) larvae. Polish J. Nat. Sci., 35(1): 87-95.

CAPULI E.E., BAILLY N. 2019. Rasbora argyrotaenia (Bleeker, 1849), Silver rasbora. FishBase. URL
https://www.fishbase.in/summary/Rasbora-argyrotaenia.html (Accessed 27 August 2019).

CHEN K., WANG C.Q., FAN Y.Q., XIE Y.S., YIN Z.F., XU Z.J., ZANG H.L., CA0o J.T., HAN Z.H.,
WANG Y., SONG D.Q. 2013. The evaluation of rapid cooling as an anesthetic method for the
zebrafish. Zebrafish, 11:71-75.

DEWI S.A., SULMARTIWI L., MUBARAK A.S., MUKTI, A.T. 2020. Growth and survival rate of silver
barb, Rasbora argyrotaenia under different concentrations of sardinelle fish oil addition in fish
feed. IOP Conf. Ser. Earth Environ. Sci., 441: 012047.

HOSSEINT S.V., KENARI A.A., REGENSTEIN J.M., REZAET M., NAZART R.M., MOGHADDASI M., KABO-
LI S.A., GRANT A.A.M. 2010. Effects of alternative dietary lipid sources on growth performance



50 Vira Yuniar et al.

and fatty acid composition of beluga sturgeon, Huso huso, juveniles. J. World Aquacult. Soc.,
41: 471-489.

IZQUIERDO M.S. 1996. Essential fatty acid requirements of cultured marine fish larvae. Aquacult.
Nut., 2: 183-191.

JONES D.A., HOLLAND D.L., JABBORIE S. 1984. Current status of microencapsulated diets for aqua-
culture. Applied Biochem. Biotechnol., 10: 275-288.

KOTANI T. 2017. Enrichment of rotifers and its effect on the growth and survival of fish larvae.
In: Rotifers: Aquaculture, Ecology, Gerontology, and Ecotoxicology. Eds. A. Hagiwara,
T. Yoshinaga. Springer Nature Singapore Pte Ltd. and the Japanese Society of Fisheries Sci-
ence, pp. 56-71.

LANES C.F.C., BOLLA S., FERNANDES J.M.O., NICOLAISEN O., KIRON V., BABIAK I. 2012. Nucleotide
enrichment of live feed: a promising protocol for rearing of atlantic cod Gadus morhua larvae.
Marine Biotechnol., 14: 544—-558.

LEGENDRE M., KERDCHUEN N., CORRAZE G., BERGOT P. 1995. Larval rearing of an African catfish
Heterobranchus longifilis (Teleostet, Clariidae): effect of dietary lipids on growth, survival and
fatty acid composition of fry. Aquat. Living Resour., 8: 355-363, doi: 10.1051/alr:1995040.

MARINI A., MUBARAK A.S., MUKTI A.T. 2020. Addition of lemuru fish oil in the diet on the fat re-
tention and fatty acid profile of silver barb (Rasbora argyrotaenia). IOP Conf. Ser. Earth Envi-
ron. Sci., 441: 012047.

NoGA E.J. 2010. Fish disease: diagnosis and treatment. John Wiley & Sons.

0OZUSAGLAM ML.A., CAKMAK Y.S., KAYA M. 2013. The biotechnological potential of Artemia salina
fatty acids. J. Pure and Applied Microbiol., 7: 1567-1575.

QIN J., FAST A.W., DEANDA D., WEIDENBACH R.P. 1997. Growth and survival of larval snakehead
(Channa striatus) fed different diets. Aquaculture, 148: 105-113.

ROSADI E., HERAWATI E.Y., SETYOHADI D., BINTORO G. 2014. Distribution, composition, and abi-
otic environment of Silver Rasbora (Rasbora argyrotaenia Blkr) fish in upstream areas of Bari-
to watershed, South Kalimantan. J. Environ. Ecol., 5: 117-131.

SLATER M., D’ABRAMO L., ENGLE C.R. 2018. Aquaculture research priorities for the next decade:
a global perspective. J. World Aquacult. Soc., 49: 3-6.

Y0ssA R., VERDEGEM M. 2015. Misuse of multiple comparison tests and underuse of contrast pro-
cedures in aquaculture publications. Aquaculture, 437: 344-350, doi: 10.1016/j.aquacul-
ture.2014.12.023.



