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Abstract. The present study was conducted to study the effect of salt added diets on growth
performance and survival of Asian sea bass juveniles reared in freshwater. The indoor experimental
setup consisted of fifteen rectangular rearing tanks each of a 100-L capacity. The tanks were grouped
into five separate systems. Fifty four-day-old juveniles of Asian sea bass were used for the 56 day
experiment. Seventy fish were randomly stocked in each tank. The experimental salt added diets were
prepared by adding salt to a commercial pelleted fish. Fish were hand-fed ad libitum three times daily.
Survival and feed conversion ratio were monitored daily. Fish fed the 8% salt added diet attained the
highest growth rate (P<0.05) followed by the fish group fed the 10% salt added diet and by the control
group. Diets with 12% and 14% added salt promoted the lowest growth rates. An inverse relationship
was noticed in survival, the higher the salt incorporated in the diet, the lower the survival rate. Based on
the results of this study, it is concluded that the addition of 8% salt to the pelleted fish feed of Asian sea
bass Lates calcarifer juveniles reared in freshwater is advantageous towards their growth and survival
rates. But this study needs further research to find out the optimum level of dietary salt requirement for
the juveniles Asian seabass.
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Zusammenfassung. Die vorliegende Studie wurde durchgefiihrt, um die Wirkung von Salz-Studie hat
Ernahrung auf Wachstum und Ubereben der asiatischen Seebarsch Jugendlichen in StiBwasser gehalten
werden. Die Indoor-Versuchsaufbau aus fiinfzehn rechteckigen Halterungsbecken jeweils aus einem 100-
L Kapazitat. Die Behalter wurden in 5 getrennten Systemen zusammengefasst. Fiinfzig vier Tage alten
jungen asiatischen Seebarsch wurden fiir die 56 Tage Versuch eingesetzt werden. Siebzig Fische wurden
nach dem Zufallsprinzip in den einzelnen Tanks lagernd. Die experimentelle Salz hinzugefligt Didten
wurden durch Zusatz von Salz zu einem kommerziellen pelletiert Fisch zubereitet. Die Fische wurden
Hand-fed ad libitum dreimal taglich. Uberleben und die Futterverwertung wurden téglich iberwacht.
Fische verflittert werden die 8% Salz hinzugefiigt, Ernahrung erreicht die hochste Wachstumsrate auf (p
<0,05), gefolgt von der Gruppe Fische flitterte die 10% Salz hinzugefiigt, Erndhrung und von der
Kontrollgruppe. Diaten mit 12% und 14% Salz geférdert hat den niedrigsten Wachstumsraten. Ein
umgekehrtes Verhéltnis wurde im Uberleben bemerkt, desto héher ist das Salz in der Nahrung
aufgenommen, desto geringer ist die Uberlebensrate. Basierend auf den Ergebnissen dieser Studie wird
der Schluss gezogen, dass der Zusatz von 8% Salz des umhiillten Fischfutter der asiatischen Seebarsch
Pleuronectiformes Jugendlichen in SiiBwasser gehalten ist auf ihre Wachstums-und Uberlebensraten von
Vorteil. Aber dieser Studie bedarf noch weiterer Forschung, um herauszufinden, die optimale Verteilung
der Nahrung Salz Voraussetzung fiir die jungen asiatischen Seebarsch.

Schluesselworte: Asian Seebarsch, Barramundi, Salz Erndhrung, Sole-Salz, das Wachstum und
Uberleben.

Rezumat. Studiul de fata a fost realizat pentru a observa efectul adaosului de sare in dieta asupra
performantelor de crestere si asupra supravietuirii la juvenilii de barramundi crescuti in apa dulce.
Experimentul s-a desfasurat in cincisprezece bazine rectangulare de crestere amplasate in spatiu inchis,
fiecare avand o capacitate de 100 L. Bazinele au fost grupate in cinci sisteme separate. Pesti juvenili de
barramundi in varsta de 54 zile au fost folositi pentru experimentul de 56 zile. Saptezeci de pesti au fost
distribuiti randomic in fiecare bazin. Addugarea experimentald a sarii in maéancare s-a facut prin
amestecarea cu granulele de furaj. Furajarea s-a facut manual si ad libitum, de trei ori pe zi.
Supravietuirea si rata de conversie au fost monitorizate zilnic. Pestii hraniti cu dietda imbogatita cu sare
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8% au atins cea mai mare ratd de crestere (P<0.05), urmati fiind de grupul furajat cu furaj si 10% sare,
iar apoi de grupul martor. Grupurile furajate cu 12% si 14% sare au crescut cel mai putin. O relatie
inversa a fost observata in cazul supravietuirii, cu cat concentatia de sare adaugata a fost mai mare, cu
atat a fost mai mica rata supravietuirii. Pe baza acestor rezultate, concluziondm ca adaosul de sare 8%
in furajul granulat al juvenililor de barramundi (Lates calcarifer) crescuti in apa dulce este avantajoasa
sub aspectul cresterii si ratei de supravietuire. Se impun studii in continuare pentru identificarea nivelului
optim de sare addugata in furajul pestilor juvenili de barramundi.

Cuvinte cheie: spedii asiatice, barramundi, sare addugata, sare de mare, crestere si supravietuire.

Introduction. The Asian sea bass, Lates calcarifer (Bloch, 1790), is a carnivorous,
euryhaline marine species which is reared under intensive conditions in seawater,
brackish water and freshwater in re-circulating systems and earthen ponds. It is an
important species for aquaculture in Asian and Australian continents. Catacutan & Coloso
(1997) reported that this carnivorous Asian seabass has a high market demand in
Southeast Asia, and thus the production is increasing in this region and the need to
develop an appropriate seabass feed exists. Currently, the culture of seabass relies
heavily on trash fish, however, this traditional feed does not often adequately meet the
nutritional requirements of the fish. The traditional feed chopped or minced trash fish is
difficult to store, has variable nutritional quality, and may be unavailable. Critical to
formulating effective economical feed is a knowledge of the nutritional requirements of
the animal. Thus, a cost-effective practical feed has to be developed for seabass cultured
in ponds or cages.

Zaugg et al (1983) and Gatlin et al (1992) stated that incorporation of minerals
(salts) in the fish feed is an importance source of energy and that compensate all the
nutritional requirements of fish. But the mineral requirements in fish appear to be very
complicated since metabolism and nutrition of minerals are closely related not only to
those present in the diet but also to those dissolved in the surrounding water (Ogino &
Kamizino 1974). The beneficial effects of dietary salt have been reported in several fish
species: chinook salmon, carp, eel, channel catfish, red sea bream and yellow tail (Ogino
& Kamizino 1974), common carp and mrigal (Nandeesha et al 2000), rohu (Gangadhara
et al 2004) and gilthead sea bream (Appelbaum et al 2008). Ogino & Kamizino (1974)
reported that dietary salts have enormous effects on not only growth and survival but
also helped the fishes from deformity and malformation.

In freshwater or low saline water adopted euryhaline fishes, passive ion losses
must be overcome by active uptake of ions from the water (Marshall 1988; Smith et al
1989). The role of gills is crucial in ion absorption, and it is reasonable to expect that diet
is an important source of salts that could satisfy the osmoregulatory requirements of the
fish in fresh water or low saline water. The supplementation of diet with salt might spare
energy used in osmoregulation, thereby leaving more energy available for growth (Zaugg
et al 1983; Gatlin et al 1992).

The Asian seabass is a euryhaline teleost capable of living in both freshwater and
salt water environments, including freshwater indoor recirculation systems (Appelbaum
& Arockiaraj 2008). Improved growth, survival and feed conversion ratio in Asian sea
bass was found by adding 4% salt to the diet compared to no salt added diets (Harpaz et
al 2005). Appelbaum & Arockiaraj (2009) found that gilthead sea bream (Sparus aurata)
fed a diet with 12% salt added had the highest growth and survival. Since sea bream
grew best with 12% salt inclusion in the diet, the present study examined if dietary salt
levels greater than 4% (Harpaz et al 2005) resulted in increased growth performance
and survival of Asian sea bass juveniles reared in freshwater.

Material and Method

Experimental setup. The indoor experimental setup consisted of fifteen rectangular
rearing tanks each of a 100-L capacity. The tanks were grouped into 5 separate systems
each consisting of three rearing tanks connected to one common water-cleaning unit (a
100-L tank filled with volcanic gravel and strongly aerated which acted as a both
biological and mechanical filter). All systems were filled with dechlorinated freshwater. In
each system the water recirculated at the rate of 3-L per minute. Thirty percent of the
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dechlorinated freshwater was replaced daily in each system to compensate for losses
from evaporation and sludge removal. Oxygen levels in the rearing tanks were
maintained above 4 ppm. Water temperature was maintained at 28+19C using
thermostatically controlled electric heaters.

Experimental fish. Fifty four-day-old juveniles (average initial weight = 0.18g) of Asian
sea bass, produced via induced spawning ("Maagan Michael Hatchery", Israel), were used
for the 56 day experiment. Seventy fish were randomly stocked in each of the 15 rearing
tanks.

Experimental diets. The experimental salt rich diets were prepared by adding salt to a
commercial pelleted fish feed (protein 45%, lipid 14%, fiber 2.4% and ash 9.5%;
"Rannan" Company, Israel) that was ground and repelleted after adding the salt. This
salt was obtained by evaporation of the brine (53.7%o0 total dissolved salts; Table 1)
produced during desalination of brackish geothermal water from a deep well located in
the Israeli Negev desert. The prepared diets were oven-dried at 60°C for 6 hours and
stored in an airtight container. Fish were hand-fed ad libitum three times daily. Fish in
the different systems were fed as described in Table 2.

Table 1
Composition of the brine used to obtain the salt added in the experimental diets

Salts Units Other parameters Units

Chloride 40880 ppm  Alkalinity (measured as calcium carbonate) 22 ppm

Sodium 22600 ppm  Electric conductivity (micromhos/cm/25) 98200 mmho

Sulfate 7481 ppm Hardness (measured as calcium carbonate) 14700 mg/I

Calcium 2339 ppm Bicarbonate (measured as HCO3) 26 ppm

Magnesium 2152 mg/I Ammonia 24 ppm

Potassium 540 ppm Nitrite 2 ppm

Boron 33 ppm pH 7.6

Fluoride 32 ppm Total dissolved matter 79020 ppm
Table 2

Different salt added diets provided to the fish in various systems

Different systems No. of tanks Types of feed

System 1 3 Control diet (no salt added)
System 2 3 8% salt added diet

System 3 3 10% salt added diet
System 4 3 12% salt added diet
System 5 3 14% salt added diet

Observation and statistics. Representative fish samples (N=30) from all experimental
groups were weighed on a digital weighing balance every two weeks for monitoring
growth performance. Survival and feed conversion ratio were monitored daily. Survival
(%), weight gain (g), average weight gain (%), specific growth rate (SGR %d-1), feed
conversion ratio (FCR) and protein efficiency ratio (PER) were calculated as follows:
survival (%) = no. of fish stocked - no. of mortalities/ no. of fish stocked x 100; weight
gain (g) = final mean weight (g) - initial mean weight (g); average weight gain (%) =
final mean weight (g) - initial mean weight (g)/ initial mean weight (g) x 100; specific
growth rate (% d-1) = In final mean weight - In initial mean weight/ duration of the
experiment (days) x 100; feed conversion ratio = amount of feed provided (g)/ weight
gain (g) and protein efficiency ratio = weight gain (g)/ protein absorbed (g). The growth
and survival data were analyzed using one-way ANOVA and Tukey's Multiple Range Test
(Zar 1984).
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Results. All experimental diets were willingly accepted by all fish. Fish fed the 8% salt
added diet attained the highest growth rate (P<0.05) followed by the fish group fed the
10% salt added diet and by the control group. Diets with 12% and 14% added salt
promoted the lowest growth rates (Fig 1 & Table 3). Fish receiving the diet with 8%
added salt also showed a better specific growth rate (SGR), feed conversion ratio (FCR)
and protein efficiency ratio (PER) compared to all other experimental groups. An inverse
relationship was noticed in survival, the higher the salt incorporated in the diet, the lower
the survival rate (Fig 2).

Table 3
Growth performances of Asian sea bass juveniles reared in freshwater
and fed salt added diets for 8 weeks

Control diet 8% salt diet 10% salt 12% salt 14% salt

diet diet diet

Initial weight 0.18+0.05 0.18+0.05 0.18+0.05 0.18+0.05 0.18%0.05
(gr.)

Final weight 3.62°+£0.42  4.96°+0.29 3.65°+0.51 2.30°+0.17 1.97°+0.45
(gr.)

Weight gain 3.44°+£0.21  4.78%+0.38 3.47°+0.24 2.12°+0.18 1.79°+0.21
(gr.)

Average weight  172.0°+10.9 239.2°+12.6 173.9°+9.5 106.1°+12.6 89.5°+11.8
gain (%)

FCR 1.98°+0.15  1.45%+0.23 1.96°+0.13 3.12°+0.26 3.65°+0.29
PER 1.25°+£0.32  1.72°+0.31 1.27°+0.21 0.79°+0.26 0.68°*+0.15
SGR (% d™) 0.99°+0.12  1.24°+0.18 1.0°+0.11  0.64°+0.14 0.529+0.13

* In a row, a, b and c denote significantly different values at P < 0.05 level by one-way ANOVA and Tukey's
Multiple Range Test
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Figure 1. Growth (g) of Asian sea bass reared in freshwater
and fed salt added diets for 8 weeks
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Figure 2. Survival (%) of Asian sea bass reared in freshwater
and fed salt rich added for 8 weeks

Discussion. Dietary salt has been found to improve fish growth and feed conversion
efficiency in several species: the Japanese eel (Arai et al 1974), rainbow trout (MacLeod
1978), common carp and mrigal (Nandeesha et al 2000), rohu (Gangadhara et al 2004)
and gilthead sea bream (Appelbaum et al 2008). Harpaz et al (2005) reported that
adding 4% salt to the diet of L. calcarifer resulted in significant improvement in their feed
conversion ratio and enhanced the activity of the brush border enzyme activity.
Fontainhas-Fernandes et al (2000) reported that adding salt to fish diet increases
appetite and digestibility. Salman & Eddy (1988) reported that the food intake and
appetite of the rainbow trout were not adversely affected by adding salt to the diet, but
did enhance growth. Gatlin et al (1992) reported that juvenile red drum exhibited greater
feed efficiency and significant weight gain when 2% NaCl was added to their diet. In this
study, a significant improvement in growth, FCR and higher survival rate were recorded
in Asian sea bass fed the 8% salt added diet, but diets with higher salt incorporation
caused a reduction both in growth and in survival rates.

MaclLeod (1978) reported that the addition of excessive salt to the diet could have
an adverse effect on food intake, digestion and/or absorption, because of the change in
the gastric/intestinal environment and may even have pathological effects, ultimately
leading to growth reduction. No such effects were detected with any of the tested diets in
this experiment. Ogino & Kamizono (1974) and Tacon & De Silva (1983) reported that a
4% or 5% salt inclusion in the diet of trout and carp produced better growth and feed
utilization. Smith et al (1995) observed that 12% salt-enriched diets enhanced the feed
uptake and benefited the growth of rainbow trout. But in this study the control diet (no
salt added) better than 12% and 14% salt added diets in terms of survival, growth and
feed conversion ratio. Eroldogan et al (2005) found that 5% salt supplementation in the
diet of European sea bass enhanced growth and feed utilization. All these findings show
that salt addition to fish diet improve growth and survival rates.

Conclusion. Based on the results of this study, it is concluded that the addition of 8%
salt to the pelleted fish feed of Asian sea bass L. calcarifer juveniles reared in freshwater
is advantageous towards their growth and survival rates. But this study needs further
research to find out the optimum level of dietary salt requirement for the juveniles Asian
seabass. Because in this study we achieved better growth and survival rates of Asian
seabass fed at 8% salt added diet, but the earlier study of Harpaz et al (2005) results
showed that the Asian seabass produced highest growth rate when feeding with 4% NaCl
diet. Eventhough the composition of the salt which is incorporated in the diets of these
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two studies are entirely different, it needs further research to find out the optimum
dietary salt requirement for the Asian seabass juveniles.

Acknowledgement. The Bengis Centre for Desert Aquaculture, Albert Katz International
School for Desert Studies, Blaustein Center for Scientific Cooperation, Ben-Gurion
University of the Negev, Israel is gratefully acknowledged for providing the postdoctoral
fellowship grant to the first author A. Jesu Arockiaraj during 2007-2009. Mr. David
Benzion and Mr. Alan Wass are thanked for their technical help.

References

Appelbaum S., Arockiaraj A. J., 2008 Growth performance and survival of Asian seabass
(Lates calcarifer Bloch) juveniles reared in freshwater and fed graded levels of
salt incorporated diets. In: Aquaculture Europe 2008 - Krakow, Poland. p 30-31
(additional abstract).

Appelbaum S., Arockiaraj A. J., 2009 Cultivation of gilthead sea bream (Sparus aurata
Linnaeus, 1758) in low salinity inland brackish geothermal water. AACL Bioflux
2(2):197-203.

Appelbaum S., Arockiaraj A. J., Imanraj C., 2008 Promoting the culture of gilthead sea
bream (Sparus auratus L.) in low saline inland water: A novel way to farm
saltwater fish in freshwater. Fish for the People 6(1):40-44.

Arai S., Nose T., Kawatsu H., 1974 Effect of minerals supplemented to the fish mealdict
on growth of eel Anguilla japonica. Tansuika Suisan Kenkvusho Kenkvu Hokoku
24:95-100.

Catacutan M. R., Coloso R. M., 1997 Growth of juvenile Asian seabass, Lates calcarifer,
fed varying carbohydrate and lipid levels. Aquaculture 149:137-144.

Eroldogan O. T., Kumlu M., Kir M., Kiris G. A., 2005 Enhancement of growth and feed
utilization of the European sea bass (Dicentrarchus labrax) fed supplementary
dietary salt in freshwater. Aquacult Res 36:361-369. DOI: 10.1111/j.1365-
2109.2004.01211.x

Fontainhas-Fernandes A., Monterio M., Gomes E., Reis-Henriques M. A., Coimbra J.,
2000 Effect of dietary sodium chloride acclimation on growth and plasma thyroid
hormones in tilapia Oreochromis niloticus (L.) in relation to sex. Aquacult Res
31:507-517. DOI: 10.1046/j.1365-2109.2000.00472.x.

Gangadhara B., Nandeesha M. C., Keshavanath P., Varghese T. J]., 2004 Growth
response and biochemical composition of rohu, Labeo rohita, fed salt-incorporated
diets. J Appl Aquacult 16:169-176. DOI: 10.1300/J028v16n01_15.

Gatlin III D. M., Kenzie D. S. M., Craig S. R., Neill W. H., 1992 Effects of dietary sodium
chloride on red drum juveniles in waters of various salinities. Prog Fish Cult
54:220-227. DOI: 10.1577/1548-8640(1992)054<0220:EODSC0>2.3.CO;?2.

Harpaz S., Hakim T. Y., Slosman T., Eroldogan O. T., 2005 Effects of adding salt to the
diet of Asian sea bass Lates calcarifer reared in fresh or salt water re-circulating
tanks, on growth and brush border enzyme activity. Aquaculture 248:315-324.
DOI: 10.1016/j.aquaculture.2005.03.007.

MaclLeod M. G., 1978 Relationships between dietary sodium chloride, food intake and
food conversion in the rainbow trout. J Fish Biol 13:73-79. DOI: 10.1111/j.1095-
8649.1978.tb03414.x.

Marshall W. S., 1988 NaCl transport in gills and related structures, part II: vertebrates.
Advan Comp Environ Physiol 1:78-83.

Nandeesha M. C., Gangadhar B., Keshavanath P., Varghese T. ]., 2000 Effect of dietary
sodium chloride supplementation on growth, biochemical composition and
digestive enzyme activity of young Cyprinus carpio (Linn) and Cirrhinus mrigala
(Ham). J Aqua Trop 15:135-144.

Ogino C., Kamizono M., 1974 Miner requirement in fish-1: Effect of dietary salt-mixture
levels on growth, mortality and body composition in rainbow trout and carp. Bull
Japanese Soc Sci Fish 41(4):429-434.

AACL Bioflux, 2010, Volume 3, Issue 1. 32
http://www .bioflux.com.ro/aacl



Salman N. A., Eddy F. B., 1988 Effect of dietary sodium chloride on growth, food intake
and conversion efficiency in rainbow trout (Salmo gairdneri Richardson).
Aquaculture 70:131-144. DOI: 10.1016/0044-8486(88)90012-9.

Smith N. F., Eddy F. B., Talbot C., 1995 Effect of dietary salt load on trans-epithelial Na*
exchange in freshwater rainbow trout (Oncorhynchus mykiss). 1 Exp Biol
198:2359-2364.

Smith N. F., Talbot C., Eddy F. B., 1989 Dietay salt intake and its relavance to ionic
regulation in freshawter salmonids. J Fish Biol 35:749-753. DOI: 10.1111/j.1095-
8649.1989.tb03026.x.

Tacon A. G. J., De Silva S. S., 1983 Mineral composition of some commercial fish feeds
available in Europe. Aquaculture 31:11-20. DOI: 10.1016/0044-8486(83)90253-
3.

Zar J. H., 1984 Biostatistical Analysis, II Edition, Prentice - Hall International
Incorporation, Englewood Cliffs, New Jersey.

Zaugg W. S., Roley D. D., Prentice E. F., Gores K. X., Waknitz F. W., 1983 Increased
seawater survival and contribution to the fishery of chinook salmon
(Oncorhynchus tshawytscha) by supplemented dietary salt. Aquaculture 32:183-
188. DOI: 10.1016/ 0044-8486(83)90280-6.

Received: 24 November 2009. Accepted: 27 February 2010. Published online: 28 February 2010.

Authors:

Antonysiluvai Jesu Arockiaraj. Present address: Department of Marine Biotechnology, Marine Molecular Genetics
Lab, Cheju National University, 66 Jejudaehakno, Ara-Dong, Jeju 690 756, Republic of Korea, e-mail:
jesuaraj@yahoo.com

Samuel Appelbaum, The Bengis Centre for Desert Aquaculture, The Albert Katz Department of Dryland
Biotechnologies, The Jacob Blaustein Institute for Desert Research, Ben-Gurion University of the Negev, Sde
Boker Campus 84990, Israel, e-mail: sappl@bgu.ac.il

How to cite this article:

Arockiaraj A. 1., Appelbaum S., 2010 Effect of brine salt rich diets on growth performances and survival of Asian
seabass (Lates calcarifer) juveniles reared in freshwater systems. AACL Bioflux 3(1):27-33.

AACL Bioflux, 2010, Volume 3, Issue 1. 33
http://www .bioflux.com.ro/aacl



AACL Bioflux, 2010, Volume 3, Issue 1.
http://www .bioflux.com.ro/aacl

34



