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ABSTRACT

Trouts are commonly farmed in many countries of the world. Minerals are required for normal
life processes, and fish need these inorganic elements. Fish may derive these minerals from a
diet and from ambient water. This study aimed to research differences in some of the mineral
values in muscle tissues of diploid rainbow trouts (Oncorhynchus mykiss) cultured in freshwater
and seawater. The study material consisted of twenty diploid rainbow trouts (Oncorhynchus
mykiss), ten farmed in seawater and ten farmed in freshwater, with a weight of about 0.8-1 kg
and average age of 17-19 months. Supernatant was prepared from muscle tissues of the fish.
Concentrations of major minerals (Na, K, Ca, Mg, Cl, P) were investigated in supernatant from
fish muscle tissues with an autoanalyzer. pH temperature, oxygen amount, salinity amount and
saturation ratio of the trouts were found to be 8.40, 12°C, 9.57 mg dl'', 18%o, 88.77% for seawa-
ter and 7.60, 11°C 7.40 mg dl'!, 0.68 %o, 67.26% for freshwater fish. It was found that P, K and
Mg levels in the muscle tissue of diploid rainbow trouts (Oncorhynchus mykiss) farmed in sea-
water were statistically significantly higher than in those farmed in freshwater (P<0.001), and
Ca levels in trouts farmed in seawater were also higher than in those farmed in freshwater,
although not statistically significantly different. It was determined that Na and Cl levels were
slightly higher in rainbow trouts farmed in freshwater than in those farmed in seawater, but
it was not a statistically significant difference (P>0.05). This study showed that concentrations
of minerals in trout muscle tissue can be affected by changes in water quality. It was concluded
that muscle tissue of diploid rainbow trouts (Oncorhynchus mykiss) farmed in seawater is a better
source of minerals in human diet than trouts farmed in freshwater.

Keywords: freshwater, rainbow trout, seawater, minerals.

Gilay Ciftci, prof. dr., Department of Biochemistry, Faculty of Veterinary Medicine,
University of Ondokuz Mayis, 55220 Atakum, Samsun, Turkey, phone: +905056150074. ORCID
No: 0000-0001-5384-2381.



1376

INTRODUCTION

Minerals or inorganic elements are required for normal life processes
by all terrestrial and aquatic organisms, including fish. Fish may derive
the minerals from a diet or directly from water (LaLL 2002). Calcium (Ca),
phosphorus (P), magnesium (Mg), sodium (Na), potassium (K), and chloride
(C) have critically important physiological and biochemical functions in bio-
logical systems, and both their deficiency or excess can lead to some distur-
bance of metabolism and consequently to various diseases.

In mammals and aquatic animals, Ca is considered as one of the most
important minerals. Among aquatic animals, fish can absorb Ca from
the surrounding water to satisfy part or the entire metabolic Ca requirement
(LaLn 2002). Compared with other minerals, calcium absorbance to the body
is relatively inefficient. In general, only about 25% to 30% of dietary calcium
is effectively absorbed (FAO Agriculture and Consumer Protection Depart-
ment, 2002). Fish and other aquatic animal food products are a rich source
of calcium (MARTINEZ-VALVERDE et al. 2000). Unlike calcium, the main source
of phosphorus is the food ingested by fish. Phosphorus in fresh and sea water
is either very scarce or not present at all. If there is enough *P in water,
it 1s suggested that fish can absorb this form of phosphorus from water.
The Ca/P ratio is the most important indicator of good bone health.

Chloride was originally described by Keys and WILLMER (1932) to be present
in the gills of seawater adapted teleosts. Sodium, potassium and chlorine
have important functions in the osmoregulation of fish. To maintain the nor-
mal neuromuscular response of the body, sodium must appear in appropriate
proportions with other electrolytes (P, Ca) — DunHaM 2004. Transition of sodium
into cells or loss of sodium from the body affect the extracellular fluid
volume, circulation, kidney function, and central nervous system function
(MURRAY et al. 1993). In contrast to Na, Mg plays an important role in physio-
logical processes. Magnesium also plays a vital part in the reversible asso-
ciation of intracellular particles and in the binding of macromolecules to sub-
cellular organelles (BARAT et al. 2013). Mg deficiency can cause abnormalities
in fish (CeLIK 2006). A negative relationship has been reported between Mg
deficiency and weight gain, specific growth rate (SGR) and feed evaluation
rates, FCR (DaBrowska et al. 1991).

As the most abundant intracellular ion in all animals, K participates
in basic physiological functions, including maintenance of membrane poten-
tials and cellular volume, acid/base balance, cardiac function and nerve im-
pulse transmission. In fish, potassium additionally plays a critical role in osmo-
regulation (DunHAM 2004, MARSHALL, GROSELL 2006).

People obtain the amounts of minerals they need by eating a wide variety
of foods, including fish. This study was aimed to research the effects
of freshwater and seawater on some of the major minerals in muscle tissues
of diploid rainbow trouts (Oncorhynchus mykiss).
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MATERIALS AND METHODS

Material

The study material consisted of twenty rainbow trouts (Oncorhynchus
mykiss) with 2n chromosomes, which were farmed in freshwater (Derbent
Dam) and seawater (the Black Sea). The fish were aged between 17-19 months
and weighed approximately 0.8-1 kg.

The pH level of the water where the rainbow trout were farmed,
l.e. the dam water and the Black Sea water, was measured with a pH meter
in December 2018. The oxygen amount, oxygen saturation and temperature
level of the water in the same water bodies were determined with an YSI
oxygen meter (YSI PRO 20 Polarographic Do Field Electrode Portable
Oxygen Meter 10). The water salinity was determined with a refractometer.
pH, temperature, oxygen content, salinity and saturation rate of freshwater
and seawater where rainbow trouts were farmed are presented in Table 1.

Table 1
pH, temperature, oxygen contents, and saturation rates of dam water and seawater

. . Temperature Oxygen Saturation Salinity
Specification pH C) (mg dI) %) (%)
Seawater 8.40 12 9.57 88.77 18
Dam water 7.60 11 7.40 67.26 0.68

Trouts farmed in seawater were maintained in HDPE cages, 22 m in dia-
meter with 15+1 depth nets, and supplied a ready-to-feed pellet feed (crude
protein 45%, crude fat 20%, crude ash 9.5%, crude cellulose 1.6%, calcium
1.8%, phosphorus 0.7%). They were kept 3.5 m nautical miles away from
Yakakent port (Samsun, Turkey) until the time of harvest.

Trouts farmed in fresh water in a dam were maintained in HDPE cages
and fed with a ready-to-feed pellet feed (crude protein 45%, crude fat 20%,
crude ash 9.5%, crude cellulose 1.6%, calcium 1.8%, phosphorus 0.7%) until
the time of harvest. Rainbow trouts farmed in sea and freshwater were not
fed for 24 h before sampling, and at harvest, muscle tissue between the lat-
eral line and the dorsal fin was removed from each diploid rainbow trout.

Preparation of tissue samples

For biochemical analyses, muscle tissues were homogenized in phosphate
buffered saline (PBS) in a 1/2 weight/volume (w/v) homogenizer for 3 min
on ice, and after that the homogenate was centrifuged at 15 000 x g for 20 min
at +4°C (DE BoEkck et al. 2003). Mineral levels were examined in the super-
natants obtained.
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Determination of major mineral levels in fish muscle tissue

The levels of Mg, Ca, P and Na, K, Cl in muscle tissue supernatants
were measured with a spectrophotometric method (ManN, Yot 1957, BoHUON
1962, MicHAYLOVA, ILLKOVA 1971, DALY, ERTINGSHAUSEN 1972, GamsTt, TRY 1980,
TieTz 1987) in an autoanalyser (Beckman Coulter Inc., Brea, CA, USA) using
Beckman kits. The following kits were used: P — Beckman Coulter OSR6122;
Mg — Beckman Coulter OSR6189; Ca — Beckman Coulter OSR60117, Na, K,
and Cl — Beckman Coulter 66320, as described by the manufacturer.

Statistical analysis

The resulting data were analyzed using a one-way ANOVA procedure
in SPSS software (IBM SPSS ver. 20 software package, Ondokuz Mayis
University, Samsun, Turkey). The data were tested for normality with
the Kolmorov-Smirnov Test and for homogeneity — with the Levene Test and
Mann-Whitney U test. A t-test was also performed. Differences were consi-
dered significant at P<0.05. All variables were expressed as mean and
standard error, SE (Rao 1973).

RESULTS

The levels of Na, K, Cl, P, Mg, and Ca in diploid rainbow trout muscle
tissues farmed in freshwater and seawater are presented in Table 2.

Na and Cl levels in muscle tissues of rainbow trouts farmed in seawater
and freshwater were found to be 416.1+9.38 (mmol g! tissue), 423.3+16.15
(mmol g' tissue), and 385.8+9.5 (mmol g' tissue), 391.5+13.13 (mmol g!
tissue), respectively. It was found that the levels of Na and Cl were slightly
lower in the muscule tissue of rainbow trouts cultured in seawater than
in muscle tissue of the fish farmed in freshwater, but the difference was not
statistically significant (P>0.05).

Table 2

Mineral levels in the muscle tissue of rainbow trout farmed in seawater and dam water

Minerals Seawater Dam water P
Na (mmol g tissue) 416.1+9.38 423.3+16.15 0.239
K (mmol g tissue) 74.88+6.73 48.2+7.21 0.0001%**
Cl (mmol g tissue ) 385.8+9.5 391.5+13.13 0.281
P(mg g tissue) 129.96+3.71 120.48+5.63 0.0001***
Mg (mg g tissue) 17.58+1.43 9.45+1.95 0.0001%**
Ca (mg g tissue ) 6.09+1.38 4.77+3.63 0.298

*** P<0.001
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K levels and P levels in muscle tissues of rainbow trouts farmed in sea-
water and freshwater were found to be 74.88+6.73 (mmol g' tissue),
48.2+7.21 (mmol g! tissue), and 129.96+3.71 (mg g* tissue), 120.48+5.63
(mg g tissue), respectively. It was found that potassium and phosphorus
levels in muscle tissue of rainbow trouts farmed in seawater were signifi-
cantly higher than in those of rainbow trouts grown in freshwater (<0.001).

Ca levels and Mg levels in muscle tissues of rainbow trouts farmed
in seawater and freshwater were found to be 6.09+1.38 (mg g! tissue),
4.77+3.63 (mg g tissue), and 17.58+1.43 (mg g! tissue), 9.45+1.95 (mg g'!
tissue), respectively. It was found that magnesium (P<0.001) and calcium
(P>0.05) levels in muscle tissue of rainbow trout which were cultured in sea-
water were significantly higher than in those farmed in freshwater.

DISCUSSION

Fish are important aquatic organisms that appear in human diet (DorE
1984) because consumption of fish meat lowers the low risk of coronary car-
diac disease, hypertension and cancer (MENDIL et al. 2010). The rainbow
trout is an economically important species, commercially farmed in many
countries throughout the world. Sea food has a wide variety of nutrients that
are easily absorbed in the digestive system, which makes it one of the best
dietary sources of alimentary constituents (Bourrg, PaQuoTTE 2008). Minerals
are essential nutrients and contribute to the growth of fish (GLOVER,
HocGsTtrAND 2002). Most people obtain the amount of minerals they need
by eating a wide variety of foods. The five major minerals in the human body
are Ca, P, K, Na, and Mg. The levels of these minerals are commonly used
to determine the physiological characteristics, toxicity and health status
of fish (PERCIN et al. 2010).

Water quality influences the composition, fertility, abundance of species
and physiological status of aquatic species. Since dam lakes are the type
of an environment constantly receiving water from the external sources, they
are particularly exposed to environmental pollution. Such pollution negatively
affects the water living organisms, reaching humans via food chains (YILMAZ
2004). The pH of water can also affect fish health. For most freshwater spe-
cies, a pH range between 6.5-9.0 is optimal, but most marine animals typi-
cally cannot tolerate as wide a range pH as freshwater animals, thus the
optimum pH for the former fish is usually between pH 7.5 and 8.5 (Boyp
1990). In our study, it was found that pH was 8.4 in seawater and 7.6
in freshwater. Decrease in the amount of dissolved oxygen in the blood leads
to an increase in the amount of carbon dioxide and consequently to a decrease
in the pH of blood. It has been reported that a decrease in pH in blood may
limit the vital functions of a living organism and even cause death (CELIK
et al. 2008). Below pH 6.5, the growth of some species, expressed by certain
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physical parameters, slows down. At lower pH, an organism’s ability to main-
tain its salt balance is affected and reproduction ceases (LLoyD 1992).
At approximately pH 4.0 or below and pH 11.0 or above, most species die
(LawsoN 1995). In our study, it was determined that the pH of seawater
is higher and it is a better environment for fish.

Salinity i1s expressed as the total amount of salt dissolved in water.
Salinity in water is caused by chloride, mainly sodium chloride (CIRIK,
GOKPINAR 1993). The amount of oxygen detected in water at any given time
depends on the temperature of water, the partial pressure of atmospheric
gas on the water surface, the concentration of dissolved salt in the water and
biological events at that time. An increased salt concentration in water has
been reported to decrease the amount of dissolved oxygen (CIRIK, GOKPINAR
1993). In our study, salinity in seawater was found to be 18%o, while salinity
in dam water was 0.68 %0.We found that both salinity and oxygen content
in seawater were higher than in dam water.

Oxygen in water is available to fish in a dissolved state. Dissolved
oxygen is considered as one of the most important aspects of aquaculture.
It is needed by fish to respire and to perform metabolic activities. In our
study, the oxygen content of seawater was found to be 9.57 mg dl'!, while the
oxygen content of freshwater was 7.40 mg dl'!. In general, a saturation level
of at least 5 mg L' is required. Values lower than this can put undue
stress on fish, and levels reaching less than 2 mg L' may result in death but
3 mg L' to some species (LLoyp 1992, SvoBopova et al. 1993). Thus, low
levels of dissolved oxygen are often linked to fish death incidents. On the
other hand, optimum levels can result in good growth and consequently lead
to high production yield.

Calcium 1s considered as one of the most important minerals, essential
for normal growth, skeletal development and several physiological processes
in aquatic species (NRC 1993, LarLL 2002). The absorption of Ca by fish
in different farming environments varies. For example, fish in freshwater
can absorb Ca through the gills and fins, while marine fish absorb calcium
from their bodies by drinking seawater. Fish in seawater tend to gain ions
such as sodium and chloride through diffusion and to lose water by osmosis.
Since whole-body calcium uptake correlates positively with environment
(Ca?), salinity (as a result of (NaCl) and drinking, the relative contribution
of each of these variables to calcium uptake is uncertain (GUERREIRO et al.
2004). Marine fish regulate their plasma osmotic value at approximately one
third of that of the seawater; their main problem is counteracting the body
water loss due to osmosis. For this purpose, seawater fish drink seawater
that is deionised in the oesophagus and intestine under strict endocrine con-
trol (Taker 2008). In our study, it was found that the Ca level was higher
in rainbow trout farmed in seawater when compared with fish farmed
in dam water (P>0.05).

Magnesium deficiency has a pronounced effect on calcium homeostasis
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in mammals (WELsH, WEAVER 1988) and fish (Cowky et al. 1977). Experimen-
tal and observational studies have shown that higher Mg intake can exert
beneficial effects on CV risk factors by improving glucose and insulin meta-
bolism, enhancing endothelium-dependent vasodilation, ameliorating lipid
profile and by its actions as an antihypertensive and anti-inflammatory
agent (SHECHTER 2010). It was found in our study that magnesium levels
in the muscle tissues of rainbow trouts farmed in seawater were significantly
higher when compared with those of rainbow trouts farmed in freshwater
(P<0.001).

Like in all animals, potassium is the most abundant intracellular ion
in fish and plays many important physiological roles, including the mainte-
nance of cellular volume and membrane potentials and the generation
of nerve impulses (EpsTEIN et al. 1980). In fish, potassium plays additional
critical roles in osmo-and iono-regulation and acid/base balance (MARSHALL,
Bryson 1998, Evans et al. 2005). Potassium deficiency causes overall muscle
weakness, resulting in intestinal distention, weakness of cardiac and respi-
ratory muscles, and their ultimate failures (LaLL 2002, Roy et al. 2007).
In our study, we found that the level of potassium and phosphorus in the
muscle tissue of rainbow trouts farmed in sea water was significantly higher
than that of the rainbow trout farmed in fresh water (P<0.001). In a study
conducted in Poland, the minerals (Ca, Mg, Na, Zn, P, K, Fe, Cu) in muscle
tissue of 40 rainbow trouts farmed in technological stream flow systems,
allowing the use of excess water the autumn and spring, were assessed
in 2010-2011. It was reported that phosporus and potassium levels were
higher in the muscle tissue of rainbow trouts cultured on farms in which
a RAS system was used (FALLAH et al. 2011, SIEMIANOWSKA et al. 2016).

While sodium is essential for normal human functions, current sodium
intakes far exceed recommendations for good health (BrowN et al. 2009).
Excessive sodium intake is associated with an increase in blood pressure,
which is a major cause of cardiovascular diseases (HE, MacGrREGOR 2010).
Excess sodium consumption has also been associated with numerous other
negative health effects, including gastric cancer (TsucaNe et al. 2004),
decreased bone mineral density (DEVINE et al. 1995) and possibly obesity
(HE, Maccrecor 2008). In our study, it was found that Na and Cl levels
in the muscle tissues of rainbow trouts farmed in seawater were slightly
lower than those farmed in freshwater, but it was not statistically significant
(P>0.05).

CONCLUSION

In our study, we found that muscle mineral contents of fish vary depen-
ding on the environment in which they were farmed. The levels of calcium,
magnesium, potassium and phosphorus were higher in the muscle tissues



1382

of the rainbow trouts which were farmed in seawater, while the sodium and
chlorine levels were lower when compared with fish farmed in freshwater.
It was concluded that muscle tissue of diploid rainbow trouts (Oncorhynchus
mykiss) farmed in seawater is a better source of minerals in human diet
when compared with trouts farmed in freshwater.

Conflict of interest

The authors declare that there is no conflict of interest regarding
the publication of this paper.

REFERENCES

Bonuvon C. 1962. Microdosage du magnésium dans divers milieux biologiques. Clin Chim Acta.,
7:811-817.

Bourre J.M., PaquotteE P.M. 2008. Contributions (in 2005) of marine and fresh water products
(finfish and shellfish, seafood, wild and farmed) to the French dietary intakes of vitamins D
and B12, selenium, iodine and docosahexaenoic acid: impact on public health. Int. J. Food
Sci. Nutr., 59(6): 491-501.

Boyp C.E. 1990. Water Quality in Ponds for Aquaculture.Birmingham, Ala.: Auburn University
Press.

Brown 1., Tzouraxt 1., CanpEeias V., Eruiort P. 2009. Salt intakes around the world: Implications
for public health. Int. J. Epidemiol., 38: 791-780.

Cruk E.S. 2006. Baz: balik tiirleri i¢in kan elektrolitlerinin standardizasyon. Erciyes Univ. Fen
Bil. Enst. Derg., 22(1-2): 245-255. (in Turkey)

CeLIK E.S., AsraN A., ALPARSLAN M. 2008. Baliklarda kan glikozunu etkileyen baslica faktérler.
Erciyes Univ. Erciyes Univ. Fen Bil. Enst. Derg., 24(1-2): 364-379. (in Turkey)

Crik S., GOKPINAR P. 1993. Plankton Bilgisi ve Kiiltiiri. Ege Universitesi Su Uriinleri Fakiiltesi
Yayinlari, 47, Ege Universitesi Basimevi, Izmir. (in Turkey)

Cowey C.B., Knox D., AproN I.W., GEORGE S., PIRIE B. 1977. The production of renal calcinosis
by rnagnesiurn deficiency in rainbow trout (Sahno gairdnert). Br. J. Nutr., 38: 127- 135.
DaBrowska A H., MEYER-BUrRGDORFF K., GUNTHER K.D. 1991. Magnesium status in fresh water-
fish, common carp (Cyprinuscarpio, L.) and the dietary protein-magnesium interaction.

Fish Physiol. Biochem., 9: 165-172.

Dary J.A., ERTINGSHAUSEN G. 1972. Direct method for determining inorganic phosphate in serum
with the “Centrifichem”. Clin. Chem., 18(3): 263-265.

DE BoEkck G., DE WacHTER B., VLAEMINCK A., BLust R. 2003. Effect of cortisol treatment and/or
sublethal copper exposure on copper up take and 62 heat shock protein levels in common
carp, Cyprinus carpio. Environ. Toxicol. Chem., 22: 1122-1126.

DeviNE A., CripDLE R., Dick 1., KeErr D., PriNncE R.A. 1995. A longitudinal study of the effect
of sodium and calcium intakes on regional bone density in postmenopausal women. Am. J.
Clin. Nutr., 62: 740-745.

Dore 1. 1984. Fresh Seafood, the Commercial Buyer’s Guide. Osprey Books, New York.

DunnaMm R.A. 2004. Aqua culture and fisheries biotechnology: Genetic approaches. Book review,
p. 145.

EpsteiNn F.H., Siva P., Kormanik G. 1980. Role of Na-K-ATPase in chloride cell function. Am. J.
Physiol., 238: 246-250.

Evans D.H., Piermarint P.M., Caor K.P. 2005. The multifunctional fish gill: dominant site of gas
exchange, osmoregulation, acid-base regulation, and excretion of nitrogenous waste. Physiol.
Rev., 85: 97-177.



1383

FaLran ALA., S1avasHSAET S., NEMATOLLAHI A. 2011. Comparative assessment of proximate compo-
sition, physicochemical parameters, fatty acid profile and mineral content in farmed
and wild rainbow trout (Oncorhynchus mykiss). Int. J. Food Sci. Tech., 46(4): 767-773.

FAO 2002. Agriculture and consumer protection department. Human vitamin and mineral
requirements. Training materials for agricultural planning.

Gawmst O., Try K. 1980. Determination of serum-phosphate without deproteinization by ultravio-
let spectrophotometry of the phosphomolybdic acid complex. Scand J Clin Lab Invest.,
40(5): 483-486.

GrLoveRr C.N., HoagstranD C. 2002. Amino acids of in vivo intestinal zinc absorption in freshwater
rainbow trout. J. Exp. Biol., 205: 151-158.

GUERREIRO P.M., FuenTEs J., FLIK G., RotLianT J., Power D.M., Canario A.V. 2004. Water
calcium concentration modifies wholebody calcium uptake in sea bream larvae during
short-term adaptation to altered salinities. J. Exp. Biol., 207(4): 645-53.

He F.J., MacGreGorR G.A. 2010. Reducing population salt intake worldwide: From evidence
to implementation. Prog. Cardivasc. Dis., 52: 362-383.

He F.J., MacGrREGOR G.A. 2008. Salt and mortality. J. Gen. Intern. Med., 23(11): 1928.

Keys A., WiLLMER E.N. 1932. Chloride secreting cells in the gills of fishes, with special reference
to the common eel. J. Physiol., 76(3): 368-378.

LaLn S.P. 2002. The minerals. In: Fish nutrition. (3" edt). Elsevier, Amsterdam, The Nether-
lands, 259-308.

Lawson T.B. 1995. Fundamentals of Aquacultural Engineering. New York, Chapman and Hall.
Lroyp R. 1992. Pollution and Freshwater Fish. West Byfleet: Fishing News Books.

Mann C.K., YoE J.H. 1957. Spectrophotometric determination of magnesium with 1-Azo-2-hydroxy-
-3-(2,4-dimethylcarboxanilido) naphthalene-1’-(2-hydroxybenzene). Anal Chim Acta,
16: 155-160.

MarsHALL W.S., BrysoN S.E. 1998. Transport mechanisms of seawater teleost chloride cells: an
inclusive model of a multifunctional cell. Comp. Biochem. Physiol. A Mol. Integr. Physiol.,
119: 97-106.

MarsHALL W.S., GrRoSELL M. 2006. Ion transport, osmoregulation, and acid-base balance.
In: The Physiology of Fishes. Evans D.H., CraBorNE J.B., eds. CRC Press, Boca Raton, 177-
230.

MARTINEZ-VALVERDE 1., PER1AGO M.J., SANTANELLA M., Ros G. 2000. The content and nutritional
significance of minerals on fish flesh in the presence and absence of bone Food Chem.,
71: 503-509

MenpiL D., DemIReT Z., TuzeN M., SovyLAak M. 2010. Seasonal investigation of trace element con-
tents in commercially valuable fish species from the Black sea. Turk Food Chem. Toxicol.,
48: 865-870.

MicHavLovA V., ILkova P. 1971. Photometric determination of micro amounts of calcium with
arsenazo III. Anal. Chim. Acta, 53: 194-198.

Murray R.K. Maves P.A., Granner D.K., RooweLt V.W. 1993. Harper’in Biyokimyast Baris
Kitabevi, Istanbul, 913.

National Research Council (NRC) 1993. Nutrient requirements of fish. National Academy Press,
Washington DC.

PerciN F., Konvarioaru S., Firat K., Saka S. 2010. Serum electrolytes of wild and captive bluefin
tuna (Thunnus thynnus L.) in Turkish Seas. J. Anim. Vet. Adv., 16(9): 2207-2213.

Rao C.R. 1973. Linear statistical inference and its applications (2" ed.) New York, John Wiley.

Rovy L.A., Davis D.A., Saoup 1.P., HENrY R.P. 2007. Effects of varying levels of aqueous potas-

sium and magnesium on survival, growth, and respiration of the Pacific white shrimp,
Litopenaeus vannamei, reared in low salinity waters. Aquaculture, 262: 461-469.



1384

SHECHTER M. 2010. Magnesium and cardiovascular system. Magnes. Res., 23: 60-72.

SIEMIANOWSKA E., BARszcz A.A., SKIBNIEWSKA K.A., MARKOWSKA A., POLAK-JUSZCZAK L., ZAKRZEWSKI .,
Wozniak M., SzAReK J., Dzworak W. 2016. Mineral content of muscle tissue of rainbow trout
(Oncorhynchus mykiss Walbaum). J. Elem., 21(3): 833-845.

SvoBopova Z.R.L., MacHova J., Vykusova B. 1993. Water Quality and Fish Health. EIFAC Tech-
nical Paper, no. 54. Rome, FAO.

Taker Y. 2008. Exploring novel hormones essential for seawater adaptation in teleost fish.
Gen. Comp. Endocrinol., 157: 3-13.

Tierz N.W., Prupen E.L, Siccaarp-ANDERSON O. 1987. Electrolytes. In: Fundamentals of clinical
chemistry. Terrz N.W., ed. Philadelphia, WB Saunders Company, 614-624.

TSUGANE S., Sasazuki S., KoBavasHi M., Sasaki S. 2004. Salt and salted food intake and subsequent
risk of gastric cancer among middleaged Japanese men and women. Br. J. Cancer, 90: 128-134.

WEeLsH J.J., WEAVER V.M. 1988. Adaptation to low dietary calcium in magnesium-deficient rats.
J. Nutr., 118(6): 729-34.

Yiumaz F. 2004. Mumcular Baraji (Mugla-Bodrum)min fiziko-kimyasal ozellikleri. Ekoloji,
13(50): 10-17.



