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ABSTRACT

The aim of this study was to determine concentrations of Na, K, Mg, Ca, P, Zn and Fe in the
meat of ruffe (Gymnocephalus cernua 1.) and to investigate the relationship between fish sex or
age and the mineral content of fish meat. 90 individuals of ruffe were caught in autumn (from
October 9 to November 6) from the Vistula River, near Torunn and he local wastewater treat-
ment plant. The muscle tissues from the large side muscle in a fish body, above the lateral line,
were taken for analyses. All frozen meat samples were freeze dried in a freeze dryer and then
tissues were mineralized in a microwave mineralizer. Concentrations of minerals were deter-
mined by flame atomic absorption spectroscopy. As the analyses indicated, the concentrations of
macroelements were arranged in the order: K > Ca > P > Na > Mg and the content of microele-
ments was noted in the following decreasing sequence: Zn > Fe. The ranges of the mean concen-
trations of Na, K, Mg, Ca and P (g kg') were as follows: from 2.38 to 2.68, from 14.74 to 16.16,
from 1.47 to 1.60, from 5.63 to 8.06, from 2.18 to 3.59, respectively. The ranges of the mean
concentration of microelements (mg kg?') were from 49 to 74 for Zn and from 26 to 29 for Fe.
Statistically significant relationships between the age and the macro- and microelement concen-
trations were verified, and this tendency was comparable to the data obtained by other authors.
Results of these studies showed that the sex of ruffe was not an important factor for the levels
of macro- and microelements in this species.
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INTRODUCTION

Macroelements such as sodium, potassium, calcium, phosphorus or mag-
nesium, and microelements such as zinc or iron, are required for many bio-
chemical processes and are essential for good health (L.uczyNska et al. 2009,
BiLanpzi¢ et al. 2015). Because fish are located at the top of the aquatic food
chain, they may absorb various metals from the surrounding environment
(food, water and sediments) (AL-YousuF et al. 2000, OzparLAK et al. 2012,
EL-MosteLHY et al. 2014). Concentrations of metals in the fish body have been
extensively analysed in different aspects over a few last decades. Most of
these studies concentrated on the edible part of their body, i.e. on the meat,
but also on various organs such as the liver, kidneys, gonads, bone or the
digestive track. In all of these studies, the impact of biological and environ-
mental factors like the body length and weight, type of tissue, season of
catch, geographical location of a water body, water quality such a salinity,
water hardness, dissolved oxygen and pollution, were taken into considera-
tion (DURAL et al. 2006, UysaL et al. 2008, AkBuLuT, AKBULUT 2010, MENDIL et
al. 2010, MoRTAZAVI, SHARIFIAN 2012, OzPARLAK et al. 2012, EL-MoSELHY et al.
2014). The concentration and distribution of metals in the fish body may
depend on the metal’s properties and physicochemical factors, and it is com-
monly known that the effects of toxic substances on organisms depend on
their concentration, dose, duration of exposure and route of exposure (Bo-
CHENEK et al. 2008). Because there is few reports related to the impact of the
sex on the metal content in the meat of fish, the authors decided to under-
take this research topic.

The aim of this study was to determine the concentrations of Na, K, Mg,
Ca, P, Zn and Fe in the meat of ruffe (Gymnocephalus cernua 1..) and to in-
vestigate gender- and age-dependent differences in the mineral content.

MATERIAL AND METHODS

The experimental fish were caught from the Vistula River in Torun, near
the local wastewater treatment plant (N 53°00'42", E 18°31'55") — Figure 1.
The Vistula River is the longest and largest river in Poland, 1,047 kilometres
long and with the drainage basin covering about 194,500 square kilometres.
The quality of the Vistula’s water and its microbiological purity are monito-
red because this river is the source of drinking water for many cities and it
is used in industries (LENART-BORON et al. 2015). The main sources of pollu-
tion may be the discharge of municipal and industrial wastewater as well as
agricultural and storm runoff. The research carried out in 2007-2010 on the
river near Torun indicated that the ecological potential has improved from
good to maximum (DEMBOWSKA 2014).
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Fig. 1. Map of Poland. A - the place of fish collection (N 53°00'42", E 18°31'55")

In total, 90 individuals of ruffe (Gymnocephalus cernua L.) were caught
in autumn (from October 9 to November 6, 2015) from the Vistula River.
The body mass (BW) (= 0.01 g), body length (Lc) (= 0.1cm) and total length,
Lt (+ 0.1 cm) were measured. Additionally, the age of each fish was calcula-
ted on the basis of scales (HEESE, 1992) — Table 1. The meat samples for
analyses were taken from the large side muscle of fish body, above the late-
ral line.

The samples were kept in a deep freezer before analyses and were first
freeze dried in a freeze dryer (Finn-Aqua Lyovac GT2) for 48 h at the temp.
-40°C and pressure 6102 mbar. The samples were then mineralized in a
microwave mineralizer (Ethos Plus, Milestone). They was weighed for minera-
lization (0.1 g) and then a mixture (4:1 v/v) of HNO, and H,O, was added.
The temp. was increased to 190°C and was maintained at that level for the

Table 1
Biometric measurements of ruffe (Gymnocephalus cernua L.) caught from the Vistula River
Body lenght (Lt) Body mass (BW)
Age Individuals n .(cm) . (&)
min-max min-max
(mean) (mean)
9.6-10.0 17.4-19.9
females 25 (9.83) (19.10)
2-year-old
1 95 8.5-9.9 14.0-19.6
ma’les (9.45) (17.48)
10.7-11.7 24.5-28.8
females 20 (11.14) (27.21)
3-year-old
males 20 10.1-10.8 21.8-26.3
(10.43) (23.11)
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next 7 min. The mineralized meat samples were transferred quantitatively
to a measuring flask (with the capacity of 50 cm?®).

Concentrations of minerals were measured by flame atomic absorption
spectroscopy (FAAS) using a Thermo Scientific ICE 3000 spectrophotometer.
Phosphorus was analyzed by using a spectrophotometric camera Marcel-
-Media. All determinations were made in triplicate and the data for samples
of fish meat were corrected according to the moisture content. Tissue concen-
trations of minerals were expressed as mg kg' dry weight (mg kg'd.w.) for
Zn and Fe and g kg'dry weight (g kg'!d.w.) for Na, K, Mg, Ca and P.
The concentrations of the minerals were calculated from linear calibration
plots obtained from measurements of the working standard solutions.
For the calibration and validation of the standard curves, certified ICP stan-
dards (Merck) were used.

Statistical analyses

All statistical analysis were performed by using Statistica 8.0 software
(StatSoft, USA). The Shapiro-Wilk’s test and Levene’s test were used to as-
sess the normality of data and the homogeneity of variance, respectively. The
two-way analysis of variance ANOVA (the Tukey’s test) was used to test
significant differences in the average content of minerals between 3- and
2-year-old females and males. T-test was used for the age- and gender-de-
pendent differences. The statistical significance was estimated at p < 0.05.

RESULTS AND DISCUSSION

As the analyses of ruffe meat samples indicated, the concentrations of
macroelements were arranged in the order: K>Ca>P>Na>Mg in 2-year-old
fish, and K>Ca>Na>N>P>Mg in 3-year-individuals. The microelement con-
tent was noted in the following decreasing sequence: Zn > Fe (Table 2).
LuczyNska et al. (2009) confirmed the same results for microelements and
similar for macroelements in the meat of freshwater fish caught from the
Mazurian Great Lakes (Poland). Results of these studies indicated that
the highest concentrations of the minerals were determined in the meat of
2-year-old individuals: Na, P and Fe in males and K and Ca in females.
The lowest values of these minerals were observed in the meat of 3-year-old
males (Na, P, Mg and Fe). Our analyses indicated that there were significant
differences in the concentrations of K, Ca, Zn and Fe between 2-year-old
females and males and in K, Mg, Ca and Zn content between sexes of 3-year-
old individuals (Table 2).

Analyses of the minerals contents in the meat of fish in two age groups,
regardless of sex (T-test) showed statistically significant differences for most
of the elements (except Mg and Fe) — Table 2. Concentrations of the mine-
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Table 2

Mineral concentrations in the meat of 2- and 3-year-old females and males of ruffe
(Gymnocephalus cernua L.) caught from the Vistula River

Minerals 2-year-old 3-year-old od 9454
? J ? 4
Na (g kg) 2.66° + 0.31 2.68°+0.29 | 2.53**+0.13 | 2.38°+0.14 nd *
K (g kg) 16.16*+0.46 | 15.66"+0.50 | 15.65"+0.32 | 14.74°+ 0.27 * *
Mg (g kgt) 1.47+0.07 | 1.51**+£0.04 | 1.60"+0.06 1.47*+0.20 nd nd
Ca (g kg?) 8.06+0.76 6.74> £ 0.28 5.63°+0.18 6.50" + 0.27 nd *
P (g kg 3.50°+0.37 3.59*+ 0.36 2.18"+0.25 2.25"+0.17 nd *
7Zn (mg kg?) 49+ 4.9 57"+ 3.3 74+ 2.1 654+ 2.1 nd *
Fe (mg kg) 26+ 3.4 29P + 3.2 28%0 + 3.8 262+ 2.1 nd nd
Ca/P 2.32* +0.29 1.89" +0.20 2.61¢+0.32 2.904+0.21 nd *

The values in the same row marked with different letters differ statistically significantly at
p < 0.05 (the Tukey’s test), * statistically significant gender- and age-dependent differences
at p <0.05 (T-test), nd — differences not detected.

rals were statistically significantly higher in the meat of younger individuals
(except Zn) than in older ones. The lack of a relationship between the Zn
content and the fish’s size was demonstrated by AL-Yousur et al. (2000) for
Lethrinus lentjan. Investigations carried out by CanLI, ATLI (2003) showed a
negative correlation between the concentration of heavy metals and the body
length of the Mediterranean fish species. The same results were observed by
Fargkas et al. (2003), Kravins et al. (2009) and MERcial et al. (2014). This nega-
tive correlation may be caused by a higher dilution of elements with the
increase in the size of a fish body, increased excretion of the metals by gills,
skin and the mouth, and a lower rate of food among older individuals. CANLI,
AtLI (2003) and MorTAzAvVI and SHARIFIAN (2012) confirmed that one of the
most important factors in the metal accumulation in bodies of marine ani-
mals is their metabolic activities. As Krjakovi¢c GaSpi¢ et al. (2002) and MER-
c1Al et al. (2014) investigated, younger fish may accumulate larger amounts
of minerals in their bodies because they invest more energy in the growth
and less in detoxification of metals, and therefore the mechanism of neutrali-
zation of metals is not developed sufficiently in their organisms. Statistically
significant and negative correlations between the content of metals and the
age of fish were observed by Dobicki and PoLEcHOKSKI (2003) for sander and
perch, by FArkas et al. (2003) for common bream, by Canui, ATL (2003) for
Labeo umbratus and by DraG-Kozak et al. (2011) for rainbow trout (Onco-
rhynchus mykiss). Previous analyses carried out by STANEK et al. (2013) for
Prussian carp (Carassius auratus gibelio Bloch) indicated that there were a
negative and statistically significant correlations between the body length or
the body mass and calcium and phosphorus concentrations.

With respect to the analyses related to the sex of fish, regardless of their
age (T-test), statistically significant differences were determined only for
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potassium (Table 2). Analyses carried out by ProTasowicki (1991) on herring
(Clupea harengus), bream (Abramis brama L.) and cod (Gadus morhua) con-
firmed that in 61% of the examined cases, the sex of fish determined the
metal content in meat. MoRTAZAVI and SHARIFIAN (2012) confirmed that the
main reason for the differences in the metal content between females and
males may be the different metabolic activity between the two sexes, as in
the case of age-dependent differences. SzEFER et al. (2003) and KLAVINS et al.
(2009) reported that a higher content of metals in females’ bodies may be
influenced by differences in the feeding habits between individuals of the
different sexes. Another explanation of the gender-dependent differences in
the metal concentrations may be the fact that females are sometimes older
than males of the same length and the food composition of younger and older
individuals is different. These hypotheses were confirmed by the research
conducted by AL-Yousur et al. (2000) for Lethrinus lentjan. Analyses concer-
ning the metal content in bream caught in the Odra estuary indicated no
statistically significant differences in the Zn concentration between females
and males (HeyNczak et al. 1998). Previous studies concerning the impact of
sexes on the Ca and P content in the meat of roach (Rutils rutilus L.) collected
form the Brda River showed no statistically significant differences between
females and males in samples collected in spring and autumn (STANEK, JANICKI
2011). Similarly, analyses of riverine lamprey (Lampetra fluviatilis) showed
no statistically significant relationship between the level of the analyzed
metals and the sex in most of the organs (PrRoTAsowIckI et al. 2011).

As analyses indicated, the Ca/P ratio in the meat of ruffe ranged from
1.89 to 2.90 and there were statistically significant gender- and age-depen-
dent differences (Table 2). Ian increased calcium content in relation to phos-
phorus causes some inhibition of phosphorus absorption and formation of
biologically inactive calcium phosphates (CHAVEZ-SANCHEZ et al. 2000). On the
other hand, excess of phosphorus in the body causes reduced absorption of
calcium, which can lead to decalcification of the bones (NAKaMURA 1982).
As numerous studies show, a proper value of this ratio in food products
should be 1:1. Previous investigations showed that the Ca/P ratio was simi-
lar to the reference values and ranged from 0.43:1 to 0.82:1 in the meat of
wild roach from the Brda River (STANEK, JaNickr 2011), 2.37:1 in the meat
of Prussian carp (STANEK et al. 2013) and 1.174:1, 0.254:1 and 0.888:1 in the
meat of fish caught from Lake Goreckie, Wedromierz and Strzeszynskie,
respectively (STANEK et al. 2014).

CONCLUSIONS

The results obtained from this study showed that the mineral concentra-
tions determined in the meat of ruffe are comparable to the levels achieved
by other authors for different fish species. As numerous studies have con-
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firmed, the main factors affecting the level of metals in fish are the fishing
season, location of a water body, age and length of the fish, and the fish tis-
sues analyzed. The research results showed that the sex of ruffe was not an
important factor in determination of the concentrations of macro- and micro-
elements in this species.

Statistically significantly higher concentrations of macro- and microele-
ments were calculated in the meat of younger individuals (except Zn) than in
older ones. A similar tendency for the accumulation of heavy metals has
been confirmed by other authors. Based on the results achieved in the pres-
ent work, it could be concluded that smaller (younger) fish could be some-
times more valuable for human consumption than larger individuals.
Despite the fact that ruffe is a small fish, classified into a low-value fish
group, like roach (Rutilus rutilus L.) or common bleak (Alburnus alburnus L.),
it can be an inexpensive and valuable source of macro- and microelements
and may be an interesting subject of further research on the content of mine-
rals, proteins or vitamins.

REFERENCES

AxBULUT A., AKBULUT N.F. 2010. The study of heavy metal pollution and accumulation in water,
sediment, and fish tissue in Kizilirmak River Basin in Turkey. Environ. Monit. Assess.,
167: 521-526. DOI: 10.1007/s10661-009-1069-4

Av-Yousur M.H., EL-SHaHAWI M.S., AL-GHAIS S.M. 2000. Trace metals in liver, skin and muscle
of Lethrinus lentjan fish species in relation to body length and sex. Sci. Total Environ., 256:
87-94.

Biranpzi¢ N., SEpak M., Doki¢ M., Bozi¢ D., VrBi¢ A. 2015. Content of macro- and microelements
and evaluation of the intake of different dairy products consumed in Croatia. J. Food Comp.
Anal., 40: 143-147. DOI: 10.1016/].jfca.2015.01.003

BocHENEK 1., ProTasowickl M., BRuckA-JASTRZEBSKA E. 2008. Concentration of Cd, Pb, Zn and Cu
in roach Rutilus rutilus (L.) from the lower reaches of the Oder River, and their correlation
with concentrations of heavy metals in bottom sediments collected in the same area. Arch.
Pol. Fish., 16(1): 21-36.

Cantir M., ATt G. 2003. The relationship between heavy metals (Cd, Cr, Cu, Fe, Pb and Zn) lev-

els and the size of six Mediterranean fish species. Environ. Pollut., 121: 129-136. DOI:
10.1016/S0269-7491(02)00194-X

CHAVEZ-SANCHEZ C., MARTINEZ-PALAciOs C.A., MARTINEZ-PEREZ G., Ross L.G. 2000. Phosphorus
and calcium requirements in the diet of the American cichlid Cichlasoma urophthalmus
(Gunther). Aquaculture Nutr., 6: 1-9. DOI: 10.1046/j.1365-2095.2000.00118.x

DemBowskA E. 2014. Diatoms of the lower Vistula River phytoseston. Arch. Pol. Fish., 22: 53-67.
DOI: 10.2478/aopf-2014-0006

Dogickt W., PoLEcHOXsKI R. 2003. Relationship between age and heavy metal bioaccumulation
by tissues of four fish species inhabiting Wojnowskie Lakes. Acta Sci. Pol. Pisc., 2(1): 27-44.

Drac-Kozak E., Luszczek-TrRoJaN E., Porek W. 2011. Heavy metals in some tissues and organs of
rainbow trout (Oncorhynchus mykiss) fish species in relation to age and season. Environ.
Natur. Res., 48: 161-169.

DuraL M., LucaL Goksu M.Z., Ozak A.A., Derict B. 2006. Bioaccumulation of some heavy metals
in different tissues of Dicentrarchus labrax L, 1758, Sparus aurata L, 1785, and Mugil
cephalus L, 1758 from the Camlik Lagoon of the eastern cost of Mediterranean (Turkey).
Environ. Monit. Assess., 118: 65-74. DOI: 10.1007/s10661-006-0987-7



1330

Er-MoseLny Ku.M., OtaMan AL, Er-Azem H.A., EL-MetwaLLY M.E.A. 2014. Bioaccumulation of
heavy metals in some tissues of fish in the Red Sea, Egypt. Egypt. J. Basic Appl. Sci., 1: 97-105.

FaArRrAs A., SALANKI J., SPECZIAR A. 2003. Age- and size-specific patterns of heavy metals in the
organs of freshwater fish Abramis brama L. populating a low-contaminated site. Water
Res., 37: 959-964. DOI: 10.1016/S0043-1354(02)00447-5

Hegsk T. 1992. Optimizing methods for determining fish growth rates using reading buck-calcu-
lations. Monograph of Department of Civil Engineering and Sanitary. Wyd. WSI, Koszalin,
42, 153. (in Polish)

HryNczak A.J., BaraNowska-Bosiacka 1., Fokr M. 1998. The content of some heavy metals in
muscles and livers of Abramis brama L. caught in nets in Odra Estuary. Arch. Environ.
Prot., 24(1): 69-78.

Kravins M., Porarovics O., Robivov V. 2009. Heavy metals in fish from lakes in Latvia: Concen-
trations and trends of changes. Bull. Environ. Contam. Toxicol., 82: 96-100. DOI: 10.1007/
s00128-008-9510-x

Kriakovi¢ Gaspi¢ Z., ZvonNari¢ T., VRco¢ N., Opzak N., Bari¢ A. 2002. Cadmium and lead in
selected tissues of two commercially important fish from Adriatic Sea. Water Res., 36:
5023-5028. DOI: 10.1016/S0043-1354(02)00111-2

LENART-BoroN A., PucHarA M. BoroX P. 2015. Potential microbiological threat to the Vistula wa-
ters by its tributaries in the vicinity of Krakéw. Soil Water Res., 10: 130-136.
DOI: 10.17221/205/2014-SWR

LuczyNska J., Toxska E., LuczyNskr M.dJ. 2009. Essential mineral components in the muscles of
six freshwater fish from the Mazurian Graet Lakes (northeastern Poland). Arch. Pol. Fish.,
17:171-178. DOI: 10.2478/v10086-009-0015-y

MenpIL D., DeEmMIRcT Z., TuzeN M., SovyLak M. 2010. Seasonal investigation of trace element con-
tents in commercially valuable fish species from the Black sea, Turkey. Food Chem. Toxicol.,
48: 865-870. DOI: 10.1016/j.fct.2009.12.023

MEercial R., GuascH H., Kumar A., SABATER S., Garcia-BertHOU E. 2014. Trace metal concentra-
tion and fish size: Variation among fish species in a Mediterranean river. Ecotox. Environ.
Safety,107:154-161. DOI: 10.1016/j.ecoenv.2014.05.006

MogrtazAav M.S., SHARIFIAN S. 2012. Metal concentrations in two commercial fish from Persian
Gulf, in relation to body length and sex. Bull. Environ. Contam. Toxicol., 89: 450-454.
DOI: 10.1007/s00128-012-0702-z

Nakamura Y. 1982. Effects of dietary phosphorus and calcium contents on the absorption
of phosphorus in the digestive tract carp. Bull. Japan Soc. Sci. Fish., 48(3): 409-413.

OzparLak H., ArLsan G., ArusaN E. 2012. Determination of some metal levels in muscle tissue
of nine fish species from Beysehir Lake, Turkey. Turk. J. Fish. Aquat. Sci., 12: 761-770.
DOI: 10.4194/1303-2712-v12_4_04

Prortasowickr M. 1991. Long-term studies on heavy metals in aquatic organism from the river
Odra mouth area. Acta Ichthyol. Piscat., 21: 302-309.

Prorasowickt M., CieMNIAK A., MamiNska M. 2011. Heavy metals in the riverine lamprey
Lamperta fluviatilis (L. 1758). Rocz. Ochr. Srod., 13: 1223-1232.

STANEK M., ANDRZEJEWSKI W., JANICKI B., MAzZURKIEWICZ J., WAszak 1. 2014. Content of calcium
and phosphorus in the meat, gills and liver of perch (Perca fluviatilis L.) from the Wielko-
polska Lake District (Poland). J. Elem., 19(2): 507-518.

STANEK M. Janickr B. 2011. Impact of season and sex on calcium and phosphorus content in the
meat of roach (Rutilus rutilus L.) from Brda River (Poland, Bydgoszcz). Fol. Biol., 59: 189-194.

StaNEK M., PETER E., Janickr B. 2013. Content of the calcium and phosphorus in the meat of
Prussian carp (Carassius auratus gibelio Bloch, 1783) from the Lake Gopto (Poland). JCEA,
14(1): 1-10.



1331

SzEFER P., DoMAGALA-WIELOSZEWSKA M., WARZOCHA dJ., GARBACIK-WESOLOWSKA A., CIESIELSKI T.
2003. Distribution and relationships of mercury, lead, cadmium, copper and zinc in perch
(Perca fluviatilis L.) from the Pomeranian Bay and Szczecin Lagoon, southern Baltic. Food
Chem., 81: 73-83. DOI: 10.1016/S0308-8146(02)00380-1

UvsaL K., EMre Y., Kose E. 2008. The determination of heavy metal accumulation ratios in
muscle, skin and gills of some migratory fish species by inductively coupled plasma-optical
emission spectrometry (ICP-OES) in Beymelek Lagoon (Antalya/Turkey). Microchem J., 90:
67-70. DOI: 10.1016/j.microc.2008.03.005



