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ABSTRACT

Knowledge of the levels of macro- and microelements in food fish is crucial in terms of both
nutrition and health protection. The daily reference intakes of macronutrients and micronutri-
ents for adults are defined in European legislation. However, minerals may have adverse effects
on the body in quantities exceeding the body’s requirements. Grass carp, bighead carp, Siberian
sturgeon and wels catfish are food fish of commercial significance in many countries. The objec-
tive of the study was to determine the content of calcium (Ca), magnesium (Mg), copper (Cu),
manganese (Mn), zinc (Zn), iron (Fe), chromium (Cr) and selenium (Se) in the muscles of grass
carp, bighead carp, Siberian sturgeon and wels catfish and to compare these values with
reference values. In addition, the estimated daily intake (EDI), target hazard quotient (THQ),
and total target hazard quotient (TTHQ) were determined in order to assess the potential risk
of a toxic effect of these elements on consumer health. Atomic absorption spectrometry was used
to evaluate the content of Ca, Mg, Cu, Mn, Zn, Fe, Cr and Se. The average content of these
elements (mg kg! WW) was as follows: Ca 68.02 - 894.9, Mg 97.60 - 226.0, Cu 0.36 - 1.15,
Mn 0.25 - 0.34, Zn 5.78 - 7.09, Fe 4.29 - 6.73, Cr 0.08 - 0.33 and Se 0.02 - 0.05. The content
of minerals in the muscles of the four fish species did not exceed the daily reference values for
adults. The EDI, THQ and TTHQ values did not indicate a risk of a toxic effect on people con-
suming these four fish species. All examined fish species contained a significant quantity of Cr,
and grass carp contained a significant quantity of Se as well.
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INTRODUCTION

Essential elements, which are necessary for the proper course of vital
processes in the body (AHMED et al. 2016), are classified as macro- or micro-
elements according to their content in the body and the level of the daily
requirement. The content of macroelements (Ca, P, Mg, K, Na, CI and S)
in the human body is greater than 0.01% and the daily requirement exceeds
100 mg, whereas the content of microelements, also known as trace elements
(Fe, Zn, Cu, Mn, F, I, Se, Cr, Mo, Co, Ni, V, B and Si), in the body is lower
than 0.01% and the daily requirement does not exceed 100 mg (GAWECKI,
HryniewiEckr 2000). However, they may have adverse effects on the body
(DURAL et al. 2007, MECHE et al. 2010, EL-SAapDAAWY et al. 2013, KALANTZI et al.
2013, DHANAKUMAR et al. 2015, AHMED et al. 2016, CHANPIWAT et al. 2016).
Knowledge of the levels of macro- and microelements in food fish is crucial
in terms of both nutrition and health protection.

The objective of the present study was to determine the content of Ca,
Mg, Cu, Mn, Zn, Fe, Cr and Se in the muscles of grass carp, bighead carp,
Siberian sturgeon and wels catfish, and to compare these values with daily
reference values for adults. In addition, the EDI (estimated daily intake),
THQ (target hazard quotient), and TTHQ (total target hazard quotient) were
determined in order to assess the potential risk of a toxic effect of these ele-
ments on consumer health.

MATERIAL AND METHODS

Sampling

The fish for the study, i.e. grass carp (Ctenopharyngodon idella), n = 12,
bighead carp (Aristichthys nobilis), n = 12, Siberian sturgeon (Acipenser
baerii), n = 12 and wels catfish (Silurus glanis), n = 12, were obtained from
fish farms located in eastern Poland (an agricultural region). The fish were
collected in winter. The fish had not received any artificial feed. Directly
after they were caught, the fish were killed and transported to the laboratory
in boxes at a temp. of 0-4°C. The mean body weight and length of the fish
were 2.04+0.55 kg and 54.92+5.58 cm for grass carp, 2.64+0.30 kg and
50.38+1.58 cm for bighead carp, 2.17+0.68 kg and 80.17+7.40 cm for Siberian
sturgeon, and 2.68+0.38 kg and 74+3.72 cm for wels catfish. After gutting,
the fish were divided with a ceramic knife into two fillets. A sample (about
25 g from both fillets) of dorsal muscles from each fish was taken and homo-
genized with a vibrating ball mill to obtain a representative sample. Homo-
genized samples from each individual were stored in marked polyethylene
vessels in the laboratory freezer at -20°C until analysis.
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Chemical analyses

Triplicate subsamples (5.0 g wet weight sample) were mineralized in an
electric furnace at a final temp. of 450°C. The ash was dissolved in 1 M
nitric acid and made up to the mark to 25 mL. To verify the method, Fish
Protein Certified Reference Material for Trace Metals (CRM, DORM-3) sup-
plied from the National Research Council of Canada (CNRC) was subjected
to the same analytical procedure and tested for accuracy. The content of Ca,
Mg, Zn and Fe was determined by flame atomic absorption spectrometry
(Avanta PM, GBC, Australia) at 422.7 nm, 285.2 nm, 213.9 nm, 248.3 nm,
respectively (TuzeN 2003). Measurements of Ca and Mg concentrations were
performed in the presence of a lanthanum buffer (Fisher Scientific). The con-
tent of Cu, Mn, Cr and Se was determined by atomic absorption spectrome-
try with electrothermal atomization (GFAAS) and Zeeman background cor-
rection (SpektrAA 2207, Varian, Australia) at 327.4 nm, 279.5 nm, 357.9 nm,
and 196.0 nm, respectively (Cul et al. 2010). Sensitivity (characteristic mass),
defined as the concentration (mass) of the element giving an absorbance of
0.0044, was as follows: Ca — 0.03 pg ml?, Mg — 0.004 ug ml?, Zn — 0.012 pg ml?,
Fe — 0.05 pg ml!, Cu — 2.6 pg, Mn — 1.2 pg, Cr — 3.2 pg, and Se — 18.2 pg.
A palladium nitrate solution (Merck) was used as a chemical modifier for the
determination of Se.

All measurements were carried out in triplicate for each sample. Reco-
veries in the range of 90 - 110% were accepted to validate the analytical
procedure for the elements. The limits of detection obtained were 0.029,
0.014, 0.009 and 0.067 pug g'for Ca, Mg, Zn and Fe, respectively. The limits
of detection for Cu, Mn, Cr and Se were 0.008, 0.009, 0.001 and 0.008 pg g,
respectively. The results were expressed as mg kg! wet weight (WW).

Health risk assessment

The human health risk from fish consumption was estimated for each
element using the following equations (HEsHMATI et al. 2017):

Cm-dc,,,
EDI = —
w
THQ = EDI ,
RD

TTHQ = THQ (Cu) + THQ (Mn) + THQ (Zn) + THQ (Fe) + THQ (Cr) + THQ (Se),

where EDI is the estimated daily intake (ug kg! per day), Cm is the mean
concentration of elements in the fish muscle (ug g'= mg kg'), dc,, is the
daily per capita consumption of freshwater fish in Poland (5.47 g per capita
per day; www.fao.org/faostat/en/#data/CL), and dbw is the average adult
human body weight (70 kg). THQ is the target hazard quotient, TTHQ is the
total target hazard quotient, and RfD is the reference dose (mg kg! per day)
established by the United States Environmental Protection Agency — Regional
Screening Level, Summary Table (USEPA 2016).
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Statistical analysis

Statistical analysis of the data was performed using Statistica software
(version 13.1). All data are presented as means and + SD. Mean values
for the elements between fish species were compared by one-way ANOVA
or the Kruskal-Wallis test (depending on whether the assumptions of analy-
sis of variance were met). Multiple comparisons were made by post hoc
Tukey’s or Dunn’s test. A p value < 0.05 was considered statistically signifi-
cant for all comparisons.

RESULTS AND DISCUSSION

The content of Ca, Mg, Cu, Mn, Zn, Fe, Cr and Se in the muscles of grass
carp, bighead carp, Siberian sturgeon and wels catfish are presented in Table 1.

Calcium (Ca) was the most abundant element in the muscles of grass
carp, bighead carp and wels catfish and the second most abundant in the
muscles of Siberian sturgeon. The average Ca content in the four examined
fish species ranged from 68.02 to 894.9 mg kg' WW. The muscles of the her-
bivorous species, i.e. grass carp and bighead carp, contained significantly
more Ca (p < 0.05) than those of the predatory species, i.e. S. sturgeon and
wels catfish. As compared to the grass carp and bighead carp, lower Ca con-
tent (90-317 mg kg! WW) has been found in the muscle tissues of salmon,
rainbow trout and carp purchased in Poland (f.uczyNska et al. 2011). Higher
Ca content than in the wels catfish and S. sturgeon in the present study has
been detected in farmed rainbow trout (335 mg kg' WW) from the Pomera-
nian Voivodeship in Poland (Barszcz et al. 2014) and in aquacultured sea
bream and sea bass (192 and 636 mg kg WW, respectively) from a Turkish
fish farm in the Aegean Sea (Erkan, Ozpen 2007). The highest Ca content,
however, was noted in the herbivorous species in the present study.

Magnesium (Mg) was the second most abundant element in the muscles
of grass carp, bighead carp and wels catfish, and the most abundant in the
muscles of Siberian sturgeon. The average content of Mg in the muscles of
the fish species ranged from 97.60 to 226.0 mg kg! WW. Significantly more
Mg (p < 0.05) was noted in the muscles of (in decreasing order) grass carp,
bighead carp and Siberian sturgeon than in the muscles of wels catfish, and
significantly more in the muscles of grass carp than in S. sturgeon. As com-
pared to the results of the current study, higher levels of Mg have
been found in the muscles of other farmed fish species, such as rainbow
trout (312 mg kg! WW) from Poland (Barszcz et al. 2014) or sea bass
(326 mg kg WW) from a Turkish fish farm in the Aegean Sea (Erkan, OzpEN
2007), as well as in migratory fish species, such as Liza ramada, Liza aura-
ta, Mugil cephalus, Lithognathus mormyrus, Chelon labrasus and Sparus
aurata (262.53-332.56 mg kg WW) from the Beymelek Lagoon, Antalya,
Turkey (UysaL et al. 2008).
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The average copper (Cu) content in the muscles of the four fish species
was 0.36-1.15 mg kgt WW. Levels of Cu (p < 0.05) were significantly lower in
grass carp than in bighead carp, wels catfish, and S. sturgeon, in which the
Cu content was comparable. In comparison with these results, higher Cu
content has been reported in the muscles of Glossogobius giuris, Puntius
chola, Puntius sophore, Puntius ticto and Labeo rohita (5.90-18.77 mg kg'!
WW) from the Buriganga River in Bangladesh (AHMED et al. 2016). Much
lower Cu levels (mg kg? WW) have been noted in the muscles of cultured
freshwater fish from Jiangxi Province, China, such as mandarin fish (0.089),
northern snakehead (0.13) and silver carp (0.18) (ZHANG et al. 2014), while
copper content in Channa striata was below the detection limit (DHANAKUMAR
et al. 2015).

The mean manganese (Mn) content in the muscles of the four fish spe-
cies was comparable (no statistically significant differences), and amounted
to 0.25-0.34 mg kg WW. Lower content of Mn has been reported in the mus-
cle tissues of rainbow trout and carp (0.072 and 0.150 mg kg' WW, respec-
tively) from Poland (L.uczyNska et al. 2011) and in Lethrinus sp., Nemipterus
japonicus, Epinephelus sp. and Trachurus mediterraneus (0.10, 0.11, 0.16
and 0.18 pg g! WW, respectively) from Suez, the Red Sea, Egypt (EL-MosELHY
et al. 2014). DHANAKUMAR et al. (2015) reported that the Mn concentration in
Channa striata, Mystus vittatus and Cirrhinus mrigala from India was below
the detection limit. In comparison with the four species examined in this
study, Mn content was higher in the muscles of Sparus aurata and Oreochro-
mis niloticus (0.376 and 0.386 ng g WW, respectively) from the Gaza Strip,
Palestine (ELNABRIS et al. 2013) and in P. sophore, G. giuris, P. chola, P. ticto
and L. rohita (22.42-125.81 mg kg WW) from the Buriganga River in Bangla-
desh (AHMED et al. 2016).

The mean zinc (Zn) content in the muscles of the presented fish species
was 5.78-7.09 mg kg!' WW. Significant differences in Zn content (p < 0.05)
were noted between two species, with a higher level found in wels catfish
than in the S. sturgeon. Compared with the results in this study, higher con-
centrations of Zn have been noted in the muscle of mangrove snapper, star
snapper, snubnose pompano, mandarin fish, black bass, snakehead and tila-
pia from China (15.2-29.5 mg kg! WW) (LeEunG et al. 2014) and in Odontes-
thes bonariensis from Argentina (12.0-18.4 mg kg! WW) (AvicLiano et al.
2015). Lower mean content of Zn than in the four fish species included in
this study has been found in the muscles of salmon, rainbow trout and carp
purchased in Poland (3.35, 4.27 and 5.15 mg kg'! WW, respectively)
(LuczyNska et al. (2011); bream from lakes Insko and Wisola in Poland
(3.2 and 3.0 pg g WW, respectively) (Raskowska, ProTasowickr 2013); and
sea bass and sea bream (2.833 and 1.081 mg kg! WW, respectively) from
a Turkish fish farm, the Aegean Sea (Erkan, OzpeN 2007).

Mean content of iron (Fe) in the muscle tissues of the four analysed fish
species was 4.29-6.73 mg kg WW. However, the Fe levels did not differ sig-
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nificantly among these fish species (p > 0.05). Compared with the Fe content
of the presented fish species, lower Fe content (mg kg! WW) has been noted
in the muscles of salmon (1.46), rainbow trout (1.55) and carp (2.31)
(LiuczyNska et al. 2011) and in pike and bream (0.8-1.5) from Poland (RAJKOWSKA,
Prorasowicki 2013). Higher levels of Fe (mg kg! WW) have been found
in the muscles of tench (31.2-112.9), pike-perch (26.1-414.5) and common
carp (14.9-73.4) from Turkey (MERT et al. 2014).

The average chromium (Cr) content in the muscles of the examined fish
species was 0.08-0.33 mg kg! WW. Significant differences in Cr content
(p < 0.05) were found between the herbivorous species, with the grass carp
muscles containing less Cr than bighead carp. Cr content ranged from 0.059
to 0.068 mg kg! WW in the muscles of farmed fish from Beijing, i.e. Onco-
rhynchus mykiss, Cyprinus carpio and Ctenopharyngodon idella (JIANG et al.
2016); from 0.10 to 0.239 mg kg WW in the muscles of fish from the Yangtze
River, 1.e. Pelteobagrus fulvidraco, Coreius heterodom, Carassius auratus,
Hypophthalmichthys molitrix, Silurus asotus and Cyprinus carpio (Y1, ZHANG
2012); and from 0.0526 to 1.1438 mg kg WW in the muscles of freshwater
fish from Turkey, i.e. common carp, pike-perch and tench (MERT et al. 2014).
In current study, the Cr content in the muscles of the four fish species was
within these ranges. UysaL et al. (2008) reported that Cr was not detected in
the muscles of 5 fish species from the Beymelek Lagoon (Antalya, Turkey),
1.e. L. ramada, L. aurata, L. mormyrus, C. labrasus and S. aurata.

The mean content of selenium (Se) in the muscles of the four examined
fish species was 0.02-0.05 mg kg WW. Significantly more Se (p < 0.05) was
found in the muscles of (in decreasing order) the Siberian sturgeon, wels
catfish and bighead carp than in the grass carp. Markedly more Se than in
these four fish species was observed in the muscles of tropical fish from the
Buriganga River in Bangladesh, i.e. Gagata youssoufi, Mastacembelus
pancalus and Ailia coila (1.46-1.99 mg kg! WW) (AaMED et al. 2015);
in P. sophore, P. chola, L. rohita, P. ticto and G. giuris collected from the
Buriganga River in Bangladesh (1.68-1.98 mg kg WW) (AHMED et al. 2016);
and in Odontesthes bonariensis from various environments in Argentina
(0.41-5.28 mg kg WW) (AvicLiaNo et al. 2015). Lower Se levels than in the
four examined species have been reported in some individuals of grass carp
species (0.0048-0.18 mg kg WW) from Jiangxi Province, China (ZHANG et al.
2014). Se was not detectable in the muscles of 9 of 16 analysed fish species
from the Piracicaba River in southern Brazil (MECHE et al. 2010).

The data presented indicate differences in the content of elements in the
muscles of fish. These differences may result from the species of fish, the
season or the geographical region (f.uczyNska et al. 2011, MERT et al. 2014,
LEuNG et al. 2014, AviGLIANO et al. 2015).

The daily reference intakes of minerals (macro- and micronutrients)
for adults according to Regulation (EU) No 1169/2011 are 800 mg for Ca,
375 mg for Mg, 1 mg for Cu, 2 mg for Mn, 10 mg for Zn, 14 mg for Fe, 55 pg
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for Se and 40 pg for Cr. Assuming that consumption of freshwater fish in Poland
is 5.47 g per person per day (www.fao.org/faostat/en/#data/CL), the content
of each of the macro- and microelements examined (except Cr) in the grass
carp, bighead carp, Siberian sturgeon and wels catfish was less than 1% of
the daily reference intake for an adults. Cr content was 12.50% of the daily
reference intake in grass carp, 20% in Siberian sturgeon, and 50% in bighead
carp and wels catfish. Therefore, the content of macro- and microelements in
the muscles of these fish species did not exceed the daily reference values for
adults. If the content of a macro- or microelement reaches at least 15% of the
reference values in 100 g of product, it is defined as a significant quantity
(Regulation EU No 1169/2011). In 100 g of fish muscles, the percentages of
the daily reference intakes of elements were as follows: grass carp Ca 11.2%,
Mg 6%, Cu 3.6%, Mn 1.25%, Zn 6%, Fe 3%, Se 36% and Cr 200%; bighead
carp Ca 10.26%, Mg 5.04%, Cu 6.6%, Mn 1.7%, Zn 6.59%, Fe 4.81%,
Se 5.45% and Cr 825%; Siberian sturgeon Ca 0.85%, Mg 4.43%, Cu 11.5%,
Mn 1.3%, Zn 5.78%, Fe 4.74%, Se 9.09% and Cr 325%; and wels catfish
Ca 1.76%, Mg 2.60%, Cu 7.9%, Mn 1.4%, Zn 7.09%, Fe 4.13%, Se 7.27% and
Cr 725%. Therefore, the quantity of Cr in all examined fish species and of Se
in grass carp was significant. The content of the other elements was below
15% of the reference values in 100 g of product.

In fish from Greece, the content of P, Ca and Se exceeded 100% of the
recommended daily allowances. In flathead grey mullet, the content of P and
Ca was 165% and 225% of the recommended doses, respectively, while in
picarel and comber the Se levels were 102% and 112% of the recommended
doses, respectively (KaLanTzi et al. 2013).

The EDI (estimated daily intake), THQ (target hazard quotient) and
TTHQ (total target hazard quotient) calculated for individual elements
through consumption of muscles of the grass carp, bighead carp, Siberian
sturgeon and wels catfish are presented in Table 2. The quantity of elements
supplied to the body with food depends on both their content in the food and
the amount of food consumed. The estimated EDI values were based on the
assumption that a person weighing 70 kg will consume 5.47 g of fish per day.
The results showed that the EDI values were lower than the reference dose
(RfD) values defined by the USEPA (2016), indicating that there was no
health risk associated with the intake of the elements tested through the
consumption of the grass carp, bighead carp, Siberian sturgeon and wels
catfish analysed in the current study. The acceptable value for THQ and
TTHQ i1s 1 (USEPA 2016). The THQ and TTHQ values were less than 1,
which means that the elements Cu, Mn, Zn, Fe, Cr and Se posed no threat to
the health of consumers of these four fish species, either individually (THQ)
or in combination (TTHQ). Similarly, THQ values were less than 1 for Cr in
the muscles of the commercial fish species Engraulis encrasicolus, Sardina
pilchardus and Mullus barbatus from various Sicilian areas (CoPAT et al.
2012). In contrast, hazard quotients were many times higher than the ac-
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Table 2

Estimated daily intakes (EDI) of elements via consumption of fish and hazard quotients
(THQ and TTHQ)

. . EDI THQ .
Fish species Average. estimated RfD target hazard quotient
i | cmsomntion | i | e dove Kt
‘ . (ug kg* per day) * total target hazard quotient
Grass carp (n = 12)
Ca 894.93 69.93 E-00
Mg 226.00 17.66 E-00 -
Cu 0.36 2.8 E-02 40 7 E-04
Mn 0.25 2.0 E-02 140 1.43 E-04
Zn 6.13 4.8 E-01 300 1.6 E-03
Fe 4.29 3.4 E-01 700 4.79 E-04
Cr 0.08 6.3 E-03 1500 0.42 E-05
Se 0.02 1.6 E-03 5 3.2 E-04
TTHQ = 3.25 E-03
Bighead carp (n = 12)
Ca 820.50 64.12 E-00
Mg 189.00 14.77 E-00 -
Cu 0.66 5.2 E-02 40 1.3 E-03
Mn 0.34 2.7 E-02 140 19.3 E-05
Zn 6.59 5.2 E-01 300 17.33 E-04
Fe 6.73 5.3 E-01 700 75.2 E-05
Cr 0.33 2.6 E-02 1500 17.2 E-06
Se 0.03 2.4 E-03 5 4.8 E-04
TTHQ = 4.48 E-0.3
Siberian sturgeon (n = 12)
Ca 68.02 5.32 E-00
Mg 165.85 12.96 E-00
Cu 1.15 9.0 E-02 40 22.5 E-04
Mn 0.26 2.0 E-02 140 14.3 E-04
Zn 5.78 4.5 E-01 300 1.5 E-03
Fe 6.63 5.2 E-01 700 7.4 E-03
Cr 0.13 1.0 E-02 1500 6.7 E-05
Se 0.05 3.9 E-03 5 7.8 E-03
TTHQ = 20.45 E-0.3
Wels catfish (n = 12)
Ca 141.34 11.04 E-00
Mg 97.60 7.63 E-00 -
Cu 0.79 6.2 E-02 40 15.5 E-04
Mn 0.28 2.2 E-02 140 15.7 E-05
Zn 7.09 5.5 E-01 300 18.33 E-04
Fe 5.78 4.5 E-01 700 64.4 E-04
Cr 0.29 2.3 E-02 1500 15.4 E-05
Se 0.04 3.2 E-03 5 6.4 E-03

TTHQ = 16.53 E-0.3

(-) no data RfD for Ca and Mg

n — number of fish
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ceptable value of 1 for Cu and Zn in catfish, climbing fish, common carp and
snapper from Vietnam (the Mekong River) (CHaNPIWAT et al. 2016). Levels
of Cr and Co (4.05 and 1.74, respectively) in the muscles of freshwater Nile
tilapia (Oreachromis niloticus Linnaeus, 1758) from Egypt also exceeded the
acceptable value for the hazard quotient (EL-SapAAwY et al. 2013). The THQ
values for individual heavy metals (V, Cr, Mn, Ni, Cu, Zn, As, Se, Mo, Ag,
Cd, Sb, Ba and Pb) were below 1, but their combined impact estimated by
TTHQ suggested a health risk associated with consumption of M. pancalus
from the Buriganga River in Bangladesh (AHMED et al. 2015).

CONCLUSION

The content of macroelements and microelements (Ca, Mg, Cu, Mn, Zn,
Fe, Cr and Se) in the muscles of grass carp, bighead carp, Siberian sturgeon
and wels catfish did not exceed the daily reference values for adults.
The EDI, THQ and TTHQ values did not indicate a risk of a toxic effect
of these elements on people consuming these fish species.

The quantity of the chromium (Cr) in the muscles of grass carp, bighead
carp, Siberian sturgeon and wels catfish and that of selenium (Se) in the
muscles of grass carp was determined to be significant.
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