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Abstract

The present study evaluated the e¡ect of naturally
developing cyanobacteria on the compositionof mus-
cles of two commercially important freshwater ¢sh
species. Fishwere exposed to cyanobacterial biomass
including Microcystis aeruginosa and Microcystis
ichthyoblabe for 4 weeks.Then, they were transferred
to dechlorinated potable water without any cyano-
bacteria for another 4-week period, thus modelling
their preparation for consumers. Samples of muscles
were collected every week during exposure and sub-
sequent stay in dechlorinated potable water. The cya-
nobacterial water bloom of 3.9^6 � 105 cells mL�1

(133^383 mg g�1 of total MC DW) induced statisti-
cally signi¢cant e¡ects only in the content of fatty
acids (Po0.05; Po0.01) in the common carp (Cypri-
nus carpio), while all studied parameters including
the content of dry matter and fat (Po0.01), proteins
(Po0.05), fatty acid composition (Po0.05; Po0.01)
and some amino acids (Po0.05) were a¡ected in the
silver carp (Hypophthalmichthys molitrix). This study
has shown that cyanobacteria in the environment of
commercially produced ¢sh may decrease the diete-
tic value of ¢sh muscles.

Keywords: freshwater ¢sh, amino acids, fatty
acids, blue green algae

Introduction

Fish are considered to be food of high dietetic value
owing to their characteristic composition of amino

acids (AA), fatty acids (FA), vitamins and easy digest-
ibility (Ste¡ens1997; Murray & Burt 2001; BuchtovaŁ ,
SvobodovaŁ , Kocour & Vel|¤ s› ek 2007). The composition
of ¢sh muscles is considerably in£uenced by many
biotic and abiotic factors such as ¢sh species, age,
gender, breeding technology, environmental condi-
tions, nutrition, stress and others (Henderson &
Tocher 1987; FajmonovaŁ , Zelenka, Komprda, Kladro-
ba & SarmanovaŁ 2003).The high dietetic value of ¢sh
muscles is also due to the content of oils, in particu-
lar, n-3 unsaturated fatty acids (Ste¡ens 1997; Mares›
2003). Polyunsaturated fatty acids (PUFA) such as
eicosapentaenoic acid (EPA) (20:5n-3), docosahexae-
noic acid (DHA) (22:6n-3) and arachidonic acid
(ARA) (20:4n-6) are most important for human nutri-
tion. Their essential precursors are linoleic acid (LA)
(18:2n-6) and a-linolenic acid (LNA) (18:3n-3). These
acids play a major role in the prevention of several
diseases (Glade 2003). To evaluate fats, a pro¢le of
fatty acids based on the ratio of saturated FA, mono-
unsaturated FA, n-3 and n-6 PUFA, EPA and DHA le-
vels and, in particular, the ratio of n-3/n-6 and
EPA1DHA/n-6 is used (Komprda, Zelenka, Fajmono-
vaŁ , FialovaŁ & Kladroba 2005).
Water bloom cyanobacteria represent a dominant

component of phytoplankton of eutrophic aquatic
environments and their metabolites are known to in-
£uence ¢sh (Malbrouck & Kestemont 2006). Depend-
ing on the environmental conditions, cyanobacteria
produce many biologically active substances. Re-
garding hazards posed by cyanobacteria, it is neces-
sary to understand their chemical and physical
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properties, study their occurrence in waters used by
humans as well as control their production under
conditions of natural ecosystems (Chorus, Falconer,
Salas & Bartram 2000). The chemical composition of
cyanobacteria and algae depends considerablyon en-
vironmental conditions and varies considerably with
individual species. Cyanobacteria of the Microcystis
genus are relatively rich in some fatty acids, the total
content of which, however, is lower than that in
green algae and diatoms (Ahlgren, Gustafsson &
Boberg 1992; Dunstan, Volkman, Barrett, Leroi &
Je¡rey 1994). The composition of amino acids in cya-
nobacteria and green algae is similar despite con-
siderable variation in the content of dry matter
(14^61%) in relation to the species and environmen-
tal conditions (Ahlgren et al.1992).
Many authors have recently carried out studies

concerning the accumulation of toxic cyanobacterial
metabolites and microcystin LR, in particular, in ¢sh
tissues (Magalha� es, Soares & Azevedo 2001; Marin-
ho, Domingos, Oliveira, Costa, Azevedo & Azevedo
2003; Soares, Magalha� es & Averezo 2004; Xie, Xie,
Guo, Li, Miyabara & Park 2005; Chen, Xie, Zhang, Ke
& Yang 2006; Smith & Haney 2006). Interestingly, re-
cent studies on the e¡ect of cyanobacteria on the
quality of ¢sh products report the ¢nding that expo-
sure of the rainbow trout (Oncorhynchus mykiss) to
cyanobacterial biomass causes osmoregulation im-
balance (Best, Eddy & Codd 2003) resulting from sti-
mulation of the drinking response, increased volume
of £uid in the gut and inability to remove excess
water.
Tadesse, Boberg, SonestenandAhlgren (2003) stu-

died the e¡ects of algal diets on the content of FA and
the ratio of PUFA n-3/n-6 in NileTilapia (Oreochromis
niloticus) and found that it seems to have a rather
huge capacity to modify FA from algal food into their
own species-speci¢c FApatterns because, to some ex-
tent, short-chained fatty acids in the diets could be
traced in the long-chained counterparts in the ¢sh
tissue.
There are increasing problems with eutrophica-

tion of the aquatic environment and growth of cya-
nobacteria (Chorus & Bartram 1999; Mars› aŁ lek,
BlaŁ ha, TuraŁ nek & Nee' a 2001). However, there are
onlya few studies concerning the in£uence of cyano-
bacterial water bloom on ¢sh muscle composition
and the resulting nutritional value (Domaizon, Des-
vilettes, Debroas & Bourdier 2000; Tadesse et al.
2003). The objective of this study, therefore, was to
determine whether and how the presence of the cya-
nobacterial water bloom in£uences the quality of ¢sh

muscles, with special attention to the basic chemical
composition (i.e. content of dry matter, fat and nitro-
genous substances) and the composition of FA and
AA. Experimental animals were selected so as to in-
clude the common carp (Cyprinus carpio), which does
not actively forage and digest cyanobacteria, and the
silver carp (Hypophthalmichthys molitrix), which in-
gests cyanobacteria but in which digestion of cyano-
bacteria is only limited (Voros, Oldal, Presing &
Vonbalogh 1997; Janc› ula, M|¤ kovcovaŁ , AdaŁ mek &
Mars› aŁ lek 2008).

Materials and methods

Experimental ¢sh and design

Yearling ¢sh of the common carp (C. carpio L.) and sil-
ver carp (H. molitrixVal.), obtained from a single arti-
¢cial stripping (Fishpond Management Pohorelice,
Czech Republic), were used for the study. Fish mea-
sured130^170 and 300^390mm in length and their
body weight was 30^55 and 230^500 g respectively.
Following 2 weeks of acclimatization, experimental
¢sh were kept in groups in cages in the rearing pond
and exposed to naturally developing cyanobacterial
bloom fromweeksW0 toW4 (i.e. for 4 weeks) during
August and October 2005. Control ¢sh were kept un-
der the same conditions, but without exposure to cy-
anobacteria (i.e. in another pond without apparent
cyanobacterial bloom formation). Both experimental
and control ¢shwere reared without additional feed-
ing and foraged natural food during this 4-week per-
iod (W0^W4). Then, experimental and control ¢sh
were transferred into 1000-L tanks containing de-
chlorinated potablewater without anycyanobacteria
for another 4-week period (from weeks W4^W8),
thus modelling their preparation for consumers.
Water in these tanks was changed dailyand ¢shwere
exposed to a 12-h light/12-h dark photoperiod. Fish
were not given any feeds during this period. Fish
from this experiment have also been examined for
microcystin concentrations inmuscles, liver and skin
(AdamovskyŁ et al. 2007).

Habitat and aquatic environment description

The study was performed in ¢sh farming ponds
(Fishpond Management Pohorelice, Czech Republic,
48157 056.26700N latitude, 16132 039.09500E longitude,
175m.a.s.l.). All rearing ponds at this aquaculture
farm have the same source of in£uent water lacking
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cyanobacteria. Therefore, di¡erences in algal com-
munities of individual ponds (including the ones for
keeping experimental and control ¢sh from weeks
W0 toW4) at the study locality were due to the popu-
lation densityand size of ¢sh. Cyanobacteriawere not
present in ponds with older ¢sh, while the opposite
was true in ponds with ¢ngerlings. Another factor
that might have in£uenced the presence or absence
of cyanobacteria in a pond was when and for how
long the pond had been ¢lled with water and how
long it had beenwithout water before ¢lling.
Water parameters during the experiments (given

for the experimental and control group respectively)
were as follows: water temperature 19.2 � 1.1 and
19.6 � 1.1 1C, dissolved oxygen 10.0 � 3.2 and
11.1 � 2.8mg L�1, pH 8.9 � 0.6 and 9.1 � 0.2, am-
monia 0.38 � 0.14 and 0.45 � 0.14mg L�1 N-NH4

1

and nitrite 0.058 � 0.010 and 0.070 � 0.011mg L�1

N-NO2
�. Water saturation by oxygen, temperature

and pH was measured using a WTW Oxi 340i dis-
solved oxygen meter and aWTW pH 340i pH meter
(WTW GmbH, Germany). Ammonium ions were de-
termined using the Nessler method and nitrites
using the N-(1-naphthyl)-ethylenediamine method
(APHA1981).

Phytoplankton and microcystins

Cyanobacterial and algal biomass was evaluated
every week by chlorophyll a concentrations (ISO
10260, 1992) and by the number of cells counted in
the Bˇrker’s counting chamber (Meopta, Czech Re-
public). Cyanobacterial biomass (dominated by coc-
cal Microcystis aeruginosa and Microcystis
ichthyoblabe) estimated by the chlorophyll a cell
concentration varied from 198 to 598 mg L�1 (3.9^

6 � 105 cells mL�1) in the experimental pond. The
algal biomass (dominated by chlorococcal green al-
gae ^ genus Scenedesmus and Coelastrum), also esti-
mated by the chlorophyll a cell concentration, varied
from 216 to 445 mg L�1 (1.3^5.4 � 104 cells mL�1)
in the control pond.
Concentrations of microcystins in the cyanobac-

terial and algal biomass were determined by a pre-
viously published method using HPLC (Agillent1100
system, Supelcosil ABZ1Plus C18 column, Agilent
Technologies Inc., Santa Clara, CA, USA) coupled
with a photodiode array detector (BlaŁ ha & Mars› aŁ lek
2003). The concentrations of microcystins in the ex-
perimental and control breeding ponds are presented
in Table 1. The concentrations are well comparable
with microcystin levels from other ponds in the
Czech Republic (Mars› aŁ lek et al. 2001).

Sample collection

Fish were killed by mechanical stunning and bleed-
ing from a cut through gill vessels. Muscle samples
from10 specimens of both ¢sh species were collected
at weekly intervals, chilled and transported to the
laboratory for analytical processing. Sampling of
these animals was performed in compliance with
laws for the protection of animals against cruelty
and was approved by the Ethical Committee of
the University of Veterinary and Pharmaceutical
Sciences Brno, Czech Republic. To evaluate the ex-
periment, standard parameters of the chemical com-
position of muscles (dry matter, content of proteins,
fats and ash), composition of amino acids (AA) and
fattyacids (FA) were used. Lipids were determined ac-
cording to Soxhlet using a12-h extraction by diethy-
lether. Dry matter content was determined by drying

Table 1 Microcystin concentrations during the experiment

Duration of the
experiment (days)

Experimental pond Control

Biomass DW
(lgg� 1) IC (lg L� 1) EC (lg L� 1) IC1EC (lg L� 1) IC1EC (lg L� 1)

MC-LR Total MC-LR Total MC-LR Total MC-LR Total Total

0 99.0 243.5 3.5 6.9 0.2 0.5 3.7 7.4 oLOD

7 157.0 187.0 – – – – – – oLOD

14 372.1 382.3 3.3 4.6 0.5 1.0 3.8 5.6 0.14

21 317.1 383.9 1.5 1.9 0.5 0.9 2.1 2.8 0.12

28 133.4 133.4 2.8 3.6 0.1 0.1 2.9 3.7 0.23

DW, dry weight; IC, intracellular; EC, extracellular; LOD, limit of detection (0.05 mg L�1).
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the sample up to a constant weight at 105 1C (for
24 h). Ash level was determined using a gravimetric
method of incineration in an electric oven at 550 1C.
The content of nitrogenous substances was mea-
sured using the method by Kjehldahl and a Kjeltec
23 apparatus (Tecator, Sweden), with the net nitro-
gen determined being recalculated for nitrogenous
substances (N � 6.25) and proteins respectively. The
fatty acid composition was determined using gas
chromatography (HP 4890D chromatograph, Hew-
lett Packard, USA) following extraction with a mix-
ture of methanol and chloroform (Folsch, Lees &
Sloane-Stanley 1957). Samples for the analysis of
amino acids were hydrolyzed using oxidative acid hy-
drolysis by HCl (c56mol dm3). After this, amino
acids were determined using an AAA 400 unit (IN-
GOS Prague, Czech Republic), sodium citrate bu¡ers
and ninhydrine detection (KraŁ c› mar, Gajdu' s› ek, Kuch-
t|¤ k, Zeman, HoraŁ k, DoupovcovaŁ , Mat|¤ jkovaŁ & KraŁ e' -
marovaŁ 1998).

Statistical analyses

Basic statistical values (means � SD) of the para-
meters investigated were processed in EXCEL 2003.
Statistical signi¢cance was evaluated using the ana-
lysis of variance, ANOVA (UNISTAT 5.1).

Results and discussion

Chemical composition of muscles

Dry matter content in muscles of the common carp
varied during the experiment from 19.71% to
23.48% and from19.16% to 22.80% in control and cy-
anobacteria-exposed ¢sh respectively. There were,
however, no statistically signi¢cant di¡erences in-
duced bycyanobacteria on comparing summarydata
from weekly samplings of experimental and control
¢sh as well as data from individual sampling occa-
sions (i.e. W1^W8). The highest values were found
during the ¢rst week following transfer of experi-
mental and control ¢sh into tanks containing de-
chlorinated potable water, i.e. on W5 sampling.
Cyanobacteria also had no statistically signi¢cant ef-
fects on the content of fats and nitrogenous sub-
stances in muscles of the common carp. Fat content
varied during the experiment from 3.15% to 5.23%
in control ¢sh and from 3.47% to 5.05% in the experi-
mental group. The respective ranges were 16.36^
19.39% and 14.96^18.09% in terms of nitrogenous
substances. Values of the above parameters were in

agreement with those already found in the common
carp under conditions of arti¢cial pond rearing
(Km|¤ nkovaŁ , WinterovaŁ & Kue' era 2001; Murray &
Burt 2001; FajmonovaŁ et al. 2003; Mares› 2003).
Values of individual parameters in the control sil-

ver carp were within reference levels (VaŁ cha 1996;
Domaizon et al. 2000). As shown in Fig.1, there were
statistically highly signi¢cant e¡ects on the dry mat-
ter in muscles of the silver carp exposed to cyanobac-
terial bloom (Po0.01), because they had a lower dry
matter content of muscles compared with the
control. Fat content was in£uenced by exposure to
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Figure 1 Dynamics of changes in dry matter in muscles
of the silver carp (%). Experimental ¢sh were exposed to
cyanobacteria from weeks W0 to W4 (i.e. for 4 weeks)
and kept in dechlorinated potable water from weeks W4
toW8. Control ¢sh were kept under the same conditions
but without exposure to cyanobacteria. The arrow indi-
cates the moment of transfer from exposure and control
ponds to dechlorinated potable water.
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Figure 2 Dynamics of changes in fat contents in mus-
cles of the silver carp (% of fresh weight). Experimental
¢sh were exposed to cyanobacteria from weeks W0 to
W4 (i.e. for 4 weeks) and kept in dechlorinated potable
water fromweeksW4 toW8. Control ¢shwere kept under
the same conditions but without exposure to cyanobac-
teria. The arrow indicates the moment of transfer from
exposure and control ponds to dechlorinated potable
water.
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cyanobacteria in a similar way (Po0.01). Except for
the ¢rst sampling, experimental ¢sh always showed
lower levels in comparison with controls (Fig. 2).
Protein content was lowered on exposure of ¢sh
to cyanobacterial bloom and was statistically signi¢-
cant (Po0.05; cf. Fig.3). The NileTilapia (O. niloticus),
which ingests as well as digests cyanobacteria, was
found to contain higher levels of dry matter, fats
and nitrogenous substances when supplied with an
addition of 0^5.85% of dried cyanobacteria to
feeding mixtures (Zhao, Xie, Zhu,Yang, Gan & Song
2006). In contrast to these results, the results of the
present study demonstrate that the contents of dry
matter, fat and protein in muscles of silver carps
exposed to cyanobacteria are lower than in controls
(cf. Figs 1^3). This is probably due to di¡erences in
the metabolism and digestion of cyanobacteria in
these two ¢sh species (Voros et al. 1997; Janc› ula et al.
2008).

Dynamics of changes in the composition of
amino acids

As shown inTable 2, the presence of cyanobacteria in
the aquatic environment had a highly statistically
signi¢cant (Po0.05) e¡ect on the proportion of
individual FA analysed in muscles of the common
carp. On comparing the dynamics of changes in con-
trols and cyanobacteria-exposed ¢sh, however, sta-
tistically signi¢cant di¡erences were only found in
the ratio of sums of FA n-3 and n-6. The ratio of FA
n-3 and n-6 in muscles of the control carps increased
evenly from an initial value of 1.04 up to1.72 (Fig. 4).
This value was achieved within 4 weeks of the
experiment; the di¡erence was statistically signi¢-
cant (Po0.05) when compared with exposed ¢sh
(0.768). The value found in control ¢sh was nearly
the same as the values published by Ste¡ens (1997)
reporting natural pond conditions. During the phase
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Figure 3 Dynamics of changes in protein contents in
muscles of the silver carp (% of fresh weight). Experimen-
tal ¢sh were exposed to cyanobacteria from weeksW0 to
W4 (i.e. for 4 weeks) and kept in dechlorinated potable
water from weeks W4 to W8. Control ¢sh were kept
under the same conditions but without exposure to cya-
nobacteria. The arrow indicates the moment of transfer
from exposure and control ponds to dechlorinated potable
water.

Table 2 E¡ects of the presence of the cyanobacterial water bloom on the contents of individual fatty acids analysed in mus-
cles of the common carp

FA Significance (P-value) FA Significance (P-value) FA Significance (P-value)

C 14:0 0.0002 C 18:3n-3 0.0000 C 22:6n-3 0.0009

C 16:0 0.5050 C 20:1n-9 0.0342 SFA 0.5335

C 16:1 0.8282 C 20:4n-6 0.0000 MUFA 0.0370

C 18:0 0.0091 C 20:5n-3 0.0000 PUFA 0.0066

C 18:1n-9 0.0189 C 22:4n-6 0.0000 n-6 0.0000

C 18:2n-6 0.0008 C 22:5n-6 0.0042 n-3 0.0000

C 18:3n-6 0.0339 C 22:5n-3 0.0013 n-3/n-6 0.0000

Samples were collected on a weekly basis. Statistical comparisons were made using summary data from weekly samplings of experi-
mental and control ¢sh.
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* * *

Figure 4 Dynamics of changes in the ratio of n-3 and n-6
fattyacids in the commoncarp. Experimental ¢shwere ex-
posed to cyanobacteria from weeks W0 to W4 (i.e. for 4
weeks) and kept in dechlorinated potable water from
weeksW4 toW8. Control ¢sh were kept under the same
conditions but without exposure to cyanobacteria.The ar-
row indicates the moment of transfer from exposure and
control ponds to dechlorinated potable water.
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of clearance (weeksW5^W8), these values decreased
in both groups of ¢sh (to respective values of 1.459
and 0.651). The statistically signi¢cant level of di¡er-
ence was maintained, with the exception of the sixth
week of the experiment (W6).The di¡erences noticed
were based on changes in the content of PUFA n-3
and n-6 (Figs 5 and 6); however, di¡erences between
both groups of ¢sh did not achieve statistically signif-
icant levels.
E¡ects of cyanobacteria on the silver carp resulted

in di¡erences (Po0.05; Po0.01) in the compositionof
FA (Table 3). On comparing the dynamics of changes
between both groups of ¢sh, statistically signi¢cant
di¡erences (W4) (Po0.05) were only found in the ra-
tio of PUFA n-3 and n-6 (Fig. 7). These di¡erences
were due to changes in the content of n-6 fatty acids,
in particular, of ¢sh exposed to the cyanobacterial
water bloom (Fig.8).

The content of n-6 fatty acids increased during the
exposure of both ¢sh species. There was no increase
in n-3 PUFA in the silver carp capable of digesting cy-
anobacteria, despite the fact that cyanobacteria are
known to contain PUFA (Ahlgren et al. 1992) as well
as to in£uence the pro¢le of ¢sh muscles (Tadesse
et al. 2003). Unfortunately, in the present study, it
was not possible to collect the cyanobacterial bio-
mass in the quantity required for available FA analy-
sis methods. Both groups showed a similar course of
development without considerable FAvariation, with
levels of around 30%. Cyanobacteria of theMicrocys-
tis genus have a higher content of palmitic acid and
palmitoleic acid, as well as n-3 FA and a-linolenic
acid in particular; there are, however, only traces of
EPA.The total FA ranged from1.5% to 2.5% in the dry
matter of samples (Ahlgren et al. 1992). Control ¢sh
were kept in the environment of green algae and
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Figure 5 Dynamics of changes in the ratio of n-3 fatty
acids in the common carp. Experimental ¢sh were ex-
posed to cyanobacteria from weeks W0 to W4 (i.e. for 4
weeks) and kept in dechlorinated potable water from
weeksW4 toW8. Control ¢sh were kept under the same
conditions but without exposure to cyanobacteria.The ar-
row indicates the moment of transfer from exposure and
control ponds to dechlorinated potable water.

Table 3 E¡ects of the presence of the cyanobacterial water bloom on the contents of individual fatty acids analysed in mus-
cles of the silver carp

FA Significance (P-value) FA Significance (P-value) FA Significance (P-value)

C 14:0 0.0053 C 18:3n-3 0.4435 C 22:6n-3 0.9723

C 16:0 0.4566 C 20:1n-9 0.0247 SFA 0.0084

C 16:1 0.0001 C 20:4n-6 0.0072 MUFA 0.0003

C 18:0 0.0001 C 20:5n-3 0.7768 PUFA 0.0183

C 18:1n-9 0.0014 C 22:4n-6 0.0014 n-6 0.0000

C 18:2n-6 0.0000 C 22:5n-6 0.0000 n-3 0.4389

C 18:3n-6 0.0103 C 22:5n-3 0.1896 n-3/n-6 0.0000

Samples were collected on a weekly basis. Statistical comparisons were made using summary data from weekly samplings of experi-
mental and control ¢sh.
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Figure 6 Dynamics of changes in the ratio of n-6 fatty
acids in the common carp. Experimental ¢sh were ex-
posed to cyanobacteria from weeks W0 to W4 (i.e. for 4
weeks) and kept in dechlorinated potable water from
weeksW4 toW8. Control ¢sh were kept under the same
conditions but without exposure to cyanobacteria.The ar-
row indicates the moment of transfer from exposure and
control ponds to dechlorinated potable water.
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diatoms, which, compared with cyanobacteria, have
a higher content of FA (5.2^8.9%) as well as a higher
content of linoleic acid and oleic acid (Ahlgren et al.
1992).The compositionof FA in cyanobacteria andal-
gae depends on their growth condition; there is an
increase in FA during the exponential stage of
growth (Ahlgren et al.1992; Dunstan et al.1994). The
content of n-3 fatty acids (LNA in particular) in mus-
cles of control carps, not digesting cyanobacteria,
increased especially during the ¢rst weeks of the
experiment (W1^W4) from the initial 20% up to

25% of FA. The in£uence of di¡erent trophic spectra
of both ¢sh species was most pronounced in the con-
tent of EPA. Muscles in the silver carp contained
nearly twice as much EPA than in the common carp
(8.0^12.7% and 4.4^6.6% FA respectively).

Dynamics of changes in amino acid content

No statistically signi¢cant e¡ects of cyanobacterial
water bloomonthe content of aminoacids inmuscles
were found in the common carp, because the varia-
tion in amino acids in experimental ¢sh and controls
was similar. The results are comparable with those
published by BuchtovaŁ et al. (2007).
The action of cyanobacteria in the silver carp re-

sulted in changes in threonine, glycine and glutamic
acid. Exposure of ¢sh to the cyanobacteria-contain-
ing environment caused a statistically signi¢cant in-
crease in the above-mentioned aminoacids (Po0.05).
This increase may be due to the content of AA in Cy-
anophyceae (cyanobacteria) and Chlorophyceae (con-
trols) mentioned by Ahlgren et al. (1992). However,
on comparing the development of values during ex-
posure and the subsequent clearance, overall di¡er-
ences between ¢sh groups and terms of sampling
were not statistically signi¢cant.The ranges of essen-
tial amino acids in ¢sh muscles (g kg�1of dry matter
of muscles) are shown inTable 4.
Considering di¡erences between both the ¢sh spe-

cies studied, environmental exposure to cyanobac-
teria resulted in changes in the content of FA only in
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Figure 7 Dynamics of changes in the ratio of n-3 and n-6
fatty acids in the silver carp. Experimental ¢sh were ex-
posed to cyanobacteria from weeks W0 to W4 (i.e. for 4
weeks) and kept in dechlorinated potable water from
weeksW4 to W8. Control ¢sh were kept under the same
conditions but without exposure to cyanobacteria.The ar-
row indicates the moment of transfer from exposure and
control ponds to dechlorinated potable water.
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Figure 8 Dynamics of changes in the ratio of n-6 fatty
acids in the silver carp. Experimental ¢sh were exposed
to cyanobacteria from weeksW0 toW4 (i.e. for 4 weeks)
and kept in dechlorinated potable water from weeks W4
toW8. Control ¢sh were kept under the same conditions
but without exposure to cyanobacteria. The arrow indi-
cates the moment of transfer from exposure and control
ponds to dechlorinated potable water.

Table 4 Ranges of essential amino acids in ¢sh muscles
(g kg�1of drymatter of muscles) obtained fromweekly sam-
plings during 8 weeks of experiment (i.e. 4 weeks of expo-
sure to cyanobacteria and subsequent 4 weeks of stay in
dechlorinated potable water)

EAA

Common carp Silver carp

Control Exposure Control Exposure

Cys 4.73–8.18 5.30–8.18 5.48–8.39 7.18–8.64

Met 16.6–26.7 18.3–26.3 19.6–29.1 20.2–28.3

Thr 38.8–48.7 39.2–48.6 37.7–52.6 42.9–56.2

Val 38.8–43.8 38.6–42.6 42.2–47.1 41.4–47.6

Ile 30.7–33.4 29.8–33.8 32.9–36.3 34.5–36.9

Leu 59.0–66.2 59.8–66.6 67.6–74.0 70.4–73.7

Phe 0.48–1.32 0.75–1.51 0.83–1.67 0.92–2.17

His 11.6–15.3 11.8–13.7 11.2–15.7 8.95–14.8

Lys 67.7–77.6 49.8–73.6 71.3–89.1 69.9–82.3

Arg 26.1–39.4 23.1–41.2 22.5–42.7 25.9–43.2
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the common carp and all the studied parameters in-
cluding the content of drymatter and fat, proteins, FA
composition and some AA in the silver carp. This
study has also shown that cyanobacteria in the
environment of commercially produced ¢sh may
decrease the dietetic value of ¢sh muscles.

Acknowledgments

This study was supported by a research project
funded by the Ministry of Education, Youth and
Sports of the Czech Republic ‘Veterinary aspects of
food safety and quality’ (MSM 62 15712402). Help
from the Centre for Cyanobacteria and Their Toxins
with analyses of microcystins is appreciated.

References

AdamovskyŁ O., Kopp, R., HilscherovaŁ , K., Babica, P.,
Pal|¤ kovaŁ , M., Pas› kovaŁ , V., NavraŁ til, S., Mars› aŁ lek, B. &
BlaŁ ha, L. (2007) Microcystin kinetics (bioaccumulation
and elimination) and biochemical responses in common
carp (Cyprinus carpio) and silver carp (Hypophthal-
michthys molitrix) expose to toxic cyanobacterial blooms.
EnvironmentalToxicology and Chemistry 26, 2687^2693.

Ahlgren G., Gustafsson I.G. & Boberg M. (1992) Fatty acid
content and chemical composition of freshwater microal-
gae. Journal of Phycology 28,37^50.

APHA (1981) Standard methods for the examination of water
and wastewater. American Public Health Association,
NewYork,874pp.

Best J.H., Eddy F.B. & Codd G.A. (2003) E¡ects ofMicrocystis
cells, cell extracts and lipopolysaccharide on drinking
and liver function in rainbow trout Oncorhynchus mykiss
Walbaum. AquaticToxicology 64, 419^426.

BlaŁ ha L. & Mars› aŁ lek B. (2003) Contamination of drinking
water in the Czech Republic by microcystins. Archives of
Hydrobiology158, 421^429.

BuchtovaŁ H., SvobodovaŁ Z., Kocour M. & Vel|¤ s› ek J. (2007)
Amino acid composition of edible parts of three-year-
old experimental scaly crossbreds of common carp
(Cyprinus carpio, Linnaeus 1758). Aquaculture Research
38,625^634.

Chen J., Xie P., Zhang D.W., Ke Z.X. & Yang H. (2006) In situ
studies on the bioaccumulation of microcystins in the
phytoplanktivorous silver carp (Hypophthalmichthysmoli-
trix) stocked in Lake Taihu with dense toxic Microcystis
blooms. Aquaculture 261,1026^1038.

Chorus I. & Bartram J. (1999) Toxic Cyanobacteria inWater.
WHO, E&FN Spon, London, UK,416pp.

Chorus I., Falconer I.R., Salas H.J. & BartramJ. (2000) Health
risk caused by freshwater cyanobacteria in recreation

waters. Journal of Toxicology and Environmental Health
Part B 3,361^377.

Domaizon I., Desvilettes C., Debroas D. & Bourdier G. (2000)
In£uence of zooplankton and phytoplankton on the fatty
acid composition of digest and tissue lipids of silver
carp: mesocosm experiment. Journal of Fish Biology 57,
417^432.

Dunstan G.A.,Volkman J.K., Barrett S.M., Leroi J.M. & Je¡rey
S.W. (1994) Essential polyunsaturated fatty acids from14
species of diatom (Bacillariophyceae). Phytochemistry 35,
155^161.

FajmonovaŁ E., Zelenka J., KomprdaT., Kladroba D. & Sarma-
novaŁ I. (2003) E¡ect of sex, growth intensity and heat
treatment on fatty acid composition of common carp (Cy-
prinus carpio) ¢llets. Czech Journal of Animal Sciences 48,
85^92.

Folsch J., Lees M. & Sloane-Stanley G.H. (1957) A simple
methods for the isolation and puri¢cation of total lipids
from animal tissues. Journal of Biological Chemistry 226,
497^509.

Glade M.J. (2003) Pufa Newsletter: polyunsuturated fatty
acids in nutrition and disease prevention ^ MeDev SA,
Nyon, Switzerland. Nutrition19, 403^403.

Henderson R.J. & Tocher D.R. (1987) The lipid composition
and biochemistry of freshwater ¢sh. Progress in Lipid Re-
search 26, 281^347.

Janc› ula D., M|¤ kovcovaŁ M., AdaŁ mek Z. & Mars› aŁ lek B. (2008)
Changes in the photosynthetic activity of Microcystis co-
lonies after gut passage through Nile tilapia (Oreochromis
niloticus) and silver carp (Hypophthalmichthys molitrix).
Aquaculture Research 39,311^314.

Km|¤ nkovaŁ M.,WinterovaŁ R. & Kuc› era J. (2001) Fatty acids in
lipids of carp (Cyprinus carpio) tissues. CzechJournal of Food
Sciences19,177^181.

KomprdaT., Zelenka J., FajmonovaŁ E., FialovaŁ M. & Kladroba
D. (2005) Arachidonic acid and log-chain n-3 polyunsatu-
rated fattyacids contents inmeat selected poultryand ¢sh
species in relation to dietary fat sources. Journal of Agri-
cultural and Food Chemistry 53,6804^6812.

KraŁ c› mar S., Gajdu' s› ek S., Kucht|¤ k J., Zeman L., HoraŁ k F., Dou-
povcovaŁ G., Mat|¤ jkovaŁ R. & KraŁ c› marovaŁ E. (1998) Changes
in amino acid composition of ewe’s milk during the ¢rst
month of lactation. Czech Journal of Animal Sciences 43,
369^374.

Magalha� es V.F., Soares R.M. & Azevedo S.M.F.O. (2001) Mi-
crocystin contamination in ¢sh from the Jacarapagua� La-
goon (RJ, Brazil). Ecological implication and human
health risk.Toxicon 39,1077^1108.

Magalha� es V.F., Marinho M.M., Domingos P., Oliveira A.C.,
Costa S.M., Azevedo L.O. & Azevedo S.M.F.O. (2003) Mi-
crocystins (cyanobacteria hepatotoxins) bioaccumula-
tion in ¢sh and crustaceans from Sepetiba Bay (Brasil,
RJ).Toxicon 42, 289^295.

Malbrouck C.H. & Kestemont P. (2006) E¡ects of microcys-
tins on ¢sh. Environmental Toxicology and Chemistry 25,
72^86.

Aquaculture Research, 2009, 40, 148^156 E¡ects of cyanobacteria on ¢sh muscles J Mares et al.

r 2008 TheAuthors
Journal Compilationr 2008 Blackwell Publishing Ltd, Aquaculture Research, 40, 148^156 155



Mares› J. (2003) Composition of ¢sh muscles and
some aspects of its consumption. Maso 5, 21^25
(in Czech).

Mars› aŁ lek B., BlaŁ ha L.,TuraŁ nek J. & Nec› a J. (2001) Microcys-
tin-LR and total microcystins in cyanobacterial blooms
in the Czech Republic 1993^2000. In: Cyanotoxins ^
Occurence, Causes, Consequences (ISBN 3-540-64999-9)
(ed. by I. Chorus), pp. 56^62. Springer-Verlag, Berlin,
Germany.

Murray J.M. & Burt J.R. (2001) The composition of ¢sh. Min-
istry of Technology, Torry Advisory Note No. 38. http://
www.fao.org/wairdocs/x5916E/x5916e00.htm.

Smith J.L. & Haney J.F. (2006) Foodweb transfer, accumula-
tionand depurationof microcystins, a cyanobacterial tox-
in in pumpkinseed sun¢sh (Lepomis gibbosus).Toxicon 48,
580^589.

Soares R.A., Magalha� es V.F. & Averezo S.M.F.O. (2004)
Accumulation and depuration of microcystins (cyano-
bacteria hepatotoxins) in Tilapia rendalli (Cichlidae) un-
der laboratory conditions. Aquatic Toxicology 70,1^10.

Ste¡ensW. (1997) E¡ects of variation in essential fatty acids
in ¢sh feeds on nutritive value of freshwater ¢sh for
humans. Aquaculture151,97^119.

Tadesse Z., Boberg M., Sonesten L. & Ahlgren G. (2003)
E¡ects of algal diets and temperature on the growth
and fatty acid content of the cichlid ¢sh Oreochromis
niloticus L. ^ a laboratory study. Aquatic Ecology 37,
169^182.

VaŁ cha F. (1996) Qualitative parameters of muscles of fresh-
water ¢sh. In: Collection of Scienti¢c Papers Published on
the Occasion of the 75th Anniversary of Founding of VUŁ RH
(ed. byM. Flajs› hans), pp.281^287. VUŁ RH, Vodn› any, Czech
Republic (in Czech).

Voros L., Oldal I., Presing M. & Vonbalogh K. (1997) Size-se-
lective ¢ltration and axon speci¢c digestion of plankton
algae by silver carp (Hypophthalmichthys molitrix). Hydro-
biologia 342, 223^228.

Xie L., Xie P., Guo L., Li L., MiyabaraY. & Park H.-D. (2005)
Organ distribution and bioaccumulation of microcystins
in freshwater ¢sh at di¡erent trophic levels from the eu-
trophic Lake Chaohu, China. Environmental Toxicology
20, 293^300.

Zhao M., Xie S., Zhu X.,YangY., Gan N. & Song L. (2006) Ef-
fect of dietary cyanobacteria on growth and accumula-
tion of microcystins in Nile tilapia (Oreochromis niloticus).
Aquaculture 261,960^966.

E¡ects of cyanobacteria on ¢sh muscles J Mares et al. Aquaculture Research, 2009, 40, 148^156

r 2008 TheAuthors
156 Journal Compilationr 2008 Blackwell Publishing Ltd, Aquaculture Research, 40, 148^156


