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SUMMARY

Objective: The study examined the fatty acids composition and main nutrients composition in two freshwater fish species in the Czech Republic

during one year.

Methods: Samples of common carp and rainbow trout were taken from a market chain during a year. All samples were homogenized and
analyzed for lipid, protein, water, and ash contents. Energy value (E), sum of polyunsaturated fatty acids (PUFA), monounsaturated fatty acids
(MUFA) and saturated fatty acids (SFA), atherogenic index (Al) and thrombogenic index (TI) were then calculated.

Results: The freshwater fish on the Czech market chain have beneficial average value content of unsaturated fatty acids, * MUFA+PUFA in
carp is 69.46% of all fatty acids, similar average value of ¥ MUFA+PUFA - 70.83% is in rainbow trout. The calculated average value of Al in carp
is 0.52 (SD=0.06), Al in rainbow trout is 0.63 (SD=0.07), the average Tl in carp is 0.63 (SD=0.09), Tl in rainbow trout is 0.49 (SD=0.05).

Conclusion: Freshwater fish in the Czech market chain have beneficial value of PUFA, so Al and Tl indices are low in both species of analysed
fish. Regular consumption of fish meat is important in the prevention of cardiovascular diseases.
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INTRODUCTION

Fish meat is an important representative of food of animal
origin due to its favourable composition of all basic nutritional
components in human nutrition. It is a source of high quality pro-
teins, lipids, vitamins, and minerals. The content of essential fatty
acids is very important. Fish meat contains a significantly lower
amount of saturated fatty acids (SFA), SFA have no double bond
in structure comparing to red meat. Fish meat is a rich source of
omega-3 long chain poly-unsaturated fatty acids (w-3 LC PUFA),
which have at least two double bonds in their structure. They are
particularly important in human nutrition (1-4).

According to the World Health Organization (WHO), we are
able to influence about 75% of cardiovascular risk factors by a
well-balanced diet and adequate lifestyle. The fats we consume
play a significant role in this regard. Saturated fatty acids with
a long chain (number of carbons C12—C18) have significant
atherogenic and thrombogenic potential. On the other hand,

polyunsaturated fatty acids -3 and ®-6 are essential and have
protective functions for the human organism (5).

Omega-3 LC PUFA, such as eicosapentaenoic acid (EPA) and
docosahexaenoic acid (DHA), are associated with reduced heart
disease risk (6, 7). Quality and fat content of fish meat depends
on the fish species, on the age of fish, on the composition of feed
and their origin (wild fish versus farmed fish) (8).

A number of studies confirm the fact that the quality and
quantity of fatty acids in the diet can influence cardiovascular
risk (9). Their intake in the diet is an important factor in preven-
tion of cardiovascular diseases (CVD) and atherosclerosis. Some
authors deal with preventive effects of fish meat in the diet, study
composition of food and intake of PUFA and especially EPA and
DHA in the diet (10).

Positive effect of ®-3 PUFA on coronary heart diseases has
been shown in a lot of experimental studies in animals, humans,
and tissue cultures. Sufficient intake of ®-3 PUFA in the diet pre-
vents arrhythmias, ventricular tachycardia and fibrillation, inhibits
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synthesis of cytokines and mitogens. It has anti-inflammatory,
anti-thrombotic, and hypolipidemic properties, with effects on
triacylglycerols and very low density lipoproteins (VLDLs), and
it can inhibit atherosclerosis (7, 11).

Fish consumption varies from country to country depending on
regional usage, historical context, access to the sea and affordabil-
ity. The Dietary Guidelines for Americans (12) recommend to con-
sume 8 ounces or more of seafood weekly, especially marine oily
fish, such as salmon, mackerel, trout, tuna, and others, to provide
average intake of 250 mg of EPA and DHA per day. Only recently,
similar dietary recommendations for European population have
been accepted (13). The recommended amount of 12—15 kg fish
meat/person/year is not achieved even in the USA. Fish consump-
tion in the USA reached 6.8 kg per person per year in 2011 (14).
In comparison with the Czech Republic (CR), fish consumption
in this country has been low for a long time; it is below the WHO
recommended level. To protect against coronary heart disease and
ischaemic stroke, the WHO recommends to eat fish or seafood
1-2 times per week. This consumption is equivalent of 200—500
mg of EPA and DHA per week (5). National nutritional recom-
mendations are accepted in many Europeans countries, but not yet
in the Czech Republic (15). In the CR “Health 2020 — national
strategy for protection and promotion of health is recommended
by the Society for Nutrition. These recommendations are in ac-
cordance with the nutritional goals for Europe (16).

The Czech Republic is a landlocked country where freshwater
fish are bred in traditional fish farming. However, fish are not
very popular in the Czech diet. The most common freshwater fish
is common carp (Cyprinus carpio, L., 1758) and rainbow trout
(Oncorhynchus mykiss, Walbaum, 1792).

Our study focused on common freshwater fish in the Czech
market chain. The aim of this study was to determine the differ-
ences in the composition and content of fatty acids, as well as other
nutritionally important components of fish meat during the period
of'a year and evaluate the quality of fat using the atherogenic (AI)
and thrombogenic (TT) indices.

MATERIALS AND METHODS

Samples Collection

Samples of freshwater fish common carp and rainbow trout
were taken from the storage ponds in Prague, CR, which supply
markets during the year. The live common carp came from the
fish breeding pond in the CR, live rainbow trout from fish breed-
ing farm in Italy. The carp were fed live natural feed with addi-
tion of cereals, the rainbow trout were fed with special granules
for trout. All fish reached the market weight, the weight of the
live carp was from 1.5 to 2.0 kg, rainbow trout weight was from
0.250 to 0.400 kg. The fish were killed, gutted, cooled to 4—6°C
and immediately transported to the laboratory. The samples
were prepared as fillets; from each fish one fillet (e.g. one half
of fish body) was used for homogenization. Collection of fish
samples was realized in sampling days approximately in three
weeks intervals. The representative samples were prepared from
three fish fillets. Monitoring the composition of fish meat was
carried out during one year in the period from April to March
of the following year.

Chemical Analysis

The fish fillets were cut into small pieces and homogenised.
The moisture content and dry matter content were estimated
gravimetrically by drying at 103 +2 °C to constant weight (17), fat
content from the samples after drying was measured gravimetri-
cally after Soxhlet extraction (18). The total amount of nitrogen
was evaluated by the Kjeldahl method (19) using the Kjeltec
2200 Analyzer unit (Foss, Hilleroed, Denmark) and total protein
(TP) was then calculated using the factor 6.25. Ash content was
determined gravimetrically (20). Each analysis was carried out
in triplicates and results were expressed as average.

The base esterification method was performed using 0.5M
methanolic KOH for fatty acids derivatization (21). Fatty acid
profile was analysed by the GC/FID method after esterifica-
tion (GC Varian Star 3600, Autosampler Varian 8200, column
CP-WAX 57 CB, 25 mx0.32 mm x 1.2 pm). Hexane was used
as a solvent and the sample volume of 1 uL was injected in split
mode (ratio 20 : 1) into the injector. The initial oven temperature
was 150°C (hold 1 min), rampl to 230°C at 5°C/min (hold 5
min), ramp 2 to 260 °C at 20 °C/min (hold 10 min). Helium was
used as carrier gas with the flow rate of 1.5 mL/min, the detector
temperature was 280 °C. The methylated fatty acids were identi-
fied using a Food Industry FAME mix (Restek). The proportions
of fatty acids were calculated by area normalisation method. The
energy value of fish meat was calculated from the fat and protein
content according to the Food and Agriculture Organization us-
ing the formula:

E=17.2 (dry matter content — ash content — fat content) +
38.9 fat content.

The atherogenic and thrombogenic indices were calculated by
the following equations according to Ulbricht and Southgate (22):

C12:0+4 x C14:0+ C16:0

Al =
YMUFA+ YPUFAn—6+ YPUFAn-—3

C14:0+ C16:0 + C18:0
0.5X MUFA+05YPUFAn—6+3YPUFAn—3+ X(

Tl =

n—3
n—6)

Statistical Analysis

To evaluate statistically significant differences between sam-
ples by analysis of variance (two-way ANOVA with interactions)
and the Tukey HSD test, and to determine correlation coefficients
(r) between the data, statistical software, Statistica 12 (StatSoft
Inc.) was used. P-values<0.05 were regarded as statistically
significant. The correlations were evaluated as weak (|r]<0.3),
moderate (r|=0.3 to 0.7) and strong (|r|>0.7) according to the
correlation coefficients (23).

RESULTS AND DISCUSSION

Main Nutrients Analyses

The results of moisture, fat and protein content values in
monitored fish samples are given in Table 1. The rainbow trout
samples showed significantly lower water content (p<0.001) and
higher protein content (p<0.001) than the carp samples. This fact
can be associated with higher physical activity and mobility of
rainbow trout.
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There were smaller variabilities of results from the moisture,
fat and protein analyses (lower standard deviations, SD) during the
season in the rainbow meat than in the meat from carp. The effect
of the season and differences between spring and summer months
(21st March—23rd September, when fish, especially carp, reduce
their fat content comparing to the autumn and winter period: 23rd
September—2 1st March) were found as significant in all results of
carp meat (p =0.0094, p,, =0.0040, pprotein:0.0273). In case
of the rainbow trout samples, this seasonable difference was only
in the protein content (Pprogein = 0-0011). A statistically significant
strong negative correlation between fat and water content in fish
meat was found. The correlation coefficients were r,,= 09159
andr,  =—0.9771. This trend is consistent with metabolic changes
in fish during the year, the fat loss improved the protein score.

Protein content values were more stable during the year
comparing to the fat values (Table 1). Statistically significant
medium correlations between protein content and water con-
tent (r=0.5191) and between protein content and fat content
(r=-0.6695) were calculated only in the carp meat, while in
rainbow trout the correlations were insignificant. Protein content
is a parameter that does not change so much and is more related
to food intake than to seasonal effects.

The ash content in the fish meat was from 2.16 to 3.42% in
carp and from 2.42 to 3.02% in rainbow samples (Table 1). Its
content did not show any seasonable changes (p>0.05) and was
significantly higher in the carp meat than in the rainbow trout
meat (p=0.0179). This was a stable parameter throughout the year.

moisture

The energy values of carp meat samples were lower than the
values for rainbow meat samples (p=0.0211) and were more
variable during the season (Table 1). The seasonal difference
was significant in energy value in carp meat (p=0.0058). The
changes observed in carp samples correspond with the decrease
of the fat content during the winter and water content changes.
Rainbow trout samples showed less variable results during the
whole year with no reasonable tendency and seasonable effects
compared with carp. These findings are consistent with the meta-
bolic changes in carp due to reduced feed intake and decreased
metabolic activity in carp in autumn when fish organism prepares
for winter period (24, 25). Temperature variations during the year
leads to hormonal and metabolic responses (26). These metabolic
changes are caused by the drop in water temperature. This fact is
also consistent with different water temperature requirements for
rainbow trout compared to carp. Our results are consistent with
results published by other authors (24, 25).

Fatty acid profile in carp and rainbow trout monitored during
the year are given in Table 2. Oleic acid (C18:1) was the major
fatty acid, its content was higher in carp comparing to rainbow
trout (p<0.001). The following dominant fatty acids were palmitic
(C16:0) and palmitoleic acids (C16:1). Oleic acid (C18:1) belongs
to unsaturated fatty acids, and is the most represented in animal
tissues. Carp and trout are medium-fat fish, their fat content is
between 2—10% according to the farming and feeding conditions
(27). Our results correspond with the results published by Pyz-
Aukasik and Kowalczyk-Peczka (28). These authors reported

Table 1. Nutritional parameters of carp and rainbow trout meat during a year

Sampling Time V‘\:I:::r ‘:Y_zﬁr Fat carp | Fat trout P;:tr:in Ptr::)tzin Ash carp | Ash trout Ez::gy Et':_ z[ﬂy
period (day) 1 gr00g) | (gro0g) | ©1909) | ©1009) | iong) | (gi00g) | ©1009) | (91009) | im0 g) | (k00 g)
6 73 | 42 | 542 584 | 1633 | 1855 | 262 269 456 524
Winter 30 7655 | 7518 | 58 490 | 1665 | 1891 | 272 248 483 491
5 7441 | 7365 | 728 594 | 1682 | 1950 | 264 269 549 536
74 7556 | 7677 | 650 288 | 1622 | 1922 | 33 254 504 418
, 02 | 7767 | 7498 | 401 449 | 1575 | 2086 | 2091 243 121 486
Spring 123 | 7987 | 7644 | 201 330 | 1807 | 1948 | 301 267 338 431
14 | 7976 | 7339 | 206 557 | 1744 | 2068 | 342 207 334 527
165 | 7732 | 7558 | 309 385 | 1793 | 1098 | 333 265 400 458
192 | 7636 | 7367 | 528 578 | 1656 | 1962 | 268 257 472 534
Summer T | 7705 | 7201 | 4l 730 | 1758 | 1961 | 282 281 446 502
28 | 7599 | 7529 | 521 433 | 1757 | 1963 | 21 242 479 477
257 | 7746 | 7252 | 646 651 | 1683 | 2038 | 216 3.02 4% 562
281 661 | 7225 | 498 726 | 1738 | 1934 | 252 254 467 591
Autumn 307 | 7601 | 7218 | 646 706 | 1545 | 1906 | 315 281 499 583
329 | 7482 | 7381 | 764 529 | 1632 | 1958 | 292 249 549 522
Winter 349 | 7487 | 7346 | 830 637 | 1550 | 1863 | 339 207 554 544
Minimum 7441 | 7200 | 201 288 | 1545 | 1855 | 216 242 334 418
Maximum 7987 | 7677 | 830 730 | 1807 | 2068 | 342 3.02 554 592
Average 7671 | 7400 | 530 542 | 1677 | 1955 | 2% 267 465 517
) 150 145 179 132 0.80 0.60 0.34 019 64 52

Time — the day of the year (1st January — day 1); SD — standard deviation
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the highest content of the oleic acid and palmitic acid in fish oil
from all tested fish (grass carp, bighead carp, Siberian sturgeon
and wels catfish). This fact is supported by other authors (29).

The rainbow trout oil contained more eicosapentaenoic (EPA)
and docosahexaenoic (DHA) acids than carp (pg,,=0.0212,
Ppus<0.001). In our samples, the average content of saturated
fatty acids (SFA) and £ (MUFA+PUFA) were generally the
same, the ratio SFA/Z (MUFA+PUFA) in both kinds of fish as
well. However, there were differences in the level of saturation
among unsaturated fatty acids. Carp fat (Fig. 1) contained 57.01%
MUFA and 12.45% PUFA of the total fat content, while rainbow
fat contained 40.89% MUFA and 29.94% PUFA of the total fatty
acids (Fig. 2). Rainbow trout exceeded carp in polyunsaturated
fatty acids more than twice. Although carp had a lower ratio of
®-6/®w-3 (0.82) than trout (2.15), the trout had a higher content of
both -3 and w-6 fatty acids (Table 3). That is a positive finding
of the beneficial content of PUFA in rainbow trout samples from
a market chain in the CR.

The seasonal changes in the composition of fatty acids for
both selected freshwater fish samples as well as in the sums of
SFA, MUFA and PUFA did not show any clear trends during
the year. The carp samples showed more stable values than the
rainbow trout samples where the decrease of MUFA was during
the spring and summer (Pyinier spring = 0-0099, P st — 0-0023)
corresponding with slight increase of PUFA (Pypring » autarmn — 0-0372).
Slightly higher £ PUFA in the winter and spring period (Fig. 1 and
Fig. 2) are confirmed by the authors of marine fish study during
the year in the gold band goatfish and grey mullet (30).

Raatz et al. (14) collected a lot of results from 1985 to 2010.
They focused on the preventive effects of fish meat in the diet in
prevention and reduction of CVD and other health benefits for hu-
mans. The study of Hidaka et al. (31) investigated the association
between fish and ®-3 PUFA consumption and pancreatic cancer
risk in a population of Japanese men and women.

The epidemiologic study published by Gerber (32) focused
on the preventive effects of ®-3 PUFA suggests adjuvant than
therapeutic role of PUFA in the diet. Some studies reported con-
flicting results with increased risk associated with high intake
of marine fish and colorectal cancer (33), but according to these
authors this controversial effect can be caused by the presence of
contaminants. Unlike marine and open-water fish, the freshwater
fish in the Czech Republic are bred under controlled conditions

and their contamination with environmental pollutants is mini-
mized or none.

The positive effect of recommended fish intake in the diet in
the prevention of certain types of cancer was published by other
authors (34, 35). Hall et al. (35) published a long-term prospective
study suggesting that intakes of fish and long-chain ®-3 fatty acids
from fish may decrease the risk of colorectal cancer. Our results of
the average -3 fatty acids in rainbow trout representation 9.73%
were approximately 1.8-times higher than -3 fatty acids in carp
(5.46%, p<0.001). This is a positive finding of beneficial content
of ®-3 fatty acids in samples of fish, especially in rainbow trout
from the Czech market chain.

Evaluation of AI and TI Indices

Al and TI were calculated from values of fatty acids com-
position in samples of common carp and rainbow trout (Table
3). Al value expresses the ability of pro-atherogenic activity or
preventive anti-atherogenic effect (inhibiting the aggregation of
plaque, diminishing the levels of cholesterol, phospholipids, and
so preventing coronary diseases (36). TI expresses the tendency
to form clots in the blood vessels. Both, Al and TI values in our
samples slightly varied during the season. These differences are
dependent on the composition of fatty acids, which reflects feed,
climate and the other living conditions of fish (36).

Our study showed that Al and TI values were the highest in
summer in both fish species. They were AI=0.57 and TI=0.74 in
carp (Table 3). Slightly higher results of AI=0.65 were obtained
from the samples of rainbow trout, in spring 0.68 (Table 3) com-
pared with the samples of carp (p=0.0010). On the other hand,
the value of TI=0.53 was lower in rainbow trout compared with
carp (p<0.0001). Seasonal variations of indices in both species
of fish are given in Table 3. Statistically significant difference
in TT was found only in case of carp meat between winter and
summer samples (p=0.0486). It is evident that Al and TI aver-
age values were low in both species of fish from this study, in
carp A1=0.52 (SD=0.06), TI=0.63 (SD=0.09), in rainbow trout
AI=0.63 (SD=0.07), TI = 0.49 (SD=0.05) (Table 3).

Our results are consistent with the data published by other
authors. According to their studies (30) the Al and TI were higher
in summer in both, gold band goatfish and golden grey mullet.
This fact is confirmed by other authors (22, 36) in marine fish.
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Fig. 1. SFA, MUFA and PUFA in carp during the year.

Fig. 2. SFA, MUFA and PUFA in rainbow trout during the year.
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Table 3. Seasonal variations of w-3 and w-6 PUFA and Al and Tl in carp and rainbow trout

Fish Parameter Winter Spring Summer Autumn SD
w-3 6.44% 5.90% 4.32% 5.22% 0.99

w-6 7.12% 7.67% 6.48% 6.83% 0.86

Carp w-6/w-3 1.05 0.79 0.67 0.76 0.19
Al 0.48 0.53 0.54 0.54 0.06

Tl 0.54 0.61 0.7 0.65 0.09

w-3 9.44% 9.99% 9.11% 10.69% 1.43

w-6 19.48% 23.82% 21.69% 15.58% 4.05

Rainbow trout W-6/w-3 2.10 245 243 1.54 0.61
Al 0.58 0.68 0.65 0.59 0.07

Tl 0.46 0.52 0.53 0.44 0.05

PUFA - polyunsaturated fatty acids; Al — atherogenic index; Tl — thrombogenic index; SD — standard deviation

Garaffo et al. (22) found low values of Al and TI in raw roe of
tuna, AI=0.69 (SD=0.07) and TI=0.27 (SD=0.03). The highest
values of Al and TI were reported by Kiiciikglilmez et al. (30) in
two species of marine fish, Al in summer was 1.22 and TI was
0.84. Dobiasova and Frohlich (37) proved that the atherogenic
index correlates with LDL-C particle size. They suggested that Al
0.3-0.1 values may be associated with low, 0.1-0.24 with mod-
erate and above 0.24 with a high risk of cardiovascular disease.
It was emphasized that the strong correlation of the atherogenic
index with the size of lipoprotein particles may explain its high
predictive value of the incidence of cardiovascular disease. The
thrombogenic index shows a tendency for clots to form in blood
vessels. Fish meat has lower index values compared to meat
from warm-blooded animals. For example, pork has AI=0.59
and TI1=0.71, chicken has AI=0.80 and TI=0.70, and beef has
AI=0.91 and TI=1.00.

The low level of myristic acid (C14) in carp (p<0.001) cor-
responds with the lower level of the Al compared to rainbow
trout samples. On the contrary, higher levels of palmitic (C16)
(p<0.001) and stearic acids (C18) (p=0.0002) resulted in the
higher TI in the carp. These results are consistent with other
authors (28) who also evaluated the fatty acids composition in
freshwater fish. It is positive to note that values of Al and TI in
fish samples from the market chain during the year were favour-
able in both species of freshwater fish.

CONCLUSSION

Our study provided a detailed analysis of two freshwater fish
species commonly available in our market chain. The atherogenic
and thrombogenic indices were calculated from the results of
the composition of fatty acids. They are important as quality
parameters of fat in the human diet, in prevention of cardiovas-
cular diseases and in the other types of health damage, such as
inflammations and chronic diseases.

According to results of this study, freshwater fish in the Czech
market chain have beneficial value of PUFA, so Al and T1 indices
are in low values in both species of analysed fish. It is evident that
regular consumption of freshwater fish available in our market
chain during the year can be beneficial in the prevention of seri-
ous damage to health.
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