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Seasonal changes in fatty acid composition and fat soluble vitamins content of grass carp and 
common carp

D. Dobreva*, A. Merdzhanova, L. Makedonski, M. Stancheva

Department of Chemistry, Faculty of Pharmacy, Medical University, 55 Marin Drinov, 9000 Varna, Bulgaria

Abstract. The aim of the present study is to evaluate the seasonal changes in total lipids and fatty acid (FA) composition, and fat soluble vitamins (A, D , E) 3

content in the edible tissue of two freshwater fish species – grass carp and common carp. The FA and vitamins contents of the investigated fish species showed 
significant seasonal changes. All spring samples were characterized by lower saturated fatty acid (SFA) levels (from 35.9%  to 36.0%) and higher 
polyunsaturated fatty acids (PUFA) (from 14.6% up to 30.1%), including the essential omega 3 PUFA compared to the autumn specimens. The autumn carp 
and grass carp showed significant decrease of the monounsaturated fatty acids (MUFA) levels. All autumn samples showed lower PUFA (from 13.3% to 30.0%) 
values, due to reduction of linoleic acid (C 18:2 n6) levels in carp and grass carp. PUFA/SFA and n-3/n-6 ratios decreased in all fish species in the autumn 

-1 season. The fat soluble vitamins content of the analyzed species in the two seasons were in the ranges: from 8.56±0.68μg/100g to 24.44±5.8 μg.100g wet 
-1 -1 -1weight (ww) for all-trans-retinol; from 5.41±0.33 μg.100g ww to 30.87±5.1 μg.100g ww cholecalciferol and from 1051.8±38.470 μg.100g ww to 3133.1± 

-157.8 μg.100g ww α-tocopherol, respectively. All analyzed cyprinid species in both seasons are good sources of fat soluble vitamins and PUFAs, which makes 
them a desirable part of the human diet.

Keywords: common carp, grass carp, fatty acids, fat soluble vitamins, seasonal changes
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Introduction (Cyprinus carpio) and the grass carp (Ctenopharyngodon idella) are 
highly bred members of this family in freshwater farms and dam 
lakes in our country (NAFA, 2007). The common carp is omnivore Fishes are regarded as important natural food sources of 
fish, which is tolerant to large variations of quality of ambient various beneficial components such as omega-3 (n-3) fatty acid (FA) 
conditions. This species is not susceptible to disease and is tolerant and fat soluble vitamins, which are necessary for a healthy diet. The 
to handling. Grass carp use the natural food in fish ponds very well nutritional benefits of fish consumption are mainly attributed to the 
and their percentage ranges from 20–30% compared to carp. This effects of n-3 polyunsaturated fatty acids (PUFA) (Kris-Etherton et 
herbivore fish exploit the ecological potential of fish ponds very well al., 2003). the
and make production more economical (Ćirković et al., 2012). A few 
studies have examined the factors influencing FA and fat soluble PUFA 
vitamins contents in cultured carp species (Circovic et al., 2012; 
Ljuboevic et al., 2013). The chemical composition of cyprinids is 
quite well known mainly due to the importance of this species in 
some Central and Eastern European countries. Despite the 
importance of these species, the data concerning seasonal changes Kris-Etherton et al., 2003;
of fat soluble vitamins, FA composition and lipid quality indices on Several studies have shown that freshwater fishes have a 
carp species in the Bulgarian scientific literature is lacking. Due to high capacity for transformation of C18 essential fatty acids (EFA) as 
these facts, the aim of the present work was to determine and 18:3 n-3 (ALA) and 18:2 n-6 (LA) into 20:5 n-3 (eicosapentaenoic, 
compare the seasonal changes of FA composition and fat soluble EPA), 22:6 n-3 (docosahexaenoic, DHA) and 20:4 n-6 (AA, 
vitamins content of two commercially important freshwater fish arachidonic acid) and thus they could be a good source of these 
species: the grass carp and the common carp.PUFAs to the consumer (Tocher, 2003; Steffens, 2006).

The fat soluble vitamins control a variety of biologically 
important processes in the human body. All-trans retinol participates 

Materials and methodsin photoreception, reproduction, bone growth, regulates gene 
expression, etc. Cholecalciferol promotes and enhances the 

Fish speciesabsorption of calcium and phosphorus. Alpha-tocopherol is an 
Samples of common carp and grass carp were obtained from important antioxidant – it protects membrane structures, essential 

Pyasachnik Dam (spring – autumn, 2011, Plovdiv region). All fishes fatty acids and vitamins A from oxidation (Ribarova, 2007; Anderson, 
were immediately frozen at – 20°C and stored in a fridge at the same 2008).
conditions. Six specimens of each species each season were used The cyprinid fish species are the predominant fish in the world 
for lipid, FA and fat soluble vitamin analysis. The biometric and aquaculture with 54% of total production (FAO, 2011). One of the 
biologic characteristics of the fishes were determined and noted in most farming warm-water fishes in Bulgaria is the carp family (about 
Table 1.50% of the total aquaculture production). The common carp 

Numerous studies have explored and supported  
antiatherogenic, antithrombotic, and antiarrhythmic effects of these 
PUFAs (Lee et al., 2006). can affect platelet function by 
interacting with membrane proteins, but their effect depends on the 
FA chain length and the degree of saturation. Individual saturated 
fatty acids (SFA) such as lauric (C12:0), myristic (C14:0) and 
palmitic (C16:0) increase LDL cholesterol and platelet aggregation 
(Dutta-Roy, 2002;  Lee et al., 2006; FAO, 
2010). 
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Standards and reagents PUFA and n-3PUFA) Ulbritcth and Southgate (1991). h/H presents 
Fatty Acid Methyl Esters (FAME) mix standard (SUPELCO 37 the functional effects of different PUFAs of cholesterol metabolism 

FAME Mix), nonadecanoic acid and methyl ester nonadecanoic acid (hypo- and hyper-cholesterolemic effect), and calculated according 
TM to Santos-Silva et al. (2002).standards were purchased from Sigma–Aldrich . All-trans-retinol 

was purchased from Fluka, cholecalciferol, alpha-tocopherol, and 
TM Fat soluble vitamin analysisother HPLC-grade reagents – from Sigma-Aldrich . All used 

Prior to analysis the fishes were defrosted; the head, tail, fins, chemicals were of analytical, HPLC and GC grade (Sharlau, Spain).
and viscera of the fish were removed. The fishes were filleted and 
homogenized and used as raw material for the preparation of Lipid extraction and fatty acid analysis
random fish tissue sample. The sample preparation was performed Portions of freshly prepared homogenate (5.000±0.001g) were 
using the method of Dobreva et al. (2011).extracted in triplicate with chloroform: methanol (1:2 v/v) according 

An aliquot of the homogenized sample (1.000±0.005g) was to Bligh and Dyer (1959) procedure and 1% of methanolic BHT (2-
weighed into a glass tube with a screw cap and 1% of methanolic L-terth-Butyl-4-hydroxyanisole) was added to all samples as 
ascorbic acid and 1M methanolic potassium hydroxide were added. antioxidant. After phase separation the chloroform layers were 
Ten parallel samples of edible fish tissue were saponified at 80°C for evaporated on a rotary vacuum evaporator (Bushi 5200) until 
20 min. Fat soluble vitamins were extracted triple with n-hexane and dryness and quantified gravimetrically. Total lipid content of edible 
the combined extracts were evaporated under nitrogen. The dry tissue was determined for each group (n=6) and the results are 

-1 residue was dissolved in methanol and 20 μl were injected into the presented as g per 100 g wet weight (g100 g ww). The chloroform 
HPLC system.fraction was methylated by base-catalyzed transmethylation using 

HPLC system (Thermo Scientific Spectra SYSTEM) equipped 2M KOH in methanol and n-hexane (EN ISO 5509:2000). The 
with analytical column ODS2 Hypersil™ 250 х 4,6 mm, 5u was used. hexane layer was separated and analyzed by GC-MS. Gas 
The mobile phase was composed of 97:3 = MeOH:H O with a flow chromatography was performed by a model FOCUS Gas 2

Chromatograph with autosampler A3000, equipped with Polaris Q rate 1.0 ml/min. The qualitative analysis was performed by 
MS detector (Thermo Scientific, USA). The capillary column used comparing the retention times of standard solutions all-trans-retinol, 
was a TR-5 MS, 30m length, film thickness 0.25 μm, 0.25mm i.d. The cholecalciferol and alpha-tocopherol. Retinol and cholecalciferol 
optimum temperature gradient was 40°C to 280°C (5°C/min). were monitored by UV detection at λ = 325nm and λ = 265 nm, max max 

Injector temperature was 220°C, detector temperature was 250°C. respectively. Alpha-tocopherol was detected by fluorescence at λ = ex 

Helium was used as a carrier gas at a flow rate 1 ml/min. Three 288 nm and λ = 332 nm. The quantitation was done by the method em 

parallel analyses were made from each methylated sample. Peaks of external calibration.
were identified according to: Retention Time (RT) based on available 
FAME mix standard (SUPELCO 37 FAME Mix C4 – C24) and mass Statistical analysis
spectra (ratio m/z) – compared to internal Data Base (Thermo All analytical determinations were performed in triplicate. The 
Sciences Mass Library, USA). The quantitation was done by the results were expressed as average and standard deviation (mean ± 
method of external calibration. The results were expressed as the SD), and the data were presented as µg or mg per 100 g wet weight 

-1 -1percentage of each FA with respect to the total fatty acids, and as (µg.100 g ww; mg.100 g ww).
-1g.100 ww (EN ISO 5508:2000). The obtained data was analyzed using Graph Pad Prism 5 

software. Unpaired t-test statistical analysis was applied to estimate 
Nutrition quality indices (NQI) the differences between the analyzed samples. Thus the 
Nutrition qualities are estimated by several indices and ratios of comparison was made for total lipids, fat soluble vitamins and 

fatty acid composition: the indices of atherogenicity (IA), individual FA and FA groups. The differences were considered 
thrombogenicity (IT), cholesterolemic index (h/H); n-6/n-3 and significant at p<0.05.
PUFA/SFA ratios, according to Simopolous (2013).

Ulbritcth and Southgate (1991) suggest two indices – IA and IT 
which might better describe the atherogenic and thrombogenic Results and discussion
potential of different unsaturated FA. IA indicates the relationship 
between the sum of the main saturates and that of the main 

Total lipid content
unsaturated, the former being considered pro-atherogenic (favoring 

The seasonal differences in total lipid (TL) content of fish 
the adhesion of lipids to cells of the immunological and circulatory 

depend on a variety of factors such as water temperature, food type 
systems), and the latter anti-atherogenic (inhibiting the aggregation 

and availability, reproductive behavior and individual differences 
of plaque and diminishing the levels of esterified FA, cholesterol and 

(Steffens, 2006). Significant seasonal variation in the TL levels of 
phospholipids, thereby preventing the appearance of micro- and 

common carp was observed. The higher TL content was observed in 
macrocoronary diseases). IT shows the tendency to form clots in the -1 -1spring (12.70g.100g ww), lower in autumn (10.50g.100g ww, 
blood vessels. This is defined as the relationship between the pro- -1p<0.01). The same high TL content (12.6g.100g ww) was observed 
thrombogenic (saturated) and the anti-thrombogenic FA (MUFA, n-6 

Table 1. Biometric and biologic characteristics of analyzed fish

Fish species

Common carp (n=6)

Grass carp (n=6)

2564.0±18.0

3210.0±12.0

2452.0±12.0

2595.0±13.0

55.0±6.0

60.5±3.0

51.0±5.0

55±2.0

Demersal

Demersal

Omnivorous

Herbivorous

Spring SpringAutumn Autumn

Mean total weight (g ± SD) Mean total length (cm ± SD)
Food habitsHabitat
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for carp in our earlier investigation (Stancheva and Merdzhanova, work the analyzed species contained higher unsaturated FA in both 
2011). Ribarova et al. (2003) reported two-fold lower TL content in seasons. In autumn their levels decreased to 12% for the grass carp 

-1 and 17% for the common carp. No seasonal pattern in FA distribution carp (5.80 g.100 g ww.), whereas Atanasov et al. (2009) and Jabeen 
was established. and Chaundhry's (2010) results were in the range 10.5 – 14.0 g.100 

-1 The amount of SFA was the highest in the autumn carp g ww. Grass carp presented similar TL values in both seasons: from 
-1 -1 (45.20%) and the lowest in the spring grass carp (35.88%). C16:0, 4.72 g.100 g ww (spring) to 5.06 g.100 g ww (autumn). Hoseini et al. 

C18:0 and C14:0 were the most dominant SFA which showed (2013) presented slightly higher TL values for the grass carp 
-1 significant seasonal and species specific differences. Spring grass (5.57g.100 g ww) from a fish farm.

carp presented the following SFA pattern: C16:0>C14:0>C18:0, 
which are redistributed in autumn as follows: C16:0>C18:0>C14:0. Fatty acid composition
This is due to the significant increase of C18:0 levels (up to 6.3%, It is known that FA composition differs among herbivorous, 
p<0.01) in autumn. Table 2 shows the seasonal changes of total carnivorous and omnivorous fish species. In the present work most 
saturated, mono- and polyunsaturated FAs in cyprinid species.of the individual FAs changed their levels during the seasons. It was 

The common carp does not change its SFA profile in both found out that fish lipids varied greatly in the percentage of saturated 
seasons (C16:0>C18:0>C14:0) regardless of long-chain FA levels FA (SFA) and unsaturated FA and usually contain 20 – 40% SFA and 
increase. Lipids of spring carp were composed predominantly of 60 – 80% unsaturated FA (Henderson and Tocher, 1987). In this 

*** p<0.001

Table 2. Seasonal changes of fatty acid composition of analyzed fish (mean± SD)

Fatty acid,

% of total FA

C 10:0

C 12:0

C 14:0

C 16:0

C 17:0

C 18:0

C 20:0

C 21:0

C 22:0

C 23:0

C 24:0

Σ SFA

C 14:1

C 16:1

C 17:1

C 18:1 n9

C 20:1

C 22:1 n9

C 24:1

Σ MUFA

C 18:3n6

C 18:2n6

C 18:3n3

C 20:5n3

C 20:4n6

C 20:3n6

C 20:2

C 20:3n3

C 22:6n3

C 22:2

Σ PUFA

0.08±0.01

1.17±0.08

1.23±0.15

28.73±1.68

0.12±0.01

3.87±0.30

0.19±0.01

nd

0.21±0.01

0.12±0.01

0.21±0.01

35.95

0.15±0.01

10.42±0.45

0.15±0.01

37.91±2.20

0.38±0.02

0.41±0.05

nd

49.41

0.26±0.01

9.41±0.50

0.75±0.05

0.51±0.01

0.35±0.02

0.20±0.01

0.25±0.01

0.27±0.01

2.35±0.18

0.20±0.01

14.55

0.05±0.01

2.44±0.24***

2.71±0.17***

32.44±2.10***

0.36±0.01

4.85±0.35

0.55±0.02

nd

0.57±0.02

0.30±0.02

0.66±0.22

45.20***

0.35±0.03

20.51±1.05***

0.30±0.02

18.09±1.38***

0.96±0.03

1.00±0.10***

0.31±0.02

41.52***

0.38±0.02

6.42±0.43***

0.50±0.04

1.48±0.15

1.53±0.16***

0.29±0.01

0.30±0.01

0.50±0.03

1.59±0.12

0.23±0.01

13.28

0.14±0.01

1.13±0.05

3.44±0.25

28.29±1.59

0.13±0.01

1.78±0.07

0.15±0.01

0.10±0.01

0.17±0.01

0.09±0.01

0.16±0.01

35.88

0.41±0.24

14.30±0.68

0.34±0.01

18.03±0.75

0.35±0.01

0.60±0.04

nd

34.03

0.14±0.01

15.96±0.65

3.55±0.35

1.37±0.08

1.42±0.25

0.32±0.01

0.29±0.01

0.55±0.02

6.35±0.34

0.14±0.01

30.09

0.25±0.01

2.02±0.24***

3.95±0.34

25.20±1.80***

1.35±0.17

4.80±0.24***

1.50±0.14

0.33±0.01

1.61±0.18

0.44±0.02

1.04±0.20

42.71***

1.61±0.25

9.75±0.55***

1.36±0.24

7.18±0.45***

1.51±0.35

4.62±0.55***

1.42±0.25

27.45***

1.85±0.35

7.84±0.44***

2.57±0.30

1.95±0.15

3.50±0.20***

1.36±0.20

0.64±0.03

1.66±0.15

8.10±0.40***

0.37±0.02

29.84

Spring SpringAutumn Autumn

Common carp Grass carp



274

monounsaturated fatty acids (MUFA). The most abundant FA in this Similarly, their content in the spring carp was 2.86% (19.65% of total 
group was oleic acid (C18:1n-9), which accounted for 76.6% of total PUFA), and insignificantly increased in autumn – 3.08% (23.19% of 
MUFAs followed by palmitoleic acid (C16:1n-7). MUFA profile of total PUFA). The amount of EPA + DHA in the common carp in both 
autumn carp showed different pattern (C16:1n-7>C18:1n-9) due to seasons was found to be lower compared to the results of Guler et al. 
significant increase of C16:1n-7 (28%, p<0.001) and C18:1n-9 (2008) and Yeganeh et al. (2012), but higher than those reported by 
decrease (33%, p<0.001). Cirkovic et al. (2012) for grass carp. Discrepancy between the 

The grass carp MUFA content is lower compared to the presented results and those reported by Ljuboevic et al. (2013) was 
common carp, but MUFA profile showed identical changes between established. The authors presented much lower values for DHA and 
seasons. The grass carp contained relatively close values of both EPA in Serbian grass carp (1.90%) and carp (1.32%). Guler et al. 
C16:1n-7 and C18:1n-9 FAs especially in autumn, which may be (2008) reported significantly higher EPA and DHA levels for the wild 
affected by the available food. Freshwater fish are able to carp. The possible reasons for the least favorable PUFA composition 
biosynthesize C18:1n-9, but it also has an exogenous origin and its of the analyzed common carp could be related to the type and 
content reflects the fish tissue FA composition (Mraz, 2011). High quantity of the available food, especially in autumn. Furthermore, 
levels of C18:1n-9 and C16:1n-7 have been reported as a some authors suggest that temperature influences significantly FA 
characteristic property of freshwater fish tissues (Yeganeh et al., composition. Higher temperature leads to decreased proportion of 
2012). unsaturated FA (Tocher, 2003; Mraz, 2011).

In both analyzed species PUFA levels decreased in the autumn Despite the differences in the FA profile, it can be concluded that 
season. The availability of dietary PUFAs may change seasonally. the analyzed fish species are good sources of essential n-3 and n-6 
The different phytoplankton groups are characterized by distinct PUFA. n-3 and n-6 PUFA levels, n-6/n-3 and PUFA/SFA ratios, IA, IT, 
PUFA profiles or concentrations of single PUFAs. It is known that the h/H indices in the studied freshwater fish are presented in Table 3. In 
natural diet of freshwater fish (freshwater algae, crustacean, aquatic both seasons the analyzed carp species were characterized by 
larvae of insects) is composed predominantly of PUFA with 18 lower levels of n-3 PUFAs (39 – 48% of total FA) compared to n-6 
carbon chains (Steffens, 2006). Linolenic acid (C18:2n-6, LA) was PUFA levels (48.8 – 60.0% of total PUFA). 
the most abundant PUFA in spring grass carp (53% of total PUFAs) The ratio of n-6/n-3 PUFAs in total lipids of freshwater fishes 
and in both seasons of carp (48.3-64.7% of total PUFAs). Moreover, ranges mostly between 0.5 and 3.8 (Tocher, 2003). Also, the n-6/n-3 
LA is a normal constituent of the freshwater herbivorous species ratio has been suggested to be a useful indicator for comparing 
such as grass carp (Steffens and Wirt, 2005) and therefore it relative nutritional values of fish. Simopoulous (2013) suggested 
contains higher LA levels compared to the carp in all seasons. The that a decrease in the human dietary n-6/n-3 PUFA ratio is essential 
presented results are in agreement with the data presented by to help prevent coronary heart disease by reducing the plasma lipids 
Yeganeh et al. (2012) for carp, and Ljubojevic et al. (2013) for grass and to reduce the risk of cancer. In the present study this ratio ranged 
carp. The second most abundant PUFA is DHA, which showed from 1.02 to 2.56, due to higher n-6 PUFA values, and was found 
seasonal and species specific differences. This FA is the highest in similar to earlier results presented in literature for cyprinida species 
autumn grass carp (27% of total PUFA), and the lowest in autumn (Guler et al., 2008; Cirkovic et al., 2012; Ljubojevic et al., 2013). 
carp (12% of total PUFA). Significant seasonal variation was Several studies have found inverse correlation between the 
observed in the grass carp PUFA profile. FA distribution of spring PUFA/SFA ratios and cardiovascular diseases and suggested that 
grass carp is: LA>DHA>ALA, whereas in autumn it changed as the replacement of SFA with PUFA in the human diet will decrease 
follows: DHA>LA>ARA. Carp tissue PUFA profile is stable in both similar health problems (Simopolous, 2013). This ratio is another 
seasons (LA>DHA). EPA and DHA, found only in fish and seafood, key indicator for evaluation of fish nutrition quality. The Department 
possess extremely beneficial properties for the prevention of human of Health (1994) and Wood et al. (2008) recommend values of 
coronary artery disease. In this work grass carp was the better PUFA/SFA ratio greater than 0.40. In this study the PUFA/SFA ratio 
source of EPA and DHA compared to carp. The percentages of EPA was found higher than the cut-off value in both carp species (Table 
+ DHA in spring grass carp were 7.72% (25.65% of total PUFA), and 3). The ratio decreased in autumn, and this is explained by the 
their values increased to 10.05% (33.68% of total PUFA) in autumn. significant reduction in LA n-6 FA levels in autumn. Guler et al. (2008) 

*** p<0.001

Table 3. Fatty acid groups, ratios and lipid quality indices (mean ± SD)

Fatty acid

∑ n3

∑ n6

n6/ n3

PUFA/ SFA

AI

TI

h/H

EPA

DHA

ЕРА+ DHA

  3.88±0.30

10.22±0.70

  2.56±0.08

  0.41±0.02

  0.54±0.01

  0.81±0.03

  1.65±0.10

0.057±0.004

0.262±0.015

0.319±0.028

  3.91±0.25

  8.69±0.45

  2.18±0.15

  0.29±0.01

  0.83±0.03

  1.07±0.12

  0.80±0.03***

0.140±0.010***

0.151±0.012***

0.291±0.025

11.82±0.55

17.84±1.10

  1.51±0.05

  0.84±0.08

  0.67±0.01

  0.54±0.01

  1.42±0.04

0.052±0.005

0.240±0.015

0.292±0.018

14.28±0.61***

14.55±0.95***

  1.02±0.05

  0.67±0.05

  0.75±0.02

  0.53±0.01

  1.00±0.05

0.082±0.005

0.331±0.020

0.413±0.030***

Spring SpringAutumn Autumn

Common carp Grass carp
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found similar results for common carp from Beysehir Lake (Turkey). al. (2011). The retinol content of farmed common carp and grass 
The nutritional value of analyzed carp species is also determined by carp was reported by Roos et al. (2003). The studied fish species 
lipid quality indices, which depend on the relative proportions of were classified by high, medium and low retinol content. No 
some individual saturated and unsaturated fatty acids. With regard comment was made about the exact values (Roos et al., 2003). The 
to the quality indices considered, IT showed insignificant statistical studied common carp and grass carp are in the third group - below 
differences (p=0.05) between two seasons grass carp, whereas the 100 RE for 100 g raw edible parts, which is in agreement with the 
carp presented significant seasonal differences (p<0.01). h/H and IA data presented in Table 4 (Roos et al., 2003).
indices presented species specific variations. IA levels increased in Cholecalciferol content of the two analyzed fish is close to that 
both autumn samples, whereas h/H index showed an opposite of retinol (table 4). Similar to the vitamin A results, the lowest content 

-trend, due to higher C14:0 values, which have the most of cholecalciferol was found in common carp fillets (1.4 µg.100g
1proatherogenic potential. These values were lower than those found ww). Оstermeyer and Schmidt (2005) reported vitamin D  content in 3

-1in lamb, beef and rabbit meat (Wood et al., 2008). Higher values of IA the common carp wet fillet – 0.98 µg.100g ww, which is in the same 
and IT (>1.0) are detrimental to human health, whereas higher h/H order as our data. Szlinder-Richert et al. (2011) analyzed farmed 

-levels (>1.0±0.2) are recommended (Hoseini et al., 2014). The common carp and received cholecalciferol content (7.46 µg.100g
1presented values (Table 3) are beneficial for human nutrition and ww) very close to the autumn carp samples in Table 4.

clearly show the differences in FA patterns in the edible tissue of the The vitamin E content was higher in the autumn samples (Table 
analyzed species. To our knowledge, no data is available in literature 4). There was a significant difference in tocopherol content in the 
for lipid quality indices for cyprinids species from the inland waters in common carp, as it increased two-fold in autumn. On the other hand, 
Bulgaria. Moreover, the European Food Safety Authority (EFSA, no significant changes were observed for the grass carp. Szlinder-
2012) recommended daily intake of 0.250 to 0.500 g EPA and DHA. Richert et al. (2011) and Ozyurt et al. (2009) studied raw edible 

-1
-1The percentage values of these FA were recalculated to g.100 g of tissue of farmed common carp and found 280 µg.100g ww and 800 

-1fillets according to FAO/INFOODS Guidelines (2012). A 100 g of µg.100g ww, respectively. Tocopherol content determined by 
edible portion of fillets of both species contained from 0.291 g Ozyurt et al. (2008) was close to the data in Table 4, while Szlinder-
(autumn carp) to 0.413 g (autumn grass carp) of EPA+DHA n-3 Richert's (2011) results were repeatedly lower.
PUFA. In order to meet the above norm 150 g portion of both species There are dietary standards in Bulgaria for relative daily intake 
regardless the seasons provides 0.5 g EPA and DHA n-3 PUFA. (RDI) of fat soluble vitamins, which are in accordance with the 

European Union standards with the exception of those for vitamin D  3
Vitamins content (5 μg for adults in Bulgaria against 10 μg per day in the European 
Significant differences in retinol, cholecalciferol and alpha- Union) (Ordinance No 23, 2005; DRI, 2011). The fat soluble vitamins 

tocopherol contents between seasons were established. Increased provided by 100 g raw fish tissue as a percentage of the average 
values in autumn samples were observed for all vitamins except for daily allowance were compared with the RDI values for all-trans 
vitamin D  in the grass carp. The vitamin contents in all analyzed 3 retinol, cholecalciferol and alpha-tocopherol amounts. The data is 
fishes are presented in Table 4 as micrograms per 100 grams wet given in Table 5.

-1weight (µg.100g ww). According to the Bulgarian dietary standards for average daily 
Vitamin A content in all analyzed samples varied in very narrow intake of fat soluble vitamins, both analyzed cyprinid fish showed 

-1 -1range: from 2.4 µg.100g ww to 10.1 µg.100g ww. The highest value very low percentages for the daily recommended intake of retinol 
was found for autumn grass carp fillets. Both analyzed fish species (0.3 – 1.3% RDI). One portion of fillets provides several times more 
showed higher retinol content in autumn. Atanasov et al. (2009) alpha-tocopherol (4.7 – 7.9 % RDI) compared with vitamin A. In 
presented vitamin A content in common carp and rainbow trout. The contrast, cholecalciferol content in the studied fish samples 
data are shown in IU (30 IU vitamin A in carp fillets), which surpasses the recommended daily needs – 154% for common carp 

-1corresponds to 9 µg.100g ww – a value close to our data for the two and 156% for grass carp. Spring grass carp provides three times 
-seasons. Also, very close is the amount of vitamin A (7.96 µg.100g higher amount of vitamin D  RDI.3

1ww) in the common carp raw fillets, presented by Szlinder-Richert et 

*** p<0.001

-1Table 4. Vitamin contents in raw fish tissue, µg.100g ww, (mean ± SD)

Fish species

Common carp

Grass carp

  1.4±0.

113.9±1.1

2.4±0.

18.1±0.4

7.7±0.4***

7.8±0.3***

8.2±0.7***

10.1±0.3***

808.0±25.6

698.0±41.9

814.8±65.0

   1192.4±62.8***

SpringSpring SpringAutumnAutumn Autumn

all-trans-Retinol Cholecalciferol alpha-Tocopherol

Table 5. Percentage contribution of fat soluble vitamins from analyzed fish

Fish species

Common carp

Grass carp

28.0

278.0

0.3

1.1

154.0

156.0

1.1

1.3

5.4

4.7

5.4

7.9

SpringSpring SpringAutumnAutumn Autumn

all-trans-Retinol Cholecalciferol alpha-Tocopherol
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