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ABSTRACT

Astaxanthin is a very strong antioxidant typically fed to rainbow trout mainly to alter the color of its’ meat to red. In our study, we
incorporate a relatively low concentration of astaxanthin into the diet of common carp to enhance the chemical parameters and oxidation
stability of carp meat without altering the typical coloration of meat. Also, we observed the fatty acid profile of reared fish. We observed
an increase in protein content in animals with astaxanthin dietary addition. It was not statistically significant, but we observed a lowering
of fat content in experimental groups. Regarding lipid oxidation, we did not observe any significant effect of astaxanthin on
malondialdehyde production in samples. Fatty acid profiles were determined by gas chromatography and then compared. Only significant
differences were observed in stearic and arachidonic acid and in the experimental group with lower astaxanthin addition. Our results
conclude that dietary astaxanthin has no adverse effect on fatty acid profile or oxidation stability during storage (at -18 °C). On the other
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hand, astaxanthin has the potential to enhance the protein and lower the fat content, even in low concentrations.
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INTRODUCTION

The common carp (Cyprinus carpio) is considered one of the most significant
freshwater fish species. It is commonly maintained in polyculture, semi-intensive
systems alongside other cyprinidae species such as silver carp
(Hypophthalmichthys molitrix), grass carp (Ctenopharyngodon Idella), and
bighead carp (Aristichthys nobilis). Although common carp is native to Central
Asia and Eastern Europe, it has spread to over 120 countries where it is now grown
and consumed (Chalamaiah et al., 2015). Carp species dominate freshwater fish
production, with common carp being the fourth most-produced fish in aquaculture
globally (Frariiek et al., 2021). Because of its favorable composition of all basic
nutritional components required in human nutrition, fish meat is an important
representative of animal origin food. It has high levels of protein, fats, vitamins,
and minerals. The presence of necessary fatty acids in fish meat is also critical.
When compared to red meat, fish meat contains much less saturated fatty acids
(SFA) which have no double bond in their structure. Fish meat is high in omega-3
long chain (LC) polyunsaturated fatty acids (-3 LC PUFA), which include at least
two double bonds. Those fatty acids are very important in human nutrition (Busova
et al., 2020).

Carotenoids are tetra-terpenoid pigments produced naturally by higher plants,
algae, fungus, and some bacteria; about 600 of them have been identified and
described. Carotenoids are chemically divided into two groups: carotenes, which
have primarily carbon and hydrogen in their structure, and xanthophylls, which are
oxygenated derivatives. Carotenoids have critical roles in the biological system,
including scavenging reactive oxygen species, quenching of the chlorophyll triplet
state, light harvesting, and dissipation of surplus energy (Chen et. al., 2020). The
oxygenated derivatives of xanthophyll are classified into three classes based on the
presence of a functional group: the -OH group (zeaxanthin), the O group
(canthaxanthin), or both -OH and O groups (astaxanthin [ASX] and lutein). ASX
(C4oH520,) is a xanthophy|l carotenoid that is gaining popularity around the world
(Shah et al., 2020). Astaxanthin possesses an unusual antioxidant activity, even
more, significant than vitamin C, B-carotene, and a-tocopherol, because of this, it
has received considerable attention in various research areas (Kumar et al., 2021).
It has been approved by the US Food and Drug Administration (FDA) and the
European Commission as a natural food additive for animal and fish feed, as well
as a natural dye for animal and human diets (Brendler and Williamson, 2019).
Carotenoids, especially astaxanthin, have been identified as the main pigments
used in fish diet in order to obtain the desirable reddish color in flesh of fish species
such as salmonids and trouts (Stachowiak & Szulc, 2021). Furthermore, literature
has shown that astaxanthin has positive effects on fish growth, reproduction,
survival as well as serving as a powerful antioxidant to immunostimulants in fish.
Although much work has been done on optimizing astaxanthin usage and its effects

in fish diet, many studies in this area of investigation were mainly focused on adult
fish such as rainbow trouts and salmons (Fan & Chen, 2007; Balendra & Singh,
2021; Zhu et al., 2022). Previously published works claimed that dietary
administration of astaxanthin can directly or indirectly confer antioxidant activity
and enhance cell-mediated and humoral immune response. Based on these reports
it is suggested that astaxanthin has a potential value for aquaculture both in terms
of increased growth performance, immune response, and protection against
specific bacterial disease (Kojima et al., 2002; Park et al., 2011; Jagruthi et al.,
2014). In other study the supplementation of astaxanthin significantly improved
the body redness, the skin astaxanthin concentration and the hepatic antioxidation
property of discus fish (Song et al., 2016).

In our study we incorporated astaxanthin into common carp fish diet in pellet form
in the later stages of it rearing (6 months before slaughter). Astaxanthin is
commonly fed to rainbow trout to color its” meat red, to resemble the meat of
salmon. In our study, we decided to use a relatively low concentration to avoid
changes of typical carp meat color. Our aim was to prolong the storage period of
frozen common carp by retardation of lipid oxidation without changing the typical
color of carp fish meat. Various effects of astaxanthin on chemical composition of
common carp was also a major point of interest of our work.

MATERIAL AND METHODS
Common carp diet and slaughter

In our study 30 common carp individuals were used. All animals were reared for
12 months at fish farm in Ruzomberok (Slovakia) using same feeding mixture. Our
feeding mixture was prepared by company commercially preparing fish feeding
mixture. After the first period, animals were divided into three groups: Carp_0 —
control group without dietary astaxanthin; Carp_10 — experimental group with 10
mg.kg? addition of dietary astaxanthin; Carp_15 — experimental group with 15
mg.kg™ addition of dietary astaxanthin. All groups were fed mixture according to
their group for another 6 months. Ater 18 months, 5 animals from each group with
similar weight were selected, slaughtered, and transported to Slovak university of
agriculture (SUA) in Nitra. Animals were then dissected, skinned, and stored (at -
18 °C) and analyzed at Institute of food science of SUA.

All animals were handled following the national legislation on animal welfare (DL
n. 126, 07/07/2011, EC Directive 2008/119/EC). Common carps were slaughtered
in compliance with Regulation 1099/2009 of the European Union on the protection
of animals at the time of killing.
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Table 1 Common carp feeding mixture composition

Feed component %

Crude protein 15.50
Crude fat 3.70
Crude fiber 6.00
Crude ash 5.60
Lysine 0.85
Methionine 0.48
Calcium 1.00
Phosphorus 0.65
Sodium 1.26

Additional components of mixture were: Vitamin A 12000.00 1U. kg, Vitamin
D3 2000.00 1U. kg, Vitamin E 60.00 mg. kg™, Copper (11) sulfate 4.00 mg. kg,
Manganese (II) oxide 40.00 mg. kg, Zinc sulfate 159.00 mg. kg?, Sodium
selenide 0.30 mg. kg*. Ater 12 months, astaxanthin was added to this mixture
according to individual groups.

Chemical composition determination

The samples of fish meat were analyzed for basic chemical composition (water,
crude protein, fat, and cholesterol content). To conduct the analysis itself
INFRATEC 1265 device (Germany) was used, as suggested by Trembecka et al.
(2016). Results are expressed as g.100 g of muscle dry matter.

TBARSs assay

To determine effect of dietary astaxanthin addition on lipid oxidation of fish fillets
TBARs method was used as used by authors Juréaga et al. (2022). Results were
calculated and expressed as mg of malondialdehyde (MDA) in 1kg of fish meat.
TBARSs assay was performed on first day of fish slaughter, then monthly for the
rest of the storage period.

Fatty acid profile determination

The muscle fillets were separated from fish and used for the determination of the
fatty acid (FA) composition. The fatty acid compositions of all fish muscles were

Table 2 Chemical composition of common carp meat (g.100 g%)

determined by a direct method for fatty acid methyl ester (FAME) synthesis. The
FA composition of the FAME was determined using a Gas Chromatograph
(Agilent, 7890A series, USA) equipped with a flame ionization detector and a
chiral capillary column (J&W Scientific, USA) as suggested by Polakova et al.
(2023). Results are expressed as g.100 g of muscle dry matter.

Statistical analysis

To perform statistical analysis, XLSTAT software was used (Data Analysis and
Statistical Solution for Microsoft Excel, Addinsoft, Paris, France, 2019).
Comparation of all obtained results from the individual analyses, analysis of
variance (ANOVA) analysis with Duncan test was used. The level of significance
a was set to 0.05 for all performed statistical tests.

RESULTS AND DISCUSSION
Chemical composition of common carp meat

Determination of chemical composition of common carp meat was conducted one
day after the slaughter and dissection of fish. Observed parameters were water,
protein, fat and cholesterol. We obtain very similar results in content of water
groups. We observed lower content of fat in both experimental groups compared
to control group. However, this difference was evaluated as not statistically
significant ANOVA Duncan test with =0.05. Similar situation was observed with
cholesterol content where experimental group reached lower level of cholesterol,
but not significantly lower. Only component with statistically difference was
protein content. Experimental groups (both carp_10 and carp_15) reached
significantly (p<0.05) higher protein content than control group without dietary
astaxanthin addition (Carp_0). Similar results were observed by author
Abdulrahman (2020). In his study author reported significantly higher protein
content in common carp with astaxanthin enhanced feed without noticeable
changes in water content. In contrast to his findings, we observed lowered fat
content in experimental groups, where he reported increase. Our results are
comparable to findings of Ljubojevi¢ et al. (2016) who also evaluated chemical
composition of common carp fillets. Chemical composition of samples from our
study is listed in Table 2.

Group Water Protein Fat Cholesterol
Carp_0 69.39 +0.78¢% 20.90 + 0.49° 4.55+1.76% 0.82+0.212
Carp_10 70.09 +£0.19° 21.66 +0.23% 2.77+0.17% 0.61 £0.64%
Carp_15 70.97 +£0.12° 21.69+0.18% 2.77+0.19% 0.63 +0.032
P-value 0.20 0.03 0.10 0.13

Note: Means in a column with a different superscript letter (a,b) are statistically different (ANOVA with Duncan test, p<0.05)

Fatty acid profile

Determination of fatty acid (FA) profile of common carp meat was conducted one
day after the slaughter and dissection of fish. We observed no significant
differences among control and experimental groups in the majority of individual
fatty acid detected during our analysis. Only exceptions were stearic and
arachidonic acids. In both cases, meat from common carp with 10 mg.kg™ dietary
astaxanthin addition (Carp_10) reached lower average value than control (Carp_0)

Table 3 Fatty acid profile of common carp meat (g.100 g%

and second experimental group (Carp_15). MUFAs formed the majority of fatty
acids in all observed carp groups, followed by SFAs and PUFAs. The most
prevalent fatty acid in our common carp samples was oleic acid, followed by
palmitic acid. This is in line with fatty acid profiles reported by other authors
(Fajmonova et al., 2003; Yeganeh et al., 2012). Small variability in concentration
of various fatty acid was explained by authors Mraz and Pickova (2011).

Fatty Acid Carp 0 Carp_10 Carp_15 P-value
Lauric (C12:0) 0.15+0.01% 0.13+0.012 0.15+0.00* 0.07
Myristic (C14:0) 1.33£0.01° 1.33 £0.02° 1.34£0.02° 0.69
Palmitic (C16:0) 24.40 +0.022 24.38 £0.212 24.49 £0.13* 0.61
Heptadecanoic (C17:0) 0.26 £0.01% 0.25+0.03° 0.26+£0.01° 0.41
Stearic (C18:0) 11.04 +£0.10* 10.76 £0.12° 11.02+0.13% 0.03
Oleic (C18:1 cis) 38.43 £3.25°2 44,45 +£9.25° 39.42 +8.25% 0.10
Vaccenic (C18:1 trans-11) 4.65 +0.04° 4.65 +0.06° 4.68 +0.03? 0.60
Linoleic (C18:2 cis) 5.19 +0.26° 4.42+1.03% 5.08 £0.10° 0.30
Conjugated Linoleic (C18:2 n-6) 0.12 +£0.00% 0.11 +0.02° 0.12 + 0.00? 0.25
a-Linolenic (C18:3 n-3) 0.08 +0.032 0.09 £0.02° 0.07 £0.03? 0.69
Eicosenoic (C20:1 n-9) 0.09 £ 0.06* 0.28+0.17° 0.12+0.07° 0.15
Arachidonic (C20:4 n-6) 1.52+0.172 1.17+0.18° 1.55+0.13% 0.03
Eicosapentaenoic (C20:5 n-3) 0.07 £0.00* 0.06 £0.01° 0.07 £ 0.00° 0.34
Docosapentaenoic (C22:5 n-3) 0.12+0.01% 0.13+0.01° 0.12+0.01° 0.64
Docosahexaenoic (C22:6 n-3) 0.03 £ 0.00? 0.04 £0.012 0.03 +£0.00° 0.68
Omega 3 0.52+£0.03% 0.57+0.07° 0.53 £ 0.04° 0.43
Omega 6 7.34+0.58° 647 +£1.12° 7.40 £ 0.60° 0.33
> SFA 34.68 + 0.85% 33.14+1.78% 34.89 +0.83% 0.22
> MUFA 50.99 +0.59% 53.34+3.12° 50.38 £ 0.70° 0.18
> PUFA 9.99 +0.582 9.37+£0.74% 10.11 +£0.54* 0.34

Note: Means in a column with a different superscript letter (a,b) are statistically different (ANOVA with Duncan test, p<0.05)
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According to the authors, fish fillets are very diverse and made up of a variety of
tissues, including white muscle, red muscle, adipose tissue, and skin. The lipid
concentration of the tissues varies substantially, therefore the lipids are not evenly
distributed throughout the fillet. In common carp, there is a significant differential
in lipid concentration between white dorsal muscle (~1-2%), red muscle (16-17%),
and the abdominal wall (~30%), as reflected in the FAs composition. Authors
Choubert et al. (2006) in their work observed dietary addition of astaxanthin to
rainbow trout (Oncorhynchus mykiss). Similarly to our work, authors did not report
significant difference between control an experimental group. Complex fatty acid
profiles of observed common carp fish groups are listed in Table 3.

Table 4 Results of TBARS assay (mg MDA .kg™)

TBARSs assay results

One of our aims was to observe potentially extended shelf life of common carp fish
after astaxanthin dietary addition. Common carp fish meat was stored at -18 °C for
4 months. Measurement itself was conducted at 1% day and then monthly for the
whole storage period. During our observation period, we did not measure
significant (p>0.05) difference among all carp fish group. Based on our result we
can conclude that neither 10 or 15 mg.kg™? dietary addition of astaxanthin
positively or negatively affect oxidation stability of frozen common carp meat.
Authors Aracati et al. (2022) observed oxidation stability of fillets obtained from
tilapia reared with astaxanthin enhanced feed. Authors did not observe significant
differences in TBARs values of control and both experimental groups during 50
days refrigerated storage. Also, authors Hassanzadeh et al. (2022) did not report
lipid protective ability of dietary astaxanthin in rainbow trout fillets. Results of
TBARSs assay from whole storage period are presented in Table 4.

Group Start Month 1 Month 2 Month 3 Month 4
Carp_0 0.293 £ 0.090° 0.471 £0.097° 0.233 +£0.052° 0.445 +0.223% 2.176 £ 0.654%
Carp_10 0.428 +0.150° 0.388 +0.021° 0.216+0.014% 0.629 + 0.189% 1.092 + 0.146%
Carp_15 0.564 £0.137° 0.546 +0.165° 0.261 + 0.0832 0.568 + 0.332* 1.596 £ 0.584°
P-value 0.17 0.44 0.66 0.77 0.17

Note: Means in a column with a different superscript letter (a,b) are statistically different (ANOVA with Duncan test, p<0.05)

CONCLUSION

In our study, we incorporated astaxanthin into the diet of common carp fish to
observe potential changes in oxidation stability during storage, chemical
parameters, and fatty acid profile. During our experiment, we observed a
significantly increased protein content in carp fish with dietary astaxanthin
addition. Also, a lowering of fat content was observed. These changes, however,
were not significant. Regarding oxidation stability, there were no significant
differences between the control group and experimental groups during the whole
storage period of 4 months. When compared fatty acid profiles of all observed
common carp groups, we observe very little variance. Only significant differences
were observed in stearic and arachidonic acid and only in the experimental group
with lower astaxanthin addition. Based on our results, we can, therefore, conclude
that dietary astaxanthin has no negative effect on fatty acid profile or oxidation
stability during storage (at -18 °C). On the other hand, astaxanthin has the potential
to enhance the protein and lower the fat content, even in low concentrations.
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