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ABSTRACT ARTICLE HISTORY

This study aimed to introduce minced common carp (Cyprinus caprio L.) meat Received 16 July 2021

as a nutritional valuable by-product from carp filleting. This research was Revised 13 January 2022
focused on fatty acid composition and considered its sensitivity to oxidation Accepted 14 January 2022
during frozen storage (—20°C). Additionally, copper chloride was used to KEYWORDS

magnify possible oxidation reactions. A better understanding of minced Cyprinus carpio L; minced
carp meat quality and deterioration during frozen storage could help to meat; storage stability;
promote the usage of this underestimated by-product. The utilization of essential fatty acids; w-3/w-6
this by-product for human consumption could be a useful way to increase ratio; oxidation

the carp aquaculture economy and sustainability. The fatty acid profile

showed a favorable content of essential fatty acids, as well as a beneficial

ratio of w-3/w-6 polyunsaturated fatty acids. Furthermore, during 4 months

of frozen storage (—20°C), no significant changes were detected in fatty acid

composition. Negligible changes were observed in the oxidation of lipids and

proteins. The nutritional value and storage stability of minced carp meat was

shown.

Introduction

Fish are an important source of essential fatty acids (FA) and valuable proteins, both of which are
considered important for human health.™") Fish are a particularly important source of essential fatty
acids - a-linolenic (LNA, 18:3 w-3), linoleic (LA, 18:2 w-6) and nutritionally important w-3 long-chain
polyunsaturated fatty acids (PUFA), eicosapentaenoic acid (EPA, 20:5 w-3) and docosahexaenoic acid
(DHA, 22:6 ©-3).””) EPA and DHA are known to be crucial in the nervous system of children in
prenatal development. They have positive effects on the cardiovascular system and prevent obesity and
metabolic syndrome.'*”*! Besides, it is not only the content of w-3 PUFA itself but the w-3/w-6 ratio in
the diet that is of importance. Since the w-6 and w-3 PUFA are metabolized by the same enzymes,
a high proportion of dietary w-6 PUFA will lead to increased w-6 metabolites. In many cases, these
possess opposite, and therefore non-beneficial, effects over w-3 metabolites.””! Therefore, in general,
a diet with an w-3/w-6 ratio higher than 0.25 is recommended.">®

Common carp (Cyprius caprio L.) is considered one of the most cultured and highly consumed fish
species in Central Europe. Carp produced in earthen ponds are rich in w-3 PUFA, based on natural
feed such as benthos and plankton.””*! Furthermore, carps possess A-6 desaturase — which is crucial
for synthesizing longer chain PUFA from essential 18:3 w-3.) This enzymatic equipment permits the
production of w-3 enriched carp in semi-intensive production systems by the fish feed modulation.”*!
Nowadays, minced carp meat is an underutilized by-product of carp filleting. The flesh that remains
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on the skeleton of the carp after filleting is mechanically separated and minced. This mince is a rich
source of lipids, proteins and other essential components; hence it can be used as raw material for
other products with increased nutritional value."”’ However, due to the prejudice of it being oxidized
very easily and the resulting rancid off-flavor, its utilization for products for human consumption is
rather low. Similar minced products such as fish sausage, cakes, patties, balls and pastes from other fish
species also exist and are successfully used. These fish species include Atlantic horse mackerel
(Trachurus trachurus), sea bass (Dicentrarchus labrax), gilthead seabream (Sparus aurata) and rain-
bow trout (Oncorhynchus mykiss).!'"'?!

This study aimed to evaluate the lipid and fatty acid composition of fresh carp minced meat and its
stability during frozen storage at —20°C in relation with regards to lipids and proteins oxidation. Also,
a comparison of normally stored and oxidation-induced minced meat was performed. We assumed
that carp meat, with its high-fat content as a minced product, would oxidize much faster than whole
fillets. Earlier trials have used 90 days of storage for similar products from various species''"'? and the
recommended frozen storage time for whole fatty fish is 3-6 months.""* Therefore, in our study, we
assessed the oxidative stability of lipids and proteins of meat during 4 months of frozen storage.

Materials and methods
Chemicals

The Boron trifluoride-methanol solution~10% (~1.3 M); for GC derivatization, LiChropur™ was
obtained from Supelco, and the other chemicals from Sigma-Aldrich: Hexane HPLC Plus, for HPLC,
GC, and residue analysis, 295%; Methanol suitable for HPLC, gradient grade, suitable as ACS-grade LC
reagent, 299.9% 1-Propanol suitable for HPLC, 299.9% Diethyl ether suitable for HPLC, 299.9%,
inhibitor-free; Acetic acid glacial, ACS reagent, 299.7%; Copper(I) chloride >99.995% trace metals
basis; Sodium sulfate ACS reagent, 299.0%, anhydrous, powder; Sodium chloride ACS reagent, 299.0%.

Sample preparation and storage

The common carp (Cyprinus caprio L.) were reared in ponds for 3—4 years, supplemented with cereals
(wheat and barley), and subsequently slaughtered at an average weight of 2.2-3.5 kg by a local
fisherman’s company (Rybatstvi Chlumec nad Cidlinou, a.s.). Fish were handled according to the
law. Two dozen fish were then skinned and filleted, the rest of the corpse was used for meat separation
and minced by the BAADER 603 device (Baader, Lubeck, Germany); all of which took place in the
local fisherman’s company. The obtained minced carp meat was mixed and partitioned to 12 packages
(200 g £ 10 g) for starting point and to 24 packages of 200 g + 10 g for freezing experiment at —20°C. 6
samples were used per variant. The samples were packed into the common polypropylene zip bags
18 x 25 cm in size and 50 pm in thickness and the air was removed before freezing. To get a better
estimation of the ongoing oxidation processes, in half of the samples lipid oxidation was induced by
adding 10 pg of copper chloride per 1 g of the sample. The copper chloride was added to the samples
before analyses (fresh samples) or freezing, and each sample was mixed to provide equal distribution
of copper chloride through the sample. Samples of both the normal (N) and induced (IND) groups
were analyzed as performed (n = 6) at the beginning of the experiment (time/month 0; fresh sample),
and after 2 and 4 months of storage at —20°C.

Lipid classes and fatty acid analyses

The lipid extraction was performed according to the method of Hara and Radin!'* with slight

modification.!"”! In brief, Ultra Turrax (T25, Janke and Kunkel, IKA Werke, Germany) was used for
the homogenization of an approximately 2 g sample in 10 ml of hexane-isopropanol (3:2), and 6 ml of



206 (&) T.S.KHALILI TILAMI ET AL.

Na,SO, (6.67%) were added to the obtained homogenates and mixed. After centrifugation, the upper
lipid phase was transferred into pre-weighed tubes and subsequently evaporated under nitrogen. The
lipid content was quantified gravimetrically.

Thin-layer chromatography (TLC) was used to investigate the lipid class (LC) composition. The
analysis was performed according to the method of Olsen!'® with minor changes. TLC plates
(20x10 cm; Silicagel 60; 0.20 mm layer, Merck, Darmstadt, Germany) were employed as a stationary
phase and 25 ml hexane: diethyl ether: acetic acid (85:15:1, v/v) as mobile phase. CAMAG TLC
Sampler 4, Twin Through Chamber 20x20, and development chamber (All Camag, Switzerland)
devices were used to perform the lipid classes separation — for details see Mraz and Pickova.'”!
Identification of the lipid classes was performed by comparison with an external standard (TLC 18-
4A, Nu-Chek Prep, Elysian, USA).

For FA analyses, methylation of total lipids was performed according to Appelqvist.'”! FA
composition was analyzed by gas chromatography (GC) (Trace Ultra FID; Thermo Scientific, Milan,
Italy) on a BPX-70 50 m fused silica capillary column (id. 0.22 mm, 0.25 um film thickness, SGE,
USA) - for details see Mraz and Pickova.l'”! The peaks were identified by comparing the retention
times of samples to those of the standard mixture GLC-68-A (Nu-Chek Prep, Elysian, USA).

Lipid and protein oxidation analysis

Lipid oxidation was analyzed as thiobarbituric acid reactive substances (TBARS), based on the method
described by Miller."® Results were expressed as equivalents to malondialdehyde (MDA) in pg/g.
Protein oxidation was assessed as a carbonyl content which was measured spectrophotometrically
according to the method of Oliver, Ahn'®! at 370 nm (Infinite M200, Tecan).

Statistics and calculations

Averages, standard deviations and FA percentages were calculated in MS Excel, and statistical analyses
were performed using the Statistica CZ 12 software package. One-way analysis of variance (ANOVA)
and Tukey’s HSD for determination of differences among treatment and within different time points
was performed (p < .05). Furthermore, all measured attributes of fish meat quality in this study -
lipids, fatty acid content and lipids and proteins oxidation level — were evaluated by multivariate
statistical analysis. The lipid classes ratio and FAs content stood as variables. Time, MDA, and
carbonyl values were taken as non-nominal ecological variables. The obtained data of LC and FA
profile, lipid and protein oxidation values were statistically evaluated using the statistics software
CANOCO 4.5 (Biometrics, Plant Research International, Wageningen UR, Netherlands) for the DCA,
PCA, RDA, and Monte-Carlo permutation test analyses — for details see Schneedorferova, Tomcala.!*"’
The Monte-Carlo permutation test was used for statistical significance determination.

Results
Lipid composition and the oxidative ratio of fresh minced carp meat

The main LC in common carp mince were triacylglycerols (TAGs), reaching almost 70% of total lipid
content, followed by phospholipids (PLs) and free fatty acids (FFAs) (Figure 1). The level of essential
fatty acid 18:2 w-6 was more than 7% and the level of 18:3 w-3 reached almost 2%. Together, the EPA
and DHA were around 2% of the total detected FAs (Table 1.). Additionally, the w-3/w-6 ratio was
0.63 + 0.05 (Table 1.), the MDA value was 0.05 + 0.01 ug/g (Figure 2a), and the recorded level of
carbonyl was 4.20 + 0.93 mM/g (Figure 2b).
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Figure 1. Amount (%) of lipid classes in minced carp during the storage period (n = 6). The different uppercase letters indicate
significant differences (p < .05) within a treatment (N — normal or IND - induced) between time points for the same treatment. PL —
polar lipids, DAG - diacylglycerols, Chol — cholesterols, FFA - free fatty acids, TAG - triacylglycerols.

Table 1. Fatty acid composition (%) of the total identified fatty acids of minced carp meat during the frozen storage period.

N 0 months IND 0 months N 2 months IND 2 months N 4 months IND 4 months
Fat content 9.96 + 2.25 863+ 1.1¢ 10.2 £ 1.67 10.5 + 0.47° 12.0 + 1.62 10.9 + 1.19°
16:0 213 +032° 20.8 + 0.42° 20.7 + 0.62 20.8 +0.12 21.01 + 061 209 + 0.45
18:0 11.1 £ 0.30° 10.5 + 0.25° 10.8 + 0.44 109 + 0.11° 10.85 + 0.37 106 £ 033 €
SFA 547 +0.08 544 + 007 © 560 + 0.21 561 + 0.07° 562 +0.14° 546 + 0.04°
16:1 n-7 442 +0.70 43.8 +0.32° 447 +08 444 + 0.20° 44.4 + 1,07 438 +032°
18:1 n-9 3.57 + 0.04 3.58 +0.03 € 361 +0.19 3.51 + 0.06° 3.53 + 0.06 353 £0.01 P
18:1 n-7 7.14 £ 0.23° 7.79 £ 0.11<° 731+ 0.63 7.90 + 0.4° 6.85 + 0.67 6.29 + 130 €
20:1 n-9 1.92 +0.24° 2.25 + 0.04°° 2.11+0.26 2.13 £0.01° 1.98 + 028 22+0.09°P
MUFA 1.71 £ 0.10 1.81+0.06 € 1.73 +£0.08 1.67 + 0.04° 1.82 + 0.07 1.84 007 ©
1822 w-6 0.74 + 0.07 0.72 +0.03 ¢ 0.58 + 0.25 0.62 + 0.03° 0.72 + 0.06 0.71 +0.03 €
18:3 w-3 0.13 + 0.02° 0.16 + 0.01° 0.17 + 0.03 0.46 + 0.33° 0.14 + 0.02 0.17 £ 0.02 ©
20:4 w-6 0.2 £ 0.04° 0.25 + 0.02°° 0.08 +0.16 0.09 +0.12° 0.21 + 0.05 0.24 +0.01 €
20:3 w-3 1.14 £ 0.14 1.24 + 0.05 ©° 1.32 £ 0.09 1.26 £ 0.04 € 1.04 +0.27 1.19 + 0.02°
20:4 w-3 0.40 + 0.04 0.43 +0.03 ¢ 0.36 + 0.02 0.34 + 0.04° 0.39 + 0.06 042 +0.02 €
20:5 w-3 1.04 +0.122 1.18 + 0.09° 1.11 + 0.56 1.22 +0.04 1.02 +0.19 1.15 + 0.07
22:5 w-3 26.7 + 0.30° 26.2 + 0.36° 263 +0.75 238 +6.23 26.6 + 0.61 26.3 + 0.46
22:6 w-3 60.6 + 0.79° 59.8 +0.17° 60.9 + 0.88 62.6 + 5.22 60.6 + 1.01 59.8 +0.18
PUFA 13.7 £ 0.84° 15.2 + 034 12.8 + 1.44 13.1 +0.22° 138+ 1.18 15.1 + 0.50 <
w-3 4.97 + 0.54° 569 + 0.23° 5.16 + 0.73 6.17 + 1.63 4.92 + 0.62° 556 + 0.21°
w-6 7.88 + 0.25° 851 +0.11° 7.67 +0.88 6.93 +1.75° 8.03 + 0.68 851 +0.25°¢
w-3Aw-6 0.63 + 0.15 0.67 + 0.06° 0.67 £ 0.10 0.67 + 0.09 0.62 +0.22 0.65 +0.22 €

Abbreviations: SFA - saturated fatty acids; MUFA — monounsaturated fatty acids; PUFA — polyunsaturated fatty acids.

An uppercase letters represent significant differences between N and IND treatments at the same time point (p < 0.05). Lowercase
letters represent differences between time points for the same treatment (p < 0.05)..Data are expressed in % and as mean + SD
(n=6).

Effect of time in standard storage conditions

RDA analysis of all monitored attributes did not reveal differences between the obtained dataset from
the starting point and after 4 months of storage at —20°C (P = .335). Although the statistical analysis
did not reveal significant differences in overall data, some particular values show substantial differ-
ences. For instance, the fluctuation of diacylglycerols (DAGs) content, which drops after 2 months of
storage from 5.80 = 0.31% to 3.11 + 0.1% and subsequently rises to 7.35 £ 0.07% after 4 months of
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Figure 2. Amount of MDA (ug/g; panel A) and carbonyl (mM/g; panel B) in minced carp during the storage period (n = 6). An
uppercase letters represent significant differences between N and IND treatments at the same time point (p < .05). Lowercase letters
represent differences between time points for the same treatment (p < .05).

storage (Figure 1). Also apparent is a reduction of FFAs content from 8.74 + 0.46% to 7.22 + 0.15%,
and 4.81 + 0.60% after 2 and 4 months respectively. The content and ratio of the particular FA
remained unchanged throughout the experiment (Table 1.), as well as the amount of carbonyl
(Figure 2a). Therefore no significant protein oxidation occurred. On the other hand, the MDA values
increased significantly after 2 months of storage but decreased afterward to an even lower level than in
fresh minced carp meat (Figure 2b).

Comparison of normal and oxidation induced storage

All obtained data were used for the multivariate statistical analysis. The RDA revealed a significant
difference between the normal stored (N) and oxidation induced (IND) group (P = .001) (Figure 3).
The diagram in Figure 3. represents a 2D model of spatial data distribution explaining 52.9% of data
variables on the x-axis and 39.9% on the y-axis. The red triangles are for a particular carp minced meat
treatment. The gray dashed arrows are for non-nominal environmental variables and the blue solid for
the classical variables. The direction of the arrow and its length determine the degree of influence of
a particular variable on the data segregation (in our case triangles). The diagram clearly shows that the
main non-nominal variable is Time. The influence of storage time mainly shifts the data obtained from
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Figure 3. The above diagram depicts the result of the overall multivariate statistical analyses (RDA). The Monte Carlo test revealed
significant differences between the experimental minced frozen carp meat (P = .001).

IND samples. The rise of MDA values follows the Time arrow in the case of IND (Figure 2b). The
opposite position of the FFA arrow against the Time arrow shows the drop of FFA in both N and IND,
but although it is higher on the IND group (for details see Table 1. and Figure 3). In both variants, the
amount of DAG drops after the 2 months storage period, but in the 4th month, a raise was detected -
mainly in the IND group (Figures 1 and 3). The influence of an oxidative agent, copper chloride, is
supported not only by the MDA values (an increase from 0.06 to 0.27 pug/g MDA) (Figure 2b) but also
by the changes in the amounts of 18:2 w-6. Figure 4 demonstrates a decreasing trend of the amount of
this essential fatty acid after 4 months of storage in oxidatively induced samples. On the other hand,
the level of 18:2 w-6 in N samples remains stable. There was no significant difference between N and
IND groups in carbonyl levels over the period [from time 0 (P = .18) to 2nd month (P = .86) and 4th
month (P = .37)] (Figure 2a).

Discussion

The total fat content of fresh minced carp meat was around 10%, which is comparable to the muscle fat
content of common carp (Cyprinius carpio) coming from semi-intensive systems and fed cereals or
pellets.?"] As expected, with fatty fish like carp, the main lipid class were TAGs followed by PLs.
A similar lipid class ratio was also reported for common carp fillets by Mraz and Pickova!" and
Hematyar, Masilko.??! Sterol levels were found to be between 5.9-7.3% of the lipid fraction, which was
slightly lower than those found by Zajic, Mraz.!*!! The content of FFA in the fresh meat varied from
7.2-8.3% of total lipids. These values were higher than those found in the total lipid fraction in whole
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Figure 4. 18:2 w-6 content in N and IND samples during the storage period (n = 6).

fillets of common carp (3.2% and 4.7%),"*! but can be explained by the higher enzymatic activity in the
minced flesh compared to the whole fillet. For example, Siddaiah, Reddy'** found 7.7% FFA of total
lipids in mince from silver carp (Hypophthalmicthys molitrix).

One of the most valuable nutritional benefits provided by fish meat is a high content of essential
fatty acids and the ratio of w-3/w-6 PUFAs.I! Previous studies dealing with the FA composition of
common carp fillets have shown favorable amounts of essential fatty acids, PUFAs and the w-3/w-6
ratio.">*>*!) In the case of essential fatty acids and PUFAs, the recorded data in our study are
comparable. However, the w-3/w-6 ratio from minced carp meat shows lower results in comparison
to the fillets — varying from 0.87 to 1.25 in previous studies.*"****! The explanation for this is
provided by the Mraz and Pickova study,"®! which focuses on the comparison of a different part of
the common carp body. The recorded w-3/w-6 ratio in white muscles was 1.01 = 0.2. On the other
hand, the value in the abdominal wall was significantly lower (0.47 £ 0.09). Since the minced meat is
a combination of both of these flesh types, our results fully align with the previously obtained data.
Based on these data, we can consider that the found w-3/w-6 ratio was higher than 0.25, and the EPA
+DHA content was approximately 2% - pointing to a good nutritional value of fresh minced carp
meat.

In our study, the storage time did not affect fat content. This result is similar to those found in
studies by Majumdar, Deb*®! which dealt with minced meat of silver carp (Hypophthalmichtys
molitrix), and Hematyar, Masilko!*?) which focused on common carp (Cyprius caprio) fillets.
Interestingly, in our current study, the FFA showed a decrease after 2 and 4 months of storage. In
general, it would be expected that the FFA content increases progressively due to the enzymatic
activity. For example, Majumdar, Deb'**! and Reddy and Bhandary'*®! found increasing values of FFA
in washed and unwashed mince from silver carp after just 30 days of frozen storage. However, the
decrease found in the current study could be due to faster oxidation of the released FFA by mincing
compared to their rise by enzymatic degradation of glycerolipids. The fluctuating levels of DAG class
from 5.8% to 3.1% and subsequently to 7.35% during the storage is enigmatic. The previous study only
shows a decreasing trend of DAG class in common carp fillets.!*”!

The FA composition did not change during 4 months of storage, indicating low lipid oxidation.
However, some trends could be observed (Figure 4). Actually, no changes in FA composition were
reported by Hematyar, Masilko*?) in common carp fillets during the storage at —20°C for 6 months.
Also, for minced meat from horse mackerel (Trachurus trachurus)!*?! and rainbow trout
(Oncorhynchus mykiss),"") only minor changes of FA composition during 90 days of frozen storage
were found. However, in minced meat from sea bream (Dicentrarchus labrax) and sea bass (Sparus
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aurata), a significant decrease in the amount of PUFAs was found,""! indicating different storage
stability for minced meat from different species. The species-dependent thermal stability of PUFA was
also reported by Schneedorferova, Tomcala.*”!

In the N group, the MDA level increased significantly between the starting time and 2 months.
However, after that, the MDA values decreased. A very similar phenomenon was observed by
Majumdar, Deb®! in minced silver carp (Hypophthalmichtys molitrix) and by Hematyar,
Masilko®! in common carp (Cyprius caprio) fillet. The reason for this might be similar to the
FFA - a further reaction or decomposition of the MDA. Primary and secondary oxidation products
will react further to more stable volatile and nonvolatile compounds.!*”)

Similar to our results, Hematyar, Masilko'??! showed almost no changes in MDA levels in common
carp fillets. On the other hand, in minced silver carp meat, the MDA level increases by more than
double - from 0.42 to 1.23 ug/g — during 6 months of storage.”**! Earlier it was shown that an oxidation
value of around 2 pg/g is connected with an off-flavor which can be detected by the human senses.?*!
Therefore, we can conclude that our recorded MDA values always stayed below the suggested
detectable levels throughout the storage period.

Also, with protein oxidation, an unexpected trend of decrease carbonyls during the storage period
after 2 months was found. Whereas at the end of the storage time, values were similar to the start levels.
In general, an increase in protein oxidation during storage has been observed for common carp
fillet’®?! and minced Atlantic mackerel (Scomber scombrus).'*>*°! The trend for decreasing carbonyls
could be due to a reaction of the protein carbonyls with other cellular molecules during storage for
instance carbohydrates, lipids and nucleophilic compounds - which has been discussed earlier for
Atlantic mackerel mince.”®! Nevertheless, as the values at the end of storage time after 4 months were
similar to the values at the start we can conclude that protein oxidation was not an issue during frozen
storage of minced carp meat.

Most of the trends which could be observed in the N group become more eminent or even
significant in the IND group. The most descriptive attribute, in this case, is the level of lipid oxidation,
which was 4.5 times higher after 4 months of storage time. The very same results were achieved by the
application of copper chloride to the cuttlefish (Sepia pharaonis) paste during the freeze-thaw
cycles®®! and during the salting time of cod (Gadus morhua).**! All these results show that copper
chloride represents a good tool for enhancing lipid oxidation in fish products.

Conclusion

In opposition to earlier findings on mechanically separated fish mince from gilthead sea bream and
sea bass, our results show that carp mince has higher storage stability and lower sensitivity to
oxidation and enzymatic degradation, i.e. despite a higher fat content. The mince showed to contain
more than 9% of essential FA, approximately 2% of combined EPA and DHA and had an w-3/w-6
ratio of around 0.6. These findings indicate that minced carp meat is a good source of the
mentioned compounds. Besides this, the FA composition was not affected by the frozen storage,
thus the meat seems to be a very good candidate for further processing for human consumption.
A normally unobservable start of oxidation already in the early storage period described by the
significantly increased MDA level could be seen in the IND group. Hence inappropriate storage
conditions could be detected by MDA levels. Determination of the FA content focused on w-3/w-6
ration, essential fatty acids, PUFAs and the oxidation stability of minced carp meat is the first step
to prove the nutritional value of this underestimated by-product. Furthermore, introducing minced
carp meat and its products to the food industry could increase the economic sustainability of carp
aquaculture.
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