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Abstract 
The effects of 6-day cold (0-4℃) storage and frozen storage (-18℃) for 3-, 6-, 9- and 12 months on technological 

properties, proximate composition and fatty acid profile of meat from Mediterranean mussel or Black mussel (Mytilus 

galloprovincialis) were investigated. The black mussel meat technological properties (water holding capacity /WHC/, 

cooking and roasting losses) and meat moisture content demonstrated the highest values in fresh samples due to the 

greater amount of sea water in them, yet this should not be considered as a disadvantage. The lower values of these 

parameters after 6-day cold storage and 3-, 6-, 9- and 12-month frozen storage were attributed from dehydration of 

black mussel tissue. The greater protein content detected during the cold and frozen storage was also due to water loss 

from mussel meat. The amount of lipids, ash content and fatty acid profile of black mussel meat were not changed 

during the tested periods of cold and frozen storage. The PUFA/SFA ratios showed that fresh mussels, and mussels 

cold-stored for 6-days and frozen for 3-, 6-, 9- and 12-months were an excellent source of PUFA and n-3 for humans. 
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Abbreviations 
WHC – water holding capacity; SFA – saturated fatty acids; UFA – unsaturated fatty acids; MUFA – monounsaturated 
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Introduction 

Seafood is part of the menu of many nations since 

ancient times, as it is readily available and with 

good nutritional and taste quality. One of the main 

types of collected molluscs and so far the only one 

that is cultivated in the Bulgarian Black Sea coastal 

zone is the Mediterranean mussels or black mussel 

(Mytilus galloprovincialis). Studies on black mussel 

population along the Bulgarian coast demonstrated 

a stock of about 100 thousand tons (Petrova and 

Stoykov 2011). 

During the last years, the culture and production of 

mussels has increased on a global scale 

(Subramaniam et al. 2021), a similar tendency is 

observed in Bulgaria as well. The black mussel 

production in 2021 has increased twice to 97,8 t 

compared to production in 2020, whereas 

aquaculture production for the same economic 

period was by 20% higher - up to 2,573.69 t 

(Agrarian Report 2022). 

Mussels are filter feeders, and feed mainly on 

phytoplankton (Alkanani et al. 2007) as a source of 

nutrients needed for their growth (carbohydrates, 

protein, lipids etc.). The quality and safety of 

bivalves as food human depend mainly on the 

quality of environment they are harvested from 

(Orban et al. 2002). Bivalves from the genus 

Mytilus are an excellent bioindicators for marine 

environmental pollution with a variety of substances 

(Peycheva et al. 2023; Yancheva et al. 2023). 

Black mussels are a good source of protein, 

vitamins A, B, C and minerals e.g. phosphorus, 

calcium, magnesium, iron, selenium etc. (Gurdal 

and Caglak 2021; Peycheva et al. 2022a). At the 

same time, they have low fat and cholesterol content 

(Roe et al. 2002), mussel meat is outlined with 

predominance of long-chain polyunsaturated 

omega-3 fatty acids as eicosapentaenoic (C20:5, n-

3) and docosahexaenoic (C22:6, n-3), beneficial for 

human health (Czech et al. 2015; Peycheva et al. 

2022a; Tan et al. 2022). 

Consumers due to their superior nutritional quality 

and taste prefer fresh mussels, but their shelf life is 

very short: up to 3 days refrigerated storage (0-4℃). 

Due to their high-water content, mussels are an 

excellent medium for replication of 

microorganisms, which leads to their spoilage 

(Gurdal and Caglak 2021). Freezing at -18℃ 

decreases microbial spoilage rate and delays 

enzymatic processes, thus resulting in a 

considerable prolongation of storage duration (Zhu 

et al. 2021; Tan et al. 2022). 

Numerous studies on black mussels collected or 

cultured along the Bulgarian Black Sea coast have 

been so far carried out. The seasonal changes in the 

chemical, fatty acid and lipid profile were 

determined (Stratev et al. 2017; Panayotova et al. 

2021). The seasonal patterns of heavy metals and 

associated risk for human health from consumption 

of black mussels (Zhelyazkov et al. 2018; Peycheva 

et al. 2023), and oxidative stress biomarkers 

(Nikolova et al. 2018) were evaluated. The 

proximate composition and bioactive lipid status of 

black mussels were reported (Merdzhanova et al. 

2018) as well as the phenolic content of mussels 

cultured in the Black Sea (Dobreva et al. 2020). 

Heavy metals’ content and omega-3 fatty acids in 

wild and cultured mussels were analysed (Peycheva 

et al. 2021; 2022b). The effect of steam cooking on 

chemical composition and the risk for consumers 

was also evaluated (Peycheva et al. 2022a). The 

effect of freezing on histological changes occurring 

in Mediterranean mussels’ tissues was investigated 

(Strateva et al. 2023). In the available literature, 

reports on change in technological properties, 

chemical and fatty acid composition of black 

mussels meat after cold and frozen storage are 

relatively few in light of findings that improper cold 

or frozen storage of seafood may lead to worsened 

quality (Mazrouh 2015). 

The aim of the study was to determine the effect on 

the technological properties, proximate composition 

and fatty acid profile of meat from Mediterranean 

mussel or black mussel (Mytilus galloprovincialis), 

stored for 6 days at cold (0-4℃) and 3-, 6-, 9- and 

12-months at frozen storage. 

Materials and Methods 

Collection of Mediterranean mussels and sample 

preparation. The collection of mussel samples was 

performed in June 2021 by divers along the 

Bulgarian Black Sea coast, in the region between 

the city of Varna and the city of Nessebar, at a 

distance of one nautical mile from the coast and a 

depth of 10-15 m (Fig. 1). 
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Figure 1. Study area 

The samples were transported to the laboratory of 

the Department of Animal Husbandry - Non-

ruminants and Other Animals, Trakia University, 

Stara Zagora in a cooling bag buried in flake ice at 

3±1℃ and processed the same day. The shells of 

mussels were removed, and the meat - washed with 

distilled water. Six batches, each consisting of 10 

bulk samples containing meat from 40 mussels were 

prepared. Then the samples were packed in 

polyethylene bags. Ten fresh samples were 

immediately analysed. Another 10 samples were 

stored for 6-days refrigerated (0-4℃) and analysed 

thereafter. Four batches of 10 samples were stored 

frozen (-18℃) for 3-, 6-, 9- and 12-months, 

respectively and analysed after the respective 

storage duration. Technological properties were 

analysed in the laboratory of the Fish Farming and 

Aquaculture unit at the Department of Animal 

husbandry - Non-ruminants and other animals, and 

chemical analyses were conducted at the Research 

laboratory of the Faculty of Agriculture, Trakia 

University, Stara Zagora. 

Water holding capacity, cooking and roasting 

loss. WHC was determined by the method proposed 

by Grau and Hamm (1953) as percentage of water 

lost after pressing the mussel meat sample with a 5-

kg weight for 5 min. It was calculated by the 

formula: 

WHC (%) = weight of the sample before 

pressing (g) – weight of the sample after 

pressing (g) / weight of the sample before 

pressing (g) × 100 (1) 

The cooking loss was determined after cooking 

samples packed in polyethylene bags in boiling 

water for 15 min until the temperature in the center 

of sample attained 75℃. Roasting losses were 

determined after roasting of samples in a 

conventional oven at 150℃ for 10 min until the 

temperature in the center of sample attained 75℃, 

using the formula: 

Cooking or roasting loss (%) = weight of fresh 

sample (g) – weight of thermally processed 

sample (g) / weight of fresh sample (g) × 100
 (2) 

Proximate composition. Mussel samples were 

ground and prepared for analysis according to 

AOAC (2006). Moisture content (%) was 

determined by sample drying in a drying oven 

(AOAC 1997). Crude protein content (%) was assay 

by the method of Kjeldahl by means of automated 

Kjeldahl analyser (Kjeltec 8400, FOSS, Sweden). 

Lipid content (%) was analysed by the method of 

Soxhlet, using an automated system (Soxtec 2050, 

FOSS, Sweden). Ash content (%) was determined 

sample ashing in a muffle furnace (MLW, 

Germany) at 550℃ over 8 h, followed by bringing 

the crucibles to room temperature and their 

weighing. 

Fatty acid analysis. Total mussel meat lipids were 

extracted as described by Bligh and Dyer (1959). 

Methyl esters of lipids were isolated by thin-layer 

chromatography. They were obtained by the method 

of Christie (1973) with 0.01% sulfuric acid in dry 

methanol over 14 h. Fatty acid composition (%) of 

total lipids of Mediterranean mussels was assayed 

by gas chromatography on a “Perkin Elmer” Clarus 

500 gas chromatograph with a flame ionization 

detector, 60 m capillary column “Trace Gold T6-

WAXMS GC Column”; column temperature - 

130℃ (1 min), with change 6.5℃/min to 170℃, 

with change 3.0℃/min to 215℃ (12 min) 40.0/min 

to 230℃ (1 min), detector temperature 280℃; 

injector temperature - 270℃, gas holder - hydrogen 

(H), split - 1:50. Methyl esters were identified by 

comparison with retention times of standards. Fatty 

acids were presented as percentage from the total 

amount of identified methyl esters (FAME) 

(Christie 1973). 

Statistical analysis. GraphPad Prism (ver. 8.0.1) 

was used for statistical data processing. One-way 

ANOVA with Tukey’s multiple comparisons test 

was performed to show significant differences 

between the investigated groups. The results are 

presented as mean values with standard error. The 

statistical significance was determined at p<0.05. 
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Results and Discussion 

Water holding capacity, cooking and roasting 

loss. There were no statistically significant 

differences (P>0.05) between fresh mussel meat 

WHC and meat after 6-days of cold storage (0-4℃), 

the same was valid for those stored frozen (-18℃) 

for 3- and 6-months (Таble 1). Substantially 

(P<0.05) less water was released, from mussel meat 

stored frozen (-18℃) for 9 and 12 months, 

corresponding to better WHC of meat. Compared to 

WHC of fresh samples (27.42±1.13%; Table 1), the 

amount of released water was by 11.67% (by the 9th 

month) and by 10.54% (by the 12th month) lower. 

There were no significant differences (P>0.05) 

between WHC of mussel meat stored refrigerated 

for 6-days and meat samples frozen for 3-, 6-, 9- and 

12-months; similarly, differences were not found 

out among the different durations of frozen storage 

(Таble 1). 

Cooking loss was the greatest for fresh mussels: 

46.21±1.32%, while cold storage for 6-days resulted 

in significantly (P<0.01) reduction by 22.40%. The 

same was demonstrated for mussels stored frozen 

for 3-, 6-, 9- and 12-months with cooking losses 

lower by 9.54%, 10.52%, 11.43% and 11.82% 

respectively (Таble 1). Compared to mussels stored 

refrigerated for 6-days (35.86±1.68%), significantly 

(P<0.01) increased cooking losses were observed 

for meat stored frozen for 3-, 6-, 9- and 12-months 

– by 16.56%, 15.31%, 14.14% and 13.64%, 

respectively (Таble 1). Cooking losses of mussels 

stored frozen for 3-, 6-, 9- and 12- months were 

identical and varied from 40.75±1.44% to 

41.80±1.12%, without consistent differences 

(P>0.05) (Таble 1). 

Roasting losses of mussel samples followed the 

same trend as cooking losses, and were the greatest 

in fresh samples (48.74±1.48%). The 6-day cold 

storage resulted in significant decrease (P<0.01) in 

roasting losses by 23.88%, the same was valid for 

mussels stored frozen for 3-, 6-, 9- and 12-months: 

respective roasting loss percentages were lower by 

11.28%, 9.85%, 13.62% and 12.17% compared to 

fresh mussels (Таble 1). The lowest roasting losses 

were found out in cold-stored samples 

(37.10±1.34%), and they differed significantly 

(P<0.01) from meat of mussels stored frozen for 3-, 

6-, 9- and 12-months by 16.54%, 18.44%, 13.48% 

and 15.39% (Таble 1). There were no statistically 

significant differences (P>0.05) in roasting losses of 

mussels frozen for 3-, 6-, 9- and 12-months, they 

were comparable and varied from 42.10±1.98% to 

43.94±1.25% (Table 1). 

Table 1. Technological properties of black mussel (Mytilus galloprovincialis) meat 

Item n 

Fresh 

 

±SEM 

Cold-stored 

for 6 days 

±SEM 

Frozen for 3 

months 
±SEM 

Frozen for 6 

months 

±SEM 

Frozen for 

9 months 

±SEM 

Frozen for 

12 months 

±SEM 

S
ig

n
if

ic
a

n
ce

 

WHC, % 10 27.42±1.93a 26.90±1.21ab 26.42±1.75 ab 25.66±1.95 ab 24.22±1.47b 24.53±1.63b * 

Cooking loss, 

% 
10 46.21±1.32a 35.86±1.68b 41.80±1.12c 41.35±1.56c 40.93±1.76c 40.75±1.44c ** 

Roasting loss, 

% 
10 48.74±1.48a 37.10±1.34b 43.24±1.83c 43.94±1.25c 42.10±1.98c 42.81±1.62c ** 

Significance of cold and frozen storage: *P<0.05; **P<0.01. Values with different superscripts are statistically 

significantly different (p<0.05). 

Proximate composition. Moisture content was the 

highest in fresh mussel meat (89.42±0.12%), it 

decreased after the 6-day of cold storage (0-4℃) by 

0.89%, and the tendency was preserved after frozen 

storage (-18℃) for 3-, 6-, 9- and 12-months with 

decrease by 0.67%, 1.27%, 1.12% and 2.04%; the 

differences were statistically significant (P<0.01) 

(Таble 2). The meat moisture after 6-, 9- and 12-

months of frozen storage was significantly (P<0.01) 

reduced by 0.38%, 0.23% and 1.15% as compared 

to cold-stored samples (88.62±0.10%), whereas 

meat moisture after 3-months of frozen storage at -

18℃ was by 0.23% higher (Table 2). The lowest 

moisture content was found out in mussels stored 

frozen at -18℃ for 12-months (87.60±0.20%) 

compared to samples stored frozen for 3-, 6- or 9-

x x
x

x x x
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months, this moisture content was statistically 

significantly lower (P<0.01) by 1.39%, 0.78% and 

0.94%, respectively (Table 2). The protein content 

was the lowest in fresh black mussels: 7.63±0.13%. 

After 6-days of cold storage and 3-, 6-, 9- and 12-

months of frozen storage, the protein content of 

mussel meat samples increased by 10.35%, 7.08%, 

14.42%, 11.80% and 23.59% (P<0.01) (Table 2). 

Compared to cold-stored samples for 6-days 

(8.42±0.15%), meat kept frozen for 3-months had 

significantly (P<0.01) lower protein content by 

2.97%. Higher protein content (by 3.68% and 

12.00%) was determined for mussel meat stored 

frozen for 6- and 12-months vs cold-stored samples 

for 6-days (P<0.01) (Table 2). The highest meat 

protein content was measured after 12-months of 

frozen storage - 9.43±0.23%; it was by 13.36%, 

7.42% and 9.54% higher than that of samples frozen 

for 3-, 6- and 9-months respectively (P<0.01) (Table 

2). 

No statistically significant differences in lipid and 

ash contents were identified (P>0.05) between the 

meat of fresh mussels, those stored either refrigerate 

(0-4℃) or frozen (-18℃) (Table 2). The lipid 

content varied within 1.21-1.25%, whereas ash 

content: within 1.71-1.80% (Table 2).

Table 2. Proximate composition of black mussel (Mytilus galloprovincialis) meat 

Item n 

Fresh 

 

±SEM 

Cold-stored 

for 6 days 

±SEM 

Frozen for 

3 months 

±SEM 

Frozen for 

6 months 

±SEM 

Frozen for 

9 months 

±SEM 

Frozen for 

12 months 

±SEM 

S
ig

n
if

ic
a

n
ce

 

Moisture, % 10 89.42±0.12a 88.62±0.10b 88.82±0.18c 88.28±0.19d 88.42±0.11d 87.60±0.20e ** 

Protein, % 10 7.63±0.13a 8.42±0.15b 8.17±0.17c 8.73±0.14d 8.53±0.09b 9.43±0.23е ** 

Lipids, % 10 1.24±0.07 1.25±0.09 1.21±0.08 1.22±0.05 1.25±0.02 1.23±0.04 NS 

Ash, % 10 1.71±0.12 1.71±0.10 1.80±0.14 1.77±0.09 1.80±0.13 1.74±0.12 NS 

Significance of cold and frozen storage: **P<0.01. Values with different superscripts are statistically significantly 

different (p<0.05)

Fatty acid analysis. No statistically significant 

differences (p>0.05) were demonstrated with 

respect to the fatty acid composition of meat from 

fresh, cold-stored (0-4℃) or frozen-stored (-18℃) 

mussels (Table 3).  

The obtained results for the WHC of fresh mussels 

corresponded with those from previous studies of 

ours, reporting values within 26.79-36.68% (Stratev 

et al. 2017), yet were higher than data of Bongiorno 

et al. (2015) - 5.20-19.60%. The meat of fresh 

mussels was outlined with greater moisture loss, 

respectively lower WHC due to the greater amount 

of water in tissues, which is easily removed. During 

the cold and frozen storage and as a result of 

associated tissue dehydration, the mussel meat 

samples released less water and demonstrated 

improved WHC. Regardless of the lack of 

significant differences (P>0.05) between WHC of 

fresh, cold-stored mussels and those stored frozen 

for 3- and 6-months, consistent differences (P<0.05) 

occurred after 9- and 12-months storage at -18℃. 

No information was found out regarding the 

determination of WHC of mussel meat after either 

cold or frozen storage. Reported data for this meat 

parameter in different fish species evidenced 

worsened WHC resulting from the release of more 

water from tissues after storage in cold or frozen 

state (Suarez et al. 2010; Saez et al. 2013; Saez et al. 

2015; Santos et al. 2019) contrary to our results 

about black mussel meat. WHC is a main of seafood 

quality parameter because of its effects on their 

consistency, softness and juiciness. Therefore, the 

variations in WHC of cold- and frozen-stored 

seafood should be taken into consideration during 

subsequent technological processing. Data about 

cooking and roasting losses of fresh meat samples 

were considerably lower - by 46.21% and 48.74% 

compared to data reported by Stratev et al. (2017) in 

earlier studies: from 53.19-62.74% to 54.99-

67.96%. Cooking and roasting losses were the 

greatest in fresh mussel samples whereas their 

refrigerated or frozen storage resulted in significant 

reduction (P<0.01). The lowest cooking and 

roasting losses were found out in mussels after 6-. 

x x x x x x
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Table 3. Fatty acid profile of black mussel (Mytilus galloprovincialis) meat 

Fatty acids 

(%) 
n 

Fresh 

 

±SEM 

Cold-

stored for 6 

days 

±SEM 

Frozen for 

3 months 

±SEM 

Frozen for 

6 months 

±SEM 

Frozen for 

9 months 

±SEM 

Frozen for 

12 months 

±SEM 

S
ig

n
if

ic
a

n
ce

 

C14:0 10 4.55±1.25 5.05±1.18 5.41±1.00 5.49±1.42 4.58±1.25 4.69±1.01 NS 

C15:0 10 0.95±0.10 1.00±0.08 0.92±0.13 0.92±0.04 0.93±0.09 0.99±0.09 NS 

C16:0 10 23.35±1.12 23.31±2.16 22.00±1.30 23.61±2.02 24.17±1.67 22.71±1.30 NS 

C16:1 10 5.18±1.27 5.32±1.35 6.47±0.69 5.46±1.45 5.75±1.09 5.25±0.69 NS 

C17:0 10 1.99±0.21 2.19±0.45 2.28±0.39 2.17±0.44 1.87±0.25 2.06±0.37 NS 

C18:0 10 7.23±0.57 7.92±0.42 9.10±0.68 7.52±0.62 7.47±0.93 8.31±0.65 NS 

C18:1 10 4.80±0.28 5.20±0.77 5.50±0.62 4.90±0.67 4.23±0.34 4.99±0.63 NS 

C18:2 10 2.93±0.23 2.24±0.23 2.17±0.22 2.32±0.23 2.58±0.29 2.72±0.36 NS 

C18:3n-3 10 2.01±0.29 1.69±0.08 1.67±0.07 1.58±0.12 1.88±0.30 1.96±0.27 NS 

C20:1 10 2.70±0.42 2.14±0.31 2.29±0.33 2.18±0.31 2.60±0.32 2.61±0.47 NS 

C20:2 10 1.69±0.34 1.66±0.38 1.98±0.21 1.37±0.38 1.25±0.15 1.95±0.34 NS 

C20:4n-6 10 2.20±0.45 2.21±0.51 2.04±0.33 2.18±0.53 2.24±0.37 2.32±0.38 NS 

C20:5n-3 10 19.92±0.43 20.02±1.12 18.82±1.11 19.83±1.07 18.25±0.87 19.07±0.55 NS 

C22:5n-3 10 1.99±0.38 1.49±0.07 1.26±0.09 1.54±0.08 1.80±0.38 1.87±0.44 NS 

C22:6n-3 10 18.52±1.03 18.57±1.74 18.10±1.40 18.94±1.54 20.43±1.26 18.52±1.19 NS 

SFA1 10 38.07±1.91 39.47±1.38 39.71±1.53 39.71±1.36 39.02±1.08 38.76±1.07 NS 

UFA2 10 61.94±1.91 60.55±1.38 60.30±1.53 60.30±1.36 61.01±1.08 61.26±1.07 NS 

MUFA3 10 12.68±1.36 12.66±2.08 14.26±1.25 12.54±1.99 12.58±1.42 12.85±1.16 NS 

PUFA4 10 49.26±1.75 47.88±1.75 46.04±0.75 47.76±1.80 48.43±1.72 48.41±1.78 NS 

n-65 10 6.82±0.74 6.11±0.21 6.19±0.30 5.87±0.43 6.07±0.56 6.98±0.36 NS 

n-36 10 42.43±1.22 41.78±1.47 39.85±0.32 41.90±1.42 42.35±1.26 41.41±1.48 NS 

PUFA/SFA 10 1.29±0.39 1.21±0.50 1.16±0.15 1.20±0.50 1.24±0.45 1.25±0.40 NS 

n-6/n-3 10 0.16±0.02 0.15±0.02 0.16±0.01 0.14±0.01 0.14±0.01 0.17±0.01 NS 

NS – not significant.  
1SFA - saturated fatty acids; 2UFA - unsaturated fatty acids; 3MUFA- monounsaturated fatty acids; 4PUFA -

polyunsaturated fatty acids; 5n-6 - ΣC18:2; C20:2; C20:3; C20:4; 6n-3 - ΣC18:3n-3; C20:5; C22:6

days of cold storage, these parameters increased 

statistically significantly P<0.01) after frozen 

storage for 3-, 6-, 9- and 12-months. As already 

mentioned in the introduction, to the best of our 

knowledge, no studies devoted on cooking or 

roasting losses of mussels stored refrigerated or 

frozen were found out in available literature. 

The data about fresh mussels moisture content from 

this study were higher (89.42%) than values from 

previous studies: 77.09-81.92% (Stratev et al. 2017) 

x
x

x x x x
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and 86.19% (Tosun et al. 2019). The protein, lipids 

and ash contents of fresh mussels in this study were 

substantially lower - by 7.63%, 1.24% and 1.71% in 

comparison to earlier data of Stratev et al. (2017) - 

13.02-17.63%, 1.48-1.67% and 1.50-1.52%, 

respectively as well as compared to percentages 

reported by Tosun et al. (2019): 10.61%, 2.11% and 

1.02%. As already mentioned, the significantly 

(P<0.01) lower moisture content of mussel meat 

after the 6-days of cold storage and 3-, 6-, 9- and 12-

months of frozen storage than in fresh samples is 

due to dehydration. The causes are moisture 

evaporation during the refrigerated storage, whereas 

during the freezing, the formation of ice crystals in 

tissues, their destruction and water release during 

defrosting had additional influence. These results 

confirmed the significantly loss of moisture after 

refrigerated and frozen storage of black mussels 

reported by Bejaoui et al. (2021) as well as the 

similar findings of Gökoglu et al. (2000) in the same 

species after freezing. 

Opposite to moisture content data, meat protein 

content was the lowest in fresh mussels and was 

found to increase statistically significantly (P<0.01) 

after 6-days of cold storage. The highest protein 

content was demonstrated for samples kept frozen 

for 12-months (P<0.01). The reason for higher 

protein content of black mussel meat during 

refrigerated and frozen storage was the reduction of 

moisture content due to evaporation and leakage 

from tissues during storage. These data are not 

comparable to those reported by Bejaoui et al. 

(2021) about lower black mussel meat protein levels 

following cold and frozen storage. 

Fresh mussels had lowers lipid content (1.24%) but 

higher ash content (1.71%) as compared to 

previously reported data by Stratev et al. (2017), 

1.48-1.67% and 1.5-1.52%, respectively. The lipid 

and ash content of fresh and stored mussels (either 

refrigerated or frozen) remained constant. This is 

also unlike the reported substantially lower lipid 

percentage of black mussels following cold and 

frozen storage (Bejaoui et al. 2021) and New 

Zealand green lipped mussel (Perna canaliculus) 

after frozen storage (Murphy et al. 2003). 

The fatty acids content of fresh mussel meat 

corresponded to data reported by Stratev et al. 

(2017). In the present experiment, the amount of 

fatty acids in black mussel meat remained 

unchanged during both the cold and refrigerated 

storage, which was not compatible to data of 

Bejaoui et al. (2021) affirming reduction of PUFA 

and MUFA, along with increased SFA content after 

cold and frozen storage of the same seafood species. 

The PUFA/SFA ratios demonstrated that fresh 

mussels, as well as mussels cold-stored for 6-days 

and frozen-stored for 3-, 6-, 9-, 12-months were an 

excellent source of PUFA and n-3 for humans. The 

risk from cancer and coronary heart disease was 

reported to be significantly reduced when the 

PUFA/SFA ratio in human diet was higher than 0.4 

(Wood and Enser 2017), the same was true for 

dietary n-6/n-3 ratio > 5 (Simopoulos 2004). 

Conclusions 

The black mussel meat technological properties 

(WHC, cooking and roasting losses) and meat 

moisture content in fresh samples were the highest 

due to the greater amount of sea water in them, yet 

this should not be considered as a disadvantage. The 

lower values of these parameters after 6-day cold 

storage and 3-, 6-, 9- and 12-month frozen storage 

were attributed from dehydration of black mussel 

tissue. The greater protein content detected during 

the cold and frozen storage was also due to water 

loss from mussel meat. The amount of lipids, ash 

content and fatty acid profile of black mussel meat 

were not changed during the tested periods of cold 

and frozen storage. The PUFA/SFA ratios showed 

that fresh mussels, and mussels cold-stored for 6-

days and frozen for 3-, 6-, 9- and 12-months were 

an excellent source of PUFA and n-3 for humans. 
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