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Abstract: In the current study it was aimed to determine the effect of cold marination on the physical properties and nutritional 

quality of sardines. For this purpose, pH, colour, crude protein, crude oil, crude ash, moisture, fatty acid composition, amino 

acid, and mineral analyses were made in both raw and marinated sardine (marinated in 4% alcohol vinegar, 9% salt, and 0.3% 

citric acid at +4 °C for 36 hours). The L* brightness value of sardine increased after marination. The crude ash content of the 

product was affected by marination, and the amount of crude protein and crude lipid increased (p<0.05). Glutamic acid, aspartic 

acid, alanine, and glycine contents of raw sardines increased after marination. In addition, there was an increase in the amounts 

of all essential amino acids except histidine. Palmitic acid was found to be the most abundant saturated fatty acid in sardines. 

The oleic acid content of the marinade increased with the marination process. It was determined that the Cd and Pb contents of 

raw and marinated sardines were below the limit values, and the Hg content of raw sardine was high. According to the results 

of the study, the marination process increased the brightness of the product, the amount of sweet and bitter amino acids, but it 

caused a decrease in omega 3 fatty acids. 
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Soğuk Marinasyonun Sardalya’nin (Sardina pilchardus) Bazı Fiziksel Özellikleri ve Besin 

Bileşimi Üzerine Etkisi 

 
Öz: Bu çalışmada soğuk marinasyonun sardalyanın fiziksel özellikleri ve besin bileşimi üzerine etkisinin belirlenmesi 

amaçlanmıştır. Bu amaçla hem çiğ hem de marine sardalyada (%4 alkol sirkesi, %9 tuz ve %0.3 sitrik asitte +4°C’de 36 saat 

marine edilmiştir) pH, renk, ham protein, ham yağ, ham kül, nem, yağ asiti kompozisyonu, amino asit ve mineral madde 

analizleri yapılmıştır. Marinasyondan sonra sardalyanın L* parlaklık değeri artmıştır. Ürünün kuru madde içeriği 

marinasyondan etkilenmiş, ham protein ve yağ miktarı artmıştır (P<0.05). Marinasyon sonrası çiğ sardalyanın glutamik asit, 

aspartik asit, alanin ve glisin içerikleri artmıştır. Ayrıca, histidin hariç tüm esansiyel amino asit miktarlarında artış olmuştur. 

Sardalyada en çok bulunan doymuş yağ asidi palmitik asit olarak tespit edilmiştir. Marinasyon işlemi ile marinatın oleik asit 

içeriği artış göstermiştir. Çiğ ve marine edilmiş sardalyaların Cd ve Pb içeriklerinin limit değerlerinin altında, çiğ sardalyanın 

Hg içeriğinin ise yüksek olduğu belirlenmiştir. Çalışma sonuçlarına göre marinasyon işleminin ürünün parlaklığını, tatlı ve acı 

aminoasit miktarını etkilediği buna karşın omega 3 yağ asitlerinde azalmaya neden olduğu tespit edilmiştir.  

 

Anahtar Kelimeler: Sardalya, marinasyon, renk, yağ asitleri, amino asit, mineral 

 

1. Introduction 

Seafood is one of the most nutritious foods 

consumed around the world. It is recommended to 

consume seafood product with its high protein amounts, 

quality fatty acids, essential amino acids, minerals in the 

daily diet. However, when the population of Turkey is 

taken into consideration, the per capita consumption of 

seafood remains very low. Fish caught from the sea in a 

large part of Turkey is being consumed in the domestic 

market, the rest of the fish is sent to the fish meal and oil 

fabric and processing plants. For the last ten years, per 

capita consumption of seafood has not exceeded 7.1 kg 

in Turkey (TUIK 2021). While the average annual per 

capita consumption of seafood worldwide increased 

slightly from 19.9 kilograms to 20.5 kilograms between 

2014 and 2019 (STATISTA 2021), these values could 

not be reached in Turkey. Considering the species 

obtained by caught, sardine is one of the first fish in 

Turkey. Considering the fish caught from Turkish seas 

in 2020, with 21265 tons, sardines are the 4th most 

caught fish after anchovy, sprat, and bonito (TUIK 

2021). 

Marination, which is one the seafood processing    

methods, is based on the interaction of acid and salt, 

giving flavour and aroma to the product, and extending 

its shelf life. With salting, which is one of the oldest 

processing methods, is tried to prevent spoilage by 

reducing the water content of the food. The pH of the 
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food is lowered by the acid added in marination and an 

edible product is obtained in a shorter time compared to 

salting. The method called marination has been tried in 

different ways in many kinds of seafood. The aim is not 

only to prevent microorganism growth but also it is used 

to tenderize or to change the taste, textural structural 

properties of raw materials (Gökoğlu et al. 2004). 

Studies on the use of marination technology in the 

processing of seafood are available in the literature 

(Gökoğlu et al. 2004; Kılınç & Çaklı 2004; Kılınç & 

Çaklı 2005; Kaba et al. 2014; Moreno et al.2017; Turan 

et al. 2017; Keskin et al. 2018; Kocatepe et al. 2019; 

Testa et al. 2019; Çorapcı et al. 2020; Szymczak et al. 

2020; Çorapcı et al. 2021). The researchers studied the 

effects of marination under refrigerator conditions at 

different salt and acid concentrations in different fish 

species. 10% salt+4% (Turan et al. 2017; Keskin et al. 

2018; Kocatepe et al. 2019) or 2% (Testa et al. 2019) 

acid for anchovy, 11% salt+ 4% acid (Çorapcı et al. 

2020) or sea bream, 6% salt+ 5% acid (Szymczak et al. 

2020) for Atlantic herring were used as a marination 

solution. In studies studied on sardines, 14% salt and 

2%/4%/7% acid ratios were investigated by different 

researchers (Gökoğlu et al. 2004; Kılınç & Çaklı 2004; 

Kılınç & Çaklı 2005). In the present study, considering 

the previous studies, 4% alcohol vinegar+9% salt+0.3% 

citric acid was used for the sardine marination process.      

The study aims to determine the pH and colour changes 

observed in the product obtained by cold marination 

from frozen sardines and to determine the effect of 

marination on the proximate composition, fatty acids, 

amino acids, and mineral content of the product. 

 

2. Material and Methods 

2.1. Material 

In the present study, 12 kg frozen sardines (Sardina 

pilchardus, Walbaum 1792) with average lengths of 

13.25±0.20 cm and average weights of 19.64±0.93 were 

used as raw material for the marination process. Frozen 

sardines were purchased from a private company and 

brought to the laboratory within one hour under cold 

storage conditions. The study was carried out in 

November 2018. 

 

Cold marination process 

Frozen sardines were thawed under running water. 

The internal organs and heads of sardines were removed 

and cleaned. 2 kg of sardines were reserved for analysis 

before marination. After these processes, other sardines 

were marinated for 36 hours in marination solution (4% 

alcohol vinegar+9% salt+0.3% citric acid) with a fish: 

solution ratio of 1:1 at +4°C. After the marination, 

marinated sardines were removed from the solution and 

drained, and were make prepared for analysis.    

  

2.2. Methods 

Physical and proximate analysis were carried out in 

2 replications and 3 parallels at Sinop University 

Fisheries Faculty, Fisheries Processing and Quality 

Control Laboratory. Fatty acids, amino acid, and 

mineral analyses were performed in 3 parallels at Sinop 

University Scientific and Technological Research 

Centre.  

 

pH analysis 

pH analysis was carried out using a pH meter. A 5 g 

of homogenized sample was transferred to the sample 

bottle. The measurement was carried out by immersing 

the pH meter probe into the sample. 

 

Colour analysis 

Konica Minolta (CRA-33a) colour measuring 

equipment was used for colour analyses. L*, a*, and b* 

values were measured according to the International 

Commission on Illumination (CIE 1976). 

 

Proximate analysis 

The proximate composition (crude protein 984.13, 

crude lipid 960.39, crude ash 942.05), carbohydrates, 

and moisture contents were performed according to the 

AOAC official method (AOAC 1995; AOAC 2006). 

The energy value was calculated according to the 

method of Falch et al. (2010). 

 

Amino acid analysis 

Amino acid analyses were carried out using liquid 

chromatography (LC-MS/MS-Agilent Technology-

6460 Triple Quad LC/MS) (Anonymous 1998). 

Ionization Modes: Electrospray ESI (- +), Atmospheric 

Pressure Chemical Ionization APCI (- +), Primary and 

Secondary Gases: Nitrogen (purity; 97%> and purity: 

99.999%), Mass Filter and Detector: Triple Quadrupole, 

Dual mode (9 order), Liquid Chromatography Unit: 

Agilent Infinity 1260 HPLC, Nitrogen Gas Generator: 

Peak Scientific Instruments, NM32LA. JASEM 

quantitative amino acid LC-MS/MS analysis kit was 

used as a standard. Total sweet amino acids (Ʃ sweet 

AA) including glycine, alanine, and serine; and total 

bitter amino acids (Ʃ bitter AA) including isoleucine, 

arginine, phenylalanine, valine, tyrosine, leucine, 

methionine, and histidine, according to Dewi et al. 

(2016). The results were given in mg/100g protein. 
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Fatty acid analysis 

Fatty acid compositions of raw and marinated 

sardine were analysed by GC/MS (Thermo Scientific/ 

Trace 1310 Gas Chromatography/ ISQ Single 

Quadrupole GC-MS) equipped with an auto sampler 

(AI-AS 1310 Series) (Gases Used: Nitrogen, Helium, 

Hydrogen, Dry Air. (99.999% purity), Available 

Detectors: GC-FID and GC-MS). A FAME mix 

(Supelco, 37 comp., Art No: CL40.13093, Bellefonte, 

PA, USA) was used to provide standards for 

comparison. The results were given in %. 

 

Mineral analysis 

Milestone (2018) method was used for the mineral 

analysis of samples. The acid (1 ml H2O2 30%, N 7 ml 

of HNO3 65%) digestion of the sample in a closed vessel 

device using temperature control microwave (Ethos D, 

Milestone Inc. Sorisole, Italy) heating for the metal 

determination by spectroscopic methods. Analyses of 

elements were conducted using Agilent 

Technologies/7700X ICP-MS Systems. Analytical 

quality control was done using Agilent reference 

materials; std. 1: Agilent 8500-6940 2A (10 mg/kg-1 in 

5% HNO3) was used for Li, Be, Na, Mg, K, Ca, Rb, Sr, 

Cs, Ba, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ag, Cd, Al, Ga, 

As, Se, Tl, Pb; std. 2 Agilent 8500 - 6940 Hg (10 mg/kg-

1 in 5% HNO3) was used for Hg analysis. The results 

were given in mg kg-1 in the wet weight. 

 

Statistical analysis 

A one-way analysis of variance was used to 

determine the differences in data’s using MINITAB 

21.1.0. software program (Minitab Inc., State College, 

PA, USA). Differences between means was determined 

by Tukey’s test (a level of p<0.05 was used to establish 

significant differences among means).  

 

3. Results and Discussion 

3.1. pH values and colour analyses results of raw 

and marinated sardines 

The pH values of raw and marinated sardine are 

shown in Table 1. Ludorf and Meyer (1973) reported the 

pH value was between 6.00–6.50 in raw fish. Due to an 

increase in compounds such as ammonia in fish meat 

during the deterioration of the fish, the pH value also 

increases. An increase in pH value is an indicator, used 

in spoiling the raw fish. With the effect of the acids used 

in the marination process, the pH decreased and the 

desired ratio in the marinated products was achieved. In 

the present study, the pH value of raw sardines was 

found to be 6.28. Gökoğlu et al. (2004), Kocatepe et al. 

(2019), and Gökoğlu (2002) had been reported that the 

pH values of marinated fish should be ranged between 

4.00-4.50. The pH of the marinated sardines obtained in 

the study (4.28) was similar to these studies.  

Küçükgülmez (2012) reported the pH value of 

marinated sardine was 4.5. Besides, the pH value of 

sardines, marinated with a solution containing 7% acetic 

acid and 14% salt, was reported as 4.23 after the 

marination processing. Kılınç and Çaklı (2004) and 

Çorapcı et al. (2020) determined that the pH value of 

marine sea bream ranged between 4.04-4.28.  

L*, a*, b* values of raw sardine fillets were reported 

as 47.19, 4.44, and 2.86, respectively by Kılınç and 

Çaklı (2005). In our study, the L* value was lower than 

Kılınç and Çaklı (2005), this may be due to the freshness 

of the sardine. Küçükgülmez (2012) reported L*, a* 

and, b* values of marinated sardines (3% acetic acid+ 

10% salt) to be 62.91, 1.79, and 12.54, respectively. The 

L* value, which is an indicator of brightness, was higher 

in the present study, the reason for this may be the higher 

rate of vinegar and citric acid use in our study compared 

to the literature. Similarly, Szymczak et al. (2020) stated 

that the L* and values of raw Baltic herring decreased 

after the marination process (5% acetic acid+ 6%salt). 

 

Table 1. pH values and colour analyses result of raw and 

marinated Sardine 

Çizelge 1. Çiğ ve marine sardalyanın pH ve renk analizi 

sonuçları 
  Raw Sardine Marinated Sardine 

pH 6.28±0.01a 4.28±0.01b 

Colour 

L* 39.39±0.19a 71.26±0.33b 

a* 4.13±1.24a -0.6±0.13b 
b* 3.6±1.25a 14.97±0.83b 

Mean (n=6) ± st. error  

a, b,: The difference between groups with different letters is 

significant (p≤0.05)  

 

3.2. Proximate composition of raw and marinated 

sardines 

Moisture content analysis showed that with the 

marination process, water emerged from the fish tissue 

(p<0.05). The crude ash and carbohydrate contents of 

the sardine did not change statistically with the 

marination process (p>0.05). With the marination 

process, the dry matter content of the product was 

affected, and the crude protein and the crude lipid 

amount increased (p>0.05) (Figure 1). Kılınç and Çaklı 

(2004) found the moisture, crude protein, crude lipid, 

and ash contents of frozen sardines as 73.70, 15.4, 4.44, 

and 6.17%, respectively. Similar to the present study, 

there was also an increase in crude protein, crude ash, 

and crude oil content with marination in the literature 

(Kılınç & Çaklı 2004; Czerner et al. 2015). The 
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diffusion of salt into fish meat caused an increase in 

crude ash. Similar results have been reported for 

marinated fish (Czerner et al. 2015; Cabrer et al. 2002; 

Özden 2005; Bilgin et al. 2011; Zhelyazkov et al. 2015). 

Marination also caused an increase in the energy content 

of the product (p<0.05). While the previous energy 

content of sardine was 98.56 kcal/100g, this value 

increased by about 62% in the marinated sardine 

(156.84 kcal/100g). 

 

 
Figure 1. Proximate composition of raw and marinated sardine (%) (n=6) 

Şekil 1. Çiğ ve marine sardalyanın besin kompozisyonu 

 

3.3. Amino acid compositions of raw and 

marinated sardines 

The amino acid compositions of raw and marinated 

sardines are shown in Table 2. Glutamic acid, aspartic 

acid, alanine, and glycine are responsible for flavour and 

taste. Özden (2005) reported that these amino acids are 

important by reason of they give marinated fish their 

characteristic taste and flavour. In the present study, 

glutamic acid, aspartic acid, alanine, and glycine 

contents of raw sardine increased after the cold 

marination process. The main essential amino acid in 

raw sardine was lysine. The lysine content of sardine 

increased with the marination process too (p<0.05). 

There was an increase in the amount of all essential 

amino acids except the histidine in the fish. (p<0.05). 

Similar results were reported by Kılınç and Çaklı (2004) 

and Özden (2005) about histidine contents of marinated 

sardine. The reason for this had been reported as the pH 

of marinades were not only total organic acid content 

but also the contents of basic and acidic amino acids 

such as histidine, glutamic acid, and aspartic acid: a 

decrease of histidine and an increase in glutamic and 

aspartic acid contents, presumably contribute to 

lowering pH of the marinade (Kılınç & Çaklı 2005). 

The glutamic acid content, which plays an active role 

in the umami flavour, was high in raw sardine and 

marinated sardine. 

Table 2. Amino acid compositions of raw and marinated 

Sardines (mg/100g protein) 

Çizelge 2. Çiğ ve marine sardalyanın amino asit 

kompozisyonu 
  Raw  

Sardine 

Marinated 

 Sardine 

Histidine* 0.620.02a 0.450.03b 

Threonine 1.190.00b 1.420.04a 

Valine 1.230.01b 1.420.01a 

Methionine 0.720.01b 0.900.00a 

Phenylalanine 1.100.01b 1.220.01a 

Isoleucine 0.860.01b 1.010.01a 

Leucine 1.700.06b 2.140.00a 

Lysine 2.880.02b 3.340.04a 

Arginine* 1.440.00b 1.710.06a 

Total Essential amino acid 11.74 13.61 

Alanine 1.400.00a 1.610.06a 

Aspartic Acid 2.260.05a 2.730.14a 

Cysteine 0.270.00a 0.320.02a 

Glutamic Acid 3.200.04b 3.780.09a 

Glycine 0.920.04b 1.130.02a 

Ornithine 0.060.01a 0.060.00a 

Proline 0.940.00b 1.030.01a 

Serine 1.150.01b 1.330.02a 

Tyrosine 0.830.02b 1.020.01a 

Taurine 0.390.00a 0.210.01b 

Total Non-essential amino acids 11.42 13.22 

Total amino acids 23.16 26.83 

Sweet amino acids 3.47 4.07 
Bitter amino acids 7.65 8.86 

*: Conditionally essential amino acids. 

Mean (n=3) ± st. error 

a, b,: The difference between groups with different letters is 

significant (p≤0.05) 
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It also had a high content of aspartic acid, one of the 

non-essential amino acids. Histidine and taurine content 

decreased with the marination process (p<0.05). 

 

3.4. Fatty acid compositions of raw and 

marinated sardines  

Fish is a high source of unsaturated fatty acids. The fatty 

acid compositions of raw sardine and cold marinated 

sardines are shown in Table 3. The most abundant 

saturated fatty acid in sardine was palmitic acid and 

present result was parallel with the literature 

(Karakoltsidis et al. 1995; Saglık and Imre 2001; 

Zlatanos & Laskaridis, 2007). Linoleic acid, 

docosahexaenoic acid (DHA), and eicosapentaenoic 

acid (EPA) were the highest percentages of fatty acids 

in raw sardines. Fish had low saturated fatty and high 

unsaturated fatty acid content. Fatty fishes such as 

mackerel, brook trout, herring, sardines, tuna, and 

salmon, etc. contain significant amounts of two 

important types of omega 3 fatty acids (DHA and EPA) 

(Turan et al. 2013). In present study, according to the 

results, sardine had high EPA and DHA contents. Also, 

the results show remarkable changes in the sardines with 

the marination process (p<0.05). Especially, butyric 

acid, palmitic acid, and DHA contents of sardines 

decreased after marination (p<0.05). The oleic acid 

content, which is an n-9 fatty acid, was increased by the 

marination process (p<0.05). As shown in Figure 1 and 

Table 3, raw sardines have a high protein, PUFAs (about 

2.64 g/100g), and low-crude lipid content.   This PUF 

content was higher than that of many protein foods listed 

by INFOODS (2021). 

Sardine is the richest search for omega 3 fatty acids 

(Zlatanos & Laskaridis, 2007). Consumption of foods 

with high omega 3 content is important for the diet. Fast-

food consumption habits have increased omega 6 

intakes. The high levels of omega 3 fatty acids (above 

30%) in Sardine pilchardus have also been reported by 

Zlatanos and Sagredos (1993). Similar   results were 

found in present research. The recommended omega 

3/omega 6 ratio to be taken daily is a minimum of 1. In 

present study, the omega 3/omega 6 ratio of sardines 

was above 1. After the marination process, this rate 

decreased but it did not fall below 1 value. (p<0.05). It 

is suggested that the omega 3/omega 6 ratio should be 

kept high, and this ratio should be 1:1 or 2:1 (Candela et 

al. 2011). Czerner et al. (2015) reported that the 

processing methods affected the omega 3/omega 6 

ratios. 

 

Table 3. Fatty acid compositions of raw and marinated 

sardines (%) 

Çizelge 3. Çiğ ve marine sardalyanın yağ asitleri 
kompozisyonu 

Fatty Acids% Raw  

Sardine 

Marinated 

Sardine

Butyric acid  7.32±0.13a 4.30±0.25b 

Caproic acid  0.01±0.00a 0.00±0.00b 

Caprylic acid  0.00±0.00b 0.01±0.00a 

Capric acid  0.02±0.00a 0.03±0.00a 

Undecanoic acid  0.01±0.00a 0.01±0.00a 

Lauric acid  0.06±0.00b 0.12±0.01a 

Tridecanoic acid  0.08±0.00b 0.12±0.00a 

Myristic acid  4.25±0.04b 5.42±0.29a 

Pentadecanoic acid  1.06±0.01b 1.47±0.05a 

Palmitic acid  20.49±0.17a 14.27±0.79b 

Heptadecanoic acid  1.30±0.01b 1.49±0.05a 

Stearic acid  0.01±0.00a 0.01±0.00a 

Arachidic acid  0.13±0.00b 0.23±0.01a 

Heneicosanoic acid  0.06±0.01a 0.08±0.00a 

Behenic acid  2.44±0.02a 2.19±0.16a 

Tricosanoic acid  0.15±0.00b 0.34±0.01a 

Lignoceric acid  0.37±0.01b 0.55±0.00a 

Total SFA 37.76±0.07a 30.63±1.65b 

Myristoleic acid  0.24±0.00b 0.370±0.01a 

Pentadecanoic acid  0.14±0.00b 0.19±0.01a 

Palmitoleic acid  0.33±0.01b 0.68±0.02a 

Heptadecanoic acid  0.36±0.01b 0.47±0.00a 

Oleic acid  3.65±0.00b 21.12±1.29a 

Elaidic acid  0.21±0.00b 5.33±0.40a 

Eicosenoic acid  1.71±0.01b 2.21±0.13a 

Erucic acid  1.65±0.00a 1.48±0.08a 

Nervonic acid  2.69±0.02a 1.86±0.10b 

Total MUFA 10.99±0.05b 33.72±2.02a 

Linolelaidic acid  0.16±0.00a 0.01±0.00b 

Linoleic acid  8.22±0.04a 9.25±5.36a 

Alpha-linolenic acid  0.64±0.00b 1.67±0.09a 

Gamma-linolenic acid  1.24±0.01b 1.99±0.12a 

Eicosadienoic acid  0.55±0.00b 0.83±0.05a 

Arachidonic acid  2.44±0.022a 2.19±0.16a 

Eicosatrienoic acid  0.30±0.02 0.35±0.02 

Eicosapentaenoic acid (EPA)  8.82±0.02a 7.29±0.45b 

Docosadienoic acid  0.15±0.00b 0.34±0.01a 

Docosahexaenoic acid (DHA) 28.73±0.14a 11.72±0.79b 

Total PUFA 51.25±0.10a 35.63±7.06b 

omega 3 38.49±0.16a 21.03±1.36b 

omega 6 12.76±0.07a 14.61±5.02a 

omega 3/ omega 6 3.02 1.89

Total fatty acids 100.00±0.01a 99.99±0.01a 

Mean (n=3) ± st. error

a, b,: The difference between groups with different letters is 

significant (p≤0.05)

 

3.5. Mineral contents of raw and marinated 

sardines  

Mineral contents of samples are shown in Table 4. 

The Be, Ag, Sb, Ga, and Tl contents of the samples are 

not shown in the table because they are <0.01 mg kg-1. 

The major macro elements in sardine were K (4781.91 

mg kg-1) (Table 4). The recommended daily intake of K 

by the EGVM (2003) is 3500 mg K/day for adults. The 

macro element content of sardine had decreased after the 

marination process except for Na. The recommended 
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Na/K ratio for the prevention of heart diseases is less 

than 1 (Bu et al. 2012). In present study, the Na/K ratios 

of the raw sardine were determined as 0.38. The Na 

content of the sardine marinade was over the maximum 

measured value. The main reason for the increase in Na 

content of sardine marinade was the Na-containing salt 

used in marination process.  

The determined dominant trace elements of sardine 

in present study were Zn, Fe, and As. The RDA for Zn 

8-11mg/day for women and men (Dickinson 2000). The 

Zn content of sardine was quite high. Selenium is also a 

very valuable element for the immune system. The RDA 

of selenium is 55 µg/day for adults (Dickinson 2000). 

According to the Codex, the maximum Pb, Cd, and Hg 

levels permitted from the fish were 0.30, 0.10 (for 

sardines), and 0.50 mg/kg-1 (wet weight) (TGK 2021). 

Cd and Pb contents were lower than the limit values, but 

Hg level of sardine was high.  

 

Table 4. Minerals contents of raw and marinated 

sardines (mg kg-1) (wet weight) 

Çizelge 4. Çiğ ve marine sardalyanın mineral içeriği  
Sardine Marinated sardine 

Ca 1199.7726.94a 639.683.36b 

Na 1839.5243.00 * 

Mg 595.4715.39a 250.751.71b 

K 4781.91102.75a 971.671.78b 

Li 0.210.00a  0.170.01a 

Al 2.060.10b  3.840.11a 

V 0.070.00a  0.080.00a 

Cr 0.020.00b 0.050.00a 

Mn 1.100.02a  0.610.01b 

Fe 20.150.08a  16.010.10b 

Co 0.030.00a 0.020.00a 

Ni 0.110.00a 0.090.00b 

Cu 1.120.00b  1.830.02a 

Zn 27.520.11a  12.180.19b 

As 13.110.05a  2.790.00b 

Se 1.740.06a  0.940.01b 

Rb 0.940.02a  0.240.00b 

Sr 3.420.05a  2.920.02b 

Cs 0.040.00b 0.010.00a 

Ba 0.230.00a 0.180.00b 

Pb 0.050.02a  0.040.00b 

Cd 0.020.00a 0.010.00b 

Hg 0.740.01a 0.390.00b 

Mean (n=3) ± st. error, *over the maximum measured value. 

a, b,: The difference between groups with different letters is 

significant (p≤0.05)  

 

4. Conclusion  

In the study, pH, colour values and nutritional 

composition of raw and marinated sardines were 

investigated. As an expected result of the marination 

process, the pH of the product decreased, the brightness 
(L*) and yellowness (b*) value increased, while the 

redness (a*) decreased below zero. A product with high 

crude protein and crude lipid content was obtained due 

to water exit from the marinated tissue. Marinated 

sardines were high in essential amino acids. As with 

many processed products, a decrease in EPA, DHA, and 

total omega 3 fatty acids of marinated sardines was 

observed with the effect of processing. The mercury 

content of both raw sardines was higher than the limit 

values in the Turkish Food Codex. However, it is 

recommended to limit the consumption of sardines by 

children and pregnant.  
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