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Abstract: Fish croquettes were produced with sardine meat and effects of deep-frying on chemical composition of the products were determined in this study. The 
crude fat and ash increased in the sardine croquettes while water and crude protein decreased with frying process (P<0.05). Amino acid analyses showed that 
amount of glutamic acid, lysine and leucine were the highest ones respectively. The amount of leucine, isoleucine, lysine, phenylalanine and threonine decreased 
while the amount of the methionine remained in the same level statistically after deep-frying. The essential amino acids for human expect tryptophan were specified 
in sardine meat and croquettes. Total of saturated fatty acids in sardine meat decreased associated with increasing of unsaturated fatty acids during the croquette 
production and deep-frying process. Polyunsaturated fatty acids such as docosahexaenoic acid, eicosapentaenoic acid and linoleic acid were detected in all groups. 
Considering the elemental composition of the final product after deep-frying, this research study indicates that deep-frying does not effect a number of trace 
elements. Also, toxic elements for human health were not detected in any products. 
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Öz: Bu çalışmada sardalya etinden elde edilen kroketlere derin yağda kızartmanın ürünlerin kimyasal komposizyonuna etkisi belirlenmiştir. Amino asit analizlerine 
göre, sırasıyla en yüksek miktarda glutamik asit, lizin ve lösin bulunmuştur. Lösin, isolosin, lizin, fenilalanin ve treonin miktarı kızartma sonrasında düşerken, 
metiyonin miktarı istatistiki olarak değişmemiştir. Triptofan hariç insanlar için elzem amino asitlerden hepsi sardalya eti ve kroketlerde tespit edilmiştir. Kroket üretimi 
ve kızartma işlemi sırasında sardalya etindeki toplam doymamış yağ asidi miktarının artmasına bağlı olarak toplam doymuş yağ asidi miktarı azalmıştır. Çoklu 
doymamış yağ asitlerinden dokosaheksaenoik asit, eikosapentaenoik asit ve linoleic asit tüm gruplarda tespit edilmiştir. Final ürünlerin mineral kompozisyonlarını 
dikkate aldığımızda ise, derin yağda kızartmanın iz element miktarlarını etkilemediği bu çalışma ile gösterilmiştir. Ayrıca, insanlar için toksik olan elementler hiçbir 
üründe bulunmamıştır. 

Anahtar kelimeler: Sardalya, derin yağda kızartma, kroket, amino asit, yağ asidi

INTRODUCTION

Seafood processing technology offers diversity along with 
an ascending trend on commercially coated or breaded 
products just like fish croquettes in recent years. Consequently, 
researchers vary the formulations to improve the sensorial 
quality of these products (Grodner et al., 1991). Coated 
products such as croquettes, nuggets, fish crackers and 
breaded ones ranked among the most desired seafood by the 
consumers (Gokoglu, 2002). Seafood coating technology was 
implemented on fish meat for the first time in Newfoundland and 
it has been growing rapidly since 1950’s. The coating is a 
process of acquiring new and desired texture to fish meat with 
batter mixes including several ingredients like breadcrumbs, 
flour, starch kinds, spices and food additives in some products 
(Cakli, 2007). In Europe, usually, croquettes were usually first 

coated with batter and secondly coated with breadcrumbs and 
packaged as a frozen product by manufacturers after the deep-
frying process to create sensorial quality (Soto-Jover et al., 
2015). Also, biologically valuable and secure coated products 
can be developed with fish and shellfish meats from waste 
processing (Khan et al., 2013; Ribeiro Palmeira et al., 2016). 
However, various seafood like skinless fish fillets, fish mince 
and several shellfish and crustacean meats could be used in 
croquette production (Hall, 1997). Besides, some aquatic 
organisms have a high market value such as shrimp, scallop 
and commercial fish species are also used in seafood coating 
industry (Cakli, 2007; Khazaei et al., 2016) Especially, 
commercial fish species are regulated by fishing legislations 
(fishing seasons, fishing quota and time limitations) in the 
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world. Those valuable fish species especially pelagic ones like 
sardine and anchovy are caught only during their fishing 
season.  Commercial fish species must be supplied to 
consumers for all year long by processing tasty and healthy 
seafood products having long shelf-life. 

Different sardine species have been caught all over the 
world. In 2014, European pilchard (Sardina pilchardus) was the 
most caught sardine species in the world with an amount of 
1.207.764 tonne obtained from coasts of Africa, Europe and 
Asia respectively (FAO, 2014; Froese and Pauly, 2016). 
European pilchard distributed the Northeast Atlantic to Senegal 
and Mediterranean, the Sea of Marmara and the Black Sea 
(Froese and Pauly, 2016). Sardine is one of the most 
commercial species in Turkey and generally caught from the 
Aegean Sea  (TSI, 2015). Small-sized marine pelagic fishes like 
sardine play an important role in human nutrition consisting of 
essential amino acids, fatty acids, vitamins and minerals 
(Tacona and Metian, 2013). In the view of such information, 
European pilchard was preferred in order to use in croquette 
production due to their nutritional and significant market value 
and a wide variety of products and by-products (Leonardo et 
al., 2016).  

The aim of this study was the implementation of croquette 
technology to sardine meat and determination of the effects of 
deep-frying on the nutritional value of croquettes produced from 
sardine meat. The consumption of coated seafood as a 
convenience food especially as fish croquettes and as breaded 
or battered fish fillets will become more prevalent in upcoming 
years. Thus, the consumers will have an opportunity of different 
consuming options of sardine with high quality throughout the 
year while, the producers can profit from low manufacturing 
costs by mainstreaming the sardine croquette production in the 
long term. Eventually, with this prevalence of croquette 
production technology based on aquatic food sources, the 
opportunity for sustainably utilise these resources may be 
increased. 

MATERIALS AND METHODS 

Materials 

One of the most favoured fish in the world, European 
pilchard (Sardina pilchardus) was preferred in croquette 
production. Sardines caught by purse seine nets were provided 
freshly from a local fish market and brought immediately to the 
Laboratory of Fish Processing Technology in Çanakkale 
Onsekiz Mart University, Faculty of Marine Sciences and 
Technology without losing their freshness. The amount of 15 kg 
of sardine fillets and several ingredients such as wheat flour, 
corn flour, bread crumbs, wheat starch, dried coconut, dried 
onion, dried garlic, cilantro, black pepper, white pepper and salt 
were used in the croquette production. Sunflower oil was 
preferred in the deep-frying process.  

Croquette production 

Previously, sardines were eviscerated and hand skinned as 
avoiding the tail section. In the following step, sardine fillets 

were minced by 3mm-long grinder for 60 seconds and then all 
the ingredients mentioned before were added in to the minced 
fish. Obtained croquette paste was kneaded for approximately 
5 minutes until the acquiring a homogenous fish paste which 
was shaped by hand and sliced evenly. The coating process 
was made through two covering steps. Formerly, it was 
battered with baking soda-water based liquid coating material 
and latter, it was breaded with a dry coating material including 
wheat flour, corn flour and bread crumbs. Finally, sardine 
croquettes were stored at +4°C until the frying process. 
Production of sardine croquettes stages and the croquette 
formulation are shown in Figure 1. 

Deep-frying 

Deep-frying was executed with sunflower oil in a deep 
electric fryer with heat controls. Croquettes were fried at 180°C 
for 2 minutes and the central point temperature was exactly at 
180oC throughout the frying (Figure 1). Besides, frying oil 
renewed before all deep-frying process for healthy nutrition. 
Afterwards, the chemical composition of deep-fried croquettes 
was determined. 

Determination of proximate composition 

Total moisture, crude protein, crude fat and crude ash 

contents were specified to identify proximate composition. 
Moisture content was analysed via moisture analyser (Xm50 

Precisa) at 100ºC for 10 minutes in each sample (Horwitz, 

2000). Crude protein content was determined by Kjeldahl 
(AOAC, 2000) method. According to this method, the samples 

were digested at 120ºC with 15 ml sulphuric acid and Kjeldahl 

catalyst containing selenium until the mixture became clear. 
Afterwards, the samples were distilled in automatic distillation 

unit with sodium hydroxide. In the sequel, the samples were 
titrated with 0.1N HCl and then the acquired data were 

calculated as a percentage by using 6.25 nitrogen conversion 

factor. The crude fat content was determined by Folch et al., 
(1957). First of all, the samples were extracted with the mixture 

of chloroform:methanol (2:1) for 12 hours. After that, the 
samples were evaporated under reduced pressure with a rotary 

evaporator at 55ºC until the mixture was concentrated. The total 

amount of crude ash was determined by Horwitz (2000) 
method. According to the method, the samples were burned by 

muffle furnace (Nuve MF 120) at 600ºC for 6 hours till the 
samples were turned to ashes. Finally, the acquired data of 

crude fat and ash contents were calculated and reported as 

percentages. 

Amino acid analysis 

The samples were digested with HCl and N2 at 110oC in a 

drying oven for 24 hours according to the amino acid analysis 

based on AOAC (2000) method. The obtained mixtures were 

distilled with 0.20 µm PTFE syringe filter and after evaporation, 

all the hydrolysates samples were dissolved in a citrate–sodium 

citrate buffer (0.1 mole/L, pH 2.2) (Chi et al., 2008; Srivastava 

et al., 2006). Thereafter, samples were evaporated under 
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reduced pressure with a rotary evaporator at 65ºC till the HCl 

was removed from the mixtures. The amounts of amino acids 

were detected with EZ:faast kits in gas chromatography 

(Badawy et al., 2008). The internal standard (IS; Norvaline) 

used for GC analysis was 200 mole/ml Gas chromatography 

(Finnigan Trace GC Ultra AI 3000 Thermo Finnigan analyser, 

Milan, Italy) and capillary GC column (Zebron Zebron™ ZB-

HAAC 10 m x 0.25 mm) were used for determination of amino 

acids. The conditions of the GC device during the injection 

process was Split 1:15 at 250ºC, 2.0 μL; carrier gas: helium 1.0 

mL/min; oven program: 35ºC/min from 110°C to 320°C, hold at 

320°C for 1 min with flame ionization detector at 320°C. 

Retention times of amino acid shown in Figure 2.

 

Figure 1. Croquette production stages: filleting (A), mincing (B), forming (C), liquid coating (D), dry coating (E), fried croquette (F) and 
croquette formulations (G) 
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Figure 2. Retention times of amino acids (mn)* 

Fatty acid analysis 

Fatty acid analysis was carried out according to the IUPAC 
(1979). First of all, crude fat was obtained by Folch et al., (1957) 
method and crude fat samples were stored up to analysis. 
Afterwards, samples with 5ml methanolic 0.5N NaOH were 
evaporated in soxhlet evaporator at 55ºC for 15 minutes. 2ml 
Heptane was added to mixtures and evaporated for 1 minute 
after 5ml BF3 reagent was added to the mixtures and 
evaporated for 2 minutes. The concentrated mixtures were 
blended with saturated NaCl solution in order to create a liquid 
phase consisting of fatty acids. This liquid phase was extracted 
with 2uq injector filter. The filtrates were filled in 2-millilitre vials 
and Hexane was added onto them. The GC-MS analysis was 
performed on Thermo Finnigan Trace GC coupled with a 

Multiplier Quadrupole Mass Selective Detector and a Thermo 
auto sampler AI 3000 injector and operated with Xcalibur Home 
Page version 1.4 SR1 Software. A capillary column ZB-5MS 
(5% phenyl methylsiloxane) with a dimension of 30 m × 0.25 
mm I.D × 0.25 m film thickness (Phenomenex, Zebron, USA) 
was used for the separation of the fatty acids. The data were 
calculated by comparing the retention times and mass spectras 
of known standards (Supelco 37 Component FAMEs Mix) in 
order to identificate the fatty acids.  

Libraries of NIST and Wiley were used to compare the 
chromatograms and the attained data were calculated via Qual 
Browser version 1.4 SR1 (Xcalibur Home Page) software. All 
data were presented as percentages according to method of 
Paul and Southgate (1978). Retention times of fatty acids 
shown in Figure 3. 

 

Figure 3. Retention times of fatty acids (mn)*  
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Mineral analysis 

The element analysis was carried out by considering NMKL 
(1998). After 0.25mg of the samples were weighted in analytic 
balance, 7ml of concentrated HNO3 was added to them. The 
samples were burned in a microwave  (Speedwave Berghof) 
and its heat was gradually increased degree of 10°C per 10 
minutes until it reached to final degree of 120°C. Following the 
burning process at 120°C for 2 minutes, the temperature was 
increased up to 160°C and burning process was continued 5 
more minutes. Subsequent to the burning process, the mixtures 
were filtered by using 2uq filter paper. The filtrates were 
analysed via ICP- AES (Varian Liberty AX Sequential ICP-AES) 
in Çanakkale Onsekiz Mart University Central Laboratory. The 
elements of B, Br, Ca, Cd, Co, Cr, Cu, Fe, K, Mg, Mn, Na, Ni, 
Pb and Zn were detected. The results were compared with the 
standards and then calculated as milligramme per kilogramme 
of the wet matter (g/100g).      

Statistical analysis 

The results of the study were expressed as mean ±SD 
(n=3). The differences between groups were determined by 

Tukey's multiple comparison tests using one-way analysis of 
variance ANOVA in SPSS 22 after testing the normality 
(Anderson–Darling test) and homogeneity of the data (Levene 
test). The level of significance was set as P=0.05 (Zar, 1999). 

RESULTS AND DISCUSSION 

Proximate composition 

A various kind of sardine species has a range of 65.9-
77.1% water (moisture), 19.0-22.3% crude protein, 3.70-20.0% 
crude fat and 1.3-2.6% crude ash (Sidwell et al., 1977). The 
ratios of fat and ash increased in the sardine croquettes while 
ratios of water and crude protein decreased in frying process 
(P<0.05). Some water-soluble proteins were lost as moisture 
contents of sardine croquettes were degraded by the deep-
frying. The reasons for a relative increase in the crude ash ratio 
in sardine croquettes are; the added ingredients including high 
mineral matters and water loss depends on the frying process. 
According to Dean (1990) moisture and crude fat ratios are 
inversely correlated with food. Besides, this situation is seen in 
several studies. Our findings compatible with the literature are 
shown as in Figure 4. 

 

Figure 4. Chemical compositions of sardine meat, croquettes and deep-fried croquettes: (A) proximate composition; (B) essential amino acids; 
(C) fatty acids; (D) polyunsaturated fatty acids; (E) macro elements; (F) micro elements 
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Amino acid composition 

Amino acids are aromatic compounds that responsible for 
taste and flavour (Ruiz-Capillas and Moral, 2001). Fish and 
seafood are valuable proteins and essential amino acids 
resources that are biologically important (Köksal and Ozel, 
2008). The number of eighteen of twenty amino acids were 
determined in all groups. The amount of total amino acids found 
were 14.662±0.37g/100g in meat, 12.818±0.35g/100g in 
croquettes and 10.810±0.30g/100g in fried croquettes. The 
total amount of amino acids in fresh meat degraded in all stages 
(P<0.05). Ozden (2005) reported that total amount of amino 
acid in fresh trout meat were 15g/100g. A similar research done 
by Berik et al. (2011) about the production of trout fingers 
indicated the amounts of total amino acids as 16.5g/100g in 
fresh trout meat, 14g/100g fish paste and 13.2g/100g in fried 
croquettes. In croquette production, various ingredients were 
added to minced fish. Some of these ingredients were rich in 
terms of carbohydrates like wheat grain, corn grain, 
breadcrumbs and wheat starch. The decline observed in the 
total protein and amino acid ratios of croquettes were related to 
these supplementations. Besides, the amount of crude fat 
increased along with the loss of water after deep-frying. Hence, 
Ayas (2006) reported that the decline in the protein ratios of 
smoked sardines was associated with cooking loss of some 
proteins, small peptides and free amino acids. 

Aspartic acid, glutamic acid, lysine and leucine were found 

to be highest, respectively. Aspartic acid and glutamic acid are 

the most common amino acids in fish responsible for taste and 

flavour (Park et al., 2006). Also, other researchers state that 

fish and seafood are rich in terms of these amino acids (Erkan 

et al., 2010; Ozden, 2005). In the amino acid analyses, samples 

were  digested with HCl at high temperature. As a result of 

these severe conditions, it was observed that some of the 

amino acids degraded. Especially, asparagine and glutamine 

are the most vulnerable amino acids enduring to low pH and 

high temperature. For this reason, during the burning process, 

these amino acids hydrolysed into glutamic and aspartic acid. 

Thus, glutamic acid and aspartic acid were determined to be 

more than other amino acids. The amounts of alanine, glycine, 

serine, proline, glutamic acid and aspartic acid decreased after 

deep-frying, while histidine, tyrosine, cysteine, glutamine and 

asparagine increased in sardine croquettes (P<0.05).  

Essential amino acids necessary for protection and growing 

of body tissues must be taken (Turan et al., 2006). Leucine, 
isoleucine and valine are the essential amino acids that are in 

charge of stability of lean zones of a human body and 

ascendant compounds coordinating with protein metabolism in 
skeletal muscles (Aksoy, 2007; Nair et al., 1992). Unless taken 

daily, the lack of these amino acids may cause increasing 
autoxidation and deteriorating amino acid metabolism. Several 

studies indicate that seafood is rich in terms of essential amino 

acids. Seven of the eight essential amino acids for human 
nutrition were specified in sardine meat, croquettes and fried 

ones. Tryptophan as an essential amino acid hydrolyzed easily 
is also vulnerable to the acidic environment. As a result, it is 

hard to detect tryptophan’s occurrence, thereby tryptophan was 

not detected in sardine meat and croquettes. 

The amounts of leucine, isoleucine, lysine, phenylalanine, 
threonine, valine decreased (P>0.05) while the amounts of the 
methionine remain in the same level statistically after deep-
frying in the sardine croquettes (P<0.05) (Figure 4). Amino acid 
composition of the sardine meat, croquette and fried croquettes 
are seen in Table 1. 

Table 1. Amino acid composition of sardine meat, croquette and deep-fried croquettes (g/100g) 

Amino Acids Meat Croquette Fried-Croquette 

ALA  0.787 ± 0.01a 0.648 ± 0.02b 0.555 ± 0.02c 

ASN 0.076 ± 0.01a 0.036 ± 0.01b 0.026 ± 0.01b 

ASP 2.363 ± 0.14a 1.619 ± 0.09b 1.309 ± 0.04c 

C-C 0.100 ± 0.01a 0.098 ± 0.01a 0.097 ± 0.01a 

GLN 0.074 ± 0.01a 0.041 ± 0.01b 0.027 ± 0.01b 

GLU 1.815 ± 0.04c 2.302 ± 0.07a 2.082 ± 0.07b 

GLY 1.156 ± 0.03a 0.634 ± 0.01b 0.541 ± 0.01c 

HIS 0.443 ± 0.01a 0.306 ± 0.07b 0.290 ± 0.02b 

ILE 1.303 ± 0.03a 1.158 ± 0.05b 0.853 ± 0.01c 

LEU 1.620 ± 0.03a 1.521 ± 0.02b 1.152 ± 0.03c 

LYS 1.108 ± 0.01a 0.638 ± 0.07b 0.555 ± 0.01c 

MET 0.347 ± 0.05a 0.303 ± 0.01a 0.289 ± 0.01a 

PHE 0.552 ± 0.02a 0.532 ± 0.01a 0.467 ± 0.01b 

PRO 0.942 ± 0.01a 0.877 ± 0.02b 0.598 ± 0.04c 

SER 0.406 ± 0.01a 0.398 ± 0.01a 0.259 ± 0.02b 

THR 0.512 ± 0.01a 0.424 ± 0.01b 0.336 ± 0.01c 

TYR 0.504 ± 0.05a 0.363 ± 0.01b 0.304 ± 0.02b 

VAL 0.898 ± 0.02a 0.755 ± 0.01b 0.690 ± 0.03c 

Total Amino Acids 14.662 ± 0.37a 12.818 ± 0.35b 10.810 ± 0.30c 

Values are expressed as mean ±SD (n=3), and values in row with different superscripts were significantly different (P <0.05)



Effects of deep-frying to sardine croquettes’ chemical composition 

299 

Fatty acid composition 

Total saturated fatty acids were determined as 
38.17±0.48%, 35.08±0.95% and 25.71±1.84% in sardine 
meat, croquettes and fried croquettes, respectively. Total 
unsaturated fatty acids in sardine meat increased during the 
deep-frying process (P<0.05). Palmitic acid was found as the 
highest saturated fatty acid in meat and all products. The 

remarkable amounts of saturated fatty acids like stearic and 
myristic acids as well as lauric and capric acids originated from 
coconut oil (Ghosh and Bhattacharyya, 1997) were also found. 
That’s why capric and lauric acids were detected in too low 
levels or not detected at all in sardine meat whereas, they were 
significantly detected in coconut powder added croquettes. The 
saturated fatty acids compositions of meat and croquettes are 
shown in Table 2. 

Table 2. Saturated fatty acid composition of sardine meat, croquette and deep-fried croquettes (%) 

Fatty Acids  Meat Croquette Fried-Croquette 

C10:0 Capric Acid   - 0.720 ± 0.08a 0.339 ± 0.02b 

C12:0 Lauric Acid 0.059 ± 0.03c 8.642 ± 0.25a 4.256 ± 0.26b 

C13:0 Tridecylic Acid 0.017 ± 0.01a 0.010 ± 0.01b       - 

C14:0 Myristic Acid 3.985 ± 0.13a 4.045 ± 0.06a 2.112 ± 0.15b 

C15:0 Pentadecylic Acid 0.614 ± 0.03a 0.199 ± 0.01b 0.139 ± 0.01b 

C16:0 Palmitic Acid 27.121 ± 0.07a 18.136 ± 0.10b 15.189 ± 0.49c 

C17:0 Heptadecanoic Acid 0.834 ± 0.02a 0.254 ± 0.01b 0.815 ± 0.62a 

C18:0 Steraic Acid 4.658 ± 0.07a 2.687 ± 0.05b 2.475 ± 0.07b 

C20:0 Arachidic Acid  0.648 ± 0.03a 0.275 ± 0.03b 0.175 ± 0.01c 

C21:0 Heneicosylic Acid 0.020 ± 0.01a 0.022 ± 0.01a       - 

C22:0 Docosanoic Acid 0.096 ± 0.01b 0.057 ± 0.01c 0.135 ± 0.01a 

C23:0 Tricosylic Acid  0.020 ± 0.01c           -       - 

C24:0 Lignoceric Acid 0.085 ± 0.01a 0.024 ± 0.01b 0.074 ± 0.01a 

Total Saturated Fatty Acids 38.17 ± 0.48a 35.08 ± 0.95b 25.71 ± 1.84c 

Values are expressed as mean ±SD (n=3), and values in row with different superscripts were significantly different (P <0.05)

The amount of total MUFA were determined as 
18.86±0.87%, 14.26±0.70% and 17.21±1.43% in sardine 
meat, croquettes and fried croquettes, respectively. Total 
MUFA decreased during the croquette production process 
while they increased after the deep-frying (P<0.05). Oleic acid 

was found as the highest monosaturated fatty acid in all the 
samples and palmitoleic acid pursued secondly.  

The monounsaturated fatty acids compositions of meat and 
croquettes are shown in Table 3. 

Table 3. Monounsaturated fatty acid composition of sardine meat, croquette and deep-fried croquettes (%) 

Fatty Acids  Meat       Croquette Fried-Croquette 

C14:1 Myristoleic Acid 0.182 ± 0.01a 0.152 ± 0.01b 0.069 ± 0.01c 

C16:1 Palmitoleic Acid 5.171 ± 0.10a 1.414 ± 0.09b 1.069 ± 0.10b 

C18:1(n-9) Cis-Oleic Acid  15.479 ± 0.05b 11.916 ± 0.39b 16.074 ± 1.22c 

C20:1(n-9) Eicosenoic Acid  0.928 ± 0.04a 0.763 ± 0.15a       - 

C24:1 Nervonic Acid 0.092 ± 0.07a 0.008 ± 0.01b       - 

Total Monounsaturated Fatty Acids 21,86 ± 0.87a 14.26 ± 0.70c 17.20 ± 1.43b 

Values are expressed as mean ±SD (n=3), and values in row with different superscripts were significantly different (P <0.05)

The amount of total PUFA were found to be 39.86±0.41%, 
50.63±0.26% and 57.00±1.22% in sardine meat, croquettes 
and fried croquettes, respectively. The total amount of 
polyunsaturated fatty acid increased during the deep-frying 
process (P<0.05). Sunflower oil used in this study included 
polyunsaturated fatty acids such as oleic and linoleic acid in 
high quantity (Gary, 2015). Bilgin et al. (2010) reported that 
saturated fatty acid decreased while polyunsaturated fatty acids 
increased in the rainbow trout fillets fried with sunflower oil. 
DHA was found as the highest polyunsaturated fatty acid and it 
was followed by EPA and linoleic acid in all the samples in that 
order. Also, sardine meat includes monounsaturated and 

polyunsaturated fatty acids in high quantities. Some of these 
fatty acids are essential or conditionally essential acids for the 
human. According to Burke et al. (2001) linoleic and linolenic 
acids are essential fatty acids and they must be taken with 
foods for keeping healthy. On the other hand, EPA, DHA and 
arachidonic acid were conditionally essentials. Indeed, they 
become essentials in case of some diseases or developmental 
stages. Several researchers also indicated that fish meat has 
palmitic acid as the highest saturated fatty acid and high 
amounts of DHA and EPA (Louly et al., 2011; Zhong et al., 
2007). The polyunsaturated fatty acids compositions of meat 
and croquettes are shown in Table 4. 
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Table 4. Polyunsaturated fatty acid composition of sardine meat, croquette and deep-fried croquettes (%) 

Fatty Acids  Meat       Croquette Fried-Croquette 

C18:2(n-6) Linoleic Acid 3.301 ± 0.14c 17.393 ± 1.51b 29.110 ± 0.51a 

C20:4(n-6) Arachidonic Acid  1.860 ± 0.08a 0.679 ± 0.12b 0.375 ± 0.01b 

C20:5(n-3) Eicosapentaenoic Acid (EPA) 6.180 ± 0.20a 3.657 ± 0.29b 2.854 ± 0.09b 

C22:6(n-3) Docosahexaenoic Acid (DHA) 28.517 ± 0.36a  28.902 ± 1.19a 24.660 ± 0.91b 

Total Polyunsaturated Fatty Acids 39.86 ± 0.41c       50.63 ± 0.26b       57.00 ± 1.22a 

Values are expressed as mean ±SD (n=3), and values in row with different superscripts were significantly different (P <0.05) 

Omega-3 fatty acids were found to be 34.69%, 32.55%, 
27.51% and omega-6 fatty acids were found 5.16%, 18.07%, 
29.48% in fish meat, croquettes and fried croquettes, 
respectively. As a result of the deep-frying process omega-6 
fatty acids increased, whereas omega-3 fatty acids decreased 
in croquettes (P<0.05). The scientists recommend that omega-
3 and omega-6 must be taken regularly for a healthy diet. These 
fatty acids reduce both blood viscosity and the risk of 
thrombosis development, whereas they increase regeneration 
speed of erythrocytes. They also reduced deaths caused by 
cardiac diseases and some cancer types (Simopoulos, 1991, 
2002).  

Mineral composition 

The fact that the meat of animals contains different mineral 

matter concentrations depends on their environment. 

According to Tacona and Metian (2013) meats of aquatic 
animals are rich in essential and trace elements than terrestrial 

ones. The level of sodium was found to be more than the other 
minerals in all the samples. B, Br, Ca, Fe, K, Mg, Mn, Na and 

Zn were detected in fish meat and croquettes while Na, K and 

Ca were found to be high respectively. According to Ozdemir 

(2006) if essential amino acids and fatty acids are not taken 
daily together with some minerals such as Zn, Cu, I, Se, Cr, Mg, 

Mn and Mo, human health could not be protected no matter 
how many macronutrients are consumed. In this research, the 

amounts of Ca, K, Fe and B decreased while, the amounts of 

Mg and Na increased after deep-frying (P<0.05). The levels of 
Br, Cu, Mn and Zn were not changed statistically after the deep-

frying (P>0.05). However, only Cr was completely lost after the 
frying process. As a consequence of these, this study reveals 

that the deep-frying process does not affect the amount of 

some vital trace elements. Such elements as Cd, Pb causing 
health risk were also determined below the maximum values 

specified in the food legislations. The limit for Cd presence has 
been set as 0.05 mg/kg for fish meat. The Limit for Pb presence 

has been set as 0.30 mg/kg for fish meat in food legislation 

determined by European Commission (2001). Macro and micro 
elements in sardine meat, croquette and fried croquettes are 

shown in Figure 2 and Table 5. 

Table 5. Mineral matter contents of sardine meat, croquette and deep-fried croquettes (g/100g) 

Elements Meat Croquette Fried-Croquette 

B  32.65 ± 0.23a   24.15 ± 0.17b   15.27 ± 0.17c  

Br  3.73 ± 0.01a   3.21 ± 0.06b   3.05 ± 0.13b  

Ca  1435.36 ± 5.01a   1130.84 ± 4.22b  806.68 ± 4.62c 

Cd  < 0.0350   < 0.0350   < 0.0350  

Co  < 0.0350   < 0.0350   < 0.0350  

Cr  3.73 ± 0.13a   2.16 ± 0.17b   < 0.0100  

Cu  18.07 ± 0.23a  11.39 ± 0.06b   10.41 ± 0.22b  

Fe  46.56 ± 0.88a   37.33 ± 0.32b  26.52 ± 0.28c 

K 2603.14 ± 17.1c  3414.54 ± 13.3a    3072.69 ± 15.8b  

Mg  261.87 ± 3.09c   343.82 ± 4.26b   390.57 ± 5.52a  

Mn  4.32 ± 0.19b   7.27 ± 0.17b   7.07 ± 0.17b  

Na 2532.27 ± 15.2c 3711.56 ± 11.15b 4483.41 ± 14.3a 

Ni  < 0.0350   < 0.0350   < 0.0350  

Pb  < 0.0350   < 0.0350   < 0.0350  

Zn  23.38 ± 0.32b   27.7 ± 0.29a   25.74 ± 0.70a  

Values are expressed as mean ±SD (n = 3), mean values in row with different superscripts were significantly different (P <0.05)

CONCLUSION 

The challenging conditions of rapid urbanisation, living 
conditions, intense work schedules and advancing technology 
cause people to consume convenience foods which are usually 
rich in terms of carbohydrates and saturated fats. Food 

scientists and conscious consumers seek to spend less time on 
healthy nutrition. However, people desire not only a healthy diet 
but also delicious foods. According to the results of the 
analyses sardine meat and croquettes include a high amount 
of unsaturated fatty acids, essential amino acids and vital trace 
elements. Besides, elements, such as cadmium and lead, 
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causing health risk were not detected in sardine meats or 
croquettes. Due to deep-frying, the ratios of water and crude 
protein decreased, while those of crude fat and ash increased 
in croquettes (P<0.05). The amount of amino acids decreased 
in the range of 10- 25% as a result of deep-frying (P<0.05). In 
the meantime, total saturated fatty acids decreased, yet the 
amount of mono and polyunsaturated fatty acid increased 
(P<0.05). Macro elements tended to diminish (P<0.05), 
whereas the amounts of some trace elements such as Br, Cu, 
Mn and Zn didn’t change statistically (P>0.05).  

In view of the results, sardine croquettes as a convenience 
food were both practical and healthy even if fried because they 
had no significantly qualified cooking loss. An ascending trend 

of seafood coating technologies like croquette production is 
supposed to compensate demands of healthy and tasty 
products in the convenience food sector. 
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