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Introduction

Seafood is an excellent source of high-quality protein, essential fatty acids, vitamins, and minerals. In terms of
fish quality, the most basic element is to measure the approximate composition of the flesh along with its fatty
acid composition (Hedayati Fard and Miri, 2017). The bighead carp (Hypophthalmichthys nobilis) is one of the
most important warm-water fish species in the world, which has a special place in multi-species culture systems
worldwide due to its high adaptability (Dadras et al., 2011). Fish oil contains high amounts of essential
unsaturated fatty acids such as eicosapentaenoic acid (EPA), docosahexaenoic acid (DHA) and 5 to 6 double
bonds, essential minerals and vitamins (El-Lahamy et al., 2019). Humans obtain most of their essential fatty
acids, especially EPA and DHA, from the consumption of fish, aquatic invertebrates and macroalgae (Hedayati
Fard and Miri, 2017). In modern societies, meat is almost always cooked before consumption. Heating is a
common method for food processing. Heat (boiling, steaming, frying, microwave, etc.) in foods inactivates
pathogenic microorganisms and lipolytic enzymes, improves sensory quality (smell and taste), increases
digestibility, and increases shelf life. Most changes in quality issues in cooked fish products are directly related
to the quality of the initial raw material. Heating is one of the common methods in food processing. In research
conducted on different cooking methods, the fatty acid composition of Biyah fish oil treated with fennel
alcoholic extract was studied. The results showed that the oven-baked sample had the lowest moisture (51.97%)
and the highest protein (39.69%) during cooking (Ramzani et al., 2016). Different cooking methods affect the
quality characteristics of fish, including texture, taste, smell, color, and overall acceptance (Momenzadeh et al.,
2017). The purpose of the research is to measure different cooking methods (grilling and frying) that cause
significant changes in the quality indicators and fatty acid compositions of bighead carp fillets. Considering the
above, the nutritional value of bighead carp was determined by applying different cooking methods and the
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effect of these cooking methods on the fatty acid analysis of the fillets, in order to introduce the best cooking
method.

Methodology

Frying method: Fish fillets were fried in oil at 180°C for 8 minutes (Zakipur Rahimabadi and Bakr, 2011).
Oven roasting method: Oven roasting (UN55, Memmert, GR) was performed at 180°C for 30 minutes
(Hedayatifard and Miri, 2017). Approximate compounds measurement: Moisture weighing was performed by
oven drying at 105°C (Avak and Glaser, 2005). The protein samples were analyzed using the Kjeldahl method
(Avak and Glaser, 2005). Fat weighing was performed using the Soxhlet method (Bilgin et al., 2010). Ash
measurement was determined by the 190°C oven method (Avak and Glaser, 2005). The measurement of (PV)
peroxide values was performed by iodine titration method (Ronald and Ronald, 1991). Thiobarbituric acid
(TBA) was measured colorimetrically (Hedayatifard and Miri, 2017). Total volatile bases-nitrogen (TVB-N)
was measured by the Kjeldahl method (Hedayatifard and Miri, 2017). Identification of fatty acid profiles and
composition was performed using a gas chromatography (Agilent Technol 7890-GC) equipped with a flame
ionization detector (FID) with a capillary tube and a column of 50 m x 0.25 mm and 0.2 um (Hedayatifard and
Miri, 2017). Study The ratios of PUFA/SFA and MUFA/SFA fatty acids were investigated (Brimani et
al.,2021). The nutritional quality index of EPA+DHA and the n-3/n-6 ratio were examined as an important
index for comparing the nutritional value of fish oil in the present study (Bayir et al.,2006). Index (PI), index
(HH), atherogenic index (Al) and thrombogenic index (TI) were investigated in raw, fried and oven-baked
fillets. (Brimani et al.,2021). The data analysis and variance homogeneity were performed by the (ON-WAY
ANOVA) method.

Results

The results of the moisture content study showed that it was significantly higher in raw fish than in other
cooking methods (76.86%), and the lowest moisture content was observed in fried fish (66.62%) (p<0.05). The
results showed that the percentage of protein in fried fish was significantly higher than other cooking methods
(26.26%), and the lowest protein levels were observed in the raw fish treatment (19.60%) (p<0.05). The results
showed that the percentage of fat in fried fish was significantly higher than other cooking methods (70.3%).
The lowest fat levels were observed in the oven-baked fish treatment (17.1%) (p<0.05). The results showed that
the ash content in oven-cooked fish (kebab) was significantly higher than other cooking methods (2.77%), and
the lowest ash content was observed in raw fish treatment (1.90%) (p<0.05). The results of the peroxide value
PV study showed that it was significantly higher in fried fish than in other cooking methods (386.3
milliequivalents per kilogram of fat) (p<0.05), and the lowest peroxide value was observed in the raw fish
treatment (0.94 milliequivalents per kilogram of fat) (Figure 5) (p<0.05). The results of the study showed that
the levels of thiobarbituric acid in fried fish were significantly higher than those in other cooking methods (2.04
mg malondialdehyde/kg acid) (p<0.05), and the lowest levels of thiobarbituric acid were observed in the raw
fish treatment (0.54) (Figure 6) (p<0.05). The results of the study showed that the total volatile nitrogen bases
TVB-N in fried fish were significantly higher than other cooking methods (17.10 mg/100 g) (p<0.05), and the
lowest values of volatile nitrogen bases were observed in the raw fish treatment (10.35 mg/100 g) (Figure 7)
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(p<0.05). Results related to the amounts of saturated fatty acids (SFA) in raw and cooked fish by different
cooking methods identified five types of saturated fatty acids (C14:0, C16:0, C18:0, C20:0 and C22:0) (Table
1). Results of the study of polyunsaturated fatty acids (PUFA) identified 6 types of acids (C18:2n-6, C18:3n-3,
C20:3n-6, C20:3n-3, C20:5n-3 (EPA), C22:6 n-3 (DHA) (Table 1). In the study of monounsaturated fatty acids
(MUFA), 3 types of monounsaturated fatty acids were identified (C16:1, C18:1, and C20:1) (Table 1). The
results of the composition of PUFA/SFA fatty acids showed that the minimum recommended value, i.e. 0.4,
was higher (Brimani et al., 2021). The MUFA/SFA ratio for all 3 treatments showed that the highest amount
was related to fried fish and the lowest amount was related to grilled fish (Table 2) (Hosseini et al., 2014). The
DHA index was higher in raw fish than in cooked fish, and the lowest values were observed in fried fish (Table
2). The n-3/n-6 index was shown in 3 treatments. The lowest n-3/n-6 ratio was observed in fried samples and
the highest n-3/n-6 ratio was observed in raw fillets (Table 2) (Bayir et al., 2006). The lowest values of pi were
observed in fried fish (Table 2) (Brimani et al., 2021). The HH index in all 3 treatments was within the
appropriate range (Table 2) (Brimani et al., 2021). The atherogenic index (Al) and thrombogenic index (TI)
were very low in 3 samples (Table 2) (Brimani et al., 2021). As a result of the present study, grilling is a more
suitable method for cooking fish and the fish has an acceptable nutritional value.

Discussion and conclusion

Maintaining the nutritional value of fish can be achieved by using appropriate cooking methods (Uran and
Gokoglu, 2014). The decrease in moisture is due to denaturation of the protein structure and evaporation of
water (Delfieh et al., 2013). The increase in protein in the fried treatment (kebab) is due to the decrease in
moisture content of the samples compared to the relative increase in other components and the dissolution of
some nitrogen (De Castro et al., 2007). The increase in fat in the fried sample is due to the decrease in meat
juice due to evaporation and penetration of oil into the tissue (Qayumi et al., 2011). The increase in ash in the
cooked sample is due to the decrease in moisture and increase in dry matter and the absence of minerals in the
thermal process (Abroomand and Masoudi, 2012). The increase in peroxide in the fried sample is due to the
increase in temperature. In fact, in the frying method, the production of free radicals is greater and they attack
fatty acids more quickly and cause the production of hydroperoxides (Ozogul et al., 2009). The high content of
thiobarbituric acid in fried samples and the low content in raw samples is due to the high temperature,
malonaldehyde level and fat oxidation increase (Campo et al., 2006). An increase in (TVB-N) was observed in
fried fish and its decrease in raw treatment. This is due to the thermal processing of the samples, which causes
the decomposition of proteins, amino acids and other nitrogenous compounds (Mohan et al., 2006).
Suggestions: 1- The effect of using natural preservatives on the fat content of fish cooked in different ways. 2-
The effect of frying oils from different sources of oil plants on the quality of fish fillets.
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Table 1: Determination of fatty acid profile values in different cooking methods in Hypophthalmichthys nobilis

Fatty acid raw fish fried fish (grilled fish)
C14:0 2.0452.032 1.0+76.08° 2.0+35.06"
C16:0 14.0+77.58° 11.0+90.95° 15.0+15.39°
C18:0 4.0499.14° 2.0+33.02° 4.0+79.11%
C20:0 0.03+31.02° 0.0+15.02° 0.0+17.03"
C22:0 1.0+4.28° 0.0+58.03" 1.0+7.05°
C16:1 3.0465.13 1.0+£91.18° 3.0£26.18°
C18:1 35.1+91.87° 39.1+55.32° 33.1+79.51°
C20:1 1.046.03% 1.047.04% 0.0£99.122

C18:2n-6 24.1+54 59° 28.0+35.35° 24.0+85.05°

C18:3n-3 2.0495.13° 3.0+63.17° 3.0£28.10°

C20:3n-6 0.0+54.05 0.0+20.06° 0.0+55.05

C20:3n-3 1.0+39.11° 0.0+75.07° 1.0+14.06°

C20:5n-3 (EPA) 3.0+45.18 1.0+15.14° 3.0+2.15°
C22:6 n-3(DHA) 2.0£94.22° 0.04£98.12° 2.0458.18°
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Table 2: Determination of fatty acid composition and indices in different cooking methods in Hypophthalmichthys

nobilis
Fatty acid Raw fish Fried fish Avon (grilled fish)

>SAFA 22.0+63.48a 16.1+72.05b 23.0+53.95a
YMUFA 40.1+£62.15b 43.04£53.97a 38.1+04.28b
YPUFA 35.1+82.58a 35.1+05.12a 35.0+42.05a
YUFA 76.1+44.45b 78.2+58.29a 73.0+46.66¢
PUFA/ SFA 1.0+58.06b 2.0£09.03a 1.0+50.05b
UFA/SFA 3.0£37.17b 4.0+69.17a 3.0+£12.18b
>n-3 10.0£74.15a 6.0+51.13b 10.0+02.10a
>n-6 25.1+08.25b 28.1+55.31a 25.1+40.05b
n-3/n-6 0.0+42.05a 0.0+22.01b 0.0+39.02a
EPA+DHA 6.0+39.23a 2.0+13.17c 5.0+60.14b
DHA/ EPA 0.0+85.02a 0.0+86.02¢c 0.0+85.03b
PI (EPA+DHA/C16:0) 0.0+43.03a 0.0+17.02c 0.0+37.05b
HH 4.0£3.04b 5.0+£39.07a 3.0+85.06¢

Al 0.0+018.001a 0.0+015.00b 0.0+018.001a

TI 0.0+013.001a 0.0+013.001a 0.0+014.002a
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Table 3: Comparing the effect of different cooking methods (frying, grilling) on the chemical and oxidation
compounds of Hypophthalmichthys nobilis based on different evaluations with the present research

. Umidity Protein Fat Ash Fatty acid
Row Type of fish (%) (%) (%) (%) profile Reference
raw +
1 Clupeonella Fried - ¥ . Khanipour et
cultriventris . al.,2014
grilled - + +
raw + -
2 Dicentrarchus labrax ~ Fried - * * T;Irkgggeaet
grilled + + !
raw + - -
. ; Ramzani et
3 Liza abu Fried + +
al.,2016
grilled - + - +
- raw + - - -
Hypophthalmichthys
4 P pnobilis y Fried - + + + + Present study
grilled - + +
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