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Introduction (Hypothesis and aims) 

Battered and breaded foods such as fish nugget are among the most important 

convenient foods which are widely used nowadays due to fast attributes preparation. Fish 

nuggets undergo many changes in nutritional and compositional aspects during 

preparation. During frying process, both mobility and transmission of temperature and oil 

displacement, led to moisture evaporation and oil replacements. This replacement resulted 

in oil absorption up to 1/3 of the total weight of the final product and hence influence 

product properties especially flavor, texture and physical parameters. The amount of oil 

uptake depends on the frying temperature, which directly determines the duration of 

frying process. The kind of oil used as frying medium is effective on oil uptake and 

physical parameters. Furthermore, using high quality oil is crucial. Among the various 

vegetable oils; sunflower, olive, rapeseed and sesame oils are rich in polyunsaturated 

fatty acids and therefore they were selected for the purpose of the present study.  

Highlights 

- Pre-frying fish nuggets in sunflower and sesame oils showed higher amounts of 

moisture, yield, red and yellow color indices and lower amounts of oil absorption and 

yellow color index than the pre-fried fish nuggets fried in olive and rapeseed oils.  

- The per-fried sample at temperature of 170 °C has the highest moisture content and 

product yield, and the average amounts of lightness and red color indices as compared 

with samples fried at temperatures of 150 and 190 °C.  

- The amount of oil absorption in sample pre-fried at temperature 150 °C was less than 

samples pre-fried at temperatures of 170 and 190 °C.  

- Generally, pre-frying of fish nuggets in sunflower and sesame oils were more effective 

in terms of physical parameters and the amount of oil absorption and among different 

pre-frying temperatures, 170 °C showed the best results for all measured parameters as 

compared with temperatures of 150 and 190 °C.  
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Other Information (including tables and figures) 

The highest and the lowest moisture content showed in sample pre-fried in 

sunflower oil at temperature 170 and sesame oil at temperature 190 °C, respectively. 

Pre-fried fish nuggets in sunflower oil at temperature 170 °C had higher moisture 

than the sample pre-fried at temperatures 150 and 190 °C. The highest and the lowest 

fat uptake were observed in pre-fried fish nuggets in olive at temperature 150 and 

sunflower at temperature 150 °C, respectively. Pre-fried fish nuggets in different oils 

and temperatures had no significant differences in terms of protein, shrinkage and 

sensorial analysis. The highest amount of product yield were observed in pre-fried 

fish nuggets in sesame oil at temperatures 170 and 190 °C. Pre fried fish nuggets in 

sesame oil at temperature 190 °C had the highest red color index.  

Importance 

Frying is one of the common preparation methods of fish and seafood products 

that led to uptake many amount of oil. The critical parameters of deep frying which 

influence the oil uptake are frying time and temperatures. On this context, 

temperatures of 150 to 200 °C used and the results showed that high frying 

temperature decreased the amount of oil absorption. The oil quality have special 

effect on oil uptake and consequently influenced the organoleptic properties 

(sensory) and nutritional characteristics of fried food products. In this end, the use of 

high-quality oil for frying is important, therefore sunflower, olive, sesame and 

rapeseed oils were used in this study. According to previous studies, there is no 

information about the simultaneously effects of frying time and temperatures on 

proximate composition and physical parameters of silver carp nugget. The purpose of 

present study was to evaluate the effects of different vegetable oils (sunflower, olive, 

sesame and canola) and different pre frying temperatures (150, 170 and 190 °C) on 

the amount of oil absorption, proximate composition and physical parameters of 

silver carp nuggets.  
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Other Information (including tables and figures) 

Table 1. Composition of Silver carp fish nuggets pre-fried in different oils and temperatures (mg/100 

mg of total matter). 
 

Treatments Moisture (%) Fat (%) Protein (%) Ash (%) 

PSF 150 65.78±0.53b 10.00±0.58c 17.39±0.10ab 5.58±0.43abc 

PSF 170 66.89±0.48a 10.33±0.33c 15.01±1.62b 5.96±0.32ab 

PSF 190 65.29±0.26bc 12.47±1.46bc 15.45±0.26bc 6.28±0.41a 

PR 150 63.76±0.06ef 13.50±0.25b 15.41±0.09bc 5.41±0.13abcd 

PR 170 64.13±0.06de 15.83±0.33a 16.26±0.24abc 5.27±0.12bcd 

PR 190 63.72±0.25ef 16.58±0.21a 17.00±0.11abc 4.85±0.37cde 

PO 150 63.60±0.30ef 16.67±0.72a 16.76±0.17abc 4.81±0.31e 

PO 170 64.19±0.16de 16.44±0.96a 17.95±0.22a 4.81±0.16cde 

PO 190 64.74±0.36cd 16.39±0.24a 16.94±0.13abc 4.58±0.03de 

PS 150 64.39±0.08de 11.22±1.17bc 16.55±0.44abc 5.02±0.03cde 

PS 170 64.67±0.0cd 12.17±1.35bc 15.66±0.48bc 5.37±0.20bcd 

PS 190 63.00±0.08f 10.94±0.34bc 15.90±0.90bc 5.00±0.19cde 

PSF 150, pre-fried in sunflower oil at 150 °C; PSF 170, pre-fried in sunflower oil at 170 °C; PSF 190, 

pre-fried in sunflower oil at 190 °C; PR 150, pre-fried in rapeseed oil at 150 °C; PR 170, pre-fried in 

rapeseed oil at 170 °C; PR 190, pre-fried in rapeseed oil at 190 °C; PO 150, pre-fried in olive oil at 

150 °C; PO 170, pre-fried in olive oil at 170 °C; PO 190, pre-fried in olive oil at 190 °C; PS 150, pre-

fried in sesame oil at 150 °C; PS 170, pre-fried in sesame oil at 170 °C; PS 190, pre-fried in sesame oil 

at 190 °C. Values are means ± standard error (n=3). a-f Values in the same column with different 

letters are significantly different. 

 

 
Table 2. The pH, WHC, product yield and shrinkage of Silver carp fish nuggets pre-fried in different 

oils and temperatures.  
 

Shrinkage (%) Product yield (%) WHC pH treatments 

9.05±0.12a 81.48±0.68 efg 11.85±1.05 c 7.16±0.01 ab PSF 150 

11.66±1.62 a 82.62±0.84 cdef 13.73±0.66 abc 7.19±0.00a PSF 170 

8.06±0.93 a 82.98±0.24 bcde 12.14±0.49 bc 7.10±0.00 d PSF 190 

10.00±4.24 a 76.02±0.43 h 12.28±0.47 bc 7.14±0.02 c PR 150 

9.94±1.0 a 81.63±0.79 defg 12.61±1.30 bc 7.18±0.01 a PR 170 

6.19±1.67 a 84.30±0.41 b 10.66±0.93 a 7.17±0.00 a PR 190 

6.62±1.95 a 80.53±0.23 g 13.16±0.17 bc 7.14±0.00 c PO 150 

9.23±4.43 a 81.40±0.32 efg 15.43±1.41 ab 7.14±0.00 bc PO 170 

11.54±2.20 a 81.06±0.61 fg 16.56±1.92 a 7.14±0.00 c PO 190 

7.65±0.10 a 83.25±0.45 bcd 11.40±0.23 c 7.09±0.00 d PS 150 

4.79±0.02 a 86.06±0.06 a 10.90±0.97 c 7.14±0.00 c PS 170 

5.27±1.23 a 83.40±0.55 bc 10.91±1.05 c 7.11±0.00 d PS 190 

PSF 150, pre-fried in sunflower oil at 150 °C; PSF 170, pre-fried in sunflower oil at 170 °C; PSF 190, 

pre-fried in sunflower oil at 190 °C; PR 150, pre-fried in rapeseed oil at 150 °C; PR 170, pre-fried in 

rapeseed oil at 170 °C; PR 190, pre-fried in rapeseed oil at 190 °C; PO 150, pre-fried in olive oil at 

150 °C; PO 170, pre-fried in olive oil at 170 °C; PO 190, pre-fried in olive oil at 190 °C; PS 150, pre-

fried in sesame oil at 150 °C; PS 170, pre-fried in sesame oil at 170 °C; PS 190, pre-fried in sesame oil 

at 190 °C. Values are means ± standard error (n=3). a-f Values in the same column with different 

letters are significantly different. 
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Other Information (including tables and figures) 

Table 3. The color indexes of Silver carp fish nuggets in pre-fried different oils and temperatures. 
 

b* a* L* Treatments 

20.81±0.66 e 9.04±0.17 c 61.01±0.55 a PSF 150 

22.71±0.34 d 9.80±0.27 bc 60.06±0.30 a PSF 170 

24.55±0.25 abc 10.69±0.31 ab 49.98±0.43 e PSF 190 

25.32±0.44 ab 10.00±0.92 bc 59.82±0.67 a PR 150 

25.40±0.50 ab 10.42±0.22 ab 57.79±0.61 bc PR 170 

24.80±0.53 abc 9.98±0.26 bc 57.57±0.56 c PR 190 

25.34±0.75 ab 10.00±0.27 bc 57.74±0.64 bc PO 150 

24.63±0.54 abc 10.15±0.14 bc 56.49±0.81 cd PO 170 

23.74±0.36 cd 10.78±0.29 ab 57.68±0.99 bc PO 190 

23.73±0.31 cd 10..7±0.19 bc 59.48±0.38 ab PS 150 

24.17±0.33 bcd 10.42±0.32 ab 57.90±0.42 bc PS 170 

25.79±0.59 a 11.57±0.39 a 55.08±0.22 d PS 190 

PSF 150, pre-fried in sunflower oil at 150 °C; PSF 170, pre-fried in sunflower oil at 170 °C; PSF 190, 

pre-fried in sunflower oil at 190 °C; PR 150, pre-fried in rapeseed oil at 150 °C; PR 170, pre-fried in 

rapeseed oil at 170 °C; PR 190, pre-fried in rapeseed oil at 190 °C; PO 150, pre-fried in olive oil at 

150 °C; PO 170, pre-fried in olive oil at 170 °C; PO 190, pre-fried in olive oil at 190 °C; PS 150, pre-

fried in sesame oil at 150 °C; PS 170, pre-fried in sesame oil at 170 °C; PS 190, pre-fried in sesame oil 

at 190 °C. Values are means ± standard error (n=3). a-f Values in the same column with different 

letters are significantly different. 

 

 
Table 4. Analysis of variance of sensory evaluation of silver carp fish nuggets in pre-fried different 

oils and temperature.  

 

Sensory evaluation Freedom degree X2 Sig 

Color 11 8.678 0.652ns* 

Flavor 11 3.770 0.976ns 

Odor 11 6.405 0.845ns 

Mouth feel 11 7.807 0.731ns 

Texture 11 3.459 0.983ns 

Juiciness 11 5.873 0.882ns 

Overall acceptance 11 3.648 0.983ns 

* Not significant 

* Data don't shown 

 


