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Introduction (Hypothesis and aims) 

Marine fish are a rich source of n-3 polyunsaturated fatty acids (PUFA) 

containing approximately 14–30% of total fatty acids, whereas PUFA in freshwater 

fish was only 1–11% of total fatty acids. Fortification of fish sausage could be an 

alternative means to improve its fat quality and to increase n-3 PUFA consumption. 

However, one of the main problems facing the addition of fish oil introduces in 

foods is their high susceptibility to oxidation and especially with regard to odour 

and taste. Some of emulsion delivery systems have been used to produce high ω-3 

products for improving the nutritional quality of processed products. This study 

examines the effectiveness of fortifying methods and plant extract on the oxidative 

stability of fish sausage.   

Importance 

The market of fish oil-enriched food products is still in increase. Dietary 

recommendations suggest that the consumption of omega-3 PUFA should be 

increased. To reach this purpose, increase in daily intake of omega-3 rich foods is 

needed. Susceptibility of fish oil to oxidation necessitates careful control to avoid this 

oxidation. Antioxidant effect of green tea extract has been evaluated in many studies. 

In this study, a new formulation of fish sausage enriched in ω-3 polyunsaturated fatty 

acids (PUFA) was developed, using a lyophilized aqueous extract of green tea.   

Highlights 

 In comparison to oil and oil-in-water emulsion, gelled emulsion could be a better 

option to decrease cooking loss and springiness of fish sausage.  

 Gelled oil-in-water emulsion was demonstrated to be a suitable lipophilic delivery 

system for ω-3 PUFA compounds and applicable in food formulations as fat replacer.  

 In gelled formulation EPA and DHA increased and significantly the ω-6/ω-3 ratio 

from of 22.30 to 9.85.decreased compared of control.  

 Modified sausages with green tea extract (900 ppm) showed significantly lower 

thiobarbituric acid value than fish oil treatment.  
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Other Information (including tables and figures) 

This study aimed to enrich and protect of fish sausage with fish oil and green tea 

(Camellia sinensis) extract at different levels by O/W emulsion and gelled emulsion 

during the storage at 4 °C for 30 days. Results showed that fortified fish sausage by 

fish oil changed the fatty acid composition of silver carp sausage by increasing 

(P≤0.05) EPA and DHA and decreasing (P≤0.05) n-6 (linoleic acid) fatty acids. The 

increase in oxidation indexes of the control and oil treatment was noticeable when 

storage time increased and addition of GTE (900 ppm) could retard the lipid 

oxidation in the fish oil-in-water gelled emulsion. Sensory differences were found 

among formulations and the panelist preferred gelled treatment in texture, color and 

total acceptance.  

 

 
 

Figure 1. Effect of different methods of enrichment of fish sausage with omega-3 fatty acids and 

green tea extract on TBA during storage at 4 °C.   

 

 
 

Figure 2. Effect of different methods of enrichment of fish sausage with omega-3 fatty acids and 

green tea extract on cooking loss during storage at 4 °C.  
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Other Information (including tables and figures) 

Table 1. Changes in Fatty Acid Composition of fortified fish sausage (g FA/100g).  
 

 Control oil Emulsion 
Emulsion 

700 

Emulsion 

900 

Gelled 

emulsion 

Gelled  

700 
Gelled 900 

C14:0 1.45±0.00 2.48±0.00 2.00±0.00 2.07±0.00 2.041±0.00 2.05±0.00 2.04±0.00 2.12±0.00 

C16:0 10.32±0.00 11.25±0.00 11.24±0.00 11.34±0.00 11.29±0.00 11.31±0.00 11.30±0.00 11.19±0.00 

C18:0 3.72±0.00 3.77±0.00 3.75±0.00 3.77±0.00 3.76±0.00 3.76±0.00 3.76±0.00 3.84±0.00 

C20:0 0.13±0.00 0.06±0.00 0.13±0.00 0.07±0.01 0.10±0.01 0.09±0.01 0.09±0.01 0.12±0.01 

C22:0 0.47±0.00 0.41±0.00 0.45±0.00 0.39±0.00 0.42±0.00 0.40±0.00 0.41±0.00 0.47±0.00 

C16:1 1.84±0.01 2.03±0.01 2.85±0.01 2.90±0.01 2.87±0.01 2.89±0.01 2.88±0.01 2.76±0.01 

C18:1ω9 27.23±0.01 26.8±0.01 26.23±0.01 26.42±0.01 26.33±0.01 26.37±0.01 26.35±0.01 26.21±0.01 

C20:1 0.13±0.01 0.22±0.01 0.39±0.01 0.22±0.01 0.31±0.01 0.26±0.01 0.28±0.01 0.33±0.01 

C22:1 0.26±0.01 0.33±0.01 0.41±0.01 0.32±0.01 0.36±0.01 0.34±0.01 0.35±0.01 0.35±0.01 

C18:2 ω6 51.44±0.00 47.94±0.01 47.15±0.01 47.34±0.01 47.24±0.01 47.29±0.01 47.27±0.01 46.81±0.01 

C20:2 ω6 0.31±0.00 0.17±0.00 0.43±0.01 0.18±0.01 0.30±0.01 0.24±0.01 0.27±0.01 0.38±0.01 

C18:3(ω3) 1.29±0.00f 1.34±0.01d 1.44±0.01a 1.31±0.01c 1.38±0.01e 1.34±0.01b 1.36±0.01e 1.34±0.01d 

C20:4(ω6)ARA 0.31±0.01 0.41±0.00 0.36±0.01 0.44±0.01 0.40±0.01 0.42±0.01 0.41±0.01 0.34±0.01 

C20:5 (ω3) (EPA) 0.48±0.01g 1.49±0.00f 1.59±0.00e 1.72±0.00a 1.65±0.01c 1.68±0.01d 1.67±0.01b 1.85±0.01a 

C22:5(ω3) 0.09±0.01 0.14±0.01 0.19±0.01 0.17±0.01 0.18±0.01 0.17±0.01 0.18±0.01 0.22±0.01 

C22:6ω3 (DHA) 0.46±0.03e 1.15±0.03d 1.24±0.03c 1.27±0.03a 1.26±0.03bc 1.26±0.03bc 1.26±0.03ab 1.42±0.03a 

SFA 16.1±0.00g 17.98±0.01a 17.59±0.00f 17.65±0.00d 17.62±0.00e 17.63±0.00e 17.63±0.00b 17.74±0.00c 

MUFA 29.48±0.01e 29.38±0.07f 29.89±0.01ab 29.88±0.01bc 29.88±0.01ab 29.88±0.01a 29.88±0.01c 29.67±0.01d 

PUFA 54.41±0.02a 52.67±0.02b 52.43±0.02c 52.45±0.02c 52.44±0.02c 52.45±0.02c 52.45±0.02c 52.38±0.02c 

Σω 6 52.07±0.01a 48.53±0.01b 47.95±0.01c 47.97±0.01e 47.96±0.01c 47.96±0.01d 47.96±0.01g 47.54±0.01f 

Σω 3 2.34±0.03e 4.14±0.03d 4.48±0.03c 4.48±0.03a 4.48±0.03c 4.48±0.03b 4.48±0.03b 4.84±0.03a 

ω6/ ω3 22.20±0.07a 11.72±0.07b 10.70±0.07c 10.68±0.07e 10.69±0.07c 10.69±0.07d 10.69±0.07d 9.81±0.07e 

Total fatty acid (FA), saturated fatty acid (SFA), monounsaturated (MUFA), polyunsaturated (PUFA).  

Values are based on all fatty acids detected. Results were carried out in triplicate, on duplicate samples. 

Control, no fish oil; green tea extract (700 and 900 ppm).  
 

 

 
 

Figure 3. Effect of different methods of enrichment of fish sausage with omega-3 fatty acids and green tea extract on 

total acceptance during storage at 4 °C.  


