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Julliane C. Barros, Manoela A. Pires, Paulo E. S. Munekata, Isabela Rodrigues, Carlos A. C. Souza, Marco A. Trindade
University of São Paulo, Food Engineering Department/College of Animal Science and Food Engineering, Pirassununga, Brazil

Introduction
The consumption of omega-3 fatty acids has been associated with several 
health benefits, such as reducing the risks of cardiovascular disease, cancer 
and mental illnesses [1]. Echium oil is a vegetable oil that contains signif-
icant amounts of stearidonic acid (omega-3; 13 g/100 g)[2] and chia flour 
has 64.97 g α-linolenic acid/100 g fat[3]. Therefore, the use of Echium oil and 
chia flour can be an interesting alternative to improve the omega-3 content 
of meat products. Thus, the present study aimed to produce a healthier Bo-
logna sausage through the replacement of pork back fat with Echium oil and 
the partial replacement of beef meat with chia flour and to evaluate the fatty 
acids profile of the obtained sausages.
Methods
Four treatments were processed, according to Trindade et al.[4]: Control (17 
g pork back fat /100 g, TE (13 g Echium oil/100 g), T10CF (13 g Echium oil/100 
g + 10 g chia flour/100 g) and T20CF (13 g Echium oil/100 g + 20 g chia 
flour/100 g). The formulations of Bologna sausages are showed in Table 1. 
Duplicates were carried out at processing level for all treatments. For the 
fatty acids profile determination, the lipids were extracted by the Bligh & 
Dyer method[5]. The fatty acids contents were determined by GC chroma-
tography, equipped with G3243A MS detector (Agilent 7890 A GC System, 
Agiflent technologies Inc., Santa Clara, USA). Results were expressed as g 
fatty acid/100 g oil. The results were evaluated by ANOVA using the gener-
alized linear models in the randomized complete block design, considering 
the treatments as a fixed effect, and the experiment replications as a random 
effect. The means were compared by Tukey test, at 5% of significance.
Results
Table 2 presents the results of the fatty acid profile of the Bologna sausag-
es. The addition of Echium oil (TE) alone or together with chia flour (T10CF 
and T20CF) to Bologna sausages reduced (P<0.05) their SFA and MUFA 
contents. Conversely, an increase (P<0.05) in PUFAs was observed. This 
effect is mainly due to the increase in the omega-3 contents by adding chia 
flour (alfa-linolenic acid) and Echium oil and (stearidonic acid). A desirable 
decrease (P<0.05) in the n-6:n-3 ratio was also observed in all tested for-
mulation (TE, T10CF and T20CF) when compared to Control, with all these 
treatments reaching the nutritional recommendation (n-6:n-3 ≤ 5:1)[7]. How-
ever, no (P>0.05) further improvements were obtained by increasing the re-
placement of beef meat with chia flour form 10% to 20%.

Conclusion
The replacement of 100% added pork back fat (17 g pork back fat /100 g 
product) with of Echium oil (13 g Echium oil/100 g) and the partial replace-
ment of beef meat with chia flour (10 g or 20 g chia flour / 100 g product) 
were effective to improve the lipid profile of Bologna sausages.
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Table 1. Reformulations of Bologna sausages. 
This figure (Table 1) should appear together with Methods part of the 
Abstract

   
Table 2. Fatty acid profile (mean ± standard error) of Bologna sausage. 
This Figure (Table 2) should appear together with the Results part.
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