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Highlights 

- The results of present study showed the particle size and Polydispersity index of liposomes 

containing fish oil were 339.2 nm and 0.42, respectively indicating that nano-liposomes had a 

suitable size and uniform distribution. These results reported that nanoliposomes are Suitable 

for use in food and pharmaceutical industries.  

- According to results, the nano-encapsulation efficiency of fish oil incorporated in nano-

liposomes was measured as 90.12 ± 0.27%. On the other hand, about less than 10% has 

remained as unencapsulated fish oil. The present study indicated that sonication method has 

an acceptable encapsulation efficiency. 

- It is clear that fish oil in nano-liposomes compared to control samples (free fish oil) showed 

higher stability against oxidation during 25 days storage at 4°C. It displayed the nano-

liposomal system had a protective role in oxidative control for fish oil containing EPA+DHA. 

- The findings suggest that encapsulation of fish oil in Nanoliposome is well able to balance 

flavor and odor of fish oil and makes it desirable for use within product with no significant 

effect on appearance and texture of the product. 
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Introduction (Hypothesis and aims) 

Fish oil is a main dietary source of long-chain polyunsaturated fatty acids, most 

notably eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA). These fatty 

acids are believed to have many health benefits mentioned for Cardiovascular and 

nervous system disease, blood pressure and inflammatory. So, an adequate intake 

of omega 3 PUFA is very important for human diet. Despite of these benefits and 

unique properties, one of the main problems of fish oil consumption is very high 

oxidative susceptibility of fish oil due to high levels of polyunsaturated fatty acids, 

which leads to severe oxidative spoilage and undesirable flavor and therefore 

reduce the tendency of fish oil consumption. Different approaches for the 

prevention of lipid oxidation have been studied in foods enriched with omega-3. In 

this way encapsulation is the most successful method to protect fish oil against 

oxidation. Encapsulation can be defined as a key method to entrap sensitive 

ingredients like omega-3 fatty acids in the form of micro and nano- particles within 

different wall materials, control the release of valuable compounds, lower flavor 

loss during storage and raise the stability. Nowadays, there is an increasing need for 

food fortification with bioactive materials such as fish oil to develop new 

functional foods. In this regard, a suitable carrier system such as liposomal 

encapsulation can be used to incorporate fish oil as a rich source of essential fatty 

acids in food products. Grain-prepared foods are inexpensive and good sources of 

dietary which Bread is a main food of more than half of the world's countries. The 

Bread contain high levels of protein and carbohydrates, but is poor in materials 

such as dietary fiber, unsaturated fatty acids and phenolic compounds. Wheat 

products such as flour and bread are an appropriate carriers for adding nutrients to 

provide people requirement. The aim of this study was preparation and 

physicochemical evaluation of Nanoliposomal fish oil and study of its effects on 

texture and sensory characteristics of enriched bread.  
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Other Information (including tables and figures) 

The object of this study was to produce nano-encapsulated fish oil in nano-liposomes to 

develop fortifying bread. Physical properties and oxidative stability of fish oil nano-

liposomes at 25 days in refrigerated condition were determined. Oxidative stability of the 

fish oil nano-liposomes showed better protection against lipid oxidation in comparison with 

free (unencapsulated) fish oil. The Technological and sensory evaluation indicated that 

enriched bread with nano-liposomal fish oil had a higher loaf volume of bread than other 

samples. The addition of nano-liposomal fish oil had no negative effect on bread quality and 

sensory acceptability. So, using of nano-liposomal fish oil as an effective additive for 

improvement of the nutritional value of bread and its application is suggested for the 

production of other bakery products. 

 

Importance 
 

Due to beneficial health properties of omega-3 fatty acids besides the low consumption of 

fish and other sea foods in many countries, enriched diet with fish oil capsules as functional 

ingredients can be the best way to increase the amount of omega-3 fatty acids intake. 

Nevertheless, the main challenge for the application of fish oil is related to their high 

susceptibility to oxidation and undesirable flavors. Thus, encapsulation of fish oil under the 

suitable condition can provide more prolonged shelf life by protecting oils during processing 

and thus cover undesirable sensory characteristics. Nano-liposome technology is one of the 

most applied nanoencapsulation techniques for the encapsulation and delivery of bioactive 

agents. Liposomes can encapsulate hydrophilic and lipophilic ingredients. They are being 

used by the pharmaceutical and agricultural, cosmetic and food industries as a carrier system 

to protect and delivery of valuable material such as antimicrobials, food flavors, drugs, 

nutraceuticals and other beneficial components. Nano-liposomes compared to liposomes 

provide more surface area resulting to increase solubility, bioavailability and improve 

controlled release. Different methods; thermal and non- termal method have been developed 

to produce nano/microsized liposomes. Numerous studies by researchers have reviewed the 

various methods of fish oil encapsulation but there are still some challenges in encapsulation 

of fish oil that remain unsolved; so nano-liposome encapsulation could be a solution for 

masking drawbacks.  
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Other Information (including tables and figures) 

Table 1. Profile of fatty acids in fish oil. 

Fish Oil (%) Fatty Acids 

3.83 ± 0.14 C14: 0 

19.73 ± 1.26 C16: 0 

5.74 ± 0.45 C16: 1 

3.02 ± 0.32 C18: 0 

29.2 ± 1.73 C18: 1 

2.27 ± 0.11 C18: 2n-6 

2.1 ± 0.30 C18: 3n-3 

2.63 ± 0.17 C20: 1n-9 

9.03 ± 0.21 C20: 5n-3 (EPA) 

1.29 ± 0.17 C22: 5n-3 (DPA) 

19.1 ± 1.34 C22: 6n-3 (DHA) 

 

 
 

Figure 1. DLS Size distribution of fish oil nano-liposomes. 
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Other Information (including tables and figures) 

 
 

Figure 2. Changes in peroxide value of free fish oil and nano-liposomal encapsulated fish oil during 25 

days storage.  

 

 

 
 

Figure 3. Changes in TBARS value of free fish oil and nano-liposomal encapsulated fish oil during 25 

days storage.  
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Other Information (including tables and figures) 

Table 2. Loaf volume of bread incorporated with 0%, 5% free and nano-liposomal fish oil at day 0 and 3 

of storage. 

Day Control (0%) Containing 5% Free Fish Oil 
Containing 5% nano-liposomal  

encapsulated fish oil 

0 272.04 ± 3.90 Ba 270.3333 ± 0.21 Ba 301.7667 ± 2.61 Aa 

3 264.7 ± 1.54 Bb 263.5667 ± 0.60 Bb 300.5667 ± 0.47 Aa 

Values are mean ± standard deviation of three determinations. 

Capital letters (A, B, C) in the same line indicate significant differences (P<0.05) of treatment. 

Small letters (a, b, c, d) in the same column indicate significant differences (P<0.05) of storage. 

 

 
Table 3. Textural properties of bread incorporated with 0%, 5% free and nano-liposomal fish oil at day 

0 and 3 of storage. 

 Days Control (0%) 
Containing 5% Free 

Fish Oil 

Containing 5% nano-liposomal 

encapsulated fish oil 

Hardness (g) 
0 1263.33 ± 1.06 Ab 936.733 ± 4.93 Bb 920.29 ± 8.85 Cb 

3 2000.37 ± 17.58 Aa 1931.66 ± 51.08 Ba 1235.39 ± 16.32 Ca 

Springiness (mm) 
0 0.88 ± 0.01 Ba 0.91 ± 0.01 Aa 0.91 ± 0.01 Aa 

3 0.86 ± 0.01 Ba 0.9 ± 0.00 Aa 0.91 ± 0.01 Aa 

Cohesiveness (g.mm) 
0 0.64 ± 0.01 Aa 0.54 ± 0.03 Ba 0.61 ± 0.02 Ab 

3 0.56 ± 0.05 Aa 0.51 ± 0.01 Aa 0.54 ± 0.02 Aa 

Gumminess 
0 645.87 ± 5.93 Ab 621.77 ± 0.68 Bb 597.80 ± 2.82 Cb 

3 823.83 ± 1.99 Aa 730.90 ± 1.67 Ba 682.23 ± 9.51 Ca 

Chewiness 
0 688.10 ± 7.36 Aa 546.87 ± 11.06 Bb 482.70 ± 3.14 Cb 

3 846.32 ± 232.10 Aa 835.46 ± 3.82 Aa 618.81 ± 1.42 Aa 

Values are mean ± standard deviation of three determinations. 

Capital letters (A, B, C) in the same line indicate significant differences (P<0.05) of treatment. 

Small letters (a, b, c, d) in the same column indicate significant differences (P<0.05) of storage. 
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Other Information (including tables and figures) 

 

Table 4. The color of bread incorporated with 0%, 5% free and nano-liposomal fish oil at day 0 and 3 of 

storage. 

  Days Control (0%) Containing 5% Free Fish Oil 
Containing 5% nano-liposomal 

encapsulated fish oil 

Crumb 

L* 
0 74.54 ± 1.61 Aa 56.82 ± 0.43 Ca 69.29 ± 0.13 Ba 

3 72.59 ± 2.06 Aa 56.22 ± 0.38 Ca 68.51 ± 0.58 Ba 

A* 
0 0.12 ± 0.01 Ca 2.19 ± 0.06 Ba 5.33 ± 0.16 Aa 

3 0.12 ± ± 0.01 Ca 2.18 ± 0.08 Ba 5.34 ± 0.06 Aa 

B* 
0 11.30 ± 0.02 Cb 14.55 ± 0.04 Ab 11.63 ± 0.19 Ba 

3 12.33 ± 0.11 Ba 15.27 ± 0.14 Aa 11.90 ± 0.17 Ca 

Crust 

L* 
0 69.49 ± 0.61 Aa 56.89 ± 0.45 Ca 67.37 ± 0.55 Ba 

3 67.99 ± 1.14 Aa 56.34 ± 0.12 Ca 65.21 ± 0.13 Bb 

A* 
0 9.77 ± 0.03 Ca 14.51 ± 0.20 Aa 11.56 ± 0.04 Ba 

3 9.63 ± 0.04 Cb 13.81 ± 0.47 Aa 11.52 ± 0.03 Ba 

B* 
0 30.54 ± 0.73 Ba 33.28 ± 0.94 Aa 31.24 ± 0.82 Ba 

3 31.09 ± 1.29 Aa 33.03 ± 2.04 Aa 31.37 ± 0.11 Aa 

Values are mean ± standard deviation of three determinations. 

Capital letters (A, B, C) in the same line indicate significant differences (P<0.05) of treatment.  

Small letters (a, b, c, d) in the same column indicate significant differences (P<0.05) of storage.  

 

 
Table 5. A sensory score of bread incorporated with 0, 5% free fish oil and nano-liposomal encapsulated 

fish oil. (Mean ± SD) 

 
Bread Samples 

A B C 

Appearance 8.4 ± 0.53 a 6 ± 0.65 b 8 ± 0 a 

Taste 8.6 ± 0.55 a 5.2 ± 0.28 c 7 ± 0.71 b 

Texture 8.2 ± 0.45 a 6.6 ± 0.55 b 7.8 ± 0.45 a 

Aroma 9 ± 0 a 5.4 ± 0.55 c 8.2 ± 0.48 b 

Crumb 8.4 ± 0.55 a 6.6 ± 0.55 c 7.4 ± 0.3 b 

Overall Accessibility 8.4 ± 0.55 a 5 ± 0.12 b 8.1 ± 0.55 a 

A: control (0%), B: Containing 5% Free Fish Oil, C: with Containing 5% nano-liposomal encapsulated fish oil.  

 


