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Highlights 

 Rosemary and Green tea and Wild Pistachio extracts have been evaluated in o/w 
emulsion. With increasing storage time, progressive formation of hydroperoxide 
was found in samples and lower oxidation was found in treatments with 
antioxidants; however PV and p-Anisidine values varied with different 
antioxidants added.  

 
 Fish oil emulsions containing Green tea and Wild Pistachio (500 and 700 ppm) 

had the lowest oxidation during storage at 30°C. Sample added with 200 ppm 
rosemary had the higher oxidation than others and rosemary in high 
concentrations was more effective.  
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Importance 

During the last decade, substantial attention has been given to the possible 
antioxidative effect of plant extracts and other natural compounds. Nonetheless, there 
are less data available on the antioxidative effect of these compounds in the fish oil 
enriched food emulsions. Antioxidants were added to further protect the emulsion by 
reducing lipid oxidation. However, the susceptibility of fish oil to oxidation 
necessitates careful control to avoid this oxidation. Rosemary and green tea extracts 
have been evaluated in many studies. Various types of constituents have been 
isolated and identified from different parts of wild pistachio . But, there are no data 
available on the antioxidative effect of wild pistachio extract in the fish oil emulsion. 
This study examines the effectiveness of plant extracts on the oxidative stability of 
fish oil emulsion. 
 

Introduction (Hypothesis and aims) 

Incorporation of ω-3 fatty acids into processed foods would most likely be in the 
form of lipid dispersions which are referred to as oil-in-water emulsions. A 
prerequisite for successful development of foods enriched with lipids containing n-3 
polyunsaturated fatty acids (PUFA) is that oxidation of the lipids is prevented. The 
lipid oxidation and antioxidant mechanisms in multiphase food systems are very 
complex and many factors can influence the rate and extent of lipid oxidation, and 
the efficacy of different antioxidants in such systems. Plants are persistently the 
generous source to supply man with valuable bioactive substances and thus different 
plant products are being evaluated as natural antioxidants to preserve and improve 
the overall quality of products. Demand for natural antioxidants has been increased.  
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Other Information (including tables and figures) 

This study aimed to investigate the oxidative stability fish oil-in-water emulsion incorporated 
with various antioxidants at different levels during the storage at 30 °C for 12 days. The increase 
in oxidation indexes of the control, sample added with 200 ppm ROS were noticeable when 
storage time increased. Slight increases in PV and p-AV were found in samples added with WPS 
and GTE. Thus, the use of plants extracts in combination with emulsion could retard the lipid 
oxidation in the fish oil-in-water emulsion more effectively, compared to control.   

 

Table 1. Peroxide value of fish oil -in-water emulsion (O/W) containing various antioxidants during storage at 30 °C.  
 

Time (Day) 
12 8 4 0 Treatment  

a, A 1.31 ±27.39 a, BC  2.53 ±18.16 0.96 a, E ±8.23 0.27 D ± 1.92 Emulsion (control) 
cd, A  0.55 ±9.06 0.12 b, AB ± 5.61 ab, BC  0.26 ±3.14 0.01 C ± 0.23 +GTE 200 
cdf, A 0.94  ±6.28 b, AB  0.30 ±5.01 0.05 b, BC ±0.34 0.003 C ± 0.06 +GTE 500 

df  1.04 ±4.10 0.53 b ± 3.15 0.02 b ± 0.39 0.006 ± 0.02 +GTE 700 

0.87 cd, B ±8.93 0.49 b, AB ± 3.97 0.45 b, B ±1.17 0.18 B ± 0.02 +WPS 200  

1.79 ef ± 3.09 0.87 b ± 2.86 b 0.25 ±0.63 0.13 ±0.02 +WPS 500  

0.41 f ± 2.71 0.17 b ± 2.22 0.30 b ± 0.28 0.03 ± 0.03 +WPS 700  

2.02 b, A ±21.33 a, B  1.21 ±13.20 0.14 ab, C ± 3.09 0.001 C ± 1.67 +ROS 200 
c, A 1.31 ±10.96 0.25b, BC ±5.44 0.12 b, C ± 2.00 0.001 C ± 0.35 +ROS 500 

cde, A 0.43 ±8.38 0.33  b, B ± 4.04 0.06 b, B ± 1.83 0.01B ± 0.18 +ROS 700 
Values are given as means ± SD (n=3). Control, no antioxidants; GTE, green tea extract; WPS, wild pistachio; ROS, rosemary.  
A-C Different uppercase letters in the same row indicate significant differences (P<0.05).  
a-f Different lowercase letters in the same column indicate significant differences (P<0.05).  

 
 

Table 2. p-Anisidine value of fish oil -in-water emulsion (O/W) containing various antioxidants during storage at 30 °C.   
 

Time (Day)  
12 8 4 0 

Treatment 

0.86 a, A±10.24 0.33 a, B±8.91  0.50 a, C±7.30 0.09 D ±1.71 Emulsion(control) 
0.08 de, BC±2.33  0.01 ce, AB±3.37 0.20 bd, AC±2.80 0.23 C ±1.75 +GTE 200 
0.03 de, AB±3.27 0.36 bc, AB±4.22 0.18 de, CD±1.57 0.09 D ±0.77 +GTE 500 
0.15 de, A±2.76 0.03 ef, ABC±2.12 0.24 de, ACD±1.72 0.10 D±0.61 +GTE 700 
0.22 cd, A±3.70 0.13 ef, ABD±2.21 0.35 b, AB±3.53 0.02 D±0.65 +WPS 200  
0.15 de, A±2.43 0.42 f, ABD±1.85 0.25 e, ACD±1.41 0.18 CD±0.76 +WPS 500  
0.19 e, A±2.15 0.20 f, B±1.31 0.10 de, B±1.71 0.02 B±0.63 +WPS 700  
0.28 b, B±5.87 0.34 b, B±4.90 0.40 bc, CE±3.24 0.25 D±1.55 +ROS 200 
0.10 bc, A±5.29 0.08 bcd, A±4.48 0.06 cde, C±1.93 0.17 C±1.44 +ROS 500 

0.21 de, AB±3.35 0.15 bcd, A±4.75 0.20 de, C±1.44 0.12 C±1.65 +ROS 700 
Values are given as means ± SD (n=3). Control, no antioxidants; GTE, green tea extract; WPS, wild pistachio; ROS, rosemary.  
A-C Different uppercase letters in the same row indicate significant differences (P<0.05).  
a-f Different lowercase letters in the same column indicate significant differences (P<0.05).  
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Table 3. Fatty acid (FA) compositions of fish oil (O/W emulsions) containing various antioxidants.  

 
Emulsion+ ROS Emulsion + WPS Emulsion + GTE Emulsion (Control) Fatty acid 

7.96 7.97 8.01 8.12 C14:0 
17.32 17.42 17.01 19.32 C16:0 
3.68 3.52 3.37 3.14 C18:0 
28.96 28.91 28.39 30.58 SFA 
8.69 8.52 9.23 8.15 C16:1 
12.48 13.02 12.86 12.4 C18:1 
1.34 1.64 1.56 1.33 C20:1n 
22.51 23.18 23.65 21.88 MUFA 
1.69 1.73 1.87 1.82 C18:2n6 
0.86 0.99 0.87 0.79 C18:3n6 
1.18 1.13 1.17 1.09 C18:3n3 
4.47 4.58 4.56 5.12 C20:3n3 
4.91 5.38 5.09 4.23 C20:4n6 
11.02 11.94 11.89 10.64 C20:5n3 (EPA) 
9.67 10.81 10.63 9.73 C22:6n3 (DHA) 
33.8 36.56 36.08 33.42 PUFA 

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 antioxidants; GTE, green tea extract; WPS, wild pistachio; ROS, rosemary.  
 
 
Table 4. Rancid odour of fish oil -in-water emulsion (O/W) containing various antioxidants during storage at 30 °C.  

Time (day) 
12  8  4  0  Treatment 

0.20A ±4.80 0.37A ±3.80 0.20 a, A ±3.80 0.44 B ± 2.00  Emulsion(control) 

0.24ab, A ±4.40 0.24AB ±3.40 0.20 ab, AB ±3.20 0.24B ± 2.60 +GTE 200 

0.31bc, AB ±3.00 0.24A ±3.40 0.24ab, AB ±2.40 0.24 B ± 1.60 +GTE 500 

0.00 bc ± 3.00 0.24 ± 2.60 0.24ab ±2.40 0.24 ± 1.40 +GTE 700 

0.24ab, A ±4.20 0.24AB ±3.20 0.31ab, BC ±2.40 0.37C ±1.40 +WPS 200  

0.24bc, AB ±3.00 0.37A ±3.60 0.20ab, AB ±2.40 0.20 B ±1.60 +WPS 500  

0.24bc ±3.00 0.48 ±2.20 0.37ab ±2.40 0.24±  2.00 +WPS 700  

0.20ab, A ±4.60 0.24A ±3.60 0.24 ab, AB ±3.00 0.24 B ± 1.80 +ROS 200 

0.31bc ±3.40 0.24 ± 3.20 0.60ab ±2.20 0.24 ± 1.80 +ROS 500 

0.31c, AB ±2.40 0.20A ±3.80 0.40b, B ±1.80 B 0.31 ± 1.40 +ROS 700 
Values are given as means ± SD (n = 5). Control, no antioxidants; GTE, green tea extract; WPS, wild pistachio; 
ROS, rosemary.  
A-C Different uppercase letters in the same row indicate significant differences (P<0.05).  
a-f Different lowercase letters in the same column indicate significant differences (P<0.05).  
 
 


