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Highlights 

- The results showed that unsaturated fatty acids in the control and A1 were significantly 

different (P≤0.05) while in A2 and A3 was not satistically different (P>0.05).   

- Qualitative factors in the control group and A1 showed significant difference over time 

(P>0.05). Conversely, there was no significant difference between A2 and A3 during 

storage (P>0.05).   
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Other Information (including tables and figures) 

The use of preservatives such as garlic and lemon extract and boric acid and borax 

in Rainbow trout roe shelf life showed suitable results. Hence, regarding adverse 

effect of artificial additives on human health, the utilization of natural preservatives 

such as garlic and lemon extract can be important from view point of nutritional 

value and human health.    

 

Importance 
 

Fish roe is used all over the world and the most famous of them is caviar. 

Regarding to high price and hard accessibility to sturgeon caviar, taking fish roes 

from other species especially salmon seems booming alternative. In recent years, 

increment of human awareness about adverse effects of chemical preservatives 

(carcinogenic, poisoning and mutagenic impacts) on human health caused that the 

utilization of natural additives in marine-based products increased. Natural additives 

enhance seafood shelf life and more interestingly impart suitable sensorial attributes 

and prevente from discoloration and texture deformity. Hence, the aim of the present 

study was to investigate the effect of lemon and garlic extracts on qualitative 

attributes of rainbow trout roe during cold storage.   

 

Introduction (Hypothesis and aims) 

Fish roe are very susceptible to spoilage due to high amount of protein and 

unsaturated fatty acids. In order to delay or restrain deterioration in roe-related 

products, salt and preservatives are utilized. Natural preservatives are recommended 

because of adverse effects of chemical additives.   
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Table 1.4. Chemical analysis of the roe during cold storage (4 ± 1˚C).  
 

Storage periods (day) 
Sample factor 

60 30 0 

17.53±0.70e 20.42±0.10c 21.51±0.25α Control 

Protein 
19.52±0.83d 21.06±0.32αb 21.51±0.41α A1 

21.09±0.04αb 21.18±0.10αb 21.51±0.25α A2 

αb08±0.05.21 21.20±0.10αb 21.49±0.25α A3 

Control (salt free), A1 (containing 2.5% salt), A2 (containing 2.5% salt, 0.7% boric acid and borax) and A3 
(containing 2.5% salt, 1.5% garlic and lemon extracts in combination).Values in the same row and column with 
different lowercase letters are statistically different (P<0.05).  

 
Table 2.4. Table 1.4. Chemical analysis of the roe during cold storage (4 ± 1˚C).  

 

Storage periods (day) 
Sample factor 

60 30 0 

11.16±0.50d 12.58±0.17c 14.21±0.13α Control 

Fat 
12.60±0.26c 14.04±0.14α 14.34±0.15α A1 

13.71±0.04αb 14.10±0.14α 14.22±0.12α A2 

αb13.80±0.01 α14.08±0.14 α14.32±0.18 A3 

Control (salt free), A1 (containing 2.5% salt), A2 (containing 2.5% salt, 0.7% boric acid and borax) and A3 
(containing 2.5% salt, 1.5% garlic and lemon extracts in combination).Values in the same row and column with 
different lowercase letters are statistically different (P<0.05).  

 
Table 3.4. Chemical analysis of the roe during cold storage (4 ± 1˚C).  

 

Storage periods (day) 
Sample factor 

60 30 0 

54.15±0.15e 58.22±0.10α 58.53±0.11α Control 

Moisture 
55/01±0/18d 56/98±0/20b 57.13±0.20b A1 

56/10±0/20bc 56/92±0/25b 57.05±0.22b A2 

56/14±0/11bc 56/76±0/04b 56.92±0.24b A3 

Control (salt free), A1 (containing 2.5% salt), A2 (containing 2.5% salt, 0.7% boric acid and borax) and A3 
(containing 2.5% salt, 1.5% garlic and lemon extracts in combination).Values in the same row and column with 
different lowercase letters are statistically different (P<0.05).  

 
Table 4.4. Chemical analysis of the roe during cold storage (4 ± 1˚C).  

 

Storage periods (day) 
Sample factor 

60 30 0 

2.11±0.11d 2.24±0.04d 2.17±0.06d Control 

Ash 
4.08±0.26c 4.19±0.05c 4.15±0.05c A1 

4.98±0.27b 4.85±0.45b 5.01±0.05b A2 

5.23±0.29a 5.28±0.04a 5.38±0.04a A3 

Control (salt free), A1 (containing 2.5% salt), A2 (containing 2.5% salt, 0.7% boric acid and borax) and A3 
(containing 2.5% salt, 1.5% garlic and lemon extracts in combination).Values in the same row and column with 

different lowercase letters are statistically different (P<0.05).   
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Table 9.4. Amount of different Fatty acid groups in rainbow trout roe during the cold storage.  

 

Storage periods (days) 
Sample  

60 30 0 

10.62±0.15e 16.77±0.15d 21.38±0.29ᵃ Control 

Total SFA 
16.47±0.15d 19.60±0.17b 19.51±0.41b A1 

19.05±0.17bc 19.72±0.12b 19.41±0.41b A2 

19.10±0.17bc 19.60±0.10b 19.54±0.40b A3 

17.92±0.14e 24.62±0.24d 32.35±0.54ᵃ Control 

Total  MUFA 
24.92±0.24d 30.01±0.15ᵇ 30.03±0.33ᵇ A1 

28.92±0.24bc 29.98±0.24ᵇ 30.00±0.33ᵇ A2 

28.92±0.24bc 29.80±0.24ᵇ 30.09±0.33ᵇ A3 

22.22±0.30f 34.31±0.30d 40.38±0.36ᵃ Control 

Total PUFA 
33.12±0.30e 39.10±0.73ᵇ 39.22±0.73ᵇ A1 

38.18±0.43bc 39.08±0.73ᵇ 39.18±0.73ᵇ A2 

38.18±0.40bc 39.11±0.73ᵇ 39.31±0.73ᵇ A3 

15.36±0.13e 25.56±0.17d 30.53±0.43ᵃ Control 

Total n-3 
24.65±0.13d 29.65±0.17ᵇ 29.73±0.43ᵇ A1 

28.78±0.43bc 29.68±0.43ᵇ 29.72±0.43ᵇ A2 

28.78±0.43bc 29.71±0.43ᵇ 29.85±0.43ᵇ A3 

6.86±0.32c 8.75±0.22ᵇ 9.85±0.42ᵃ Control 

Total n-6 
8.35±032ᵇ 9.43±0.22ᵃ 9.49±0.42ᵃ A1 

9.39±0.42ᵃ 9.39±0.42ᵃ 9.43±0.42ᵃ A2 

9.39±0.42ᵃ 9.39±0.42ᵃ 9.43±0.42ᵃ A3 

2.23±0.74c 2.92±0.05b 3.09±0.36ᵃ Control 

n-3/n-6 
2.95±0.74b 3.14±0.05ᵃ 3.13±0.36ᵃ A1 

3.06±0.05ᵃ 3.16±0.05ᵃ 3.15±0.36ᵃ A2 

6.06±0.05ᵃ 3.16±0.05ᵃ 3.16±0.05ᵃ A3 

SFA (saturated fatty acids), MUFA (monounsaturated fatty acids) and PUFA (polyunsaturated fatty acids). Control (salt 

free), A1 (containing 2.5% salt), A2 (containing 2.5% salt, 0.7% boric acid and borax) and A3 (containing 2.5% salt, 

1.5% garlic and lemon extracts in combination). Values in the same row and column with different lowercase letters are 

statistically different (P<0.05).   


