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Abstract 

The sage (Salvia officinalis, Linnaeus 1753) after grinding was applied on the fillet surface. The 

vacuum packaged fillets were sous-vide cooked, and rapidly cooled, then stored in the refrigerator. 

Total antioxidant effect of sage was 110.90±1.46%. The treatments applied to fish have not 

significant effects on the ash, protein, and total lipid values of samples. The decrease in the moisture 

content of the sage applied group (SAG) was found significant. The heat treatment significantly 

increased the pH values of samples. TVB-N values were determined between 13.03±0.22 and 

22.69±0.15 mg/100g in SAG. TBARS values were lower in the SAG compared to the sous vide 

processed fish (SUG). The lowest sensorial values were obtained in the SAG for color, odor, texture 

and general appreciation on the 45th day, and for appearance and juiciness on the 40th day. With 

the sage treatment, the shelf life and acceptability of the samples were extended to at least 5 days. 

Application sage as the natural antioxidant had no negative effects with regard to sensory and 

nutritional criteria. 
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Introduction 

For a healthy life, the sustainability of vital human activity as well as daily energy intake, the 

protein, lipid, minerals and vitamins intake with the sufficient amount is a necessity. FAO Standing 

Advisory Committee founded in 1948 has declared the necessity of food and energy is the first and 

foremost issue for a human (FAO, 2003). In the world, despite enough sufficient intake of energy 

intake, insufficient animal protein intake leads to malnutrition (Dölekoğlu, 2002; Direk et al., 
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2008). Today the relationship between food and illness and their preventive effects are actual and 

most popular subject (FAO, 2003). 

The desire for a healthy and long life is a commonly accepted merit for humankind. The 

numbers of health problems are rising in both developed and developing countries with increasing 

population. The focused research on plant-based diets and functions of phytochemicals for nutrition 

and ageing brought clarity to progress (Poyrazoğlu & Velioğlu, 2005; Meskin et al., 2008). The 

studies showed polyphenols and carotenoids have risk-reducing effects of certain cancers and 

cardiovascular diseases besides health-promoting properties (Meskin et al., 2008). The prolonged 

life together with growing population is the most important success of humankind from prehistoric 

times to the present. The rate of infant death is almost equal to zero in developed countries parallel 

to studies for a prolonged average lifetime (Timiras, 2008). 

Nowadays, consumers highly demand fresh tasty, high-quality, slightly salted, non- 

additives and food prepared in a short time. The significant increase in producing less processed 

foods, which can be heated in a microwave, are ready to eat, have a prolonged shelf life with 

chilling foods in the USA and EU markets. Such processed products which are comprised of 

vacuum packaged and (sous-vide) processed foods are called as new generation chilled products 

(Novak et al., 2003). 

The Sage is an herb member of Labiatae (Lamiaceae) family and is also frequently used in 

traditionally pharmaceutical, cooking and food industry due to their potential antimicrobial and 

antioxidant effects (Baydar, 2009; Yanishlieva et al., 2006; Gutierrez et al., 2009; Razavi et al., 

2014; Erkan et al., 2015). Also, sage is used as a natural preservative for meat, poultry, fish, and 

condiments (Razavi et al., 2014). 

The sous-vide technology is a pasteurization application in vacuum packaged foods. If this 

packaging technology is applied with chill, stocking provides a longer shelf life of food. Therefore, 

the importance of this processing method is increasing every day. In this technology, foods are 

cooked with or without their packaged spices and sauces. Then, they can be served after simple 

heating in hot water or microwave oven. In this sense, the method can function effectively for ready 

food industry. At the same time, the method was useful for the preservation of fast perishable foods. 

Since the fish and fish products spoils very fast, they are appropriate foods for sous-vide technology 

application (Mol & Özturan, 2009). In this study, it was aimed to determine the quality changes of 

sous-vide cooked rainbow trout, and sage applied, during chilling storage. 

Material and methods 

Sample preparation 

In the study, the effects of vacuum packaging, sous vide application, and sous vide application with 

sage treatment on the nutrition features of rainbow trout, were which determined on the initial and 

change along the storage period, were examined. The study was conducted in order to identify the 

changes and effects on four fish groups that were used; vacuumed fish (FFV), sous vide processed 

fish (SUG), and sage applied and sous vide processed fish groups (SAG). The Fresh, FFV, and 

SUG data in this study were previously used in Çetinkaya et al. (2017) for comparison and control. 

The fish used in the study were obtained from Suleyman Demirel University fish farming 

ponds. They were transported in ice cubes to the laboratory and then were filleted. Then, the fillets 
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were divided in equal weights (150 g) and were stored in deep freeze (-18±1oC). The dried sage 

was obtained from Suleyman Demirel University, the Faculty of Agriculture and was stored in a 

dry and shadowy place until use. 

  Vacuum packages were obtained from a commercial company (Apack Ambalaj Makine 

Sanayi ve Tic. Lts. Sti. Istanbul - Türkiye). O2 permeability of the vacuum package material (cast 

PP) was 22.56 cc/m2/day (24oC), its packaged O2 permeability was 2.71 cc/day (24oC), its CO2 

permeability was 95.64 cc/m2/day (24oC), its packaged CO2 permeability was 11.48 cc/day 

(24oC), its heat resistancy was -25/150oC, and total thickness was 0.88 mm. 

Freezed fillets were thawed under tap water. In the study, one group fillet was packaged 

with the vacuum only, one group fillet was packaged with the vacuum and sous-vide processed, 

and in another group the dust ground sage 0.1% of fillet weight (Selmi & Sadok, 2008) was applied 

on the fillet surface, and then was packaged with the vacuum and sous-vide processed. Sous vide 

cooking was made in a benmari (85oC) for 35 minutes (SVAC, 1991; Peck, 1997). Then, the 

packaged fillets were removed out of benmari and was cooled to 3-4oC for 30 minutes in the bucket 

which is composed 1/3 water plus 2/3 ice. All the packages were stored in the refrigerator (3±1oC). 

Chemical analysis 

Total antioxidant effect of sage was determined by β-carotene-linoleic acid assey (Dapkevicius et 

al., 1998; Diri, 2006a). Free radical scavenging capasity was determined 1,1-difenil-2-pikrilhidrazil 

(DPPH system) (Tepe et al., 2005; Diri, 2006b; Selmi & Sadok, 2008). Total phenolic content of 

sage was determined by Folin-Ciocalteu assay (Oktay et al, 2003; Diri, 2006b). 

For proximate composition the ash and total lipid content were determined according to 

Lovell (1981). The moisture content was determined through automatic moisture analyzer (AND 

MX-50 Shimadzu, Japan). The total nitrogen amount of the samples was studied by Velp UD-20 

(Italy) protein pre-burning unit and full automatic Velp UDK 142 protein distillation unit, 

according to Kjeldahl method (Nx6.25) (AOAC, 2000). The rate of pH was measured by (WTW 

320 set digital) pH meter in a beaker samples diluted with ratio 1/10 w/v (Varlik et al., 2007). Total 

volatile basic nitrogen was analyzed through the method reported by Nicholas (2003). The 

thiobarbituric acid substances were determined as described by Erkan & Özden (2008) that 

reported method from Weilmeier & Regenstein (2004) and Khan et al. (2006). 

Fatty acids analysis was conducted by Perkin Elmer Clarus 500 (GC) in fresh fish and SAG. 

For this purpose, a flame ionization detector (FID) and a silica AGE colon (30m x 0.32 mm ID x 

0.25 μm, BP20 0.25 UM, USA) and Supelco FAME 37 mix were used. 

The sensory analysis was done to reflect consumer preferences. The 10 panelists were 

requested to assess the samples for color, odor, flavor, texture, appearance, an at the same time, 

compare them with fresh rainbow trout features, juiciness sense while chewing, and general 

appreciation feeling were identified. The groups, when they are equal to 2 points or lower, were 

accepted as the spoiled (Huss, 1995; Altuğ &Elmaci, 2005; Diaz et al., 2009; Shakila et al., 2009). 

Statistical analysis 

Analysis and measurements were carried out in triplicate. For every 5 days, the analysis of the 

FFV, SAG and SUG groups was carried out until the spoilage. The data were analyzed by ANOVA 
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(Özdamar, 2001) using SPSS 15. The differences appeared by the treatments (0th day) which are 

distinct to fresh fish, and the samples on the storage period for intragroup were determined by 

Duncan test. Also, the effects of sage between SUG and SAG for the TVB-N and TBARS were 

determined by t-test on the storage period, and marked on the tables as + (significant), and – 

(insignificant). 

 Results 

The sage was used as a natural antioxidant in this study. Total antioxidant effect, free radical 

scavenging capasity and total phenolic content of sage were determined as %110,90±1,46, 

%10,57±1,67, 128,95±0,00 mg/l gallic acid equivalent, respectively.  

The effects of sage to proximate composition and quality of sous-vide cooked rainbow trout 

were investigated throughout the study. The ash content of fresh fish was determined as 1.63±0.1%, 

whereas for SAG as 1.83±0.21%. The vacuuming did not affect ash contents of samples, but sous 

vide treatment increased insignificantly (p>0.05). The moisture content significantly (p<0.05) 

decreased as a result of sage treatment, and sous vide cooking. Also, the moisture content of FFV 

and SUG did not significantly (p>0.05) changed compared to fresh fish. The protein and lipid 

content of samples were not affected by vacuum packaging, sous vide cooking, or sage treatment 

compared to fresh fish.     

The initial pH for fresh fish was measured as 6.29±0.01 (Table 1). The vacuuming did not 

affect the pH value, but the sous vide cooking was significantly affected by the pH (p≤0.05). Also, 

the sage application did not have any effect on the pH. 

The TVB-N value of the vacuum packaged fish was significantly lower than fresh fish. The 

TVB-N values of heat treated samples did not change compared to the fresh fish. When the FFV 

samples were spoilt in the 10 days, the TVB-N value was determined as 18.32±1.98 mg/100g. The 

TVB-N value was 15.80±0.69 mg/100g for the spoiled SUG sample, whereas 22.69±0.15 mg/100g 

for the spoiled SAG sample (Table 2). The differences among the data obtained on the 10th and 

40th days of analysis were not statistically significant (p>0.05) for the SAG, and except the 45th 

day for SUG. Moreover, the determined differences were found significant (p≤0.05) on the other 

days. Insignificant differences were observed all the values in the SAG until 45th days (p>0.05).  

The differences of the sage treatment were shown significant between SUG and SUG on the 20th, 

25th, and 35th days. 

Table 1. The chemical composition (%) and pH values of samples before and after sous vide 

cooking, and sage treatment 
 Ash Moisture Protein Total lipid pH 

 a a a a a 

Fresh 1.63±0.11 78.36±0.18 16.49±0.20 3.37±0.30 6.29±0.01 

 a a a a a 

FFV 1.62±0.02 78.80±0.40 16.89±0.07 3.31±0.21 6.30±0.27 

 a a a a b 

SUG 1.86±0.45 78.83±0.23 16.39±0.23 3.29±0.30 6.46±0.01 

 a b a a b 

SAG 1.83±0.21 77.44±0.24 16.43±0.20 3.53±0.02 6.47±0.00 

*Values in the same column with same the lowercase statistically insignificant (p > 0.05) 
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Table 2. TVB-N (mg/100g) values of samples on the storage days 
Days Fresh FFV SUG SAG Sig. t test 

 a Ab BCa Aa  

0 14.71±0.17 11.68±0.47 15.55±0.55 14.62±1.14 - 

  A AB A  

5  14.04±0.61 14.20±0.34 13.28±0.51 - 

  B A A  

       10            18.32±1.98 12.69±0.34 13.95±1.03 - 

   A A  

       15             13.45±0.22 14.54±0.67 - 

   A A  

       20             13.70±0.08 13.03±0.22 + 

   CD A  

       25             16.14±0.52 13.45±0.22 + 

   D A  

       30             17.31±0.83 14.20±1.09 - 
   CD A  

       35             16.39±0.44 14.79±0.08 + 
   CD A  

       40             15.80±0.69 15.13±0.00 - 
    B  

       45              22.69±0.15 NT 

* The same lowercase for treatment and the same capital letter for the storage period are statistically insignificant (p 

> 0.05). The effects of sage treatment were marked as + (significant), and – (insignificant). *NT (Not Tested) 

The obtained value for TBARS in all groups was close to each other at the beginning. Also, 

statistically significant differences on the TBARS for the treatments were not determined (p>0.05). 

The TBARS values in the SAG were lower than the SUG throughout the storage period after the 

15th sampling days. The highest TBARS values were determined as 1.38±0.05 μg MDA/g for the 

SUG, and 1.00±0.10 μg MDA/g for the SAG. The TBARS value was lower in the SUG than the 

SAG on the 10th day of analysis. Among the TBARS values significant differences (p≤0.05) were 

seen in all the groups (Table 3). As a result of the sage treatment significant differences were shown 

between the SUG and the SAG on all the days except the 0, 5th, and 30th days. 

Table 3. TBARS (μg MDA/g) values of samples on the storage days  
Days Fresh F F V SUG SAG Sig. t test 

 a Aa Aa ABa  

0 0.25±0.03 0.32±0.03 0.35±0.04 0.27±0.00 - 

  A A B  

5  0.43±0.04 0.31±0.08 0.15±0.02 - 

  B A EF  

       10            1.29±0.10 0.43±0.07 0.75±0.07 + 

   B BC  

       15             0.80±0.03 0.36±0.00 + 

   BC CD  

       20             0.92±0.05 0.52±0.03 + 

   C DE  

       25             1.00±0.05 0.61±0.03 + 

   BC EF  

       30             0.93±0.04 0.77±0.06 - 

   D G  

       35             1.38±0.05 1.00±0.10 + 

   C BC  

       40             1.01±0.04 0.43±0.03 + 

    FG  

       45              0.89±0.09 NT 

* The same lowercase for treatment and the same capital letter for the storage period are statistically insignificant (p > 

0.05). The effects of sage treatment were marked as + (significant), and – (insignificant). *NT (Not Tested) 
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20 fatty acids were determined in the fresh fish and SAG. 6 of them are SFA (saturated fatty 

acid). Also, 7 is MUFA (monounsaturated fatty acid), and 7 is PUFA (polyunsaturated fatty acid) 

(Table 4).  

Color, odor, flavor, texture, appearance, juiciness and general appreciation were evaluated 

as sensory parameters of samples. The obtained odor points for the SAG exceeded the deterioration 

point on the 45th day (Table 5). 

Table 4. Fatty acid profile of fresh fish and SAG during the storage period 
          

Days /           

Fatty acid 

Fresh 0 5 10 15 20 25 30 35 40 45 

 e a c a b h d f b a h 

C12:0 
1,02±

0,06 

0,69± 

0,00 

0,98± 

0,01 

0,75± 

0,01 

0,88± 

0,03 

1,53± 

0,07 

1,09± 

0,01 

1,32± 

0,02 

0,92± 

0,02 

0,75± 

0,01 

1,43± 

0,02 
 b ab ab ab ab b b ab ab b a 

C14:0 
2,08± 

0,11 

1,92± 

0,04 

1,95± 

0,01 

1,92± 

0,01 

2,00± 

0,11 

2,05± 

0,13 

2,01± 

0,04 

1,97± 

0,01 

1,85± 

0,02 

2,03± 

0,01 

1,79± 

0,01 
 ab ab ab ab ab ab ab ab ab b a 

C14:1 
0,07± 

0,01 

0,06± 

0,00 

0,06± 

0,00 

0,06± 

0,00 

0,07± 

0,01 

0,07± 

0,01 

0,06± 

0,00 

0,07± 

0,01 

0,06± 

0,00 

0,07± 

0,00 

0,06± 

0,01 
 a ab ab ab b ab ab ab a ab ab 

C16.0 
12,4± 

0,68 

12,0± 

0,02 

12,2± 

0,09 

12,3± 

0,06 

12,8± 

0,82 

11,9± 

0,03 

2,05± 

0,01 

12,0± 

0,00 

11,9± 

0,10 

12,1± 

0,05 

12,1± 

0,15 
 c abc bc c a ab a abc abc abc ab 

C16.1 
2,73± 

0,15 

2,60± 

0,00 

3,05± 

0,39 

3,21± 

0,00 

2,32± 

0,10 

2,38± 

0,10 

2,31± 

0,01 

2,75± 

0,09 

2,65± 

0,11 

2,97± 

0,10 

2,38± 

0,27 
 a b a a a a a b a a a 

C17:0 
0,85± 

0,01 

0,08± 

0,00 

0,05± 

0,00 

0,05± 

0,01 

0,05± 

0,00 

0,06± 

0,01 

0,05± 

0,00 

0,08± 

0,01 

0,05± 

0,00 

0,06± 

0,01 

0,06± 

0,01 
 a a a a a a a b a a a 

C17.1 (Cis-

10) 

0,95± 

0,01 

0,08± 

0,00 

0,08± 

0,01 

0,08± 

0,01 

0,08± 

0,01 

0,08± 

0,01 

0,08± 

0,00 

0,16± 

0,01 

0,08± 

0,00 

0,09± 

0,00 

0,11± 

0,04 
 a c bc bc bc ab bc ab bc bc bc 

C18:0 
3,16± 

0,41 

3,81± 

0,01 

3,62± 

0,01 

3,58± 

0,01 

3,57± 

0,19 

3,42± 

0,18 

3,66± 

0,00 

3,39± 

0,05 

3,72± 

0,02 

3,61± 

0,04 

3,71± 

0,01 
 bc c ab ab abc c c a c c ab 

C18:1n7 
2,59± 

0,05 

2,67± 

0,03 

1,96± 

0,05 

1,89± 

0,12 

2,26± 

0,51 

2,58± 

0,08 

2,74± 

0,03 

1,82± 

0,04 

2,71± 

0,02 

2,81± 

0,06 

1,86± 

0,01 
 abcd def ef f cdef ab abcde bcdef abc ef a 

Cis- 

C18:1n9 

22,6± 

10,19 

23,1± 

0,01 

23,3± 

0,37 

23,8± 

0,14 

23,0± 

0,12 

21,8± 

0,13 

22,4± 

0,06 

22,9± 

0,12 

21,9± 

0,06 

23,2± 

0,15 

21,4± 

0,10 
 de cd fg g ef b fg g bc cd a 

C18:2n6 
22,6± 

0,23 

22,1± 

0,01 

22,6± 

0,09 

22,9± 

0,04 

22,5± 

0,21 

21,6± 

0,03 

22,6± 

0,02 

22,8± 

0,05 

21,9± 

0,04 

22,0± 

0,07 

21,0± 

0,10 
 c a abc bc abc abc bc ab ab abc a 

C18:3n3 
3,32± 

0,17 

2,94± 

0,02 

3,11± 

0,02 

3,09± 

0,00 

3,21± 

0,11 

3,16± 

0,13 

3,17± 

0,02 

3,23± 

0,01 

3,05± 

0,00 

3,09± 

0,03 

2,95± 

0,01 
 a a a a a a a a a a a 

C20:0 
0,10± 

0,01 

0,10± 

0,00 

0,10± 

0,01 

0,11± 

0,00 

0,10± 

0,00 

0,10± 

0,01 

0,09± 

0,00 

0,09± 

0,00 

0,09±

0,01 

0,10± 

0,02 

0,08± 

0,01 
 b a ab b ab ab a ab ab ab ab 

C20:1n9 
0,99± 

0,05 

1,02± 

0,00 

1,08± 

0,01 

1,16± 

0,01 

1,07± 

0,04 

1,08± 

0,05 

1,02± 

0,00 

1,06± 

0,00 

1,08± 

0,00 

1,09± 

0,00 

1,06± 

0,01 
 abc bce a abc bcd de abc ab cd abc e 

C20:2cis 
0,51± 

0,03 

0,54± 

0,00 

0,49± 

0,01 

0,51± 

0,00 

0,54± 

0,02 

0,59± 

0,03 

0,51± 

0,00 

0,49± 

0,01 

0,56± 

0,00 

0,51± 

0,00 

0,63± 

0,00 
 c ab ab a c d c bc c bc d 

C20:4n6 
2,53± 

0,14 

2,42± 

0,00 

2,42± 

0,02 

2,31± 

0,01 

2,70± 

0,09 

2,91± 

0,12 

2,62± 

0,01 

2,56± 

0,01 

2,69± 

0,02 

2,57± 

0,02 

2,89± 

0,03 
 e cde de cde e bcd bc bc ab cde a 
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C20:5n3 
2,16± 

0,12 

2,09± 

0,00 

2,14± 

0,01 

2,09± 

0,09 

2,24± 

0,07 

1,97± 

0,08 

1,90± 

0,01 

1,92± 

0,08 

1,80± 

0,01 

2,05± 

0,07 

1,68± 

0,00 
 b ab ab b b ab ab ab b b a 

C22:1n9 
0,11± 

0,00 

0,10± 

0,00 

0,10± 

0,02 

0,11± 

0,00 

0,11± 

0,01 

0,10± 

0,01 

0,09± 

0,00 

0,10± 

0,01 

0,11± 

0,01 

0,12± 

0,01 

0,07± 

0,01 
 ab abc ab c abc abc abc abc abc bc a 

Cis- C22:2 
0,12± 

0,08 

0,20± 

0,00 

0,20± 

0,03 

0,26± 

0,01 

0,22± 

0,01 

0,21± 

0,01 

0,21± 

0,00 

0,22± 

0,04 

0,22± 

0,01 

0,24± 

0,01 

0,18± 

0,00 
 e cd bc a d f e de f ab g 

C22:6n3 
10,2± 

0,07 

10,9± 

0,00 

10,5± 

0,07 

9,95±

0,04 

11,1± 

0,09 

13,2± 

0,06 

11,6± 

0,01 

11,4± 

0,01 

12,9± 

0,05 

10,2± 

0,09 

15,2± 

0,04 

 abc a abc abc b c c abc abc abc ab bc 

Total 
90,2± 

0,43 

89,6± 

0,01 

90,1± 

0,07 

90,1± 

0,00 

90,9± 

0,74 

91,0± 

0,96 

90,4± 

0,00 

90,4± 

0,02 

90,3± 

0,58 

89,8± 

0,52 

90,8± 

0,19 
 abc c abc abc bc a abc abc abc bc ab 

Unidentified 
9,78± 

0,43 

10,4± 

0,01 

9,88± 

0,07 

9,88± 

0,00 

9,09± 

0,74 

9,00± 

0,96 

9,60± 

0,00 

9,58± 

0,02 

9,64± 

0,58 

10,2± 

0,52 

9,18± 

0,19 
 a a a a a a a a a a a 

SFA 18,86 19,15 19,50 19,32 20,00 19,67 19,45 19,42 19,10 19,25 19,74 
 bc d d c b b bc bc bc d a 

MUFA 28,85 29,67 29,68 30,31 28,94 28,15 28,73 28,84 28,62 30,36 27,00 
 bc a a a b cd b b bc a d 

PUFA 43,05 41,30 41,49 41,08 42,53 43,75 42,74 42,69 43,19 40,74 44,62 

* Values in the same line the with same lowercase are statistically insignificant (p > 0.05) 

Table 5. Sensory evaluation of fresh fish during storage period 

Parameters Groups 
0. 

day 

5. 

days 

10. 

days 

15. 

days 

20. 

days 

25. 

days 

30. 

days 

35. 

days 

40. 

days 

45. 

days 

  a a b        

Color 

FFV 7.3± 

0.37 

8.10± 

0.48 

2.00± 

0.15 

-- -- -- -- -- -- -- 

 ab a a a a a a ab b  

SUG 6.3± 

0.54 

7.40± 

0.45 

6.90± 

0.38 

7.75± 

0.63 

7.20± 

0.47 

7.00± 

0.56 

6.40± 

0.31 

6.30± 

0.52 

4.90± 

0.28 

-- 

 a a a a a ab a b b b 
SAG 6.8± 

0.51 

8.00± 

0.49 

7.30± 

0.52 

7.75± 

0.25 

7.10± 

0.28 

6.40± 

0.56 

7.00± 

0.58 

5.10± 

0.57 

5.10± 

0.43 

5.10±

0.23 
  b a c        

 

 

Odor 

 

FFV 7.10± 

0.59 

8.50± 

0.22 

1.70± 

0.34 

-- -- -- -- -- -- -- 

 abc a bc ab abc bc c bc d  
SUG 6.4±    

0.40 

8.00± 

0.26 

5.90± 

0.43 

7.25± 

0.48 

6.50± 

0.52 

6.10± 

0.67 

4.80± 

0.65 

5.70± 

0.63 

1.90± 

0.23 
-- 

 b a b b b b b b b c 
SAG 6.8± 

0.47 

8.60± 

0.40 

6.80± 

0.47 

6.50± 

0.87 

6.50± 

0.52 

6.40± 

0.52 

6.40± 

0.48 

5.90± 

0.43 

5.80± 

0.65 

1.80±

0.20 
            

 

 

Flavor 

FFV -- -- -- -- -- -- -- -- -- -- 
 bc a bc a ab bc c c d  

SUG 6.0± 

0.47 

8.00± 

0.39 

6.10± 

0.46 

7.75± 

0.48 

6.90± 

0.50 

5.80± 

0.59 

5.10± 

0.60 

5.30± 

0.37 

2.30± 

0.21 

-- 

 ab a ab ab ab b b b b c 

SAG 6.6± 

0.60 

8.00± 

0.49 

6.60± 

0.54 

6.75± 

0.25 

6.30± 

0.73 

5.90± 

0.28 

5.90± 

0.67 

5.00± 

0.58 

5.80± 

0.68 

2.40±

0.22 
  a a b        

Texture 

FFV 7.5± 

0.37 

8.40± 

0.56 

2.90± 

0.53 

-- -- -- -- -- -- -- 

 a a a a a a a ab b  
SUG 6.90±

0.64 

8.00± 

0.45 

6.90± 

0.59 

8.00± 

0.41 

7.10± 

0.50 

6.80± 

0.55 

7.30± 

0.30 

6.30± 

0.37 

5.00± 

0.49 

-- 

 ab a abc ab ab bcd abc abc cd d 
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SAG 7.20± 

0.51 

8.00± 

0.47 

6.80± 

0.61 

7.25± 

0.63 

7.30± 

0.47 

5.90± 

0.46 

6.70± 

0.37 

6.90± 

0.43 

5.60± 

0.37 

4.60±

0.27 
  a a b        

Appearance  

FFV 7.40± 

0.54 

8.30± 

0.47 

3.20± 

0.61 

-- -- -- -- -- -- -- 

 ab ab b a ab ab ab b d  

SUG 6.80± 

0.59 

7.70± 

0.40 

6.20± 

0.61 

8.25± 

0.75 

7.40± 

0.40 

7.30± 

0.50 

7.30± 

0.26 

6.40± 

0.78 

3.00± 

0.26 

-- 

 ab a ab a ab ab ab b b b 

SAG 6.90± 

0.50 

7.80± 

0.42 

7.00± 

0.52 

8.25±.

0.48 

7.00± 

0.33 

6.80± 

0.47 

6.60±.

0.54 

5.70± 

0.52 

5.40± 

0.75 

5.90±

0.38 
  a a b        

Juiciness 

FFV 7.50± 

0.45 

8.70± 

0.37 

3.33± 

0.80 

-- -- -- -- -- -- -- 

 abc a bc ab abc c abc abc d  
SUG 7.20± 

0.61 

8.20± 

0.42 

6.30± 

0.67 

7.50± 

0.96 

7.30± 

0.54 

5.50± 

0.48 

6.90± 

0.38 

6.70± 

0.65 

3.70± 

0.40 

-- 

 ab a abc ab bc abc abc abc c bc 
SAG 

 
7.50± 

0.62 

8.00± 

0.47 

6.80± 

0.39 

7.75± 

0.63 

6.00± 

0.47 

6.30± 

0.56 

6.50± 

0.58 

6.70± 

0.63 

5.60± 

0.52 

6.00±

0.33 
  b a c        

General 

appreciation 

FFV 7.00± 

0.58 

8.50± 

0.40 

1.90± 

0.23 

-- -- -- -- -- -- -- 

 bcd a cd ab abc cd bcd d e  
SUG 

 
6.60± 

0.54 

8.30±

0.45 

6.10± 

0.50 

7.75± 

0.63 

7.40± 

0.45 

6.00± 

0.45 

6.50± 

0.34 

5.60± 

0.37 

2.70± 

0.50 

-- 

 b a b b b b b b b c 

SAG 

 
7.00± 

0.58 

8.50± 

0.40 

6.80± 

0.53 

7.00± 

0.41 

6.70± 

0.60 

6.30± 

0.34 

6.80± 

0.42 

5.60± 

0.52 

5.40± 

0.54 

2.00±

0.21 

* Values in the same line the with same lowercase are statistically insignificant (p > 0.05) 

Discussion 

Nutritional composition of fish was affected by intrinsic (genetical factors e.g. length, sex, life 

stage) and extrinsic (environmental conditions and nutrition) factors. While the mineral piled up in 

the rainbow trout by means of water and foods, the trace element density is related to food sources, 

biological differences, seasonal effects, and environmental conditions (Fallah et al., 2011). In our 

study, unequal changes of the obtained value may be due to those features.  

The sage addition, as a natural antioxidant, does not have a significant effect (p>0.05) on 

the ash content of samples (Table 1). Özturan (2009) notified the ash contents of sous vide cooked 

bonito and whiting did not show any differences (p>0.05). Garcia-Linares et al., (2004) found the 

ash content of sous vide cooked samples were greater than that of samples obtained from the 

traditional cooking method. In our study, obtained ash contents did not show significant differences 

(p>0.05) like as results were obtained by Özturan (2009). Çakli (2007) reported ash content of 

fisheries products were about 0.5-1.8%. The ash values of the samples were compatible with the 

reported values by Çakli (2007).  

The moisture value significantly decreased (p<0.05) in the SAG (Table 1). Fagan & 

Gormley (2005) reported that the surrounded moisture of samples in the pocket affected texture 

and flavor, but during the different heat-time treatment of the processing had not effect on the 

moisture content. On the other hand, the moisture content decreases were reported by heat 
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treatment and sous vide application (Garcia-Linares et al., 2004; Gonzales-Fandos et al., 2004; 

Özturan, 2009).  

 The protein contents was not changed by vacuuming, heat treatment or sage application   

(Table 1). Garcia-Linares et al., (2004) reported that the protein contents of sous vide processed 

salmon and rainbow trout decreased, and at the end of storage period they increased significantly 

(p<0.05). Gonzales-Fandos et al., (2004) determined that protein content of the fresh rainbow trout 

is 16.04±0.52 g/100 g. This value was the compatible with our results.   

 Vacuuming, heat treatment, or sage application did not affect the total lipid contents of the 

sample (Table 1). The lipid content of cooked samples with traditional methods is significantly 

lower than that of sous vide cooked samples which were reported (Garcia-Linares et al., 2004). 

The fish is grouped according to fat content; these are lean fish (<3%), mildly fatty fish (3-8%) 

and, fatty fish (>8%). Also, the fat contents of fish changed between 1-25%, depending on the life 

stage of fish (Bilen, 2009). The fish whose fat content obtained by us was lean fish. 

The frequently used pH for freshness detection was not enough in the quality determination 

of products, and the obtained values for this purpose and the results of other analysis evaluated at 

the same time were reported (Bilen, 2009). In our study, the pH values changed significantly 

(p<0.05) by heat treatment and the sage application (Table 1). Diaz, et al., (2011) were reported 

the pH was not effective for the cooked rainbow trout deterioration. 

According to our value, a decrease was seen on the TVB-N value of vacuumed samples 

compared to fresh fish. The same decline was not seen on the other group.  Also, the TVB-N value 

of heat treated samples was similar to fresh fish. The TVB-N values of SAG did not show 

significant differences (p>0.05) until the samples deteriorate. For the freshness determination of 

fishery products, the analysis of TVB-N was deposited on the meat, which is one of the highly used 

deterioration parameter (Ruiz-Capillas et al., 2001). TVB-N comprises all of volatile amines (Çakli 

& Kilinç, 2003) and increases with storage time (Erdem et al., 2005). Cadun et al., (2005) reported 

15-20 mg N/100 g TVB-N value is a good quality, and 50 mg N/100 g TVB-N value is a bad 

quality. Also, Dokuzlu (1997) reported quality ranking of TVB-N content of fish in the 100 g fish 

meat up to 25 mg as very good, up to 35 mg as good and marketable, more than 35 mg as degraded. 

Cosansu et al., (2011a, b) specified TVB-N limit value as 30 mg/100g. Since the FFV, SUG, SAG 

deteriorated, the TVB-N values were determined as 18.32±1.98 mg/100g, 15.80±0.69 mg/100g and 

22.69±0.15 mg/100g respectively. Vacuuming, heat treatment and cold storage were effective for 

this case. Significant differences (p>0.05) were not seen in the intragroup value of SAG until 45th 

day (Table 2).  

At the beginning of the study, the TBARS values of samples were similar to each other. 

However, on the 5th day, the TBARS value was determined lower than the value of the first day. 

Significant differences (p<0.05) were seen in the obtained values for the groups on different days. 

On the other hand, the TBARS values were very low since the beginning of the study. This situation 

had appeared due to vacuum packaging, and permeability features of vacuum pouches. While 

examining the values obtained from the SAG and SUG, only when individual differences are 

excluded in fish, the effect which lipid oxidation reduced almost 50% was seen between the 

obtained values of that day. For example, the highest value was obtained as 1.38±0.05 μg MDA/g 

for SUG group on the 35th day. On the other hand, by the end of storage the TBARS value was 
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determined as 0.89±0.09 μg MDA/g for the SAG group (Table 3). The TBA value was a significant 

scale of rancidity because of oil oxidization (Cadun et al, 2005). The appearance of the secondary 

metabolites as pentanal, hexanal, 4-hydroxynonenal and malondialdehyde (MDA) substrate 

reacting by TBA with the deterioration of food is called as TBARS (not all MDA) and was 

determined by TBA test that are based on pink color appearance (Fernandez et al., 1997). The 

determination of appearance rancidity in the animal foods and the determination of MDA content 

display a more reliable relation than the peroxide value (rs=0,92), but that the peroxide value 

displays a good relation with TBA to the oil content with 2-3 double bonds fatty acids was reported 

(Fernandez et al., 1997). Fernandez et al., (1997) notified that the use of the antioxidant is effective 

and vacuum packing besides the permeability were affected by the prevention of fish from the lipid 

oxidization (Vareltzis et al., 1997).  

In our study, antioxidant efficiency on the appearance of TBA was seen in the studies 

completed by Selmi & Sadok (2008) and Bilen (2009). After the heat treatment that the TBA 

content showed no significant change (p>0.05) was reported (Cosansu et al., 2011b; Diaz et al., 

2011). Shakila et al., (2012) specified the TBA values were lower and under the limit at the 2oC 

storage. However, in the conducted studies it was determined that the limit value exceeded most 

rapidly with the increased heat of storage (Mol et al., 2012 a, b). These values obtained by Cosansu 

et al., (2011a, b), Diaz et al., (2011) and Mol, et al., (2012a, b) were higher than the ones obtained 

by us. The reason for this position may be differences of fish species (sea fish and freshwater fish).   

The change of total SFA value of SAG was not significant along the storage period (Table 

4). These fatty acids were most stable. But, total value of both MUFA and PUFA were signified 

fluctuant change. The change in these fatty acids is statistically significant. Because of antioxidant 

properties, the application of sage had prevented the fatty acids significantly to change relatively 

during storage compared to fresh fish. In general, fatty acid values were changed in the opposite 

direction to TBARS values for total SFA and MUFA according to days.     

Sensory evaluation is the most significant parameters for the quality assessment of fishery 

products. If it does not have a sensorial demand, even a product gets very high scores for all quality 

parameters, it will not be consumed (Dokuzlu, 1997; Özden et al., 2001). Alasalvar et al (2011) 

specified, when the fishery products were consumed, the appreciation level relating to quality when 

the appeared as sensory and perceptual, as conscious and subconscious were based on the 

appearance, odor, flavor, texture, and in most cases appearance was effective at the appreciation 

level. In our study, the panelist was asked to evaluate the samples in terms of color, odor, flavor, 

texture compared with fresh fish and newly cooked the rainbow trout, also in terms of the juiciness, 

and at the same time, the appearance of products, the juiciness level during the chewing in order to 

reflect general appreciation level for their evaluating parameters. 

 In the color assessment, the SAG obtained higher appreciation points than the SUG. When 

low points are obtained for the color parameter in all the groups of samples, it is higher than the 

limit value, and even deterioration is seen. 

Odor parameter was effective to deteriorate the decision of panelists for all the samples. It 

was decided that the samples should have deteriorated and should not have been suitable for human 

consumption by the sensorial evaluation on the 10th day for TFF, on the 40th day for SUG, and on 
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the 45th day for SAG. Also, the sensorial evaluation points of samples, the limit value for the 

deterioration is 2 points, equal or lower to limit value on those days.  

The SUG obtained lower sensorial points than the SAG for the flavor parameter. When the 

deterioration occurred, the lowest points were obtained (Table 5). 

The texture points showed a rapid decrease in the FFV when the deterioration was seen on 

the 10th day. Same decreases were not seen in other groups of samples. The obtained points for 

other sample group were in the limit values (Table 5). 

The highest points of appearance for all the samples, except for the FFV, were obtained by 

evaluations on the 15th day. On the 20th, 25th, and 30th days, higher appearance points for the 

SUG were obtained than that for the SAG (Table 5). 

The values of juiciness did not shown significant (p>0.05) differences among the sample 

group. It showed unequal change (Table 5). 

The general appreciation decreased during the storage period. The SAG has been the most 

popular groups. When the samples deteriorated, the points for the SUG and the SAG were 

determined as 2.70±0.50 and 2.00±0.21, respectively (Table 5). 

High heat treatment reduced the sensory quality, so the application of 60-80oC heat was 

suggested (Cosansu et al. 2011a). They declared that the fish treated at 70oC had a good quality 

for the sensorial evaluation. Diaz et al. (2009) emphasized that basically odor and flavor values of 

sous vide cooked fish were affected, the texture parameter was least affected, and the juiciness 

decreased significantly during the cold storage. The time-heat applications were not effective on 

the texture value of vacuum-packaged cooked samples (Fagan &Gormley, 2005).  

The high scores of sensorial analysis on the initial study decreased depending on the storage 

temperature and the treatment during the storage period (Shakila et al., 2009; Mol et al., 2012a). 

Our results for sensorial evaluation were similar to the other studies. The high sensorial scores for 

the initially showed reduction depending on the storage time.   

Conclusion 

In this study, the sous vide processing method was applied to the rainbow trout, and fresher 

appearance, appropriateness for taste, readiness for eating foods with newly marketing 

opportunities were obtained. Also, with the sage treatment, the shelf life of samples was extended 

for 5 more days. The sage, which were known to have the natural antioxidant and antimicrobial 

features, and were used with sous vide processed samples, should have been evaluated for the 

determination of health benefits of the samples, which the studies are required to do. 
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