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Abstract 

 

This study aimed to determine the changes in the quality of sous vide meagre (Argyrosomus regius) fillets that have been 

treated with oregano and rosemary extracts during the cold storage (4±1 °C). Saturated fatty acids, monounsaturated fatty 

acids, and polyunsaturated fatty acids dominant in meagre fish were found to be palmitic acid, oleic acid, and linoleic acid, 

respectively. pH values fluctuated during storage in sous vide samples. It was determined that total volatile basic nitrogen 

(TVB-N), thiobarbituric acid (TBA) and trimethylamine nitrogen (TMA-N) values did not exceed the limit values during the 

storage period in the Control SV, Rosemary SV, and Oregano SV groups. The total number of mesophilic aerobic bacteria 

(TMAB) and total psychrophilic aerobic bacteria (TPAB) on the 42nd day did not exceed the limit values in the Control SV, 

Rosemary SV, and Oregano SV groups. During the cold storage, lactic acid bacteria, yeast, and mold were not detected in 

sous-vide cooked groups. It has been determined that rosemary and oregano extracts improve the sensory quality of the 

product in taste and smell.  
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Bitki özütlerinin Sous Vide Uygulamasında Sarıağız Balığı (Argyrosomus regius) Filetolarının Kalite Özelliklerine 

Etkisi  

 

Özet 

 

Bu çalışmada, sarıağız balığı (Argyrosomus regius) filetolarının biberiye ve kekik özütleri ile muamele edilerek sous vide 

teknolojisinin uygulanması, soğuk muhafaza (4±1 °C) sürecindeki bazı kalite özelliklerindeki değişimlerin belirlenmesi 

amaçlanmıştır. Doymuş yağ asitleri, tekli doymamış yağ asitleri ve çoklu doymamış yağ asitlerinin içinde baskın yağ 

asitlerinin sırasıyla palmitik asit, oleik asit ve linoleik asit olduğu tespit edilmiştir. Sous vide uygulanmış örneklerde pH 

değerleri muhafaza süresince dalgalı bir seyir izlemiştir. Toplam uçucu bazik azot (TVB-N), tiyobarbitürik asit (TBA) ve 

trimetilamin azot (TMA-N) değerlerinin, sous vide uygulanan Kontrol SV, Biberiye SV ve Kekik SV gruplarında muhafaza 

süresince limit değerleri aşmadığı saptanmıştır. Kontrol SV, Biberiye SV ve Kekik SV gruplarında 42. gün toplam mezofilik 

aerobik bakteri (TMAB) sayısı ve toplam psikrofilik aerobik bakteri (TPAB) sayısı limit değerlerini aşmamıştır. Depolama 

süresince sous vide uygulanan gruplarda laktik asit bakterileri, maya ve küf tespit edilmemiştir. Biberiye ve kekik özütlerinin 

tat ve koku açısından ürünün duyusal kalitesini geliştirdiği belirlenmiştir.  

 

Anahtar Kelimeler: Sarıağız, Argyrosomus regius, bitkisel özüt, sous vide, kalite özellikleri 

 

INTRODUCTION 

Fish is an important food source for human health. Average fish consumption per capita in Turkey 

decreased from 8.0 kg in 2000 to 6.3 kg in 2019 (BSGM, 2020). Fish consumption per capita in 

Turkey is far below the average fish consumed globally (FAO, 2020). Considering this situation, it is 

of great importance to encourage fish consumption. Fish meat, which is easy to chew and digest, is a 

good nutrient that can be easily consumed by all society segments (Öksüz et al., 2017). Fish should be 

delivered to consumers not only in the fishing area but also in every region. Fish meat is susceptible to 

spoilage due to poor connective tissue, high enzyme activity, pH value, and high water content (Ufuk 

and Sarımehmetoğlu, 2016). 

Meagre has attracted attention with its increasing production amount in our country and Europe in 

recent years (Bodur, 2018). Meagre has attractive features for the market with its good processing 

efficiency, low-fat content, excellent taste, and tight texture (Monfort, 2010).  
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In the last ten years, eating habits have changed, and accordingly, the ready-made food sector has 

also changed. The family structure has changed and the number of people living alone has increased. 

As the more educated conscious consumers of today's women, they turn to health-oriented and 

prepared foods in a short time (Monfort, 2010).  

In recent years, the demand for fresh, high-quality, preservative-free foods that can be prepared in a 

short time has been increasing. Thus sous vide technology is frequently used in new food products 

with a long shelf life, pasteurized with minimal processing methods at lower temperatures, and stored 

in refrigerator conditions (Betts and Gaze, 1995). Sous vide cooking refers to a process in which 

vacuum-packed foods are immersed in a temperature-controlled water bath or cooked in a steam oven 

(BCCDC, 2016). Sous vide means "under vacuum" in French (Beauchemin, 1990). Unlike traditional 

cooking methods, in the sous vide method, food is cooked longer at lower temperatures (usually below 

100 °C) (Schellekens, 1996). 

Sous vide products can be served by heating in a hot water bath or microwave oven. This method is 

a useful method for preserving perishable foods such as fish and easy consumption (Mol and Özturan, 

2009). Long shelf life sous vide products are increasingly being used in catering companies, 

restaurants, and homes (NSW, 2018). Since pasteurization only destroys vegetative cells, considering 

the sporesʾ presence, the shelf life varies between 6-42 days (Schellekens, 1996). The reason why sous 

vide products are appreciated in terms of taste is that they have the closest aroma to fresh produce 

(Garcia-Linares et al., 2004). Applied low temperatures preserve the moisture, flavor, and colour of 

foods (BCCDC, 2016). A strict cold chain follow-up is required for sous vide products. The safety of 

sous vide products throughout the shelf life depends on the initial microbiological load of the raw 

material and the suitability of the cold storage conditions (Beauchemin, 1990). 

With the increasing awareness of consumers, natural additives instead of synthetic chemical 

additives in the protection of foods have become popular (Holley and Patel, 2005). In terms of the 

modern food industry market, essential oils and bioactive compounds obtained from aromatic plants 

can be a good industrial raw material, especially for functional food production (Giacometti et al., 

2018). Rosemary, a member of the Laminaceae family, is the most studied herb. Rosemary extract was 

the first herb to be marketed as a natural antioxidant. Oregano, which belongs to the same family, is of 

interest to many researchers regarding its antioxidant potential (Lagouri and Boskou, 1996).  

Fish is a popular raw material for sous vide (Garcia-Linares et al., 2004). Several studies have been 

conducted on the shelf life and sensory properties of sous vide fish products (Gonzalez-Fandos et al. 

2004; Garcia-Linares et al., 2004; Gonzalez-Fandos et al., 2005; Diaz et al., 2009; Mol et al., 2012; 

Çetinkaya 2013; Ibarra et al., 2013; Espinosa et al. 2015; Doğruyol and Mol, 2016; Altıkaya 2016; 

Kato et al., 2017; İnanlı and Yaz, 2020). 

This study aimed to apply sous vide technology on meagreʾs fillets with different plant extracts and 

determine the chemical, microbiological, and sensory quality changes during the cold storage. 

 

MATERIAL and METHODS 

Sample preparation 

The meagre, which were purchased from a local retailer, an average of 36.90±0.16 cm length and 

488.04±6.33 g weight, were thoroughly washed with cooled water, then the head, viscera, and skin 

were removed and the skinless fillets were obtained.  

Obtaining plant extracts and preparation of samples 

According to Baydar (2013), El-Hanafy et al. (2011), and Bozkurt (2006), plant extracts were 

obtained with some modifications. Rosemary and oregano spices were infused at the rate of 5% (w/v, 

spice/distilled water) in 95±1 °C distilled water for 5 minutes. At the end of the time, the plant and 

liquid extract were separated. Skinless fillets at a ratio of 1:1 (w/v, fillet /extract) were immersed in 

5% (w:v) chilled rosemary and oregano liquid extract in a refrigerator at 4±1 °C for 30 minutes. Fillets 

drained from liquid extract were vacuum-packed and cooked in a water bath at 85 °C for 36 minutes 

with the sous vide method (Betts and Gaze,1995). Sample groups consisted of Raw fish (fish fillet), 

Control SV (Sous vide), Rosemary SV (Rosemary extract-treated fish fillet with sous vide), and 

Oregano SV (Oregano extract-treated fish fillet with sous vide) groups. 

Chemical analysis 

Moisture analysis (Kern DBS Moisture Analyzer), crude protein (AOAC, 2000), crude fat (Bligh 

and Dyer, 1959), and crude ash (Ash Furnace Core TS 500) analysis (AOAC, 2002a) were made. 
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Fatty acid composition analysis was performed by the Innovative Technologies Application and 

Research Center (YETEM) in the Süleyman Demirel University (SDU). After crude fat extraction 

from the samples (Bligh and Dyer, 1959), the methylation process was carried out according to AOAC 

(2002b).  

Also, pH (Varlık et al., 2007), thiobarbituric acid (TBA, mg MDA/kg) (Erkan and Özden, 2008; 

Erkan et al., 2009), total volatile basic nitrogen (TVB-N, mg/100g) (Nicholas, 2003), trimethylamine 

nitrogen (TMA-N, mg/100g) (Varlık et al., 2007; Schormüller, 1968) analyzes were made. 

Microbiological analysis 

10 g sample and 90 ml sterile peptone water homogenized with stomacher under aseptic conditions. 

Dilutions were made up to 10
-6

 and cultivation was made according to the pour plating method (Arslan 

et al., 1997; Harrigan and McCance, 1976). PCA was used for TMAB and TPAB. Plates were 

incubated for TMAB at 30±1 °C for 72 hours (Varlık et al., 1993), and TPAB at 4±1°C for 15 days 

(Arslan et al., 1997). Lactic acid bacteria were determined using MRS agar incubated at 30 °C for 5 

days (Genç et al., 2013). YGC agar plates were incubated at 30 °C for 3-5 days for yeast and mold 

(Amariei et al., 2016). Results are given in log cfu/g.  

Sensory analysis 

The hedonic scale reported by Altuğ and Elmacı (2005) and Çetinkaya (2013) was modified and 

used in the evaluation of sensory characteristics. Sous vide meagre samples were evaluated in terms of 

color, odor, appearance, texture, taste, and general evaluation. 8 panelists were asked to assess 

between 1 and 10. Samples scoring less than ≤4.0 were considered impaired before evaluating the 

sensory experiment samples heated in the microwave oven and served with plain crackers and water.  

Statistical analysis 

The data obtained in the study were subjected to variance analysis (one-way ANOVA) with the 

SPSS 18.0 statistical package program. The means of important variance sources were compared with 

the Duncan Multiple Comparison Test at P=0.05 confidence interval. 

  

RESULTS and DISCUSSION 

Chemical composition analysis has been made in all samples and is given in Table 1. It was 

determined that the samplesʾ moisture value decreased significantly compared to raw fish (P <0.05). 

While the protein values of the groups treated with oregano and rosemary extract were statistically 

similar, it was found to be significantly higher than the other groups (P <0.05). 

 
               Table 1. Chemical composition of raw fish and sous vide samples * 

(%) Raw fish Control SV Rosemary SV Oregano SV 

Moisture 79.70±0.51
a
 77.72±0.41

b
 75.07±0.14

c
 75.38±0.46

c
 

Crude fat 1.06±0.14
bc

 1.31±0.02
ab

 1.03±0.09
c
 1.57±0.01

a
 

Crude protein 18.30±0.15
c
 20.26±0.46

b
 21.59±0.20

a
 21.74±0.10

a
 

Crude ash 1.02±0.01
a
 0.99±0.01

a
 0.86±0.01

b
 0.95±0.04

a
 

           *There is a statistical difference between the means with different letters on the same line (P<0.05) 

 

The significant decrease in moisture value observed after sous vide is similar to the results of the 

studies conducted by Garcia-Linares et al. (2004), Gonzalez-Fandos et al. (2005), Mol et al. (2012), 

and Çetinkaya et al. (2015). The crude protein compared to the raw sample after sous vide is similar to 

Garcia-Linares et al. (2004), Mol et al. (2012), and Çetinkaya et al. (2015) studies and not similar to 

Ramos et al. (2016) study. Crude fat value increased significantly in the Oregano SV group after sous 

vide (P<0.05), while it did not significantly change in the Control SV and Rosemary SV groups 

(P>0.05). In general, with the crude ash results obtained in our study, Mol et al. (2012) and Çetinkaya 

(2013) 's results are similar. 

 According to the fatty acid composition analysis results, it was determined that 10 of these fatty 

acids were saturated (SFA), 6 were monounsaturated (MUFA) and 9 were polyunsaturated (PUFA). 

SFA, MUFA, and PUFA dominant in meagre fish were found to be palmitic acid, oleic acid, and 

linoleic acid, respectively. SFA, MUFA, PUFA, (DHA+EPA) and n3/n6 in raw fish were 

determined at 19.97±0.02%, 27.35±0.01%, 34.36±0.00%, 9.10±0.00 and 0.49±0.00, respectively.  

In the sous vide samples were determined that palmitic acid (C16:0) between 12.68±0.01% and 

17.33±0.02%, oleic acid (C18:1n-9c) between 20.07±0.01% and 28.26±0.01%, linoleic acid (C18:2n-
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6c) between 15.28±0.00% and 18.75±0.01% during the storage. Changes in SFA, MUFA, and 

PUFA values at the end of storage were found to be significant (P<0.05) in all sous vide samples. 

The n3/n6 was determined as the lowest 0.45±0.00 and the highest 0.84±0.00 in sous vide sample 

groups during storage (Table 2).  It was determined that the amount of eicosapentaenoic acid (C20:5n-

3) (EPA) varied between 0.96±0.02 % and 1.62±0.01% and docosahexaenoic acid (C22:6n-3) (DHA) 

varied between 5.17±0.00 % and 13.79±0.00 % during storage. 

In our study, it was determined that the dominant SFA and MUFA are palmitic acid and oleic acid 

similar to the Grigorakis et al. (2011), Giogios et al. (2013), Martelli et al. (2013), Mesa et al. (2014), 

Saavedra et al. (2015), Bilgin et al. (2016) and Fountoulaki et al. (2017) studies. Similar to this study, 

Giogios et al. (2013), Saavedra et al. (2015), and Bilgin et al. (2016) studies, it was determined that 

C18:2n-6 and C22:6n-3 were the most prominent fatty acids among PUFA. Similar to our study, 

Çetinkaya (2013) found a significant change in PUFA at the end of storage in sous vide rainbow trout 

samples treated with rosemary and thyme.  
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                           Tablo 2. Fatty acid composition of the samples (%)
* 

Group  

Fatty 

Acids 

Day 

SFA MUFA PUFA n3/n6 (DHA+EPA) 

C
o

n
tr

o
l 

S
V

 

0 20.82±0.01e 31.40±0.02e 32.37±0.00f 0.59±0.00b 9.55±0.00d 

7 20.81±0.02e 31.35±0.02e 32.42±0.08f 0.59±0.01b 9.57±0.00c 

14 20.44±0.01f 30.84±0.02f 39.18±0.02a 0.84±0.00a 15.23±0.01a 

21 22.70±0.00d 34.95±0.01d 33.42±0.01e 0.56±0.00d 9.33±0.00e 

28 24.77±0.00a 35.05±0.03c 34.44±0.01b 0.58±0.00c 10.05±0.01b 

35 23.43±0.00c 35.66±0.00b 33.89±0.02c 0.52±0.00f 8.95±0.00g 

42 23.49±0.00b 36.25±0.02a 33.58±0.02d 0.54±0.00e 9.09±0.00f 

R
o

se
m

a
ry

 S
V

 

0 20.78±0.01f 28.68±0.02f 35.87±0.02b 0.49±0.00e 9.40±0.01c 

7 20.34±0.03g 28.10±0.02g 34.25±0.00d 0.45±0.00f 8.37±0.01f 

14 23.75±0.04d 35.81±0.01c 32.98±0.03f 0.51±0.00d 8.56±0.01e 

21 24.48±0.01b 36.48±0.00b 33.16±0.00e 0.52±0.00c 8.63±0.00d 

28 24.34±0.02c 34.82±0.01e 34.58±0.03c 0.57±0.00b 10.03±0.03b 

35 22.83±0.00e 35.58±0.00d 37.09±0.02a 0.66±0.00a 11.95±0.00a 

42 27.56±0.02a 36.90±0.03a 27.81±0.02g 0.45±0.00f 6.13±0.01g 

O
re

g
a

n
o

 S
V

 

0 21.05±0.01g 31.78±0.04g 32.30±0.05f 0.587±0.00b 9.54±0.00b 

7 21.18±0.01f 34.73±0.02e 34.30±0.04c 0.540±0.00d 9.43±0.01c 

14 23.41±0.01e 36.36±0.00b 33.85±0.02d 0.511±0.00f 8.76±0.01d 

21 24.47±0.04c 36.69±0.04a 32.75±0.00e 0.507±0.00g 8.38±0.01e 

28 24.71±0.01a 34.96±0.02d 32.79±0.00e 0.530±0.00e 8.81±0.02d 

35 23.98±0.01d 35.55±0.00c 34.74±0.02a 0.579±0.00c 10.16±0.00a 

42 24.60±0.01b 33.71±0.05f 34.44±0.08b 0.589±0.00a 10.20±0.03a 
*The means with different letters in the same column are significantly different (P<0.05). 

 

In the post-mortem period, pH rises with the decomposition of nitrogenous compounds depending 

on microbiological activity. pH change is also affected by the storage temperature and above 7.1 

indicates deterioration (Hernandez et al., 2009). In the study, the pH value of raw fish was determined 

as 6.71±0.03. The Control SVʾs pH value, Rosemary SV and Oregano SV samples were measured as 

6.87±0.02, 6.90±0.01, 6.96±0.01 on day 0, respectively. pH were fluctuated during storage in sous 

vide samples (Table 3, 4, 5). Bolat et al. (2019) applied sous vide technology (90 
o
C, 10 min) to sea 

bass, by adding laurel and curcuma. It has been reported that the pH value of sous vide samples to 

which laurel and curcuma were added during storage varied between 6.61-6.91 and 6.64-6.86, 

respectively. 

Total volatile basic nitrogen (TVB-N) is one of the most commonly used methods for determining 

fish meat spoilage (Ruiz-Capillas and Moral, 2001). It is not preferred to have a TVB-N value above 

20 mg N/100 g TVB-N for fish to be used in canned fish products and 30 mg N/100 g TVB-N for 

frozen tuna fish (Connell, 1995). TVB-N value in raw fish samples was initially determined as 

14.54±0.22 mg/100g. It has been determined that TVB-N values did not exceed the limit value in the 

sous vide samples during storage. According to a study the use of rosemary extract alone or in 

combination with nisin reduces the TVB-N value by 14-38% during cold storage of raw Trachinotus 

ovatus fillets (Gao vd., 2014). Çetinkaya (2013) stated that the limit values were not exceeded in all 

rainbow trout sous vide samples during storage. It has been reported that in the sous vide group which 

thyme was applied, the change range in the TVB-N value was smaller and the product showed a more 

stable structure (Çetinkaya, 2013). Kenar et al. (2010) investigated the antimicrobial and antioxidant 

effects of rosemary and sage extracts, sardine fish were immersed in these extracts (4 min) and stored 

at 3
o
C by vacuum packaging. It has been stated that the application of rosemary and sage is effective 

on TVB-N value. In the sea bass sous vide study, it was stated that control sous vide, laurel and 

curcuma added sous vide samples were of good quality in terms of TVB-N values during storage and 

the limit values were not exceeded (Bolat et al., 2019). Similar results were obtained in our study. 
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According to these results, it can be said that sous vide processing, oregano and rosemary extract are 

effective in retarding the increase in TVB-N value (Table 3, 4, 5). 

 The amount of TMAO in fish muscle tissue varies according to the species, season and fishing 

location. TMA, formed by the bacterial breakdown of TMAO, a volatile compound, has a very 

characteristic "fishy" odour (Huss, 2007). It is stated that the TMA-N value should be between 1 mg 

N/100g and 8 mg N/100g in seafood suitable for consumption (Varlık et al., 1993). TMA-N value in 

raw fish is determined as 2.66±0.01 mg/100 g. In Control SV, Rosemary SV and Oregano SV group 

samples, the TMA-N value, which was 2.57±0.08; 2.63±0.03 and 3.04±0.07 mg/100 g on day 0, 

respectively, increased to 2.78±0.02, 2.90±0.04 and 4.16±0.03 mg/100 g values significantly on day 

42 (P<0.05). Nieva-Echevarria et al. (2017) indicated that TMA can be used in a limited way as an 

indicator of freshness in cultured fish. Bolat et al. (2019) stated that the sea bass sous vide samples did 

not exceed the limit values in terms of TMA-N values during storage. Although TMA-N values 

fluctuate during storage in sous vide samples, they did not exceed the limit value in this study. Sous 

vide process is thought to be effective in the TMA-N value (Table 3, 4, 5). 

Oxidative rancidity begins when oxygen forms hydroperoxide with unsaturated fatty acids, 

especially in fatty fish (Connell, 1995). The limit value consumed in TBA terms is specified as 8 mg 

MDA/kg (Özden ve Erkan, 2006; Ramos et al., 2016). TBA in raw fish samples was determined to be 

0.52±0.13 mg MDA/kg. TBA value fluctuated in all sous vide sample groups during storage. Due to 

the oxygen-free environment provided by vacuum packaging and the low fat content of meagre, high 

TBA values may not have been observed in sous vide samples. When the TBA values in the sous vide 

sample groups were examined, it was seen that the TBA values in the Rosemary SV and Oregano SV 

samples were lower than the Control SV values. Nissen et al. (2004), Sebranek et al. (2005), Tironi et 

al. (2010), Gao et al. (2014), Uçak et al. (2011) and Çetinkaya (2013) in studies found similar results. 

The application of rosemary and oregano extract in the meagre sous vide process can be said that 

retarding effect on TBA values. Also, It was determined that the limit value was not exceeded in all 

sous video sample groups during storage (Table 3, 4, 5). 

 
 Table 3. Chemical and microbiological analysis results of the Control SV group 

Day pH 
TVB-N, 

mg/100 g 

TBA, 

mg MDA/kg 

TMA-N, 

mg/100 g 

TMAB 

log cfu/g 

TPAB 

log cfu/g 

LAB 

log 

cfu/g 

Yeast-

Mold 

log cfu/g 

0 6.87±0.02ab 15.80±0.61b 0.25±0.03c 2.57±0.08c <1.0 <1.0 <1.0 <1.0 

7 6.89±0.01ab 17.56±0.37a 0.47±0.06b 3.20±0.03a <1.0 <1.0 <1.0 <1.0 

14 6.85±0.01b 17.82±0.30a 0.60±0.01ab 2.40±0.01de <1.0 <1.0 <1.0 <1.0 

21 6.85±0.02b 17.48±0.22a 0.47±0.05b 2.32±0.07e <1.0 <1.0 <1.0 <1.0 

28 6.79±0.02c 17.65±0.14a 0.66±0.06a 2.60±0.06c <1.0 <1.0 <1.0 <1.0 

35 6.88±0.01ab 15.97±0.22b 0.67±0.03a 2.49±0.06cd <1.0 <1.0 <1.0 <1.0 

42 6.91±0.01a 16.39±0.14b 0.71±0.08a 2.78±0.02b 2.76±0.05 2.88±0.02 <1.0 <1.0 

* The means with different letters in the same column are significantly different (P<0.05). 
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Table 4. Chemical and microbiological analysis results of the Rosemary SV group  

Day pH 
TVB-N, 

mg/100 g 

TBA, 

mg MDA/kg 

TMA-N, 

mg/100 g 

TMAB 

log cfu/g 

TPAB 

log cfu/g 

LAB 

log 

cfu/g 

Yeast-

Mold 

log cfu/g 

0 6.90±0.01bc 14.62±0.15bc 0.17±0.02b 2.63±0.03c <1.0 <1.0 <1.0 <1.0 

7 6.99±0.00a 14.71±0.22bc 0.28±0.02ab 2.99±0.05ab <1.0 <1.0 <1.0 <1.0 

14 6.92±0.01b 15.88±0.39a 0.18±0.03b 2.56±0.09c <1.0 <1.0 <1.0 <1.0 

21 6.86±0.01c 15.38±0.14ab 0.23±0.02ab 2.18±0.01d <1.0 <1.0 <1.0 <1.0 

28 6.88±0.02bc 15.21±0.30ab 0.18±0.02b 3.20±0.12a <1.0 <1.0 <1.0 <1.0 

35 6.91±0.02b 14.20±0.30c 0.18±0.03b 2.74±0.13bc <1.0 <1.0 <1.0 <1.0 

42 6.93±0.02b 14.88±0.15bc 0.38±0.18a 2.90±0.04b 5.69±0.03 5.11±0.03 <1.0 <1.0 

* The means with different letters in the same column are significantly different (P<0.05). 

 
Table 5. Chemical and microbiological analysis results of the Oregano SV group  

Day pH 
TVB-N, 

mg/100 g 

TBA, 

mg MDA/kg 

TMA-N, 

mg/100 g 

TMAB 

log cfu/g 

TPAB 

log cfu/g 

LAB 

log 

cfu/g 

Yeast-

Mold 

log cfu/g 

0 6.96±0.01a 14.87±0.39bcd 0.20±0.01ab 3.04±0.07c <1.0 <1.0 <1.0 <1.0 

7 6.89±0.01b 14.54±0.22cd 0.24±0.05ab 2.53±0.08d <1.0 <1.0 <1.0 <1.0 

14 6.88±0.02b 16.05±0.22a 0.23±0.01ab 3.43±0.09b <1.0 <1.0 <1.0 <1.0 

21 6.84±0.01c 15.30±0.22abc 0.14±0.03b 2.70±0.01d <1.0 <1.0 <1.0 <1.0 

28 6.86±0.01bc 15.63±0.29ab 0.29±0.08a 2.29±0.08e <1.0 <1.0 <1.0 <1.0 

35 6.88±0.02b 14.12±0.14d 0.14±0.01b 3.56±0.04b 5.63±0.03b 5.25±0.02a <1.0 <1.0 

42 6.90±0.01b 15.13±0.14bc 0.18±0.01ab 4.16±0.03a 5.96±0.04a 5.29±0.01a <1.0 <1.0 

* The means with different letters in the same column are significantly different (P<0.05). 

 

Microbiological evaluations are one of the important quality parameters used in seafood. The 

microbiological load is under the influence of many factors. The limit value for aerobic bacteria is 

accepted as 7 log cfu/g (ICMSF, 1986). The number of total mesophilic aerobic bacteria (TMAB), 

total psychrophilic aerobic bacteria (TPAB), lactic acid bacteria, and yeast-mold in raw meagre fish is 

6.29±0.13 log cfu/g, 6.43±0.00 log cfu/g, 4.16±0.01 log cfu/g, and 5.63±0.05 log cfu/g, respectively 

(Tablo 3, 4, 5). In vacuum-packed products, the proliferation of aerobic bacteria is prevented since 

there is no air in the package (Gülyavuz and Ünlüsayın, 1999). It has been observed that the heat 

treatment used in sous vide application is effective on TMAB, TPAB, lactic acid bacteria, yeast and 

mold. The sous vide method at different temperatures and times has been applied to the O. mykiss 

(Gonzalez-Fandos et al., 2004) and S. salar (Gonzalez-Fandos et al., 2005) and it has been stated that 

the applied heat treatment is effective on the bacteria. Altıkaya (2016), applied sous vide technique at 

three different temperatures (60°C, 70°C, and 80°C) to the Sander lucioperca, and stated that the 

TMAB value in the fresh sample decreased with the application of sous vide process. Kenar et al. 

(2010), in a study on the antimicrobial and antioxidant effects of rosemary and sage extracts, it was 

found that the total number of bacteria increased in all groups in vacuum packed sardine fillets stored 

at 3 °C, but the increase in the control group developed faster. Hać-Szymańczuk et al. (2011) found 

that dried rosemary increased the number of mesophilic aerobic bacteria depending on the initial load. 
Bolat et al. (2019), at the end of storage (59 day) of control, laurel and curcuma sous vide, determined 

for TMAB count 2.85±0.53 log cfu/g, 6.30±0.32 log cfu/g and 6.01±0.02 log cfu/g,  for TPAB count 

4.00±2.32 log cfu/g, 6.12±0.42 log cfu/g and 5.75±0.30 log cfu/g, respectively. In the Control SV, 

Rosemary SV and Oregano SV samples, the number of total mesophilic aerobic bacteria and total 

psychrophilic aerobic bacteria on the 42
nd

 day did not exceed the limit values. Lactic acid bacteria and 

yeast-mold were not detected in all sous vide groups during storage. 
Sensory evaluation is one of the most important analyzes used to determine whether a product is 

suitable for consumption. Sensory analyzes to be made beforehand are important. Because the final 

product is evaluated by consumers according to its sensory quality (Huss, 2007). Sensory features 

contribute greatly to the acceptance of sous vide products. Sous vide products have the flavour closest 

to fresh produce (Garcia-Linares et al., 2004). Considering all the sensory parameters, it was 
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determined that the panelists initially liked the Rosemary SV and Oregano SV samples more than the 

Control SV samples (Table 6). In this study, similar to the studies conducted by Kenar et al. (2010) 

and Amariei et al. (2016), the samples that applied plant extract were generally appreciated in terms of 

odour. Similar to the Nissen et al. (2004), Kenar et al. (2010), and Çetinkaya (2013) studies, it was 

determined that the plant extract application improved the taste values. 

 
            Table 6. Sensory evaluation of Control SV, Rosemary SV and Oregano SV samples* 

 Day Control SV Rosemary SV Oregano SV 

C
o

lo
u

r 

0 7.38±0.73
ab

 8.25±0.70
a
 8.50±0.63

a
 

7 7.75±0.41
a
 7.13±0.48

ab
 7.63±0.68

ab
 

14 6.38±0.32
abc

 6.75±0.31
b
 6.38±0.26

bc
 

21 6.25±0.41
bc

 6.88±0.23
ab

 6.38±0.42
bc

 

28 5.75±0.45
c
 6.00±0.46

b
 5.88±0.44

c
 

35 5.50±0.46
c
 6.13±0.55

b
 5.88±0.52

c
 

42 4.13±0.30
d
 3.50±0.42

c
 3.25±0.41

d
 

O
d

o
u

r 

0 7.50±0.50
a
 8.00±0.53

a
 8.50±0.63

ab
 

7 5.88±0.69
b
 7.13±0.67

ab
 8.88±0.48

a
 

14 5.75±0.31
b
 6.38±0.42

b
 7.88±0.44

ab
 

21 5.63±0.42
b
 6.63±0.18

ab
 7.38±0.32

ab
 

28 5.00±0.38
bc

 6.50±0.42
b
 7.50±0.33

ab
 

35 3.75±0.70
cd

 6.25±0.25
b
 7.13±0.35

b
 

42 2.38±0.38
d
 3.88±0.55

c
 4.88±0.67

c
 

A
p

p
ea

ra
n

ce
 

0 7.50±0.73
a
 8.38±0.53

a
 8.38±0.60

a
 

7 7.63±0.42
a
 7.38±0.46

ab
 8.00±0.63

ab
 

14 6.25±0.31
ab

 6.88±0.35
b
 6.25±0.45

c
 

21 6.25±0.45
ab

 6.50±0.42
b
 6.88±0.48

bc
 

28 5.88±0.48
b
 6.63±0.18

b
 6.50±0.19

c
 

35 5.63±0.42
b
 6.50±0.46

b
 6.63±0.42

bc
 

42 4.13±0.30
c
 3.38±0.42

c
 3.63±0.46

d
 

T
ex

tu
re

  

0 8.50±0.50
a
 8.75±0.37

a
 9.00±0.38

a
 

7 6.50±0.46
b
 7.88±0.64

ab
 8.63±0.38

a
 

14 5.75±0.49
b
 7.00±0.27

bc
 7.00±0.42

b
 

21 6.00±0.42
b
 7.25±0.25

bc
 7.00±0.38

b
 

28 5.38±0.38
b
 6.75±0.16

bc
 6.88±0.35

b
 

35 5.13±0.44
b
 6.25±0.31

c
 5.75±0.53

b
 

42 2.63±0.50
c
 3.38±0.42

d
 3.88±0.52

c
 

T
a

st
e 

0 7.50±0.50
a
 8.88±0.44

a
 8.50±0.50

a
 

7 6.88±0.48
ab

 8.13±0.52
ab

 8.25±0.73
a
 

14 5.63±0.89
bc

 7.13±0.13
bc

 7.88±0.44
ab

 

21 6.00±0.42
abc

 7.13±0.23
bc

 7.25±0.31
ab

 

28 5.75±0.45
bc

 6.75±0.16
cd

 7.50±0.46
ab

 

35 5.00±0.46
c
 5.88±0.35

d
 6.25±0.62

b
 

42 2.63±0.42
d
 3.50±0.38

e
 3.50±0.60

c
 

 G
en

er
a
l 

E
v
a

lu
a

ti
o

n
 0 7.75±0.45

a
 8.63±0.56

a
 8.75±0.53

a
 

7 7.25±0.31
ab

 7.88±0.44
ab

 8.63±0.53
ab

 

14 6.25±0.37
bc

 6.75±0.31
c
 7.00±0.38

c
 

21 6.13±0.30
c
 7.25±0.25

bc
 7.38±0.32

bc
 

28 5.38±0.32
c
 7.00±0.00

bc
 7.13±0.35

c
 

35 5.13±0.48
c
 6.50±0.27

c
 6.50±0.46

c
 

42 2.88±0.35
d
 3.75±0.31

d
 3.75±0.56

d
 

                                  *The means with different letters in the same column are significantly different (P<0.05) 

 

CONCLUSIONS 

Today, natural plant products that preserve the quality and enrich the sensory properties are used 

instead of synthetic additives in sous vide technology. In our country, where fresh fish consumption is 

at the forefront compared to processed products, it has been observed that the meagre fish can be 

evaluated with the sous vide processing method. Sous vide meagre fillet is thought to have an 

alternative processed product and also nutritional value in terms of the fatty acids it contains. This 
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study determined that pH, TVB-N, TMA-N and TBA values of sous vide sample groups did not 

exceed the deterioration limit values during cold storage. It was observed that the TVB-N and TBA 

values of the samples treated with oregano and rosemary extract were lower than the control sous vide 

group samples. Although the limit values for TMAB and TPAB are not exceeded and lactic acid 

bacteria, yeast and mold are not found at the end of the storage period in sous vide samples, pathogen 

microorganism control should be done for food safety. It can be said that panelists appreciated the 

sous vide meagre fillets. It has been determined that the extracts of oregano and rosemary, which are 

used as natural additives, also improve the sensory quality of the product. 
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