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 In recent years, there has been an increasing interest in using food additives from natural 
sources to improve taste and also extend the shelf-life of semi-preserved foodstuffs. The aim of 
this study was to examine the chemical and microbiological changes promoted by a local 
marinating process in rainbow trout fillets during chilled storage. Fish fillets were immersed in 
marinades and stored at 4 ˚C for 10 days and were analyzed for total volatile basic nitrogen 
(TVN), thiobarbitoric acid (TBA), water holding capacity (WHC), pH, mesophilic and 
psychrophilic bacterial count every two days. Variations in TBA and WHC were not statistically 
significant between marinated and control groups. The values of TVN, pH, total psychrophilic 
bacteria count (TPC) and total mesophilic bacteria count (TMC) in marinated samples were 
significantly lower than controls. The most obvious finding of this study was that traditional 
marinated rainbow trout fillet stored in 4 ˚C had no undesirable changes at least for eight days.  
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 بر خصوصيات فيله ماهي قزل آلا طي نگهداري در يخچال محلي ثير طعم دار كردنأت

 چکيده 

افته است. هدف این مطالعه بررسی تغییرات در سالهای اخیر استفاده از مواد نگهدارنده طبیعی جهت بهبود طعم و افزایش زمان ماندگاری محصولات غذایی نیمه آماده افزایش چشمگیری ی

. جهت این كار فیله های ماهی قزل آلا در محلول طعم دهنده قرار گرفته و سپس در دمای چهار بودطعم دار شده به روش محلی طی دوره نگهداری در یخچال لا و شیمیایی فیله ماهی قزل آباكتریایی 

، (TPC)، شمارش باكتری های سرمادوست (TMC)ظر شمارش باكتری های معتدل دوست روز نگهداری شدند. سپس هر دو روز یكبار از آنها نمونه گیری شده و از ن 01درجه سانتیگراد به مدت 

مورد سنجش قرار گرفتند. نتایج  pHو اندازه گیری  (WHC)گیری ظرفیت نگهداری آب ، اندازه(TBA)گیری مواد واكنش دهنده با تیوباربیتوریک اسید ، اندازه(TVN)گیری مواد ازته فرار اندازه

دار شده به طور معنی داری كمتر از گروه در گروه طعم TVNو  TMC ،TPC ،pHتغییرات  مقادیربین گروه شاهد و طعم دار شده بود. اما  WHCو  TBAدار نبودن میزان تغییرات  حاكی از معنی

 .ی نداردمدت هشت روز  تغییرات نامطلوب شده در دمای چهار درجه سانتیگراد دربه روش محلی و نگهداری  فیله ماهی قزل آلای طعم دار شده  كه بود. مهمترین یافته این تحقیق این شاهد بود
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Introduction 
 

The rainbow trout (Oncorhynchus mykiss) is one of the 
main fish species farmed in Iran. Rainbow trout is very 
closely related to salmon in containing the highest content 
of polyunsaturated fatty acids such as eicosapentaenoic 
acid and decosahexaenoic acid compared to other fish and 
seafood.1 The demand for rainbow trout in Iran has 
increased significantly over the last decade and this could 
be due to its desirable characteristics.2-4 

Fatty fish such as rainbow trout have limited shelf-life 
and quality deterioration of this species is mainly caused 
by rapid growth of microorganisms and lipid oxidation.5 
Thus, the off-odor and off-taste of the products affect the 
consumer acceptability.6,7 Today, the addition of synthetic 
preservatives, antioxidants, and colorants to extend the 
shelf-life of foodstuffs has been revised by authorities due 
to certain health problems. Scientists have become 
interested in using antioxidants from natural sources.8  

Marinades including sugar, spices, oil, vinegar or fruit 
juice that already have been used to improve the tender-
ness, juiciness, flavor and aroma of foodstuffs, are the 
solutions.9 Marinating process slows down the bacterial 
and enzymatic activity and provides test tenderness, 
textural and structural changes with a prolonged shelf-life.10 
To the best of our knowledge, several studies regarding 
seafood marinating by rosemary extract,9 tomato sauce,11 
holy basil, paper-garlic,12 yogurt and spices13 and acetic 
acid with NaCl14 have been documented.  

People in the south-west of Iran make a local marinade 
by immersion of fish fillets in a mixture of lemon juice, 
grated fresh garlic, salt, turmeric, red chili powder and 
black pepper. This marinade has a great reputation and 
the public interest as well. This method could be used as 
an industrial process in order to provide a semi-preserved 
and ready to cook fish for consumers using natural 
antioxidants. The aim of the present study was to 
investigate the chemical and microbiological changes 
promoted by the local marinating process in rainbow trout 
fillets during refrigerated storage.  

 
Materials and Methods 
 

Raw materials and process. The study consisted of 
three trials and in every trial 40 fish fillet (approximately 
weighed 60 to 70 g) was used. Similar to a fish processing 
plant, the fillets were washed under tap water and placed 
in a clean basket to dry. Fillets were separated into two 
groups. The first group was immersed in a marinated 
mixture as described below for 3 hr at 4 ˚C. The second 
group was left in the same condition without marinating 
as the control. 

Preparation of marinating mixture. In a bowel, 500 
mL industrial lemon juice, 250 g grated fresh garlic, 60 g 
table salt, 3 g turmeric, 1 g hot chili powder, 3 g black 
 

 pepper and 100 mL distilled water were mixed well as 
marinating mixture. 

Sample preparation. All marinated and normal fish 
samples were separately placed in a plastic container with 
lid and incubated in a household refrigerator (4 ˚C) for 10 
days and examined every two days for microbiological and 
chemical features. At the start of the experiments, three 
fish samples were randomly selected and aseptically 
chopped together thoroughly. 

Chemical analysis. Total volatile basic nitrogen (TVN) 
were measured according to method of Malle and 
Poumeyrol.15 Briefly a 10 g fish flesh, 1 g magnesium 
oxide (Merck, Darmstadt, Germany) and 60 mL distilled 
water were placed in distilling flask. Samples were boiled 
and distilled into 40 mL of boric acid (Merck) containing 
methyl red as indicator. After the distillation, the 
contents of conical flask were titrated with H2So4 (Merck) 
and TVN was expressed as mg of N per 100 g muscle. The 
value of thiobarbituric acid (TBA) was determined 
according to Wrolstad et al.16 A portion of sample (5 g) 
was blended with 100 mL of 10% trichloracetic acid 
(Merck) for 3 min and filtered. The solution content was 
increased to 100 mL by adding extra trichloracetic acid 
(10%). Then, a 4 mL aliquot was transferred into test 
tubes and 5 mL thiobarbituric acid (0/02 w/w) was 
added and incubated at 90 ˚C for 1 hr. Absorbance was 
measured at 532 nm using a spectrophotometer (Model 
CE2040; Cecil, Cambridge, UK). The results expressed as 
mg MDA per kg muscle. The pH value was determined for 
the homogeneous mixtures of fish with distilled water 
(1:10, w/v), using a digital pH meter (Model PB-11; 
Sartorius AG, Goettingen, Germany) as described by 
benjakulet et al.17 Water holding capacity (WHC) was 
measured according to the method of Omana et al.18 
Briefly, the weight of three disk of filter paper was 
measured and 0.3 g of fish fillet was placed on to them. A 
mass of 1 kg was applied for 2 min. The weight of filter 
paper was measured again and the percentage of WHC 
was calculated by relevant equation.  

Microbiological analysis. For enumeration of 
bacteria, 10 g of the fish muscle was homogenized in 90 
mL of normal saline and stomached for 3 min. Further 
decimal dilutions were made, and then 0.1 mL of each 
dilution was streaked on the surface of nutrient agar 
(Fluka 70152; Steinheim, Switzerland) plates. Two series 
of cultured agar were made and the first group was 
incubated for 7 days at 7.0 ± 0.5 ˚C for estimation of total 
psychrophilic bacteria count (TPC). The second group was 
incubated for 24 hr at 35 ˚C for total mesophilic bacteria 
count (TMC). 

Statistical analysis. All experiments were performed 
in triplicate. Results were analyzed by repeated measure 
analysis of variance (ANOVA) using SPSS (version 16; SPSS 
Inc., Chicago, USA). The significance levels are expressed at 
95% confidence level (p < 0.05) throughout. 



297 S. Maktabi et al. Veterinary Research Forum. 2016; 7 (4) 295 - 300 

 

Results 
 

The TVN value for control and marinated samples are 
presented in Fig. 1A. The initial value for marinated 
samples (15 mg per 100 g) was increased during storage. 
This amount on day six was 17 and reached 32 mg per 100 
g at the end of storage. The value of control samples 
dramatically increased. This amount reached 40 mg per 
100 g on day 6. After that, due to sample putrefaction, 
further investigation was impossible.  

Statistical analysis showed a significant difference in 
TVN values (p < 0.05) between control and marinated 
samples. This indicates that marinade cause delayed 
protein degradation and spoilage of fish. 

Figure 1B shows the changes in TBA value (mg 
malonaldehyde per kg) from days 0 to 10 for control and 
marinated samples. The initial TBA value in both groups 
was about 1.4 mg kg-1 and increased in parallel during 
storage period. This amount on day six was 3.0 and 3.8 mg 
kg-1 for control and marinated sample, respectively. The 
highest recorded value was 5.2 mg kg-1 and for marinated 
samples at the end of storage. Statistical analysis shows 
that the difference in TBA values between both groups was 
not significant (p > 0.05).  

Initial pH of marinated and control fish samples was 
5.3 and 6.7, respectively (Fig. 1C). This value for both 
groups was almost stable after 10 days of storage. A 
significant difference (p < 0.05) between control and 
marinated groups was observed in statistical analysis. This 
difference could be due to use of acetic acid (lemon juice) 
for fish marinating. 

 
 
 
 
 
 

 The changes in WHC value are shown in Fig. 1D. 
Although this amount was increased for both groups 
during storage, the differences between marinated and 
control samples was not significant. 

As shown in Fig. 1E, the number of mesophilic bacterial 
in marinated samples increased from 3.7 log (cfu per g) on 
the first day to 5.5 log on day 6; while in the control group, 
the amount was increased from 3.9 to 7.1 log which was 
almost 1.5 log higher. Finally, in marinated samples the 
value increased to 7.3 log at the end of storage period.  
The number of psychrophilic bacteria in control samples 
3.5 log increased after six days of storage, while the 
amount for marinated samples was 2.3 log (Fig. 1F). The 
results indicated a positive effect of marinade in control of 
bacterial growth. 

 
Discussion 
 

The value of TVN is a good indicator for determining 
the spoilage levels in fresh and semi-preserved seafood.1 
The initial level of TVN between 10.0 to 21.0 mg per 100 g 
in fresh rainbow trout flesh has been estimated.19,20 Also, 
the highest acceptable level of TVN in rainbow trout fillets 
stored in modified atmosphere is 25,000 mg per 100 g.12 
In seafood, the maximum acceptable level of TVN is 35.0 
mg per 100 g.21,22 In a study by Pakawatchaiet al., the 
effects of the antioxidant and antibacterial activities of 
herb and spice pastes, holy basil and pepper-garlic, on 
minced salmon flesh waste stored at 4 ˚C was 
investigated.12 They reported that the initial level of TVN in 
all samples was 9 mg kg-1 and increased to 12.0 to 14.0 mg 
 

 

Fig. 1. Means values and standard error of three (n=3) independent determinations for value of A) Total volatile basic nitrogen (TVN); B) 
Thiobarbituric acid (TBA); C) pH; C) pH; D) Water holding capacity (WHC);  E) Total mesophilic bacteria count (TMC) and F) Total 
psychrophilic bacteria count (TPC) in control and marinated fish samples. 
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per 100 g over 12 days storage. Surprisingly, the control 
sample had the lowest TVN value during storage. 
However, the findings of this study do not support the 
previous research that the level of TVN in marinated 
samples was lower than controls.14,23 

In the present study, The TVN level in control samples 
was starting to increase from day two and reached 40.0 
mg per 100 g on the 6th day of storage which was an un-
acceptable level. Organoleptic findings confirmed this result 
because of smell of corruption and putrefaction (data not 
reported). However, the TVN level in marinated samples 
was still under acceptable level (less than 35 mg per 100 g) 
after 10 days of storage. This may indicate that the marinade, 
delays protein degradation and fish flesh putrefaction. 

The analysis of TBA is widely used for the detection of 
oxidative rancidity in oil and food samples.24 In some 
studies, the maximum TBA value in a good quality of 
frozen fish, chilled or stored with ice, 5.0 mg malon-
aldehyde per kg and for consumable fish flesh, up to level 
of 8 mg malonaldehyde kg-1 has been reported.22 It seems 
that this value may be variable based on fish type, 
temperature and storage time. For example, 15 mg malon-
aldehyde kg-1 has also been proposed as the acceptable 
TBA value in mackerel fish stored in – 3 to 10 ˚C.25 This 
value for rainbow trout fillet after 6 and 12 days stored in 
4 ˚C has been recommended to be 1.0 and 1.8 mg kg-1, 
respectively, which is much less than mackerel fish.26 In 
another study, a TBA value of up to 2.3 mg kg-1 has been 
calculated for vacuum packed rainbow trout fillet after 15 
days storage in 4 ˚C. 27  

The effect of fish marinating on changes of TBA value 
during storage has been the subject of few studies. For 
example, effects of combining of smoking and marinating 
by alcohol vinegar and salt on the shelf-life of anchovy 
stored at 4 ˚C was subject of an investigation. The value of 
TBA significantly increased from 1.9 to 4.2 mg kg-1 after six 
months storage.20 In another study the shelf-life of 
pasteurized and not-pasteurized sardine marinades with 
acetic acid, sodium chloride, tomato sauce and spices was 
investigated. The TBA value of pasteurized sardine 
increased from 4.3 mg kg-1 to 8.1 mg kg-1 and TBA value of 
not-pasteurized sardine increased from 4.4 mg kg-1 to 8.2 
mg kg-1 at six months of storage. The differences between 
TBA and pH value of both groups were not significant.11 

Rancidity in minced salmon flesh waste stored at 4 ˚C 
was investigated and it was shown that in sample with 
holy basil paste added, TBA value significantly was higher 
than the control. The sample added with pepper-garlic 
paste, TBA value was lower compared with the control 
after 12 day of storage. They concluded that this might be 
markedly due to the pro-oxidant effect of chlorophyll and 
other impurities existing in holy basil. Also, presence of 
antioxidant compounds such as alliin, diallyl sulphide, allyl 
sulphide and propyl sulphide derived from garlic and 
piperine in black pepper could retard lipid oxidation 
 

 immediately during mixing and during storage.12 An 
antioxidant effect of turmeric was observed in vacuum 
packed rainbow trout fillet during a15-day of storage at  
4 ˚C. The TBA value in marinated samples was double than 
the control after 10 days storage.27 Again, this result was 
attributed to the antioxidant effect of turmeric. In another 
study, the TBA value on rainbow trout stored at 4 ˚C from 
0.1 mg kg-1 on first day increased to 2 mg kg-1 on day 12 
and then reduced to 1.4 on day 18.26 

In our investigation, the TBA value was calculated until 
the 6th day of storage due to sample purification. Our data 
showed that the TBA value for both control and marinated 
samples increased in parallel during storage. Also, as 
shown in Fig. 1B, in marinated samples the value 
decreased until the second day and then rose again. These 
findings were in agreement with previous studies which 
mentioned that the TBA value may reduce several days 
after storage.28,29 In contrast with previous researches26,27 

The TBA value for both groups was slightly high. However, 
the differences between the TBA value in marinated and 
control samples was not significant and it seemed that this 
factor alone could not be a reliable para-meter to 
determine fish spoilage during chilled storage. 

Our marinade contains several ingredients that some 
like black pepper and turmeric have antioxidant effect and 
some like crushed garlic extract may induce oxidation in 
lipids and an overlapping effect could happen.30 It must be 
mentioned that despite of high TBA value, sensory finding 
on day eight did not show a major undesirable changes in 
marinated samples so the marinades might be helpful to 
postpone spoilage signs.  

The pH changes could be useful to evaluate the 
qualitative changes in fish during storage. The initial pH in 
fresh fish flesh is in range of neutral but decomposition of 
nitrogenous compounds leads to an increase in pH during 
storage.31 The increase in pH indicates the loss of quality. 
In contrast, decrease of pH in stored fish flesh could be 
observed due to the acid which is a common metabolite 
from growth of a number of bacteria include lactic acid 
bacteria, Enterobacteriace and Photobacterium phos-
phorum.32 The initial pH value in different fish are: anchovy 
5.8,20 rainbow trout 6.7,27 and sardine 5.8 to 6.2.33-35 In the 
present study, the initial pH value of the marinated 
samples (5.3) was significantly lower than control samples 
(6.7) and was almost stable in both groups during storage. 
A similar result to our findings was observed by Özogul  
et al., where pH was stable in smoked and marinades 
anchovy after six month storage.20 However, the findings of 
the current study do not support other researches. For 
example, pH decreased in marinades rainbow trout in 
turmeric extract after 20 days storage at 4 ˚C,27 or 
increased in sardine marinades in tomato sauce according 
to storage time.11  

As mentioned before, significant difference in WHC 
value between marinated and control samples were not 
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observed. Various factors, such as the addition of acid, 
temperature changes, enzymatic and bacterial degradation 
can be effective in this regard. 

Growth of bacteria is one of the most important factors 
in spoilage of fish. The mean of initial number of bacteria 
in our samples was between 3.0 to 4.0 log CFU per g, 
indicating that the fish used in this study had good 
quality.36-39 Also in this study, an initial reduction in 
bacterial viable counts was observed by marinades. The 
present findings seem to be consistent with other research 
which found that microbial load decreased just after the 
shrimps were marinated.9 

As it showed in Figs. 1E and 1F marinating process was 
effective on psychrophilic and mesophilic bacteria and 
TVC in marinated samples was significantly lower than 
controls. Also, it has been reported that bacteria are not 
completely killed by marinating and live cells are still able 
to grow in marinated samples. In this condition, they are 
able to continue their activity more or less rapidly 
according to their ability to adapt to the medium during 
storage.40 This also accords with previous observations, 
which showed a positive effect on reducing the number of 
bacteria in the samples stored at different conditions using 
natural preservatives such as mixture of garlic and black 
pepper,12 turmeric, 27 tomato sauce11 and mixture of acetic 
acid and salt.14  

In conclusion, this investigation showed that marinating 
of rainbow trout fillets by a special local marinade 
enhanced the shelf-life at 4 ˚C by preventing protein 
degradation and delay microbial spoilage. The results of 
microbiological and chemical evaluation indicated that 
marinated fillets maintained their good quality 
characteristics at least two days longer than control 
samples. With this method, flavored ready to eat fish fillet 
could be available for consumers with longer shelf-life.  

 
Acknowledgements 

 
We would greatly like to appreciate the Research 

Council of Shahid Chamran University of Ahvaz, Ahvaz, 
Iran, for their financial support. 

 
References  

 
1. Cunnane SC, Griffin BA. Nutrition and metabolism of 

lipids. In: Gibney MJ. Vorster HH, Kok FJ (Eds), 
Introduction to human nutrition. Oxford, UK: Blackwell 
Science Ltd. 2002; 81-115. 

2. Cowx IG. Food and Agriculture Organization 2005-
2016. Cultured aquatic species information pro-
gramme. Oncorhynchus mykiss. Available at: http:// 
www.fao.org/fishery/culturedspecies/Oncorhynchus_
mykiss/en. Accessed Nov 26, 2016. 

3. Abdolhay H. Food and Agriculture Organization 2005-
2016. National aquaculture sector overview. Islamic 
 

 Republic of Iran. National aquaculture sector overview 
fact sheets. Available at: http://www.fao.org/fishery/ 
countrysector/naso_iran/en. Accessed Nov 26, 2016. 

4. Vice for strategic planning and supervision, statistical 
center of Iran. Available at: http://istmat.info/files/ 
uploads/44179/iran_statistical_yearbook_2010-2011_ 
1389.pdf. Accessed Nov 26, 2016. 

5. Gram L, Wedell-Neergaard C, Huss HH. The bacterio-
logy of fresh and spoiling Nile perch. Int J Food 
Microbiol 1990; 10: 303-316. 

6. Moini S, Tahergorabi R, Vali SH, et al. Effect of gamma 
radiation on the quality and shelf life of refrigerated 
rainbow trout (Oncorhynchus mykiss) Fillets. J Food 
Prot 2009; 72: 1419-1426. 

7. Rostamzad H, Shabanpour B, Kashaninejad M, et al. 
Inhibitory impacts of natural antioxidants (ascorbic 
and citric acid) and vacuum packaging on lipid 
oxidation in frozen Persian Sturgeon fillet. Iran J Fish 
Sci 2010; 9: 279-292. 

8. Halliwell B, Murcia M, Chirico S, et al. Free radicals and 
antioxidants in food and in vivo: What they do and how 
they work. Cri Rev Food Sci Nutri 1995; 35: 7-20. 

9. Cadun A, Kışla D, Çaklı S. Marination of deep-water 
pink shrimp with rosemary extract and the 
determination of its shelf-life. Food Chem 2008; 109: 
81-87. 

10. Sallam K, Ahmed AM, Elgazzar MM, et al. Chemical 
quality and sensory attributes of marinated Pacific 
saury (Cololabis saira) during vacuum-packaged 
storage at 4 ˚C. Food Chem 2007; 102: 1061- 1070.  

11. Kilinc B, Cakli S. Determination of the shelf life of 
sardine (Sardina pilchardus) marinades in tomato 
sauce stored at 4 ˚C. J Food Cont 2005; 16: 639-644. 

12. Pakawatchai C, Siripongvutikorn S, Usawakesmanee W. 
Effect of herb and spice paste on the quality changes in 
minced salmon flesh waste during chilled storage. 
Asian J Food Agro-Indus 2009; 2(4): 481-492. 

13. Simsek A, Kilic B. Effects of marination, cooking and 
storage on physico-chemical and microbiological 
properties of ready to eat trout döner kebab.  
J Verbrauch Lebensm 2013; 8(3): 165-174. 

14. Kilinc B, Cakli S. Chemical, microbiological and sensory 
changes in thawed frozen fillets of sardine (Sardina 
pilchardus) during marination. Food Chem 2004; 88: 
275-280. 

15. Malle P, Poumeyrol M. A new chemical criterion for the 
quality control of fish: trimetylamine/total volatile 
basic nitrogen. J Food Prot 1989; 52(6): 419-423. 

16. Wrolstad RE, Acree TE, Decker MH, et al. Handbook of 
Food Analytical Chemistry. Hoboken, USA: John Wiley 
and Sons Inc. 2005;547-565. 

17. Benjakul S, Seymour TS, Morrissey MT, et al. 
Physicochemical changes in Pacific whiting muscle 
proteins during iced storage. J Food Sci 1997; 62:  
729-733. 

 

http://www.sciencedirect.com/science/article/pii/S0308814607012770
http://www.sciencedirect.com/science/article/pii/S0308814607012770
http://www.sciencedirect.com/science/article/pii/S0308814607012770
http://www.sciencedirect.com/science/journal/03088146


300 

 
S. Maktabi et al. Veterinary Research Forum. 2016; 7 (4) 295 - 300 

 

18. Omana DA, Xu Y, Moayedi V, et al. Alkali- aided protein 
extraction from chicken dark meat. Chemical and 
functional properties of recovered proteins. Process 
Biochem 2010; 45(3): 375-381. 

19. Chytiri S, Chouliara I, Savvaidis I, et al. Microbiological, 
chemical and sensory assessment of iced whole and 
filleted aquacultured rainbow trout. Food Microbiol 
2004; 21:157-165. 

20. Özogul Y, Özogul F, Kuley E. Effects of combining of 
smoking and marinating on the shelf life of anchovey 
stored at 4 ˚C. Food Sci Biotech 2010; 19 (1): 69-75.  

21. Ludorff W, Meyer V. Fish and fishery products 
[German]. Berlin, Germany: Paul Parey Verlag 1973; 
95, 111, 176, 269. 

22. Schormuller J. Handbook of Food Chemistry [German]. 
Berlin, Germany: Springer Verlag 1968; 308. 

23. Özyurt G, Kuley E, Balikçi E. Effect of the icing with 
rosemary extract on the oxidative stability and 
biogenic amine formation in sardine (Sardinella aurita) 
during chilled storage. Food Biopro Technol 2012; 5: 
2777-2786. 

24. Bremner HA. Safety and quality issues in fish 
processing. Copenhagen, Denmark: CRC Press 2002; 
261, 390, 411. 

25. Nishimoto J, Suwetja IK, Miki H. Estimation of keeping 
freshness period and practical storage life of mackerel 
muscle during storage at low temperatures. Mem Fac 
Fish Kagoshima Univ 1985; 34: 89-96. 

26. Zolfaghari M, Shabanpour B, Falahzadeh S. Study of 
trend of chemical and microbial changes of rainbow 
trout (Oncorhynchus Mykiss) to determine the its 
optimum shelf-Life during storage in refrigerator 
temperature (4 ˚C). J Natural Environ 2011; 64: 107-119.  

27. Pezeshk S, Rezaei M, Rashedi H, et al. Investigation of 
antibacterial and antioxidant activity of turmeric 
extract (Curcuma Longa) on rainbow trout 
(Oncorhynchus mykiss) in vitro. Iranian J Food Sci 
Technol 2012; 35: 77-87. 

28. Goulas AE, Kontominas MG. Combined effect of light 
salting, modified atmosphere packaging and oregano 
essential oil on the shelf-life of sebream (Sparus 
aurata): Biochemical and sensory attributes. J Food 
Chem 2007; 100: 287-296. 

29. Jeevanandam K, Kakatkar A, Doke SN, et al. Influence of 

  

 salting and gamma irradiation on the shelf-life 
extension of threadfin bream in ice. J Food Res Inter 
2001; 34: 739-746. 

30. Goswami P, Mandal P, Jha P, et al. Antioxidant activities 
of different spices on the lipid oxidation of cooked and 
uncooked fillet of two fish species belonging to the 
genus puntius. J Agr Sci Tech 2013; 15: 737-746. 

31. Shenderyuk VI, Bykowski PJ. Salting and marinating of 
fish. In: Sikorski ZE (Ed), Seafood: Resources, 
nutritional composition and preservation. Boca Raton, 
USA: CRC Press 1989; 55-71. 

32. Hansen LT, Gill TA, Rontved DS, et al. Importance of 
autolysis and microbiological activity on quality of cold-
smoked salmon. J Food Res Inter 1996; 29: 188-191. 

33. El Marrakchi A, Bennour M, Bouchriti N, et al. Sensory, 
chemical, and microbiological assessment of moroccan 
sardines (Sardina pilchardus) stored in Ice. J Food Prot 
1990; 53(7): 600-605. 

34. Gokoglu N, Cengız E, Yerlıkaya P. Determination of the 
shelf life of marinated sardine (Sardina pilchardus) 
stored at 4 ˚C. Food Control 2004; 15: 1-4. 

35. Varlyk C. Determination of histamine level of sardines 
in cold storage [Turkish]. Gida 1994; 19(2): 119-124. 

36. Özogul Y, Özogul F. Effects of slaughtering methods on 
sensory, chemical and microbiological quality of 
rainbow trout (Onchorynchus mykiss) stored in ice and 
MAP. Eur Food Res Technol 2004; 219(3): 211-216. 

37. Arashisar S, Hisar O, Kaya M, et al. Effects of modified 
atmosphere and vacuum packaging on microbio-
logical and chemical properties of rainbow trout 
(Oncorynchus mykiss) fillets. Int J Food Microbiol 
2004; 97: 209-214. 

38. Frangos L, Pyrgotou N, Giatrakou V, et al. Combined 
effects of salting, oregano oil and vacuum-packaging on 
the shelf-life of refrigerated trout fillets. Food Microbiol 
2010; 27(1): 115-121. 

39. Ojagh SM, Rezaei M, Razavi SH, et al. Development and 
evaluation of a novel biodegradable film made from 
chitosan and cinnamon essential oil with low affinity 
toward water. Food Chem 2010; 122(1): 161-166. 

40. Fuselli SR, Casales MR, Fritz R, et al. Microbiology of the 
marinating process used in anchovy (Engraulis 
anchoita) production. LWT Food Sci Technol 1994; 27: 
214-218. 

 


