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 Meat products, especially fish meat, are very susceptible to lipid oxidation and 
microbial spoilage. In this study, first, gas chromatography mass spectrometry (GC-MS) 
analysis of Zataria multiflora essential oil (ZEO) components was done and then two 
concentrations of ZEO, (1% and 2%) and two concentrations of grape seed extract (GSE), 
(0.5% and 1%) were used in carboxymethyl cellulose coating alone and in combination, 
and their antioxidant effects on rainbow trout meat were evaluated in a 20-day period 
using thiobarbituric acid reactive substances (TBARS) test. Their effects on total volatile 
basic nitrogen (TVBN) and pH were evaluated as well. The main components of ZEO are 
thymol and carvacrol. These components significantly decreased production of thio-
barbituric acid (TBA), TVBN and pH level of fish meat. The initial pH, TVBN and TBA 
content was 6.62, 12.67 mg N per 100 g and 0.19 mg kg-1, respectively. In most treatments 
significant (p < 0.05) effects on aforementioned factors was seen during storage at 4 ˚C. 
The results indicated that use of ZEO and GSE as a natural antioxidant agents was effective 
in reducing undesirable chemical reactions in storage of fish meat. 

© 2014 Urmia University. All rights reserved. 
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 کماناثرپوشش خوراکی کربوکسی متیل سلولز حاوی اسانس آویشن شیرازی و عصاره دانه انگور بر روی خصوصیات شیمیایی گوشت ماهی قزل آالی رنگین 

 

 چکیده 

با روش آنالیز ترکیبات موجود در اسانس  ،ند. هدف از این مطالعه، در مرحله اول مطالعهمحصوالت گوشتی بویژه گوشت ماهی بسیار مستعد فساد میکروبی، شیمیایی و اکسیداتیو می باش

درصد عصاره دانه انگور به صورت مجزا و توأم در پوشش  1و  5/0 درصد اسانس آویشن شیرازی و 2و  1جرمی صورت پذیرفت و در مرحله بعد از غلظت های  سنج طیف گازی کروماتوگرافی

در گوشت ماهی قزل آالی رنگین کمان  pHفرار و تعیین میزان  نیتروژنی تعیین بازهای آزمونتیو باربیتوریک اسید و همچنین  آزمونها بوسیله تفاده شد و اثر آنتی اکسیدانی آنولز اسکربوکسی متیل سل

واکرول تعیین گردید که این دو ترکیب باعث کاهش معنی دار در میزان اکسیداسیون و روز مورد بررسی قرار گرفت. ترکیبات اصلی موجود در اسانس آویشن شیرازی تیمول و کار 20در طی مدت 

گرم گوشت(  100)میلی گرم ازت در  26/12، 22/2، بازهای نیتروژنی فرار و تیوباربیتوریک اسید به ترتیب pHو بازهای نیتروژنی فرار در نمونه گوشت ماهی می شود. میزان ابتدایی  pHهمچنین میزان 

(. نتایج  p< 05/0درجه سانتیگراد اختالف معنی دار در میزان فاکتورهای ذکر شده مشاهده گردید ) 4)میلی گرم در کیلوگرم گوشت( بود که در اکثر تیمارها در طول مدت نگهداری در دمای  11/0و 

یرازی و عصاره ی دانه انگور می تواند باعث ایجاد اثر کارآمد در کاهش واکنش های شیمیایی این مطالعه نشان می دهد استفاده از پوشش خوراکی کربوکسی متیل سلولز حاوی اسانس آویشن ش

 نامطلوب در گوشت ماهی در طی دوره نگهداری گردد. 
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Introduction 
 

In the recent years, use of edible films and coatings for 
food protection and preservation has increased because of 
some advantages such as edibility, biocompatibility, being 
non-toxic, non-polluting and having low cost.1,2 In addition, 
films and coatings, could act as carriers of food additives 
like antioxidants and antimicrobials.3 

Carboxymethyl cellulose is a water-soluble poly-
saccharide with appropriate biodegradable and edible 
film-forming properties and can be produced at low cost 
and large scale from different resources.4 It is odorless, 
tasteless and nontoxic, bears 4 to 5.5% moisture and pH 
value about 6 to 8.5. 

Rainbow trout is one of the fatty farmed fish that has 
high levels of moisture, nutrient content, and high pH that 
make it easily perishable product.5 The spoilage of fish is 
usually caused by biological reactions such as oxidation of 
lipids, microbial growth and metabolic activities. Lipid 
oxidation is one of the major causes of quality deterioration 
in fish muscle,6 which cause off-orders and off-flavor and 
reduce the quality and shelf life of the fish during storage 
time. Thus, keeping good quality and delay in the spoilage 
of fish meat during storage are major concerns of 
investigators.5,7 Use of antioxidants such as plant essential 
oils are appropriate tool to delay the oxidation of lipids 
and keeping quality of fish meat and thus, increasing shelf 
life of fish meat during refrigerated storage.8,9 

Zataria multiflora Boiss (Avishan-e-Shirazi in Persian) 
is a member of Labiatae family that grows in some area of 
Iran such as central and southern parts10 and has various 
therapeutic effects such as antiseptic, antispasmodic, antiviral, 
antibacterial and antifungal properties. Thymol and 
carvacrol, are the main constituents of this essential oil.10,11 

Grapes (Vitisvinifera) are most popular fruit in the 
world.12 Grape seed extract is rich source of monomeric 
phenolic compounds, such as catechins, epicatechin and 
epicatechin-3-O-gallate and dimeric, trimeric and 
tetrameric pro-cyanidins. These compounds act as anti-
mutagenic and antiviral agents.13 

The aim of this study was to prepare carboxymethyl 
cellulose coating containing ZEO and GSE and to evaluate 
their effect on chemical factors related to spoilage of fish 
meat including lipid oxidation and TVBN production and 
changes in pH value of fish meat during storage at 4 ˚C. 

 
 
Materials and Methods 
 

Materials. Carboxymethyl cellulose with average 
molecular weight of 41,000 g mol-1 and GSE were 
obtained from Sigma, (St. Louis, USA). Polyethylene 
glycol with average molecular weight of 400 g mol-1 and 
glycerol as plasticizers were obtained from Merck 
(Darmstadt, Germany).  

 Fresh aqua-cultured rainbow trout with average weight 
of 200-300 g were obtained from a cold water aquaculture 
farm located on Urmia (West Azerbaijan, Iran). 

Gas chromatography mass spectrometry (GC-MS) 
analysis. The aerial parts of Zataria multiflora was 
purchased from local grocery store and authenticated at 
Faculty of Agriculture, Urmia University, Urmia, Iran. 
Essential oil was obtained using a Clevenger-type collector 
with hydro-distillation method for 3 hr. The essential oil 
was dehydrated using sodium sulfate and then filtered by 
0.22 μm filters. The filtrate was stored in sealed vials at 
4 ˚C. The constituents of EO were identified by GC-MS.14 
The chromatograph was equipped with DB5 capillary 
column (Length 30 mm, 0.25 mm inner diameter, and 0.25 μm 
film in thickness). The data were obtained under the 
following conditions: Initial temperature 50 ˚C, final 
temperature 250 ̊ C and using an ionization energy of 70 eV. 

Preparation of coating solutions and samples. 
Coating solutions were prepared dissolving 1 g carboxy-
methyl cellulose in 100 mL distilled water. Glycerol was 
added as plasticizer at 0.4 g per 100 mL to carboxymethyl 
cellulose solution.4 Solutions were heated until 85 °C, then 
kept at this temperature for 5 min. They were then cooled 
to room temperature and ZEO in two concentrations (1 
and 2%) and GSE in two concentrations (0.5% and 1%) 
were added to coating solutions. The whole fish samples 
with average weight of 200 to 300 g were randomized into 
nine groups including the control (untreated) group and 
eight groups treated with different concentrations of GSE 
(0.5 and 1%) and ZEO (1%, 2%) alone and in combination 
(ZEO 1% - GSE 0.5%, ZEO 1% - GSE 1%, ZEO 2% - GSE 
0.5%, ZEO 2% - GSE 1%). Immerging method was used for 
coating the whole Fish samples, and then the samples 
were allowed to drain in order to form the edible coatings, 
after that they were stored at 4 °C for chemical analyses 
performed on days 0, 5, 10, 15, and 20. 

Determination of pH. To determine pH value, a 
mixture of 10 g of meat in 100 mL of distilled water was 
prepared and digital pH meter was used. 

Determination of thiobarbituric acid reactive 
substances (TBARS). The thiobarbituric acid index was 
determined based on the method described by Jeon et al. It 
is based on reaction between thiobarbituric acid with 
secondary lipid oxidation products such as aldehydes and 
ketones. The absorbance of TBA is determined at 530 nm 
and TBA value demonstrated as mg of malonaldehyde 
equivalents per kg of meat.15 

Determination of TVBN. Determination of TVBN 
values was based on the method of Pikul et al.16 The micro-
diffusion method was used by distillation after adding 
MgO to the homogenized samples. TVB-N values were 
measured with a Kjeldahl type apparatus. Results are 
expressed in milligram of nitrogen per 100 g of sample. 

Statistical analysis. All experiments were carried out in 
triplicate and analysis of variance (ANOVA) in SPSS statistics 
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software (Version 19; SPSS Inc., Chicago, USA) were used 
for statistical analysis of data. To compare differences 
between mean values, Duncan's test was used and p < 0.05 
was considered statistically significant. 
 
Results 
 

Identification of volatile components from essential 
oil. The results of GC-MS analyses of compounds of ZEO 
revealed that essential components were carvacrol 
(18.20%), thymol (13.40%), o-isopropyltoluene (7.54%), 
linalool (7.40%), 3-methylresacetophenone (4.21%), gamma 
terpinene (4.11%) and thymol methyl ether (3.55%). 

pH content of fish meat. Changes in pH value during 
storage at 4 ˚C for 20 days are shown in Table 1. Initial pH 
of untreated sample was 6.62. The pH of the untreated fish 
meat showed higher increase and at the end of the storage 
period it reached to 7.12. For the treated samples 
containing ZEO and GSE, pH value was lower than that of 
untreated sample in most sampling periods (p < 0.05). A 
pH value of treated sample containing 2% essential oil and 
1% GSE reached to 6.49 that showed significantly lower 
pH than untreated sample (p < 0.05). 

Thiobarbituric acid reactive substances values of 
fish meat. Effect of ZEO and GSE on TBA level are shown 
in Table 2. Significant increase in TBARS was observed in 
most sampling periods during storage at 4 °C. In untreated  

 sample, initial TBARS value was 0.19 mg kg-1 of meat 
whereas at the end of the storage period, it reached to 
2.05 mg kg-1 of meat. In treated samples the increase in 
TBARS value was significantly lower than that of untreated 
sample (p < 0.05). The highest decrease in lipid oxidation 
was observed in sample containing 2% essential oil in 
combination with 1% grape seed extract. 

Level of TVBN in fish meat. Changes of TVBN values 
in treated and untreated samples are shown in Table 3. 
The initial TVBN level for samples were in range between 
9 to 13 mg nitrogen per 100 g. For both treated and un-
treated samples TVBN value was increased progressively 
during storage period. The values of TVBN in untreated 
sample reached to 52 mg nitrogen per 100 g while in 
treatment groups containing 2% ZEO and 1% GSE, the 
TVBN value was significantly lower (p < 0.05).  

 
Discussion 
 

Results obtained from GC-MS analyses of ZEO 
compounds, showed that EO is rich in thymol and 
carvacrol which have suitable antibacterial and anti-
oxidant properties. Among the phenolic compounds, 
carvacrol has been shown to have the highest anti-
microbial activity due to its hydrophobic nature and the 
presence of a free hydroxyl group which is essential for its 
activity on cell membranes.11 

  Table 1. pH values evaluation in the muscle of rainbow trout during  storage at 4 ˚C. 

Groups 
Day 

0 5 10 15 20 

GSE 0.5% 6.59 ± 0.10a 6.61 ± 0.02a 6.63 ± 0.01a 6.65 ± 0.10a 6.68 ± 0.05a 

GSE 1% 6.57 ± 0.05a 6.66 ± 0.07a 6.61 ± 0.02a 6.59 ± 0.05b 6.63 ± 0.01b 

ZEO 1% 6.57 ± 0.10a 6.59 ± 0.02a 6.61 ± 0.05a 6.53 ± 0.10c 6.56 ± 0.07c 

ZEO 2% 6.54 ± 0.07a 6.57 ± 0.10b 6.57 ± 0.01b 6.49 ± 0.05d 6.52 ± 0.02d 

ZEO 1% + GSE 0.5% 6.56 ± 0.10a 6.54 ± 0.01b 6.56 ± 0.02b 6.51 ± 0.07d 6.53 ± 0.05d 

ZEO 1% + GSE 1% 6.55 ± 0.10a 6.57 ± 0.02b 6.57 ± 0.07b 6.49 ± 0.05d 6.51 ± 0.01d 

ZEO 2% + GSE 0.5% 6.54 ± 0.02a 6.55 ± 0.01b 6.58 ± 0.07b 6.48 ± 0.07d 6.50 ± 0.10d 

ZEO 2%  +GSE 1% 6.53 ± 0.02a 6.53 ± 0.05b 6.55 ± 0.01b 6.46 ± 0.02d 6.49 ± 0.07d 

Control 6.62 ± 0.02a 6.65 ± 0.01c 6.63 ± 0.07a 6.79 ± 0.05a 7.12 ± 0.10a 

abcd Different letters in the same column indicate significant differences (p < 0.05). 

ZEO: Zataria multiflora essential oil; GSE: Grape seed extract. 

 
Table 2. Thiobarbituric acid reactive substances values in muscle (mg kg-1 of meat) of rainbow trout during storage at 4 ˚C. 

Groups 
Day 

0 5 10 15 20 

GSE 0.5% 0.21 ± 0.01b 0.37 ± 0.03b 0.92 ± 0.01b 1.07 ± 0.03b 1.24 ± 0.03b 

GSE 1% 0.19 ± 0.00a 0.30 ± 0.21c 0.68 ± 0.03c 1.04 ± 0.02b 1.15 ± 0.02c 

ZEO 1% 0.19 ± 0.01a 0.24 ± 0.01d 0.54 ± 0.01d 0.59 ± 0.01c  0.95 ± 0.01d 

ZEO 2% 0.16 ± 0.00a 0.23 ± 0.00d 0.33 ± 0.01e 0.42 ± 0.01d 0.70 ± 0.00e 

ZEO 1% + GSE 0.5% 0.18 ± 0.00a 0.24 ± 0.00d 0.49 ± 0.00f 0.52 ± 0.00e 0.84 ± 0.02f 

ZEO 1% + GSE 1% 0.18 ± 0.00a 0.25 ± 0.02e 0.53 ± 0.00g 0.56 ± 0.02e 0.91 ± 0.03f 

ZEO 2% + GSE 0.5% 0.17 ± 0.00a 0.23 ± 0.00d 0.34 ± 0.00h 0.42 ± 0.01d 0.60 ± 0.00g 

ZEO 2%  +GSE 1% 0.16 ± 0.00c 0.21 ± 0.00d 0.29 ± 0.00h 0.44 ± 0.02d 0.55 ± 0.00g 

Control 0.19 ± 0.01a 0.44 ± 0.03a 1.20 ± 0.01a 1.59 ± 0.02a 2.05 ± 0.04a 

abcdefgh Different letters in the same column indicate significant differences (p < 0.05). 
ZEO: Zataria multiflora essential oil; GSE: Grape seed extract. 
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Fish have little carbohydrate in their tissue and thus a 

little lactic acid is produced in their tissue.17 pH value was 
increased during storage of meat in cold condition. Most 
important reason asserted by investigators is increase in 
total volatile basic nitrogen that is produced by endo-
genous or bacterial enzymes.18,19 The pH value in fish meat 
is affected by post mortem changes and environmental 
conditions like seasons and stress during the catch and 
diet.20 Changes in pH value can be used as an indicator for 
determining freshness of fishery products.17 Increase in pH 
value of fish muscle has undesirable effects on sensorial 
characteristics and consequently decreases shelf life of fish 
meat.17,18 The pH of treated samples containing essential 
oil and GSE were consistently lower than untreated sample 
during cold storage, which might relate to antibacterial 
effect of ZEO and grape seed extract. The results of this 
study are in accordance with the results of Mohan et al. 
who found that sardine fillets treated with chitosan coating 
showed lower pH and TBA compared to the control treat-
ments.20 Many researchers demonstrated suitable effects 
of coatings on reducing pH value in different products.19,21,22 

Thiobarbituric acid value is assumed as an indicator of 
lipid oxidation.23 Oxidation of unsaturated fatty acids might 
increase TBA level and increase in TBA level lead to raise 
in bitterness of fish meat and consequently causes un-
desirable effect on quality characteristics of fishery products.24 
The results obtained from this study showed that lipid 
oxidation in fish meat was reduced when coating was 
enriched with ZEO and grape seed extract. This reduction 
in lipid oxidation is due to the antioxidant effect of 
essential oil and GSE and also reduction permeability of 
oxygen to fish lipids. Results obtained from current study 
is in agreement with other studies.23-25 Ahmad et al. 
suggested that sea bass slices wrapped with gelatin film 
incorporated with lemongrass essential oil produced less 
TBA than control group.19 

Production of TVBN is one of the most important 
reasons for spoilage of fish meat.26 During storage of fish 
meat, activity of some special proteolytic bacteria lead to 
degradation of non-protein nitrogen compounds and 
proteins.26,27 Accumulation of total volatile basic nitrogen 

  
 
 
 
 
 
 
 
 
 
 
 
 
 

has undesirable effect on sensorial properties of fish meat 
specially smell of fishery products.27 Results of this study 
showed that coating enriched with ZEO and GSE has 
appropriate effect on decrease in production of total 
volatile basic nitrogen. Ojagh et al. reported similar results 
in their study on effect of chitosan coating on quality 
properties of rainbow trout meat.28 

In conclusion, carboxymethyl cellulose edible coating 
enriched with ZEO and GSE has desirable potential to 
preserve rainbow trout meat and could retard chemical 
reactions related to spoilage of fish meat during 
refrigerated storage.  
 
Acknowledgements 
 

This research was funded by the Faculty of Veterinary 
Medicine, Urmia University, Urmia, Iran. The authors 
would like to thank specially Mr. Hadi Ghasem-Mahdi for 
his excellent technical assistance. 

 
References  
 
1. Vasconez B, Flores S, Campos C, et al. Antimicrobial 

activity and physical properties of chitosan_ tapioca 
starch based edible films and coatings. Food Res Int 
2009; 42: 762-769. 

2. Han JH. Antimicrobial food packaging. Food Tech 2000; 
54(3): 56-65. 

3. Baldwin G, Nisperos AMO, Chen X. Improving storage 
life of cut apple and potato with edible coating. Postharv 
Biol Technol 1996; 9: 151-163. 

4. Sayanjali S, Ghanbarzadeh B, Ghiassifar S. Evaluation 
of antimicrobial and physical properties of edible film 
based on carboxymethyl cellulose containing 
potassium sorbate on some mycotoxigenic Aspergillus 
species in fresh pistachios. Food Sci Technol 2011; 44: 
1133-1138. 

5. Ehsani A, Jasour MS. Improvement of lipid stability of 
refrigerated rainbow trout fillets by prestorage α 
tochopherol acetate dipping treatment. Vet Res Forum 
2012; 3(4): 269-273. 
 

Table 3. Total volatile basic nitrogen values in muscle (mg N per 100 g) of rainbow trout during storage at 4 ˚C.  

Groups 
Day 

0 5 10 15 20 

GSE 0.5% 11.34 ± 0.58a 15.33 ± 0.58a 23.33 ± 0.58a 32.33 ± 0.58a  40.30 ± 0.58a 

GSE 1% 11.33 ± 0.58a 14.33 ± 0.58b 21.67 ± 0.58b 29.67 ± 0.58a  37.57 ± 0.58b 

ZEO 1% 10.33 ± 0.58b 13.67 ± 0.58b 18.33 ± 0.58c 28.67 ± 0.58a  35.33 ± 0.58c 

ZEO 2%   9.33 ± 0.58c 12.67 ± 0.58c 15.33 ± 1.15d  23.00 ± 1.00b  31.60 ± 1.15d 

ZEO 1% + GSE 0.5% 10.33 ± 0.58a 13.33 ± 1.15b 17.33 ± 1.53b  22.33 ± 1.15d  33.33 ± 0.58d 

ZEO 1% + GSE 1%    9.67 ± 0.58b 12.67 ± 0.58c 18.00 ± 1.00e  23.00 ± 1.00b 34.33 ± 0.58f 

ZEO 2% + GSE 0.5%   9.33 ± 1.15c 12.33 ± 1.15b 15.33 ± 0.73d  21.33 ± 1.00b  31.00 ± 1.00d 

ZEO 2%  +GSE 1%   8.67 ± 0.58c 12.00 ± 1.00c 14.00 ± 2.00d 20.67 ± 3.79c  26.30 ± 0.58g 

Control 12.67 ± 0.58a 17.33 ± 0.58c 25.33 ± 0.58a 36.33 ± 0.58a  52.00 ± 1.00a 

abcdefg Different letters in the same column indicate significant differences (p < 0.05). 
ZEO: Zataria multiflora essential oil; GSE: Grape seed extract. 
 



93 M. Raeisi et al. Veterinary Research Forum. 2014; 5 (1) 89 - 93 

 

6. Pirini M, Gatta PP, Testi S, et al. Effect of refrigerated 
storage on muscle lipid quality of sea bass fed on diets 
containing different levels of vitamin E. Food Chem 
2000; 68: 289-293. 

7. Sau SK, Paul BN, Mohanta KN, et al. Dietary vitamin E 
requirement fish performance and carcass composition 
of Rohu fry. Aquaculture 2004; 240: 359-368. 

8. Zakipour Rahimabadi E, Divband M. The effects of 
coating and Zataria multiflora Boiss. essential oil on 
chemical attributes of silver carp fillet stored at 4 ˚C. Int 
Food Res J 2012; 19(2): 685-690. 

9. Basti AA, Razavilar V. Growth response and modeling 
of the effects of selected plants on the time to detection 
and probability of growth initiation of salmonella 
typhimurium. Food Microbiol 2004; 21: 431-438. 

10. Misaghi A, Basti AA. Effect of Zataria multiflora Bioss. 
essential oil and nisin on Bacillus cereus ATCC 11778. 
Food Con 2007; 18(9): 1043-1049.  

11. Ali MS, Saleem M, Ahmad VU. Chemistry of Zataria 
multiflora. Phytochemistry 2000; 55: 933-936. 

12. Nakamura Y, Tsuji S, Tonogai Y. Analysis of pro 
anthocyanidins in grape seed extracts, health foods and 
grape seed oils. J Health Sci 2003; 49(1): 45-54. 

13. Jayaprakasha GK, Selvi M and sakariah K. Antimicrobial 
and antioxidant activity of grape seed extracts. Food 
Res Int 2003; 36: 117-122.  

14. Mehdizadeh T, Tajik H, Razavi Rohani SM, et al. Anti-
bacterial, antioxidant and optical properties of edible 
starch chitosan composite film containing Thymus 
kotschyanus essential oil. Vet Res Forum 2012; 3(3): 
167-173. 

15. Jeon YJ, Kamil JY, Shahidi F. Chitosan as an edible 
invisible film for quality preservation of herring and 
atlantic cod. J Agric Food Chem 2002; 50: 5167-5178. 

16. Pikul J, Lesztzynski DE, Kummerow FA. Evaluation of 
three modified TBA methods for measuring lipid 
oxidation in chicken meat. J Agric Food Chem 1989; 37: 
1309-1313. 

17. Serdaroglu M, Felekoglu E. The packaging under modified 
atmosphere of seafood. Dunya Gida 2001; 4: 73-77. 

 18. Campos CA, Rodriguez O, Losada V, et al. Effects of 
storage in ozonized slurry ice on the sensory and 
microbial quality of sardine. Int J Food Microbiol 2005; 
103(2): 121-130. 

19. Ahmad M, Benjakul S, Sumpavapol P, et al. Quality 
changes of sea bass slices wrapped with gelatin film 
incorporated with lemongrass essential oil. Int J Food 
Microbiol 2012; 155: 171-178. 

20. Mohan CO, Ravishankar CN, Lalitha KV, et al. Effect of 
chitosan edible coating on the quality of double filleted 
Indian oil sardine during chilled storage. Food 
Hydrocoll 2012; 26: 167-174. 

21. Jo C, Lee JW, Lee KH, et al. Quality properties of pork 
sausage prepared with water soluble chitosan 
oligomer. Meat Sci 2001; 59(4): 369-375. 

22. Lin K, Chao JY. Quality characteristics of reduced fat 
chinese style sausage as related to chitosan’s molecular 
weight. Meat Scie 2001: 59: 343-351. 

23. Kilincceker O, Dogan I, Kucukoner E. Effect of edible 
coatings on the quality of frozen fish fillets. Food Sci 
Technol 2009; 42: 868-873. 

24. Duan J, Jiang Y, Cherian G, et al. Effect of combined 
chitosan krill oil coating and modified atmosphere 
packaging on storability of cold stored lingcod fillets. 
Food Chem 2012; 122:1035-1042. 

25. Sathivel S. Chitosan and protein coatings affect yield, 
moisture loss and lipid oxidation of pink salmon fillets 
during frozen storage. J Food Sci 2005; 70(8E): 455-459. 

26. Goulas AE, Kontaminas MG. Combined effect of light 
salting, Modified atmosphere packaging and oregano 
essential oil on the shelf life of sea bream: Biochemical 
and sensory attributes. Food Chem 2007; 100:287-296. 

27. Li T, Hu W, Li J, et al. Coating effects of tea polyphenol 
and rosemary extract combined with chitosan an the 
storage quality of large yellow croaker. Food Control 
2012; 25:101-104. 

28. Ojagh SM, Rezaei M, Razavi SH, et al. Effect of chitosan 
coating enriched with cinnamon oil on the quality of 
refrigerated rainbow trout. Food Chem 2010; 120: 
193-198. 


