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ABSTRACT 

Application of natural preservatives in the food industry has been taken into account more than in previous decay. Zataria multiflora 

Boiss essential oil (ZtEO), which has been paid attention by researchers, has a widerange of antimicrobial and antioxidant activity. But 

the essential oils required to be encapsulated due to the problematic usage of free from due low dispersion in the aqueous phase, 

sensitivity to oxidation and decreasing of sensorial properties of incorporated food. Fish and other seafoods, despite the high nutritional 

value, are considered as quick-corrupted food due to having chemical compounds e.g. unsaturated fatty acids, a high percentage of 

proteins and high pH; In this research, the impact of nanoliposomal encapsulated ZtEO was investigated on the shelf life of rainbow trout 

fillet. So, ZtEO, was encapsulated in liposome using the thermal method and the most suitable formulation was achieved which includes 

2.5 %w/w, phosphatidylcholine, process temperature 35˚C, at time 42 min and 0.81 ratio of essential oil to phosphatidyl choline. Then 

fish fillets were encountered with nanoliposomes containing ZtEO in concentration 0.5, 1, 2, 4, and 8 %w/w. The best concentrations 

included 1, 2 and 4%, were subjected under chemical test and microbial evaluation test (total and psychrophilic counts). Finally, sensory 

evaluation tests were conducted in triplicate in days 0, 3, 6, 9, 12 at 4°C. The results of chemical, microbial and sensory evaluations 

show that in rainbow trout fillet incorporated with nanoliposomal ZtEO, the quality and the shelf life of fillet in cold storage was 

increased. Also results of showed that incorporation of fillet with 4% nanoliposomal ZtEo leads to more suitable condition in term of 

antioxidant and microbial properties as well as sensory evaluation. 
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 1. INTRODUCTION 

 Food is undoubtedly one of the first and main needs of 

human beings and provision of healthy food is in direct 

relationship with the health of society. Meat products are among 

the fast-spoiling products and fishes are also included in this 

group. In spite of their high nutritional value, fishes will be spoiled 

fast due to their chemical compounds such as fatty acids and high 

protein percentage in high pH values [1].  

 Among the various types of fishes, rainbow trout with 

annual production of 126,515 tons with per capita consumption of 

1.6 kg, availability (in many parts of the world including Iran) is 

of crucial importance. As this fish with a scientific name of 

Oncorhyncus mykiss is among cold water fishes, rainbow trout is 

considered among oily fishes from salmon family[2]. This fish 

possess bacteria resistant to cold storage and due to having poly 

unsaturated fatty acids (PUFA), it is highly spoilable. So any 

investigation to prolong its shelf life while preserving its quality is 

worthwhile. It has also of unsaturated omega 3 mainly 

docosahexaenoic acid (DHA) and eicosapentaenoic acid (EPA) 

[3]. On the other hand, due to having a substantial amount of 

PUFA, fishes are highly vulnerable to oxidation-induced spoilage 

[4]. Lack of proper preservation techniques for seafoods and fishes 

will result in rapid changes in chemical, biochemical and 

microbiological properties of the product which will lead to the 

complicated phenomenon of fish spoilage [5].  

 Application of natural preservatives is one of the most 

applicable methods to preserve the foods; in this regard, herbal 

essential oils (also called etheric or volatile oils) can be 

mentioned. Plants’ essential oils are a good source of natural 

antioxidants and can be a good choice to replace conventional 

synthetic ones [6]. Zataria multiflora is one of these plants which 

has been studied by numerous researchers due to its antimicrobial 

and anti-oxidative activities. Zataria multiflora is an aromatic 

plant from the family of Lamiaceae. 

 Strong odor of the essential oils is one of the main 

important problems for their widespread use in food products, as 

well as their instability under light irradiation, heat and oxygen 

exposure. In addition, they are poorly soluble in water and can be 

weakly bound to the target. In this regard, their coating and 

surface modification was applied to increase their efficiency and 

improve their release rate [7]. 

 Recently, liposome technology has drawn a considerable 

attention. Application of liposomes in disease diagnosis, drug 

release, cosmetics, genetic engineering, food industry and anti-

cancer drugs has been widely proven [8]. In the food industry, this 

system has been used to improve the taste and odor [9]), food 

enrichment by different micronutrients [10] and protection of 

antioxidants [11].  
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 In recent years, liposomes have been extensively studied as 

carrier systems in medical [12-16] and food [17-24] purposes, but 

only a few works dealing with  meat have been published.  

To our knowledge, this the first report of the application of 

liposome encapsulated Essential oil to increase the shelf life of 

rainbow filler in cold storage. For this purpose, a green method of 

heating method was selected to produce liposomal ZEo to 

decrease the possibility of any solvent residue in liposome 

structures. 

 

2. EXPERIMENTAL SECTION 

Materials. The phosphatidylcholine (Across, Belgium); and tween 

80, Thiobarbituric acid, glycerol, sodium carbonate, chloroform, 

ethanol were purchased from Merk Co, (Germany). ZtEO was 

purchased from (Barij, Iran); plate count agar was also purchased 

from Merk Co (Germany). 

Zataria multiflora essence preparation. Essence of Zataria 

multiflora was prepared by Barij Essence Company (Kashan, Iran) 

by water vapor distillation technique. During the study, the 

essence was kept in dark capped container away from light in the 

refrigerator. 

Identification of chemical composition of the essence. Chemical 

compounds of Zataria multiflora was investigated by gas 

chromatography (GC)-mass spectrophotometry (MS). The features 

and thermal regulation of the device were as follows: A gas 

chromatograph (Agilent 7890A) attached to a mass spectrometer 

(Agilent 5975C) equipped with a capillary column of HP-5 with 

the length of 30 m and an internal diameter of 0.25 mm and film 

thickness of 0.25 micron was used. The oven temperature increase 

from 40 to 140°C by the rate of 5°C/min and maintained in that 

temperature for 1 h. Then it was increased to 280°C with the rate 

of 30°C/min and kept at that temperature for 18 min. The carrier 

gas was used (flow rate of 0.5 ml/min) and the ionization energy 

was 70 eV while the injection volume was 2   . The levels of 

compounds were determined by injecting a specific amount of 

their standards. 

Fish specimen preparation. Rainbow trout with the weight of 

500-700 g were purchased from the local market and transferred to 

the refrigerator in an ice container. After cutting the head of the 

fish and discharging its viscera, the bones were removed and after 

washing, 200 or 300 g fillets were prepared from each fish under 

septic condition. It must be noted that all the fillets were provided 

from the fish cross-section. 

Preparation of nano-liposomal Zataria multiflora Boiss 

essential oil. Liposomal components such as phosphatidyl colin 

and Zataria multiflora essential oil (with different weight 

percentages) were hydrated by addition of deionized water and 

glycerol (3 %v/v)[25]. 

In the next stage, they were mixed at 35°C for 42 min at 1000 

rpm. For stability of the liposomal solution, it was kept at room 

temperature for 1 h and then transferred to refrigerator at 4   [25-

28]. 

Partixle measurement of liposomal Zataria multiflora Boiss 

essential oil. Mean particle size was measured by dynamic light 

scattering technique which is used for investigation of particles 

size in a liquid environment [27]. 

Fish fillet preparation. Each 100 g fish fillet was placed in 

sterilized bags and was exposed to a nanoliposome solution 

containing different percentages of essential oil. The samples were 

kept at 4°C for 12 days for further chemical, microbial and 

organoleptic tests. 

Sensory evaluations. Sensory tests were carried out in three 

stages: first, finding the best concentration of nano-liposome 

(among 0.5, 1, 2, 4 and 8% w/w concentration) and finding 

tolerable levels of this essence for the consumer. The second stage 

involved comparing the total acceptance data of this test with that 

of samples exposed to a free form of essence. In the third stage, 

the exposed samples with acceptable levels of essence underwent 

sensory tests in a 12-day period to find the effect of microbial and 

chemical changes on sensory features of the samples. 

Chemical tests 

pH measurement. A 10 g sample of the fish was uniformed in 90 

ml of distilled water by a glass bar. Then its pH was measured by 

a digital pH meter at room temperature. 

Approximated compounds. Three replicates were performed for 

each sample. Humidity measurement was carried out by drying the 

fish in the oven at 105  until reaching to constant weight [29]. 

Fat measurement was done by two solutions of chloroform and 

methanol [30] and protein content was assessed based on nitrogen 

content by Kjedahl method (conversion coefficient of 6.25) [25]. 

Fat extraction for FFA and TBA tests. 

First, the fishes were transformed to paste condition by an electric 

mill. Then 15 g of paste sample was weighted and added to 

decanter along with 60 cc methanol and completely homogenized. 

Then 30 ml of chloroform was added and the decanter was shaken 

well. After 5 min, 30 ml of chloroform was again added and the 

decanter was rested for 24 h until the fat was extracted. After 24 h, 

36 ml distilled water was added for phase separation. The 

extracted oil was used for free fatty acid (FFA) and tiobarbi- turic 

acid (TBA) measurements[31]. 

FFA measurement. For fatty acid measurements, firstly, 75 ml 

ethanol (96%) was poured into an Erlenmeyer flask, 2-3 drops of 

Phenolphthalein was then added. The mixture was titrated by 0.1 

N NaOH A pink color appeared. The flask was placed on the hot 

plate at atemperature of 60-70   to prepared ward neutral ethanol. 

10 g oil was weight in                  and then 75 ml warm 

neutral ethanol was added to it 2-3 drops of Phenolphthalein was 

then added and the mixture was titrated by 0.1N NaOH. The end 

of titration was the emergence of a pale pink color. Acidity was 

measured by oleic acid based on Eq. 1 [32]. 

Acidity=[           /w Eq. 1 

where V is the volume of NaOH in the second stage, N is NaOH 

normality; W is the amount of sample. 

Measurement of thiobarbituric acid. For this purpose, first 200 

mg of the extracted fish oil was transferred to a 25-ml flask and 

the volume was reached by addition of 1-butanol. 5 ml of this 
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solution was transferred to a capped tube and thiobarbituric acid 

was added to it. The mentioned tubes were then placed in a bath at 

95   for 2 h and then cooled down to the room temperature. Their 

optical absorbance was read by spectrophotometer at the 

wavelength of 530 nm. Thiobarbituric was calculated by Eq. 2 

[33]. 

TBA=
       

   
    Eq. 2 

TVN measurement. For measurement of total volatile nitrogen, 

10 g of sample, 2 g magnesium oxide, 2 drops of anti-foam and 

300 ml distilled water was added to Kjeldahl balloon. The distilled 

vapor entered to 25-ml Erlenmeyer flask containing boric acid 

(2%) and 2 drops of methyl red and then titrated by sulfuric acid 

(0.1 N). TVB-N was calculated by [34]. 

Microbiological tests. 

Aerobic mesophyllic bacteria counting. To count mesophyll 

bacteria, pour plate and Plate Count Agar (PCA) were used. The 

samples were placed upside-down in incubator at 37   f b or 48 h. 

then the colony counting was performed [35]. 

Counting Psychrophillic bacteria. Psychrophiles bacteria were 

cultured on PCA. Plates were placed in an incubator at 7  for 10 

days and the numbers of colonies were then counted [35]. 

Statistical analysis. In this study, the effect of Zataria multiflora 

essence-containing nano-liposome on microbial and chemical 

properties of rainbow trout fillet was investigated at refrigerator 

temperature by application of a completely randomized test at 

different concentrations of 0, 1, 2, 4% w/w/ for 12 days by 

repeated measurements at 4   at probability level of (p≤0.05). 

Each treatment was measured in three replicas and the results were 

investigated by one-way ANOVA method at a probability level of 

(p≤0.05). The mean comparison was also carried out by Duncan’s 

multiple range test (p≤0.05). All the analyses were carried out by 

SPSS V.22 software.  

 

3. RESULTS SECTION 

GC/Ms analysis results for Zataria multiflora Boiss essential 

oil. The main composition of Zataria multiflora essential oil 

includes carvacrol and thymol. Determination of chemical 

composition of Zataria multiflora showed that phenolic 

compounds comprise the majority of its composition [36] which 

include thymol (53.2%), carvacrol (12.4%), alpha-peptin (1.2%) 

beta mircin (0.6%), pisimen (9.3%), gamma tripinen (4%). In the 

study of Zakkipour and Divband (2012)[37], GC MS analysis also 

reported that Iranian Zataria contains thymol and carvacrol 

amounts as 59.50 and 5.6%, respectively. Variation in the amounts 

of these compounds could be due to harvesting season, plant’s 

age, soil, water and geography and method of drying and 

extraction [38,39]. 

Size analysis of the liposomes containing Zataria multiflora 

essential oil. The size of the produced liposome is one of the main 

features of particle formation because encapsulation efficiency 

closely tied to the size of capsules. Dynamic light scattering 

technique has been known as a photon-dependent spectroscopic 

technique. According to the applied method, the mean size of the 

particles was determined as 254.4±0.210 nm. There is no specific 

definition for describing the dimension of nano-liposomes. As the 

literature referred to the term ‘nano-liposome’ when the dimension 

of the particles was below 300 nm, therefore, the results of size 

analysis of essential oil-containing liposomes showed that the 

particles’ size is 254.4 ±0.210 nm. Therefore, these particles could 

be named Zataria multiflora essential oil-containing nano-

liposomes. Colas et al managed to produce nisin containing nano-

liposome particles with the dimension of 190±5 to 284±10.6 nm 

[27]. 

Determining tolerable concentration of liposomal Zataria 

multiflora essential oil in fish fillet. Table 1. shows the sensory 

evaluation of rainbow fish containing a different concentration of 

liposomal ZtEO, then the other research about antioxidant activity 

should be conducted on the result of this table. Variance analysis 

of data obtained from sensory evaluation showed that the best 

concentration of Zataria multiflora essential oil capsulated in 

nano-liposomes on the taste of fish was about 1 and 2%. These 

treatments had the highest taste score and the 8% treatment had 

the lowest taste score. 

 Results of the organoleptic evaluation of best Zataria 

multiflora essence-containing nano-liposomes concentration on 

odor score showed that 1 and 2% treatments had no significant 

difference with each other. 1 and 2% treatments had the highest 

odor score and the 8% treatment had the lowest odor score. 

Results of the organoleptic evaluation of best Zataria multiflora 

essence-containing nano-liposomes concentration on overall 

acceptance of fish score showed that 1, 2 and 4% treatments had 

no significant difference with each other. These three mentioned 

treatments showed the highest and the 8% treatment had the 

lowest overall acceptance scores. 

Table 1. Finding the best concentration of Zataria multiflora Boiss 

encapsulated in nanoliposome in term of sensory properties of fish 

(p≥0.05)§ 

Overall 

acceptance 

color odor taste          test 

oil 

(%w/w) 

2.9 ± 0.32 b 2.6 ± 0.69c 2.7 ± 0.67c 2.9±0.31c 0.5 

4.9 ±0.32 a 4.8 ±0.42a 4.7 ± 0.67a 4.8±0.14a 1 

5.00 ±0.00a 4.7 ±0.67a 4.8 ± 0.42a 4.8±0.14a 2 

5.00 ±0.00a 4.8 ±0.42a 3.8 ±0.42b 3.9±0.32b 4 

1.80 ±0.42 c 3.7 ± 0.67b 1.8 ± 0.42d 1.7±0.48d 8 
§The numbers (mean ± standard deviation) with the small letters in each 

column have not statistically significant differences (p≥0.05). The 

numbers (mean ± standard deviation) with the small letters in each row 

have not statistically significant differences (p≥0.05). 

 

pH. Most of the types of fish have small amounts of carbohydrates 

in their muscular tissue; in a way that after the death of the 

organism, the amount of produced lactic acid as the result of 

glycolysis will be decreased. Consequently, pH of fish will 

increase beyond 6 after rigor mortis. The reason for low initial pH 

could be due to the improvement of lactic acid after glycolysis 

reaction. This is one of the specific and important features of fish 

[40]. In most of the species, hemoglobin acts as a per-oxidant in 

pH range of 6-7 and therefore, oxidation intensity will be 

decreased in pH values above 7. pH range of 6.8 to 7 has been 
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recognized as an acceptable limit. Although pH index alone is not 

suitable for evaluation of fish quality [40,41] , but it can be 

effective beside other indices. Initial pH of the fish after their rigor 

mortis varies from 5.4 to 7.2, depending on their species [42]. 

 pH variation of Oncorhynchus mykiss fillet in this study 

(Table 2) showed that it was 6.23, 6.26, 6.26 and 6.26 in the day 0 

for control, 1%, 2% and 4% treatments, respectively. At the end of 

the period, these values reached to 6.20, 6.23, 6.20 and 6.20 for 

the same order; which had no statistically significant difference. 

Only 1% treatment had a significant difference in days 0 and 6 

which showed the minimum and maximum pH values, 

respectively. All the treatments were in acceptable range till day 

12. The results of this study are in agreement with the results of 

Zakkipour and Divband and also Angiz and Uzhqan who 

investigated the effect of Zataria multiflora essential oil on 

chemical and microbiological properties of fresh Oncorhynchus 

mykiss during refrigerator storage chain (18 days at 4 )[37,43]. 

Proximate Analysis. Approximated composition in 100 g fresh 

Oncorhynchus mykiss included 77.6   0.057 humidity, 

19.10  0.100 protein and 8.26  0.030 fat. 

Free fatty acids. Fish fat is a major source of unsaturated fatty 

acids with several double bonds of omega 3, mainly DHA and 

EPA [3]. Amount of free fatty acids is an index for fat spoilage. 

Formation of FFA will not reduce the nutrition value of food 

products. However, its evaluation is important in thw investigation 

of fish spoilage [44] 

 Glycerides, glycolipids and phospholipids could be 

hydrolyzed by lipase enzyme and be converted to free fatty acids. 

Fats will be transformed into aldehydes and ketones in continue of 

oxidation process whose production will result in undesirable taste 

in fish [45].Allowed limit of FFA has been defined as 5% 

[46].FFA production has a direct negative impact on the taste of 

fish. It was also mentioned that FFA production can intensify fat 

oxidation in fish [47]. 

 Results of this study about the impact of Zataria multiflora 

essence-containing nano-liposomes on the amount of free fatty 

acids in Oncorhynchus mykiss fillet at refrigerator temperature for 

12 days (Table 2) showed that passing of time will result in 

increasing trend of FFA amount. This increase was more profound 

in the control sample. Treatments exhibited significant changes 

from day 3. FFA content of all treatments remained in allowed 

level. But the lowest value was observed in 4% treatment. At the 

end of the period, control and 4% treatment samples had 

maximum and minimum FFA content, respectively. Formation of 

FFA during a limited period of storage is due to fats catalysis by 

internal enzymes, mainly lipase and phosphatase [44]. 

Erkan et al (2010) investigated the effect of Zataria multiflora and 

Laurus nobilis essential oils on the durability of bluefish stored in 

ice for 13 days. They realized that the level of FFA increased by 

time which was more profound in control sample [48]. These 

findings are in accordance with our results. 

Shabanpoor et al (2012) expressed that the level of fat hydrolysis 

and formation of FFA were lower in thyme extract treatment in 

comparison with the control group. Higher concentration of 

extract resulted in more inhibition of FFA formation [49]. 

However, a regular trend couldn’t be established for this index; 

but generally, FFA content increased during storage which was in 

agreement with the presented results. 

Determination of Thiobarbituric acid . Lipid oxidation is one of 

the main factors of undesirable taste of products [50].Fat oxidation 

can be evaluated by their malondialdehyde content (MDA) [51]. 

For evaluation of lipid oxidation in fishes, thiobarbituric acid has 

been widely employed which has been recognized as the indicator 

of lipid secondary oxidation and is due to the presence of 

thiobarbituric-reactive materials due to the second stage of auto-

oxidation. During this process, peroxides will be converted to 

aldehydes and ketones [52]. Moreover, >2 mg 

Malondialdehyde indicates a drop in quality [44]. 

 Results of this study about the effect of Zataria multiflora 

essential oil -containing nano-liposomes on thiobarbituric acid 

content of Oncorhynchus mykiss fillet (Table 2) showed that 

during 12 days, this index increased in a way that control and 4% 

treatment samples had maximum and minimum levels of 

thiobarbituric acid, respectively. Overall, TBA content was less 

than the allowed limit during the storage period. Increase f TBA 

could be due to lipid oxidation and production of volatile 

metabolites at the presence of oxygen [53]. Results of this study 

showed that Zataria multiflora essential oil -containing nano-

liposomes have anti-oxidant properties. 

 Comparison of TBA index of samples indicated that after 

passing of 12 days, control sample had the highest TBA level and 

experienced more oxidation and more aldehydes were created in 

it. Increasing trend of this index is due to enhancement of 

peroxides in muscles and also the production of aldehyde from 

secondary products of hydroperoxides [54].TBA increased in 

other samples, but the increasing trend of Zataria multiflora 

essential-containing treatment was lower and the higher the 

concentration of essential oil, the lower the TBA increase. 

Reduction of TBA could be attributed to the reduction of 

hydroperoxides and reaction between Malondialdehyde and 

proteins, amino acids or glycogens [45,55]. Shabanpoor et al 

(2012) studied the effect of Zataria multiflora extract on the 

durability of Oncorhynchus mykiss in the refrigerator. They 

showed that TBA content increased during the storage period. But 

the level of this index was significantly lower in Zataria 

multiflora-treated samples (p≤0.05) [49]. The results of the 

mentioned study are in agreement with our results. 

 Angis and Oguzhan (2013) investigated the effect of 

Zataria multiflora in packaging on chemical and microbiological 

properties of fresh Oncorhynchus mykiss during refrigerator 

storage [43]. They showed that TBA content increased gradually 

which agree with our results. 

Determination of Total volatile basic nitrogen. Total volatile 

basic nitrogen (TVB-N) is mainly trimethylamine, dimethyl 

amine, ammonia and other volatile nirogenic compounds which 

are related to seafood spoilage, which is produced by spoilage 

bacteria, autolytic enzymes, amino acids deamination and 

nucleotides, respectively. They are one of the indices of meat 

proteins destruction and degradation [56]. However, some 

researchers have mentioned that this index can’t be regarded as the 

only index for fish evaluation[57]. TVB-N content is dependent on 

bacterial content and therefore bacterial destruction. Fish 

degradation is a progressive proteolytic process which is mainly 

conducted by microorganisms and at lower levels by autolytic 
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enzymes. According to the reports, mgTVB-N/25 is the highest 

acceptable level for farmed fishes including Oncorhynchus mykiss 

[45]. TVB-N content of fish fillet not only differs between 

different species but it could be also different between different 

ages, gender, in different seasons and environments [58]. 

Results of this study (Table 2) indicated that initial TVB-N level at 

day 0 was 14.36 mg/100g for control sample; while it increased 

over time in all concentrations of Zataria multiflora essence. 

However, an increase of Zataria multiflora essential oil 

concentration resulted in a slower increase of TVB-N. This index 

exceeded the allowed limit in all samples at day 12 except for the 

sample with 4% Zataria multiflora essential oil. After 12 days, 

control sample and the one treated with 4% Zataria multiflora 

essential oil had the maximum and minimum TVB-N contents, 

respectively. This could be due to the inhibitory impact of Zataria 

multiflora essential oil on bacterial growth as one of the main 

underlying reasons for TVB-N formation. During all days, except 

day 12, 2% and 4% treatments had no significant difference with 

each other. 

During all days, the control and 4% treatment samples had the 

highest and lowest TVB-N, respectively. Therefore, bypassing of 

them, TVB-N content increased. The increase of TVB-N is related 

to spoilage bacteria and Endogenous enzymes [59]. 

Results of this study are in accordance with that of Shabanpoor et 

al (2012) on the effect of Zataria multiflora on the durability of 

salty and packed Oncorhynchus mykiss fillet in vacuum and 

refrigerator. In all the studied samples, TVB-N contents of Zataria 

multiflora-treated samples were significantly less than control 

(p≤0.05) and TBV-N formation had an increasing trend in all the 

samples[49]. Control sample and treated samples were usable for 

12-15 and 18-20 days, respectively. TVB-N factors exist in meats 

enzymes and microorganisms [60]. 

 

Table 2. Comparing the chemical analyses in Zataria multiflora Boiss sample during refrigeration temperature storage for 12 days (p≥0.05)* 

Storages 

(days) 

0 3 6 9 12 

Ph 

Control 6.23±0.057aA 6.26±0.057aA 6.16±0.057aA 6.23±0.057aA 6.20±0.10aA 

1% 6.26 ± 0.057aA 6.23±0.057aA 6.13±0.057bA 6.23±0.057aA 6.23±0.057aA 

2% 6.26 ±0.057aA 6.23±0.057aA 6.23±0.057aA 6.20±0.00aA 6.20 ±0.00aA 

4% 6.26 ± 0.057aA 6.20±0.10aA 6.23±0.057aA 6.23±0.057aA 6.20±0.10aA 

TVB-N
§
 

Control 14.36±0.057eA 14.46 ±0.057dA 16.70±0.10cA 19.10±0.100bA 35.10±0.100aA 

1% 12.06±0.057dB 12.76± 1.069dB 15.067±0.06cB 18.13±0.057bB 33.10±0.100aB 

2% 10.76±0.057dC 10.86 ±0.057dC 14.23±0.06cC 16.23±0.057bC 30.16±0.057aC 

4% 10.73±0.057dC 10.76 ±0.057dC 14.23±0.15cC 15.06±0.152bC 24.13±0.057aD 

TBA
¶
 

Control 0.11 ±0.001eA 0.12 ±0.001dA 0.13±0.001cA 0.17±0.002bA 0.2±0.001aA 

1% 0.10 ±0.005dA 0.11±0.001cA 0.12±0.002cB 0.14±0.002bB 0.15±0.001aB 

2% 0.10± 0.005dA 0.11±0.002cB 0.11±0.001cC 0.12±0.002bC 0.13±0.003aC 

4% 0.10 ±0.001dA 0.11±0.001cB 0.11±0.001cD 0.11±0.001bD 0.12±0.003aD 

FFA
¶¶

 

Control 0.61± 0.010eA 0.80±0.006dA 1.31±0.010cA 1.71±0.010bA 2.16±0.057aA 

1% 0.60±0.006dA 0.60±0.006dB 0.71 ±0.015cB 0.90±0.005bB 1.40±0.100aB 

2% 0.60±0.005dA 0.59±0.015dB 0.70±0.005cB 0.81±0.010bC 1.06±0.057aC 

4% 0.60±0.000dA 0.60±0.010dB 0.62±0.005cC 0.64±0.011bD 0.81±0.010aD 
*The numbers (mean ± standard deviation) with the small letters in each row have not statistically significant differences (p≥0.05). The numbers (mean 

± standard deviation) with the small letters in each column have not statistically significant differences (p≥0.05). 
§Total volatile basic nitrogen, ¶ tiobarbituric acid, ¶¶ free fatty acid. 

 

 

Table 3. Comparing the mean logarithm of the number of mesophilic 

bacteria in Zataria multiflora Boiss sample during refrigeration 

temperature storage for 12 days (p≥0.05)* 
4% w/w 2% w/w 1% w/w Control Sampl

e 

days 

4.41±0.011
eD

 4.43±0.010
eC

 4.44±0.014eB 4.47±0.013
eA

 0 

4.47±0.018
dD

 4.60±0.012
dC

 4.69±0.056dB 6.00±0.132
dA

 3 

5.3±0.132
cD

 6.47±0.302
cC

 7.53±0.101cB 8.47±0.102
cA

 6 

8.6±0.124
bD

 10.85±0.012
b

C
 

12.90±0.021
b

B
 

13.91±0.132
b

A
 

9 

10.75±0.147
a

D
 

12.85±0.245
aC

 15.32±0.015
aB

 16.85±0.235
aA

 12 

*The numbers (mean ± standard deviation) with the small letters in each 

column have not statistically significant differences (p≥0.05). The 

numbers (mean ± standard deviation) with the small letters in each row 

have not statistically significant differences (p≥0.05). 

 

 According to the study of Angis and Uguzhan (2013) 

which addressed the effect of thyme essence and packing on 

chemical and microbiological properties of Oncorhynchus mykiss 

fillet 

Table 4. Comparing the mean logarithm of the number of psychrotrophic 

bacteria in Zataria multiflora Boiss sample during refrigeration 

temperature storage for 12 days (p≥0.05)* 
4% 2 1 Control Sampl

e           

days 

3.69±0.017
eC

 3.70±0.010
eB

 3.70±0.014
eB

 4.14±0.186
eA

 0 

3.90±0.012
dD

 3.92±0.013
dC

 3.95±0.046
dB

 5.76±0.203
dA

 3 

6.98±0.082
cD

 7.00±0.042
cC

 8.25±0.023
cB

 8.30±0.165
cA

 6 

13.04±0.235
b

D
 

14.14±0.013
b

C
 

14.32±0.108
a

B
 

15.34±0.152
b

A
 

9 

16.45±0.152
aD

 17.01±0.172
aC

 17.98±0.138
a

B
 

18.75±0.298
aA

 12 

*The numbers (mean ± standard deviation) with the small letters in each 

column have not statistically significant differences (p≥0.05). The 

numbers (mean ± standard deviation) with the capital letters in each row 

have not statistically significant differences (p≥0.05). 

 

during 18 days of storage in the refrigerator, initial content of 

TVB-N was reported 16.43 mf/100 g [43]. The results are in 

accordance with our data. 
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 Erkan et al (2010) also investigated the effect of Zataria 

multiflora and Laurus nobilis essences on the durability of 

bluefish stored in ice for 13 days. The TVB-N content of the 

control sample exceeded acceptable range in 9 days and for the 

Zataria multiflora-treated samples; this index exceeded the 

acceptable range in 13 days[48]. The results of this study are also 

in agreement with ours. Comparing the mean logarithm of the 

number of chemical analyses in Zataria multiflora Boiss sample 

during refrigeration temperature storage for 12 days (p≤0.05)/ 

Microbiological analysis. 

Mesophilic aerobic bacteria. The total mesophil aerobic bacteria 

count has been regarded as the index for determination of quality 

and durability of food products. The allowed rage of the total 

count of microorganisms has been determined as 107 cfu/ml for 

fresh and frozen fish by ICMSF (1978). According to the results 

of the present study about the effect of Zataria multiflora-

containing nanoliposome on log of the mesophyll aerobic bacteria 

count in Oncorhynchus mykiss at refrigerator temperature during 

12 days (Table 3) show that the total bacterial load was less 4.44 

at the beginning of the period for all the samples indicating the 

suitable quality of the fish. Total bacterial load of the samples 

increased by the passing of time, however, this increase was more 

profound in the control sample in comparison with others. During 

the period, the control sample had higher levels in a way that the 

control sample and the one treated with 4% extract showed the 

highest and lowest bacterial count logarithm values, respectively. 

On general, control and 1% samples exceeded the allowed range 

in the 6th day and the samples treated with 2% and 4% extract 

remained in the allowed range. On the 9th day, all the samples 

exceeded the allowed range. The increase in the total bacterial 

load depends on numerous factors including storage method and 

the extent of compliance with hygiene principles during 

processing stage and the level of initial microbial load [53]. Lower 

total bacterial load due to antimicrobial effect of Zataria 

multiflora could be attributed to the presence of thymol and 

carvacrol. These two compounds are structurally similar and have 

hydroxyl groups in different positions of their phenolic ring 

[61].Thymol and carvacrol destroy the external membrane of the 

microorganisms and result in the discharge of liposaccharides and 

therefore increase of permeability of the cytoplasmic membrane to 

ATP. ATP discharge will then lead to the termination of cell 

energy storage and therefore cell death [61,62] Results of this 

study are in line with those of Kykkidou et al. (2009) which 

investigated the effect of thyme and packaging on the duration of 

Mediterranean Swordfish where the total bacterial load of fish 

fillet exceeded the allowed range in 6 days at 4  [63]. 

 Results of the present study are in agreement with the work 

of Kostaki et al. (2009) who studied total bacterial load of seabass 

fish fillet during 7 days of storage at 4  which showed that the 

total load exceeded the allowed range in 7 days [51]. 

Comparing the mean logarithm of the number of mesophilic 

bacteria in Zataria multiflora Boiss sample during refrigeration 

temperature storage for 12 days (p ≤ 0.05).  

Psychrotrophic bacteria. Psychrotrophic bacteria are more 

effective in food spoilage. They change the taste and odor of the 

food by the production of ketones and aldehydes 

[64].Psychrotrophic bacteria, like Pseudomonas species, produce 

lipase and phospholipase enzymes which will increase FFA 

[63].The allowed range for aerobic psychrotrophic bacteria has 

been reported as 106 cfu/ml [65]. 

 This study on the effect of Zataria multiflora-containing 

nanoliposome on the log of the psychrotrophic bacteria counts in 

Oncorhynchus mykiss fillet stored at refrigerator temperature for 

12 days (Table 4) show that the number of bacteria increased by 

time and this increase was significant for all treatments during the 

storage period. At the end of the period, control and 4% sample 

has the highest and lowest log of bacteria numbers, respectively. 

This increase was more profound in the control sample. The 

highest value was for the control sample at the end of the period 

which was 18.75 (exceeded the allowed range) the lowest value 

was for 4% sample and equal to 3.69. In the 6th day, all the 

samples exceeded the allowed range. Low bacterial load of 

psychrotrophic bacteria is attributed to thymol and carvacrol 

compounds in thyme. Erkan et al (2010) also investigated the 

effect of Zataria multiflora and Laurus nobilis on the durability of 

bluefish in 13 days of storage in ice. They found that level of 

psychrotrophic bacteria remained in the allowed range during 

these 13 days (storage at 2 ) for Zataria multiflora incorporated 

samples[48]. 

Organoleptic evaluation. 

Odor evaluation in raw fish. One of the fast and simple methods 

for evaluation of fish quality and freshness is an organoleptic test 

[5]. The results of the organoleptic evaluation are summarized in 

Table 5 to 9. The results on the effect of Zataria multiflora 

essence-containing nano-liposomes on odor score of 

Oncorhynchus mykiss fillet (Table 5) indicated that in the control 

sample, the odor score had a decreasing trend by passing of time. 

While for 1 and 2% treatments, a decrease of odor score occurred 

after 6 days. This decrease happened from day 9 for 4% treatment 

samples. This could be due to the formation of volatile materials 

from lipid oxidation such as aldehydes and ketones and 

degradation of proteins such as ammonia.  

Organoleptic evaluation of taste, odor, color and overall 

acceptance in cooked fish. The results of an organoleptic study 

on the effect of Zataria multiflora essential oil-containing nano-

liposomes on taste, odor, color and overall acceptance score of 

cooked Oncorhynchus mykiss fillet indicated during 12 days of 

storage in refrigerator indicated that 4% treatment managed to 

maintain acceptable taste score till day 9. Other samples had the 

acceptable state only until day 6. 

 Odor score of Oncorhynchus mykiss was acceptable only in 

2% and 4% treatments up to day 9. By passing of time, odor score 

decreased in all the treatments in a way that they became unusable 

in day 12. By passing of time, a color score of Oncorhynchus 

mykiss decreased in all the samples as an increase of storage 

duration will result in pH increase and their water capacity will be 

enhanced, therefore they lose less water; hence the fish will be 

paler. 

 In terms of overall acceptance, control and treated samples 

had an equal score which decreased by passing of time. The 

studied samples had the highest and lowest overall acceptance in 

day 0 and12, respectively. In 9th day, 4% treatment had the highest 
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overall acceptance score among the samples. The variation trend 

of organoleptic features was in line with oxidation and bacterial 

spoilage changes in the studied samples as lipid oxidation will 

result in loss of organoleptic quality and a decrease of necessary 

unsaturated fatty acids and production of oxidation toxic products 

[66]. The decrease in protein destruction will lead to a reduction of 

TVB-N production and also decrease of samples oxidation and 

therefore improvement of odor score. Generally, organoleptic 

studies showed that application of essence up to the level of 4% 

not only has no undesirable impact on product’s taste, but it will 

improve its taste, odor and overall acceptance. 

 

Table 5. Odor organoleptic evaluation in Zataria multiflora Boiss in raw 

fish samples during refrigeration temperature storage for 12 days 

(p≥0.05)* 

sample 

days 

Control 1% 2% 4% 

0 5.00±0.000aA 5.00±0.000aA 5.00±0.000aA 5.00±0.000aA 

3 4.1±0.316bB 5.00±0.000aA 5.00±0.000aA 5.00±0.000aA 

6 1.8±0.421cC 3.9±0.316bB 3.9±0.316bB 4.9±0.316aA 

9 1.00±0.000dB 1.9±0.316cA 2.00±0.000cA 2.8±0.632bA 

12 1.00±0.000dA 1.00±0.000dA 1.00±0.000dA 1.00±0.000cA 
*The numbers (mean ± standard deviation) with the small letters in each 

column have not statistically significant differences (p≥0.05). The 

numbers (mean ± standard deviation) with the capital letters in each row 

have not statistically significant differences (p≥0.05). 
 

Table 6. Taste organoleptic evaluation in Zataria multiflora Boiss 

samples during refrigeration temperature storage for 12 days (p≥0.05) * 

4% 2% 1% Control Sample 

days 

5.00±0.000
aA

 5.00±0.000aA 5.00±0.000aA 5.00±0.000aA 0 

4.00±0.000
bA

 3.9±0.316bB 2.6±0.699b B 1.8±0.421bB 6 

2.9±0.316
cA

 2.00±0.000cB 1.9±0.316cB 1.00±0.000cC 9 

- - - - 12 
*The numbers (mean ± standard deviation) with the small letters in each 

column have not statistically significant differences (p≥0.05). The 

numbers (mean ± standard deviation) with the capital letters in each row 

have not statistically significant differences (p≥0.05). 

 

Table 7.Odor organoleptic evaluation in Zataria multiflora Boiss samples 

during refrigeration temperature storage for 12 days (p≥0.05)* 

Sample 

days 

Control 1% 2% 4% 

0 5.00±0.000aA 5.00±0.000aA 5.00±0.000aA 5.00±0.000aA 

6 3.9±0.316bB 4.00±0.000bB 4.9±0.316aA 5.00±0.000aA 

9 1.9±0.316cB 2.00±0.000cB 3.00±0.000bA 2.9±0.316aB 

12 1.00±0.000eA 1.00±0.000eA 1.00±0.000cA 1.00±0.000cA 
*The numbers (mean ± standard deviation) with the small letters in each 

column have not statistically significant differences (p≥0.05). The 

numbers (mean ± standard deviation) with the capital letters in each row 

have not statistically significant differences (p≥0.05). 

 

Table 8. Color organoleptic evaluation in Zataria multiflora Boiss 

samples during refrigeration temperature storage for 12 days (p≥0.05)* 

Sample 

days 

Control 1% 2% 4% 

0 5.00±000.0aA 5.00±0.000aA 5.00±0.000aA 5.00±0.000aA 

6 4.2±421.0bB 5.00±0.000aA 5.00±0.000aA 5.00±0.000aA 

9 00.3±000.0cB 3.9±0.316bA 4.00±0.000bA 4.00±0.000bA 

12 1.8±421.0 dA 1.9±0.316dA 2.00±0.000dA 2.00±0.000dA 
*The numbers (mean ± standard deviation) with the small letters in each 

column have not statistically significant differences (p≥0.05). The 

numbers (mean ± standard deviation) with the capital letters in each row 

have not statistically significant differences (p≥0.05). 

 

Table 9. Overall acceptance organoleptic evaluation in Zataria multiflora 

samples during refrigeration temperature storage for 12 days (p≥0.05)* 

4% 2% 1% Control Sample 

days 

5.00±0.000
aA

 5.00±0.000aA 5.00±0.000aA 5.00±0.000aA 0 

4.00±0.000
bA

 3.9±0.316bA 2.8±0.632bB 2.9±0.316bB 6 

3.00±0.000
cA

 2.00±0.000cB 2.00±0.000cB 1.9±0.316cB 9 

- - - - 12 
*The numbers (mean ± standard deviation) with the small letters in each 

column have not statistically significant differences (p≥0.05). The 

numbers (mean ± standard deviation) with the capital letters in each row 

have not statistically significant differences (p≥0.05). 

 

 

4. CONCLUSIONS 

 In spite of their high nutrition values fishes are among fast-

spoiling foods due to having chemical compounds such as fatty 

acids with several double bonds, high protein content and pH. 

Bacterial and oxidative spoilage are two of the most important 

spoilage processes. Fish spoilage will cause undesirable changes 

in fish taste and odor and reduce its nutrition value. One of the 

methods to resolve this problem is to use biologic preservatives 

which in addition to having no side effects, will also improve 

taste, odor and quality of food and prolong its storage time. The 

present study showed that owing to its phenolic compounds such 

as thymol and carvacrol, Zataria multiflora-containing nano-

liposomes will increase antimicrobial and anti-oxidative properties 

of Oncorhynchus mykiss fillet and improve the product taste. 

Results of chemical and microbial tests along with humidity, fat 

and protein assessment of nano-liposome-treated Oncorhynchus 

mykiss fillet showed that addition of Zataria multiflora-containing 

nano-liposomes will increase the quality and storage time of fillets 

during their cold storage. In this regard, a significant difference 

was observed in most of the parameters between the control 

sample and the one treated with 4% essential oil. Finally, as 4% 

treatment managed to enhance the fillet storage time chemically 

up to 12 days and up to 6 days in terms of microbial 

considerations, it could be concluded that this concentration can 

be applied for prolonging the storage life of the fillet. However, 

the practical application of this plant needs further investigations. 
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