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ABSTRACT: The food lasting and its persistence can be increased by adding plant essential oils to the edible 

films such as chitosan. In the view of the increasing use of nanotechnology in the production of antimicrobial 

agents and the improvement of the properties of nano-sized compounds in comparison with the primary 

compounds, the antimicrobial properties of nano-chitosan with marjoram essential oil concentrations to increase 

the shelf-life of shrimp at refrigeration temperature has been studied. In this study, 1% and 2% concentrations of 

marjoram essential oil individually and with nano-chitosan with the concentration of 2% was prepared. Six 

different treated groups were examined for microbial, chemical, and sensory evaluations for 14 days. The results 

of this study showed that during storage time the total amount of volatile nitrogen increased significantly 

(P≤0.05), which is the indication of shrimp protein hydrolysis. there was no significant difference between 

treatments in terms of pH. The amount of malondialdehyde decreased up to day seven and was increased 

afterward. The coliform bacteria and Staphylococcus aureus count showed a significant difference between the 

control and other treatments, and with increasing storage time the bacteria count decreased. According to the 

results, nano-chitosan containing marjoram essential oil is a very suitable substitute for chemical and industrial 

coatings. 
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Introduction

1
 

Due to the fact that shrimp is such a 

sensitive product and is produced in large 

quantities, investigating the processing and 

quality control of shrimp is one of the most 

prominent missions in food industry (Goli et 

al., 2013). The combination of chemical and 

atmospheric additives and maintaining in 

low temperatures in the dark are new and 
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effective techniques for controlling meat and 

meat products corruption (Dave et al., 2011, 

Ghaderi-Ghahfarokhi et al., 2017). There are 

many synthetic antioxidants that are 

commonly used in the meat industry to 

protect fats in raw and cooked products, but 

besides its high price they have a 

carcinogenic effect at high doses and have a 

negative consumer view on. The application 

of natural extracts and essential oils, in 

addition to create a good taste and smell, has 
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antimicrobial properties and especially 

antioxidant properties in fatty foods 

(Hasanzadeh et al., 2011). Biodegradable 

films with a polysaccharide, protein and fat 

content are used to increase the shelf-life of 

different types of foods. Chitosan, which is 

obtained from chitin in the crustacean 

external crust, is used as a non-toxic and 

biodegradable biopolymer in the food 

industry. In previous studies, antibacterial, 

anti-cancer and cholesterol-lowering effects 

have been reported by chitosan (Perricone et 

al., 2015; Younes and Rinaudo, 2015). 

Antibacterial activity of chitosan is related to 

the presence of positive molecules and the 

reaction with negative charge of the cell 

membrane (Younes and Rinaudo, 2015). 

However, most studies on the use of these 

antimicrobial agents are limited to 

laboratory studies in the form of microbial 

culture media. The use of these compounds 

in foods is limited due to the activity 

changes in foods. Therefore, researchers are 

looking for ways to improve their activity.  

Consumer information about the value of 

food, safety and its components are 

increasing throughout the world, and 

consumers prefer to consume natural foods 

or the one made from natural ingredients. 

In this regard, the use of native plants of 

region seems logic. In view of the above, in 

this study, we will use nano-chitosan colloid 

with marjoram essential oil to increase the 

shelf-life of shrimp. 

 

Materials and Methods 

- Plant collecting and essential oil extraction 

Marjoram plant collected from medicinal 

plants field located in Tehran's Jahad 

University in middle of March. It was kept 

for two days at room temperature in a 

shadow and away from sunlight. In order to 

ensure that the moisture content of the plant 

is minimized and to check the percentage 

yield of essential oil of the dry plant, it was 

placed in the oven for a few hours at a 

constant temperature of 33 degrees Celsius. 

220 grams of the sample were crushed. 

Marjoram essential oil was prepared by hot 

water extraction using Clevenger method. 

 

- Sample preparation 

The shrimps were obtained from different 

regions of Tehran and were immediately 

transferred to the laboratory. 10 grams of 

each sample weighed under flame and sterile 

conditions and placed on a sterile aluminum 

foil. Immersion process was not performed 

for control samples. The tests were 

performed on days 0, 2, 4, 7, 10, 14. The 

treated groups were as followed: 

1: control, 2: 1% marjoram essential oil, 

3: 2% marjoram essential oil, 4: 2% 

Chitosan, 5: marjoram 1% essential oil + 2 

% chitosan, 6: 2% marjoram essential oil + 

2% chitosan  

 

- Chemical analysis 
10 g of sample was homogenized with 90 

ml of distilled water in stomaker, and after 

30 seconds, the pH was adjusted by the pH 

meter. Total volatile nitrogen and 

malondehide analysis assay were carried out 

using kjeldahl method and thiobarbituric 

acid respectively.    

 

- Microbial test on the prepared treatments 

In order to conduct microbial tests on 

days 0, 2, 4, 7, 10, and 14, the violet red bile 

agar culture and peptone water media for 

staphylococcus aureus and baird parker agar 

base media for E.coli count was prepared. 

The necessary dilution of sample was made. 

10 g of the specimen was placed in sterile 

nylon and 90 cc sterile physiological sterility 

added and then homogenate. The 0.1 cc 

from dilutions transferred to pre-prepared 

media plates. 

 

- Sensory analysis 

Hedonic Factor Questionnaire was 

applied for sensory analysis. Color 

appearance and acceptance of the samples 

were evaluated. The most effective formulas 
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in the treatments were evaluated by seven  

trained referees. 

 

- Statistical analysis 

In this study, SPSS 22.0 software was 

used to analyse the data. One-way ANOVA 

(and Tukey complement test) were used to 

analyse the groups. In order to compare the 

chemical and microbiological evaluation, 

repeated measurement ANOVA was 

applied. In the analysis of data on sensory 

properties of color and texture, Kruska-

Wallis method was used. Also, the 

Correlation test was used to evaluate and 

investigate the relationship between different 

factors. 

 

Results and Discussion 

- Total volatile nitrogen, malondialdehyde 

and pH evaluation in different treated 

groups during maintenance period  

- Control group: 

Figure 1 shows the change of all three 

tests factors over time for treatment 1 

(control). As it was known, the value of total 

volatile nitrogen significantly increased, and 

the highest value was on day 14 and the 

lowest on day 0. The amount of 

malondialdehyde produced in the samples 

also showed a different trend with increasing 

storage time. The highest amount of 

malondialdehyde was on day 2 and the 

lowest was on day 7. Changes in the amount 

of malondialdehyde were significant 

between all maintenance days. The amount 

of pH on day 14 was significantly higher 

than other treatments (8.67). And in general, 

with increasing storage time, the pH value 

was significantly increased. The lowest pH 

value for the first day of storage was 8.24. 

According to the Figure 1 the changes in the 

control treatment, an increase in total 

volatile nitrogen and pH were expected. In 

fact, in the control sample, no cover was 

used, increasing the total volatile nitrogen, 

the pH value was fully justified. On the 

other hand, the amount of malondialdehyde 

had decreased up to 7 days, but it may have 

decreased due to the instability of the 

malondaldehyde or its interactions with 

other shrimp compounds. 

 

 
 

Fig. 1. Total volatile nitrogen, malondialdehyde and pH changes in control group during maintenance 
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- 1% marjoram essential oil treated group 

Total volatile nitrogen increased 

significantly in the treated group containing 

1% marjoram essential oil during storage. 

The difference between the days of storage 

was significant and the lowest amount was 

related to day 0 and the highest value was on 

day 14. In other words, the 1% essential oil 

did not have any effects. The production of 

malondialdehyde during the maintenance 

period was different from the trend observed 

for the control group, as the production of 

malondialdehyde acid increased slightly 

from the beginning of the maintenance 

period but declined again to the lowest on 

day 7. The highest level of production of 

malondialdehyde was achieved on day 2, 

while its level did not differ significantly 

between 0 and 4 days. The smallest amount 

was also on day 7. pH levels decreased 

significantly during maintenance period. The 

highest pH value was on day 0 and 

continued until 10th day. The oxidation of 

the essential oil or unsaturated fats of the 

shrimp seems to be responsible for this pH 

decrease over time (Figure 2). 

 

- 2% marjoram essential oil treated group 

Changes in total volatile nitrogen in 2% 

essential oil treated group showed a 

significant increase until the 10th day, but its 

amount decreased significantly on day 14. 

After 14 days of storage, the bacteria are 

being likely to enter the phase of death, on 

the other hand, the antibacterial activity of 

the essential oil simultaneously reduces the 

amount of total volatile storage volumes on 

the 14th day. The pH of the samples did not 

differ significantly during the maintenance 

period, except on day 0 and tenth. The 

highest pH on day 0 and the lowest pH on 

day 10 were 7.92. Although pH values 

measured during the maintenance period 

were not significantly different from day 10, 

the decreasing trend, against increased the 

amount of total volatile nitrogen, possibly 

indicating microbial growth. Due to the fact 

that acid-producing bacteria, including lactic 

acid bacteria, have not been investigated in 

this study, there is the probability of 

producing acid compounds as a result of the 

activity of the bacteria grown at the product 

level. The amount of malondialdehyde 

produced in 2% essential oil treated group 

on day 0 and 2 was not significantly 

different and was approximately 3.3, on day 

4. It reached its highest level during the 

maintenance period, namely 5.56, but again, 

on the 7th day, there was a significant 

decrease. A significant upward trend has 

taken place from day to day. It seems that 

the treatment with essential oil (2%) had 

been able to reduce the oxidation of lipids at 

the beginning of the maintenance period, 

however, on the 4th day it increased but 

continued due to the instability of the 

structure of the compound or its composition 

with other tissue components (Figure 3). 

 

- 2% Chitosan treated group 

Total volatile nitrogen in group 4 (shrimp 

containing 2% Nano chitosan) had the 

lowest values on days 0 and 2, and there was 

no significant difference between these two 

days. On the 4th day, the total volatile 

nitrogen increased significantly and this 

trend remained constant until the day seven. 

Between day 7 and 14, the total volatile 

nitrogen increased significantly, reaching a 

peak of 17.5 on the 14th day. The greatest 

effect of Chitosan was observed at the 

beginning of the maintenance period, the 

first two days, and the stabilization of the 

trend until the seventh day. The pH also 

showed a significant difference over time. 

According to the chart, the highest amount 

of pH on day 0 was 8.8, which was 

significantly higher than other days of 

storage. The lowest amount of pH on day 10 

was calculated to be 7.86, but the amount of 

this factor was not significantly different in 

other days of storage. It seems that coating 

with chitosan has been able to reduce pH in 

addition to delaying the production of 
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volatile nitrogen. This decrease is likely to 

be affected by the coating of chitosan, which 

is a solvent of n-acetic acid and an acidic 

state. The production of malondialdehyde 

was significantly reduced. The highest 

amount of malondialdehyde was reached on 

the second day and the lowest on day 14. As 

it was said, malondialdehyde is the result of 

lipid oxidation and can be reduced by the 

use of chitosan coating, chitosan reduces the 

oxygen supply by creating a protective 

coating of shrimp and inhibits lipid 

oxidation. On the other hand, a small 

amount of malondialdehyde produced was 

also reduced due to its unstable structure or 

the interaction with other compounds, such 

as proteins over time (Figure 4). 

 
 

 
 

Fig. 2. Total volatile nitrogen, malondialdehyde and PH changes in essential oil 1% treated group during 

maintenance. 

 

 

 
 

Fig. 3. Total volatile nitrogen, malondialdehyde and PH changes in essential oil 2% treated group during 

maintenance 
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Fig. 4. Total volatile nitrogen, malondialdehyde and PH changes in Chitosan 2% treated group during 

maintenance. 

 

- 1% marjoram essential oil + 2% chitosan 

treated group  

It showed the lowest amount of total 

volatile nitrogen on day 0 and was equal to 

8.7, and then increased significantly with 

increasing storage time. There was an 

increasing trend in all treated samples, and 

none of the treatments showed a general 

decrease in the production process of this 

compound. Essential oil composition and 

chitosan also did not seem to get worse. 

Only on days 0 through 4 this trend 

increased with a slope below the remaining 

days. The highest pH of this treatment was 

achieved on day 0 with a value of 8.9, which 

decreased to the end of the maintenance 

period. The lowest amount of pH was also 

reached on day 10 and was equal to 7.6. The 

slope of the pH reduction in group 5 was 

consistent with the slope of the decrease in 

the treatments containing chitosan alone and 

the essential oil alone, which was expected 

to be achieved by combining both 

treatments. During the maintenance period, 

the amount of malondialdehyde was 

declining and after that continued to 

increase. In the same way, it decreased 

significantly from day 0 which was 2.98 to 

the seventh day, but significantly increased 

from days 7 to 10, so that the highest amount 

on the 14th day was equal to 5.02. It seems 

that the combination of 1% essential oil and 

nano-chitosan had been able to control the 

production of malondialdehyde acid up to 

the 7th day of storage, however, with the 

increase in storage time, the amount of 

malondialdehyde increased to a degree that 

the treatment was not able to control (Figure 

5). 

 

- 2% marjoram essential oil + 2% chitosan 

treated group  

The amount of total volatile nitrogen in 

group 6 was the lowest in day 0, which 

increased significantly with increasing 

storage time to day 14. However, 2% 

marjoram essential oil and 2% chitosan were 

able to ease the ever-increasing trend of 

volatile nitrogen production in the first seven 

days. However, by storing for more than 7 

days at a refrigerated temperature, the 

protective effect of coating was reduced, 

which could be due to the reduction of the 

effect of essential oil. The pH value on the 

first day of storage was at its lowest, which 

increased with increasing storage time and 

peaked on day 14. The trend of increasing 

pH from 0 to 4 days increased, continuing to 
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decline by 10 days, but after two days of 

storage, the 14th day reached the highest 

level throughout the maintenance period. 

Increases in pH on day 14 are associated 

with an increase in the amount of total 

nitrogen volumes. However, coating of 

chitosan containing essential oil could delay 

the increase of pH by 10 days. The amount 

of malondialdehyde increased significantly 

from day 0 to 2, but decreased on days 4 and 

7, the lowest on day 7. In the remaining 

days, on day 10 and 14, the amount of 

malondialdehyde production increased 

compared to Day 7, but there was no 

significant difference between these two 

days. Apparently, among the treatments used 

in this study, the most important effect on 

shrimp chemical properties belonged to 

nano-chitosan + 2% essential oil was able to 

maintain the amount of malondialdehyde 

acid properly until the end of the 

maintenance period. On the other hand, 

malondialdehyde produced in the early days 

were decomposed due to the unstable 

structure or combined with other 

components, and the amount of production 

of this compound was much lower in storage 

(Figure 6).  
 

 
 

Fig. 5. Total volatile nitrogen, malondialdehyde and pH changes in essential oil 1% + chitosan 2% treated group 

during maintenance 

 

 
Fig. 6. total volatile nitrogen, malondialdehyde and pH changes in essential oil 2% + chitosan 2% treated group 

during maintenance 
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- Microbial analysis; Staphylococcus 

aureus and E. coli count 

Figure 7a shows that the highest and 

lowest levels of infection with 

Staphylococcus aureus were in control and 

the group containing 1% essential oil, 

respectively. There was no significant 

difference between group 2, 5 and 6 (p> 

0.05), but with other samples showed 

significant difference. Chitosan 2% and 2% 

essential oils did not show significant 

differences, but with other samples there 

was a significant difference. The control 

sample with the number of colonies was 

1×10
4
   had the highest number of colonies 

and all the samples showed a significant 

difference. The higher number of 

Staphylococcus counted in the control 

sample indicates the antibacterial effect of 

the treatments. Meanwhile, it seems that 

group 2 oil had a greater inhibitory effect on 

Staphylococcus aureus. This may be as the 

result of the lower initial microbial number.  

Based on the result illustrated in Figure 

7b, the results of the Duncan test were 

categorized into four groups and the samples 

of group 1 and 2 had the highest and lowest 

colony count with the values of 3 and 13.0 

log cfu / ml, respectively. Group 3, 4 and 5 

found to have a significant difference with 

group 1 and 2 (P <0.05). 

 

- Color, smell, flavor, tissue texture 

changes in different groups 

Sensory analysis diagrams of shrimp 

samples covered with different 6 groups 

composition indicate that there is no 

significant difference between treatments. 

This means that none of the treatments could 

have a significant effect on the color of the 

specimens. However, the highest color score 

was observed in treatment group 5 and the 

lowest color scores for the control sample 

(Figure 8a). Smell factors showed a 

significant difference between treatments. 

The highest odor factor for odorant essential 

oil (1%), as well as nano-chitosan + 1% 

essential oil composition treatments was 

obtained. The lowest score was for the 

control sample, but other treatments received 

higher scores than the control. The 1% 

essential oil as well as chitosan coating, 

showed to make delay for inappropriate 

smell of shrimp. Other treatments, however, 

received less privilege, but had a higher 

score than control group (Figure 8b). The 

flavor graphs of the samples also showed 

that group 2 and 5 showed the highest score. 

Groups 4 and 6 was lower while group 1 and 

3 had no significant difference in flavor 

(Figure 8c). Tissue texture analysis showed 

that only control group had a significantly 

lower score, group 3 had less tissue texture 

changes (Figure 8d).  
 

                     
 

Fig. 7. Staphylococcus aureus (a) and E. coli (b) Count in groups: 1: control, 2: essential oil 1%, 3: essential oil 

2%, 4: Chitosan 2%, 5: essential oil 1% + chitosan 2%, 6: essential oil 2% + chitosan 2% 
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Fig. 8. Color, smell, flavor, tissue texture changes in groups: 1: control, 2: essential oil 1%, 3: essential oil 2%, 

4: Chitosan 2%, 5: essential oil 1% + chitosan 2%, 6: essential oil 2% + chitosan 2%. 

 

Shrimp is one of the most important 

seafood products in the world. However, 

shrimp breaks down very quickly 

(Alparslan et al., 2016). Their corruption is 

mainly due to biological reactions, such as 

lipid oxidation, protein degradation or 

microbial enzymes, resulting in shortening 

the shelf life of marine products. Most of 

the major causes of shrimp damage, 

microbial growth components, biochemical 

and melanose-color changes occur due to 

polymerization of phenols (Nirmal and 

Benjakul, 2011). As a result, review and 

study on the processing and quality control 

is among the most prominent missions of 

the researchers in the food and 

biotechnology engineering industry. 

Because shrimp is a vast food product with 

a high production level, determining its 

quality is very important. Using fresh meat 

for all products, including shrimp, is the 

most important parameter (Goli et al., 

2013). Mechanical, chemical, and 

microbial properties of fishery products are 

the most important parameters in these 

products. Given the adverse effects of 

synthetic additives, the attention of food 

manufacturers and legislators has been 

limited to the use of synthetic types and the 

application of natural varieties. The 
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potential uses of various films in food 

packaging, describes the different types of 

microbial targets (fungal, bacteria, etc.), 

and focuses on the applicability of 

techniques to industry Investigated by 

Elsabee et al. 2015. It Presents the science 

behind anti-microbial packaging and films 

reflecting advancements in chemistry, 

microbiology, and food science includes 

the most up-to-date information on 

regulatory aspects, consumer acceptance, 

research trends, cost analysis, risk analysis 

and quality control discusses the uses of 

natural and unnatural compounds for food 

safety (Elsabee et al., 2015). Several 

studies have been focused on new 

packaging technologies due to the 

increasing population and the limited 

natural resources (Krochta, 2002). Active 

packaging, with the aim of releasing 

antimicrobials agents to foods is getting 

much attention due to their role in 

increasing foods shelf–life, minimizing or 

even eliminating the presence of food borne 

microorganisms (Janjarasskul et al., 2016; 

López de Dicastillo et al., 2016; Rizzolo A 

et al., 2016). Essential oils (EOs) are 

aromatic substances produced naturally as 

secondary metabolites by a specific plant 

species. EOs are mainly composed by 

terpenoids, phenolic and aromatic 

compounds and their composition can vary, 

depending on the edaphoclimatic 

characteristics of the plant, part of the plant 

(flower, seed, leaves, fruits, stems and 

others) used for the extraction and the 

extraction method (Nakatsu et al., 2000; 

Dai and Mumper 2010; Raut and 

Karuppayil, 2014).  Chitosan is used as a 

non-toxic and biodegradable biopolymer 

which showed anti-bacterial, anti-cancer 

and cholesterol-lowering effects (Perricone 

et al., 2015; Younes and Rinaudo, 2015). 

Beyki et al. (2014) showed an enhanced 

antimicrobial activity of Mentha piperita 

EO encapsulated in chitosan-cinnamic acid 

nanogels.  Gómez-Estaca et al. on 2010 

investigated the efficiency of 

Biodegradable gelatin–chitosan films 

incorporated with essential oils as 

antimicrobial agents for fish preservation. 

Feyzioglu et al. 2016 showed the 

antimicrobial and antioxidant delivery 

applications of chitosan nanoparticles 

loaded with summer savory essential oil 

(Feyzioglu et al., 2016). Abdullahi et al. 

(2012) evaluated the efficiency of rosemary 

essential oil (REO) to develop an active 

film from chitosan and the microstructure 

and the interaction of the chitosan-based 

films with REO was studied. According to 

their research the solubility and water gain 

of the chitosan film decreased. It was 

determined that REO improved the 

transparency of the films in neat chitosan. 

Films containing REO showed more 

antibacterial activity and total phenol 

content. The films containing REO showed 

potential to be used as active film in food 

preservation. In this study, we will use 

nano-chitosan colloid with marjoram 

essential oil to increase the shelf-life of 

shrimp. During the 14 days of storage, the 

total volatile nitrogen in the samples was 

generally increased, as well as in each 

treatment alone and throughout the 

maintenance period, the amount of total 

volatile nitrogen increased, indicating an 

increase in protein hydrolysis as a result of 

the bacterial activity, or even the autolysis 

of shrimp tissue proteins, results from self-

tissue enzymes. The rate of total volatile 

nitrogen is considered as one of the 

indicators of fish and other aquaculture 

corruption. There is also a close connection 

between the total volatile nitrogen index 

and the freshness of shrimp, if this index is 

less than or equal to 20 mg nitrogen per 100 

grams of meat indicates freshness and a 

lower or equal 30% is acceptable, and more 

than 40 shows that the product is 

inappropriate for the consumer (Asik et al., 

https://www.researchgate.net/profile/Maher_Elsabee
https://www.researchgate.net/profile/Maher_Elsabee
https://www.researchgate.net/profile/Maher_Elsabee
https://www.researchgate.net/profile/Mehdi_Abdollahi
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2014). In 2010, Alak et al. Studied the 

physico-chemical and microbial 

characteristics of the Bonito (Sarda sarda) 

fish fillets, which were packaged with 

chitosan films in unpacked packets. The 

results of their study showed that chitosan 

films did not significantly decrease the 

amount of volatile nitrogen and the amount 

of thiobarbituric acid. However, the lowest 

pH was observed in fish fillets with 

chitosan coating. Also, bacterial growth in 

fillets packed in chitosan film was less than 

other packets. In the current study in 

addition to chitosan packaging alone, the 

chitosan package with marjoram essential 

oil was also used. Our results showed that 

control treated group showed a significant 

difference in the amount of volatile 

nitrogen with other groups, while there was 

no significant difference between the pH of 

the samples and the amount of 

malondialdehyde had the highest amount in 

the treatment containing 1% marjoram 

(Alak et al., 2010). Fazl ara et al. (1396) 

examined the effect of 2% chitosan coating 

containing 1% marjoram essential oil on 

the chicken meat's quality at refrigerator 

temperature. Results of the mesophilic 

bacteria analysis showed that with 

increasing storage time, bacterial count 

increased and most of it was seen on day 

15, and the lowest amount was observed in 

chitosan treatment containing Marjoram 

essential oil. Also, the volumes of volatile 

nitrogen volumes during the maintenance 

period were increasing in all treatments and 

their amount in the distilled water 

submerged in the control group was higher 

than the other two treatments. Their results 

indicated that the amount of thiobarbituric 

acid during the maintenance period 

increased and the least amount was related 

to chitosan treatment containing marjoram 

essential oil after 15 days of storage. The 

pH increased during the maintenance 

period in the control sample, but in the 

chitosan sample with the essential oil was 

reduced after 15 days. The comparison of 

macroscopic properties for odor, shape, 

elasticity and color showed on day 12 and 

15 the difference was significant between 

all samples and the highest score was for 

the chitosan sample containing the essential 

oil. In the present study, the lowest 

bacterial growth was observed in 1% 

essential oil, chitosan containing 1% 

essential oil and chitosan containing 2% 

essential oil and the highest growth rate of 

Staphylococcus aureus in the control 

sample, indicating the antimicrobial effect 

of the essential oil and synergistic effect 

between essence and chitosan were 

inhibited by microbial growth. The lowest 

coliform count was also obtained in 

essential oil (2% marjoram) and chitosan 

(1%) and chitosan (2% marjoram). In 

general, the contamination of the 

mesophilic bacteria was decreasing during 

storage, and the lowest number was 

obtained on day 10. In this research, the 

total volatile nitrogen volumes and pH 

levels during the maintenance period were 

increased in all treatments and 

malondialdehyde was decreased until the 

day 7, but increased until the 14th day of 

storage. Many studies have reported an 

increase in the total volatile nitrogen 

volumes with increasing time (Khoda 

nazeri and Poorashvori, 2016; Pormolaie et 

al., 2017). Moussavi Nasab et al. (2013) 

examined the effect of icing on raw and 

cooked shrimp with 2% Chitosan solution 

for 6 months at -18 °C. The chitosan ice 

cream samples were compared with ice-

water samples, sodium meta bisulfite and 

control. The results from their studies 

showed that after the maintenance period, 

all samples of shrimp had no significant 

difference in terms of color, odor, texture. 

While in our work, the 15-day sample was 

maintained at a refrigerated temperature, 

and the chitosan-containing essential oils 
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obtained the highest scores for the 

investigated factors. In another study by the 

same researcher, Moussavi Nasab et al. 

(2013), examined the effect of coatings 

prepared from chitosan and black pepper 

essential oils on the microbial and 

physicochemical properties of common 

carp. The results showed that essential oil 

of black pepper and chitosan had a 

significant synergistic effect in reducing 

total bacterial count, psychrophilic bacteria, 

lactic acid bacteria and enterobacteria. 

Also, the two compounds decreased the 

amount of volatile nitrogen in coated 

samples. In our work, the higher total 

volumes in the control sample compared to 

other treatments indicated a positive effect 

of chitosan coating and a combination of 

chitosan plus the essential oil was the 

alignment of these two studies. Also, the 

effect of the combination of essential oils 

and coating on the reduction of bacteria in 

our work has also been achieved. In this 

regard, the antimicrobial effects of chitosan 

and marjoram essential oils can be 

attributed to the reduction of bacterial 

levels. The total coliform count in the 

treated groups showed that the total number 

in the control sample was significantly 

higher than all other treatments. During 

storage, the amount of these bacteria 

decreased with increasing storage time. For 

each treatment, by the days of experiment 

the total amount of coliforms in the control 

group was higher than all treated samples. 

These results indicate a good inhibitory 

effect on all coatings and essential oils 

used. Wang et al. (2014) examined the 

effect of chitosan nanoparticle coatings on 

the quality of Litopenaeus vannamei 

shrimp during storage at 4 ° C. Shrimp 

samples were grouped into three groups 

and immersed in 1% carboxymethyl 

chitosan solution, 1% nanocytosis and 

immersed in plane water (control) for 30 

seconds. Samples were stored for 10 days 

at refrigerator temperature and analyzes 

were performed on days 0, 2, 4, 6, 8 and 10. 

Chemical analysis of samples showed that 

pH of all shrimps increased during storage, 

but this increase was lower in samples 

treated with chitosan nanoparticles than in 

two other samples. The lowest amount of 

volatile nitrogen and the number of 

thiobarbituric acid in shrimp coated were 

lower than the other two groups. The total 

live bacteria in all chitosan treated samples 

were reduced in the 10th day, and the least 

bacterial count was related to nano chitosan 

and the most was related to the control 

sample. In our experiments, the total 

bacterial count decreased during the 

maintenance period. The lowest bacterial 

count in the 10th day was related to 1% 

marjoram essential oil and chitosan 

treatment, and the highest total bacterial 

count was observed in the control sample 

which indicates the antimicrobial effect of 

the combination of these two treatments. 

The total volatile nitrogen volumes during 

the maintenance period increased, while the 

PH and malondnoladium levels initially 

had a decreasing trend up to 10th and 7th 

days, respectively. Pormolaie et al. (2017) 

investigated the antioxidant and anti-

bacterial effects of marjoram essential oil 

on the survival of Surimi made from carp 

during frozen storage (-18 °). 

Thiobarbituric acid levels and volatile 

nitrogen levels of both treatments 

increased, which was higher in the control 

sample during the final months of storage. 

The factors studied in our work show that 

the rate of the volatile nitrogen increased 

during the maintenance period, but the 

amount of malondnorldis was reduced in 7 

days and then increased, and its final value 

on day 14 was lower than the first day of 

storage. This difference may be due to the 

difference in frozen storage and storage in 

the refrigerator. It has also been reported 

that marjoram can reduce the production of 
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volatile nitrogen and its effect on 

antibacterial properties because of 

carvacrol and thymol compounds. 

The results of staphylococci 

concentrations in the different groups in this 

study indicate that the control sample 

contained a large number of colonies while 

all other treated groups showed a significant 

reduction in this bacterium. These results 

may be due to the simultaneous use of 

chitosan and marjoram essential oil, that has 

a synergistic effect on this gram-positive 

bacterium, since both chitosan and marjoram 

have antibacterial properties which was in 

accordance with Karimi Reza Abad et al. 

(2016) study that compared the chitosan 

coating and wrapper for packaging poultry 

fish. 

 

Conclusion 

Considering the chemical and microbial 

characteristics of the shrimp during the 

maintenance period in our study, it seems 

that the combination of chitosan and 

marjoram essential oil has been able to 

maintain the quality of shrimp until the 

end of the maintenance period as 

compared to the control sample. In fact, 

the combination of nano-chitosan and 

treated groups compared to control 

samples could reduce the total volatility, 

pH and malondialdehyde production 

significantly and maintain the quality of 

samples during storage. However, the 

maintenance of samples, even covered 

samples in the refrigerator for more than 7 

days, with regard to the chemical factors, 

are not recommended. 

These coatings also significantly 

reduced the number of Staphylococcus 

aureus colonies and coliforms. It might be 

concluded that it might be better not to 

store the samples in the refrigerator either 

in terms of chemical factors or in terms of 

microbial factors for more than 5 days. 
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