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Abstract:
BACKGROUND: Chicken meat is susceptible to micro-

bial and chemical contamination and using antimicrobial 
agents helps to prolong its shelf-life. OBJECTIVES: This 
study focuses on the effect of chitosan-based coating and 
Trachyspermum ammi essential oil on qualitative proper-
ties of refrigerated chicken fillet meat. METHODS: Chicken 
fillets treated with chitosan solution (2 %wv-1) and Trachy-
spermum ammi essential oil (0, 1000, and 2000 ppm) were 
stored at 4 oC for 12 days. Microbial (lactic acid bacteria, 
coliform, and total mesophilic bacteria), chemical (perox-
ide value and total volatile nitrogen), and sensory (odour, 
texture, colour, and overall acceptance) analysis were done 
every 3 days until the end of storage. RESULTS: Total count, 
lactic acid bacteria, coliform and total mesophilic bacteria 
showed significant decrease in treatments compared to con-
trol. In chemical experiments, chitosan- Trachyspermum 
ammi essential oil treated fillets had lower peroxide and total 
volatile nitrogen during storage. Sensory analysis revealed 
that treatment containing 1000 ppm Trachyspermum ammi 
essential oil had higher overall acceptance than control and 
2000 ppm treated group. CONCLUSIONS: Combination of 
chitosan and Trachyspermum ammi essential oil prolonged 
shelf-life of fillets. By considering sensory results and cost 
of analysis, chitosan containing 1000 ppm Trachyspermum 
ammi essential oil is recommended for industries.
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Introduction

Food safety is already an important issue 
in the world despite various developments 
in food preparation and production and also 
animal slaugtering. It is estimated that 30% 

of people suffer from food borne diseases at 
least one time a year in industrialized coun-
tries (Scott, 2003). Therefore, foods should 
be stored properly for keeping them from 
spoilage and quality loss. The use of anti-
microbial preseravtives is one of the safety 
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providing approaches. But, elevated doses 
of these chemicals can cause poisoning. In 
some cases, such as nitrate and nitrite, they 
pose carcinogenic effect if used more than 
maximum limit (Jahangir et al., 2011).

Today, people demand healthier foods 
with lower synthetic additives and longer 
shelf-life, and therefore, natural additives 
have become popular (Davidson and Ziva-
novic, 2003). Edible films prepared by nat-
ural biopolymers are interesting in experi-
ments and practice. Various biopolymers 
including starch, cellulose derivatives, chi-
tin, chitosan, hydrocolloids, proteins, and 
fats are used for coating of fresh and/or pro-
cessed foods in order to increase their shelf-
life. Edible films are popular because they 
are commonly biocompatible, nontoxic, and 
they have received considerable attention 
because of their advantages over synthet-
ic films. They also preserve foods against 
physical, chemical and biological hazards 
by providing a barrier to moisture, oxygen 
and solute movement for the food (Kerry 
et al., 2006; Joerger, 2007; Vásconez et al., 
2009). Chitosan is a cationic biopolymer 
derived from crustaceans’ chitin through 
deacethylation process by chemical, enzy-
matic and microbiological processes. It has 
various applications in food industry and is 
the second natural biopolymer in frequen-
cy (cellulose is the first one). Chitosan has 
functional properties of antimicrobial, anti-
fungal and antioxidant. It is a dietary fibre 
and its solution can form thin layers with 
high adhesiveness and absorbability, which 
are used in food industry, medicine, pharma-
cology, cosmetics, textile, and color indus-
try (No et al., 2007; Vásconez et al., 2009). 
Trachyspermum ammi is fruit of Umbel-
lifererae family which has 4-6% essential 
oil. It grows in grain farms in central Europe 

and Asia, especially India and Iran. In Iran, 
it mainly grows east of Sistan and Balouch-
estan. Main components of Trachyspermum 
ammi are thymol, cymene, and gamma ter-
pinene. Some positive biological roles of 
Trachyspermum ammi including antiviral, 
anti-inflammatory, antifungal, antipyretic, 
antifilarial, analgesic, anti-nociceptive, and 
antioxidant have been approved (Gandomi 
et al., 2014). 

Meat is a perishable food and is quickly 
subjected to chemical and microbial con-
tamination. Its deterioration leads to organ-
oleptic changes other than safety and qual-
ity loss. Edible films containing botanical 
extract and essential oils are used on fresh, 
frozen and processed meats surface to ex-
tend storage period and promote sensory 
attributes (Davidson and Zivanovic, 2003). 
There have been no reports of combination 
effects of chitosan and Trachyspermum 
ammi essential oil on chicken fillet. So, the 
aim of our research was studying the effect 
of chitosan and different concentrations of 
Trachyspermum ammi essential oil on stor-
age time and quality of chicken fillet under 
refrigerated condition. 

Materials and Methods

Essential oil preparation: 100 g of Tra-
chyspermum ammi plant were milled and 
essential oil was extracted by water dis-
tillation using a Clevenger apparatus. Ex-
tracted essential oil was dehydrated with 
anhydrous sodium sulphate and stored in 
refrigerator for further analysis. Essential 
oil was analysed by Gas Chromatogra-
phy (Agilent 6890, USA)-Mass Spectros-
copy (Agilent 5973, USA). GC-MS was 
equipped with HP-5 MS capillary column 
(30 m×0.25mm×0.75mm). Carrier gas of 
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helium was used at flow rate of 0.8 ml/min. 
Initial temperature of column was set at 50 
oC by further increasing to 240 oC at the rate 
of 3 oC/min. Then, temperature was raised 
to 300 oC at 15 oC/min and was held at final 
temperature for 3 min. Ion source and GC 
injector had the temperature of 220 and 290 
oC, respectively (Jemings and Shibamoto, 
1980).

Peaks were identified based on comparing 
their retention indices with literature values 
and their mass spectral data with those from 
the MS data system (Willey-229 lib., Nist-
62 lib., and Nist-12 lib) (Adams, 1995).

Chitosan edible coating: Chitosan pow-
ders (190-310 kDa molecular-weight, Sig-
ma, USA) with a de-acetylation degree of 
75-85% were used in this study. 3 g chitosan 
was added to 100 ml of acetic acid (1% vv-

1) under stirring at 40 oC. Then, 0.75 ml of 
glycerol per 1 g of chitosan and 0.02 % wv-1 
of polysorbate were added as plasticizer and 
emulsifier, respectively. The mixture was 
stirred at 30 oC for 30 min. Final solution 
was divided into three parts containing 0, 
1000 and 2000 ppm Trachyspermum ammi 
essential oil. Chitosan-essential oil solu-
tions were stirred for an additional 2 min 
(Ojagh et al., 2010).

Chicken fillet coating: Fillets were ob-
tained from a local commercial poultry pro-
cessing plant. They were taken from produc-
tion line and transported under refrigeration 
to the laboratory within a few hours. They 
were cut into 10-g pieces and submerged 
in solutions for 30 sec. Submerging was re-
peated 2 times with 2 min interval. Control 
samples had no coating. Finally, fillets were 
packed in stomacher bags (Interscience, 
Germany) and stored at 4 oC. Experiments 
were done every 3 days (Ojagh et al., 2010).

Chemical analysis (Proximate compo-

sition): Moisture, protein and fat were an-
alysed by AOAC methods (AOAC, 2005b). 
Moisture content was determined by drying 
the samples overnight at 105 °c. The pro-
tein content was determined by the Kjeldahl 
method and the lipid content was deter-
mined by the Soxhlet method.

Peroxide value: Peroxide test was done 
acording to the AOAC method (AOAC, 
2005a). In this regard, lipid sample (1.0 
g) was treated with 25 ml of organic sol-
vent mixture (chloroform/acetic acid, 2/3: 
v/v). The mixture was shaken vigorously, 
followed by addition of 1 ml of saturated 
potassium iodide (Merck) solution. The 
mixture was kept in the dark for 5 min be-
fore adding 75 ml of distilled water. 0.5 ml 
of starch solution (1%, w/v) was added to 
the mixture, as an indicator. The PV was 
determined by titrating the iodine liberated 
from potassium iodide with standardised 
0.01 N sodium thiosulfate solution and 
was expressed as milliequivalents (meq) 
of peroxide per kg of lipid. For fat extra-
cion, 50 g of fillet was mixed with 150 ml of 
Chloroform:methanol (2:1) for 1 min. After 
filteration, it was added to 50 ml of potta-
sium choride solution (0.88%). Then, the 
permeate (water phase) was removed and 
the supernatent was mixed with 100 ml of 
methanol:pottasium chloride 0.88% (1:1) in 
2 steps. Final solution was dried with rotary 
evaporation (IKA, Germany) at 35 oC and 
residual solvent was removed under nitro-
gen gas (Jebelli Javan et al., 2013).

Total volatile nitrogen (TVN): This fac-
tor was analysed by Kjeldal method (Mihal-
jev et al., 2015). The result was reported as 
mg of nitrogen in 10 g of fillets.

Microbial experiments: Serial dilutions 
of chicken samples were prepared in pep-
tone water (0.1 % w/v in distilled water) and 
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bacteria were cultured in media as below:
MRS agar for lactic acid bcterai (Ojagh 

et al., 2010), VRBA for Coliform (Ojagh et 
al., 2010), and Brain Heart Infusion Agar 
for total count (Ojagh et al., 2010). All me-
dia were obtained from Merck Company 
(Germany). 

Sensory evaluation: Six trained penalists 
of laboratory staff assessed the samples by 
9 points hedonic method. Scales were con-
sidered as dislike extremely for 1 and like 
extremely for 9 (Fan et al., 2009). 

Statistical analysis: Data were analyzed 
by SPSS software (version 16.0). Normality 
of data was tested with Kolmogorov-Smirn-
ov method and One-Way ANOVA was used 
for comparison of means. Significant differ-
ences of means were determined by Tukey 
method. All experiments were done in trip-
licate. Significant level was 0.05. Sensory 
results were analysed by Kruskal Wallis and 
Mann-Whitney methods. 

Results

Chemical analysis: Essential oil analysis 
is presented in Table 1. The results of gas 
chromatography-mass spectrometry analy-
sis showed eight compounds consisting of 
more than 98% of the hydrodistilled essen-
tial oil. The major components were thymol 
(62.42%), p-cymene (18.01%) and γ-ter-
pinene (15.89%). 

Proximate composition: Moisture, pro-
tein and fat were 76.2±1.3%, 20.5±0.5%, 
and 1.8±0.3%, respectively.

Peroxide Value (PV): Results of peroxide 
values are reported in Table 2. It can be seen 
that oxidative spoilage in essential oil con-
taining treatments was significantly lower 
than control (p<0.05). Results showed that 
concentrations of essential oil had no signif-

icant effect on peroxide value until day 6. 
Furthermore, there were no significant dif-
ferences between essential oil-free chitosan 
coating and chitosan-essential oil samples 
until day 3 (p>0.05) which was due to the 
anti-oxidative effect of chitosan. 

Total volatile nitrogen: Figure 1 shows 
volatile nitrogen changes in control and 
treatments.  The maximum desirable amount 
of TVN in chicken meat is considered as 27 
mg /100 g-1 of meat (Fallah et al., 2016).

Control group showed increasing trend 
over time and their TVN reached to 29.8 
on day 6. Although essential oil-free chi-
tosan group had lower TVN compared to 
control, the differences were not signifi-
cant (p>0.05). Adding essential oil in both 
concentrations reduced TVN significantly 

Table 1. Trachyspermum ammi composition.

Components Retention index Percent
α-thujene 931 0.07
α-pinene 939 0.09
Sabinen 976 0.44
β-pinene 980 0.84
ρ-cymene 1018 18.01
γ-terpinen 1061 15.89
Thymol 1278 62.42

Carvacrol 1292 0.33
Total 98.09

Figure 1. Total volatile nitrogen (mg 100g-1) in chicken fil-
let coated by chitosan and different Trachyspermum ammi 
essential oil concentrations during 12 days at 4oC.
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(p<0.05) and also no significant difference 
was observed between essence treated sam-
ples (p>0.05). 

Microbial analysis (Lactic acid bacte-
ria): According to Table 3, chitosan had no 
inhibitory effect on LAB so no significant 
differences were observed between control 
and chitosan treated sample throughout the 
study (p>0.05). In comparison, in essential 
oil treated samples (1000 and 2000 ppm), 
the number of LAB was lower than 6 log 
CFU g-1 at day 12. Our results showed that 
there was no significant difference in 1000 
ppm and 2000 ppm essential oil treated sam-
ples from day 6 to the end of study (p>0.05) 
while they both were significantly different 
from control (p<0.05). 

Coliform data are shown in Table 4. It can 
be seen that number of Coliform in control 
changed from 2.3 log CFU g-1  at day 0 to 

6.6 log CFU g-1 at day 12. A similar trend 
was observed in chitosan treated sample 
with the exception of day 3, when chitosan 
had a significant inhibitory effect compared 
to control. Using 1000 and 2000 ppm es-
sential oil resulted in 1.5 and 2.5 log CFU 
g-1 reduction at day 12 compared to control 
which was more significant in Coliform 
than LAB. The most significant inhibitory 
effect was observed in 2000 ppm essential 
oil treated sample. 

Total mesophilic bacteria: According 
to Table 5, the number of mesophilic bac-
teria in control increased continuously. In 
chitosan group, mesophilic bacteria showed 
no significant change compared to control 
during the study (p>0.05). Adding 1000 
ppm essential oil led to significant chang-
es compared to both control and chitosan 
samples so that bacteria were counted lower 

Table 2. Peroxide value (meq kg-1) in chicken fillet coated by chitosan and different Trachyspermum ammi essential oil con-
centrations during 12 days at 4oC. * Different letters at each column show significant differences (p≤0.05). ** n=3.

Day
0 3 6 9 12

Control 4.7±0.6a 6.7±0.6a 10.5±1.3a 12.9±0.6a 14.4±0.9a

Chitosan 4.7±0.6a 5.5±1.3ab 10.2±0.6a 12.0±0.6a 13.2±0.3a

Chitosan+EO 1000 4.7±0.6a 4.8±0.3b 6.9±0.7b 9.9±0.4b 12.0±0.4b

Chitosan+EO 2000 4.7±0.6a 4.5±0.5b 5.9±0.3b 7.9±0.5c 9.2±1.0c

Table 3. LAB (Log CFU g-1) in chicken fillet coated by chitosan and different Trachyspermum ammi essential oil concentra-
tions during 12 days at 4oC. * Different letters at each column show significant differences (p≤0.05). ** n=3.

0 3 6 9 12
Control 4.2±0.29a 4.8±0.4a 6.1±0.33a 7.1±0.37a 7.2±0.39a

Chitosan 4.2±0.29a 4.3±0.43a 6.0±0.47a 7.0±0.36a 7.1±0.32a

Chitosan + EO 
1000

4.2±0.29a 2.8±0.42b 4.6±0.47b 5.5±0.49b 5.9±0.32b

Chitosan+ EO 
2000

4.2±0.29a 2.0±0.05c 3.6±0.46c 4.7±0.47b 5.2±0.47b

Table 4. Coliform (Log CFU g-1) in chicken fillet coated by chitosan and different Trachyspermum ammi essential oil con-
centrations during 12 days at 4oC. * Different letters at each column show significant differences (p≤0.05). ** n=3.

0 3 6 9 12
Control 2.3±0.22a 3.2±0.11a 5±0.14a 5.5±0.06a 6.6±0.13a

Chitosan 2.3±0.22a 2.9±0.11b 4.8±0.12a 5.2±0.25a 6.5±0.07a

chitosan +EO 1000 2.3±0.22a 2.6±0.1c 3±0.08b 3.9±0.1b 5.10±13b

chitosan+ EO 2000 2.3±0.22a 2.1±0.09d 2.3±0.2c 3±0.13c 4.1±0.14c
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than 7 log CFU g-1 until day 9. The more 
inhibitory effect was observed when 2000 
ppm was added to the coatings and bacte-
ria were lower than 7 log CFU g-1 until day 
12. Significant changes were observed be-
tween 1000 and 2000 ppm groups until day 
12 (p<0.05). 

Sensory evaluation: Result of sensory 
evaluation on day 3 is presented in Table 6. 
Chicken  fillets are appropriate for human 
consumption when sensory score is more 
than 6 (Goulas and Kontominas, 2005).

Control and chitosan groups had no sig-
nificant changes over time. In essenial oil 
contining groups, no significant changes 
were observed in color and texture, while 
they were differently scored in odor, taste 
and overall acceptance. Changes were more 
significant in 2000 ppm group so that the 
sensory scores were lower than critical level 
(score 6).

In 1000 ppm group, the lower score was 
also observed compared to control and chi-
tosan but they were within the acceptable 
limit. 

Discussion

Essential Oil Compositions: As shown 
in Table 1, thymol, p-cymene and γ-ter-
pinene were found as the major components.

Some previous studies have reported that 
thymol is the major component of this oil 
(Gandomi et al., 2014). Although in our 
study (Iranian species) thymol represents 
62.42% of the total oil, in Indian species 
(Paul et al., 2011), it appears to represent 
49.64 %, which may reflect variations due 
to time of plant growing, preparation pro-
cess, cultivar differences and geographical 
location from which the plants were collect-
ed (Jebelli Javan et al., 2013).

Peroxide Value (PV): Combination of 
chitosan and essential oil could increasing-
ly delay oxidation of fillets compared to 
control during storage. Peroxide value in 
control and chitosan samples exceeded the 
maximum level (10 meq/kg) (Jebelli Javan 
et al., 2015) on day 6 and treated samples 
with chitosan+1000ppm essential oil and 
chitosan+2000ppm essential oil passed the 
upper limit on days 9 and 12, respectively. 
Other than anti-oxidative effect of Trachy-
spermum ammi essential oil which is due 
to some components such as thymol, ρ-cy-
mene and γ-terpinen (Burt, 2004), chitosan 
can increase this effect by its chelating ac-
tivity (Wang et al., 2003). 

Total volatile nitrogen: It is reported that 
meat and chicken  usually contain 30 mg 

Table 5. Total mesophilic bacteria (log CFU ml-1) in chicken fillet coated by chitosan and different Trachyspermum ammi 
essential oil concentrations during 12 days at 4oC. * Different letters at each column show significant differences (p≤0.05).** 
n=3.

0 3 6 9 12
Control 4.5±0.21a 5.1±0.11a 7.0±0.31a 7.6±0.21a 7.6±0.18a

Chitosan 4.5±0.21a 5.0±0.26a 6.8±0.18a 7.6±0.11a 7.6±0.21a

Chitosan+EO 1000 4.5±0.21a 2.9±0.23b 5.1±0.15b 5.9±0.10b 7.1±0.08a

Chitosan+ EO 2000 4.5±0.21a 2.2±0.11c 4.1±0.21c 5.0±0.11c 6.8±0.07b

Table 6. Scores of sensory evaluation at day 3. * Different 
letters at each row show significant differences (p≤0.05).

Control Chi-
tosan

Ch+ EO 
1000

Ch+ EO 
2000

Color 7.8a 8a 7.75a 7.5a

Odor 8.25a 8a 7b 5.75c

Taste 8a 8a 6.75b 5.5c

Texture 7a 7a 7a 7a

Overall Accep-
tance

7.5a 7.25a 6.25b 5.75c
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TVN per 100 g product at the beginning of 
deterioration (Fallah et al., 2016). Adding 
essential oil in both concentrations reduced 
TVN significantly so that essential oil treat-
ed samples were within  TVN range until 
day 9, indicating a fast reduction of bacteri-
al population or limited potential of micro-
organisms for deamination of non-protein 
nitrogen compounds as a result of essential 
oil addition in treated samples (Fan et al., 
2008). Lopez et al. also observed the protec-
tive role of chitosan and gelatin in inhibition 
of TVN increasing and further spoilage of 
fish patties (López-Caballero et al., 2005).

Microbial analysis: The results indicated 
that chicken fillets treated with chitosan and 
Trachyspermum ammi essential oil at 1000 
and 2000 ppm can reduce the growth rates 
of LAB, Coliform and mesophilic bacteria 
in the treated chicken breast samples. This 
is in line with previous studies on in-vitro 
antimicrobial activity of Trachyspermum 
ammi essential oil (Gandomi et al., 2014). In 
this regard, inhibitory effect of Trachysper-
mum ammi essential oil against some of the 
bacteria such as Bacillus subtilis, Staphylo-
coccus aureus, E coli and Klebsiella pneu-
moniae has been shown (Usha et al. 2012; 
Hassanshahian et al., 2014). Chemical com-
position of Trachyspermum ammi essential 
oil exhibited the presence of thymol, γ- ter-
pinene and p-cymene without carvacrol as 
the main components of the oil. Essential 
oils rich in carvacrol, thymol, γ-terpinene 
and p-cymene have recently gained great 
importance for their considerable antimi-
crobial activity (Jebelli Javan et al., 2013). 
The antimicrobial effect of thymol and car-
vacrol is due to damage in cell membrane 
integrity with change in pH hemostasis and 
ion exchange equilibrium. p-cymene does 
not have antimicrobial activity but it can in-

crease the antimicrobial activity of thymol 
or carvacrol by synergistic effect (Hassan-
shahian et al., 2014). It has been proved that 
essential oils have more inhibitory effect on 
gram positive bacteria (Bassolé and Juliani, 
2012). This is due to the outer membrane 
around gram negative bacteria which act 
as an external barrier (Singh et al., 2007). 
In our study, using chitosan enhanced the 
effect of essential oil against gram nega-
tive bacteria (coliform compared to LAB). 
It can be related to the chelation of metals 
which play a crucial role in stabilizing the 
cell wall by its amine group which is bound 
to hydroxyl and carboxyl moieties (Wang et 
al., 2003; Zimoch-Korzycka et al., 2016). 
The higher inhibition owing to the higher 
amount of esential oil in our result was in 
agreement with the study of Chouliara et al 
(2007) which studied the inhibitory effect 
of essential oil and modified atmosphere 
on mesophilic bacteria (Chouliara et al., 
2007). In general, combination of chitosan 
and Trachyspermum ammi essential oil had 
more inhibitory effect on mesophilic bac-
teria than mentioned study. Tagarida et al 
(2000) also observed 2-3 log CFU g-1 redu-
citon in Listeria monocytogenes by using 
2.8% oregano, but the essential oil was used 
in more than 10 times concentration com-
pared to the current study (Tsigarida et al., 
2000).

Sensory evaluation: In the current study, 
effect of lower concentration of essential oil 
and chitosan on sensory attributes was ac-
ceptable. This result was contrary to Chou-
liara et al’s (2007) study by using 1% orega-
no on sensory parameters of fresh chicken 
breast meat (Chouliara et al., 2007). 

Conclusion: Using Trachyspermum 
ammi essential oil and chitosan could inhib-
it bacterial growth on the surface of chicken 
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fillets and prolong the shelf-life over 3 days. 
Due to the unacceptable sensory scores of 
2000 ppm groups, we suggest the treatment 
containing 1000 ppm essential oil because it 
showed no significant differences with 2000 
ppm in hydrolytic and oxidative spoilages 
until the 9th and 6th days, respectively and 
could suppress microbial growth signifi-
cantly.

 Akcnowledgments

We would like to thank Shirin Mahmoo-
dian and Mansooreh Kanani for technical 
help given to us. Meanwhile, the authors 
would like to appreciate the Semnan Uni-
versity Research Offices because of their 
offered financial supports.

Adams, R.P. (1995) Identification of Essential 
Oil Components by Gas Chromatography/
Mass Spectroscopy. Allured Publishing, New 
York, USA.

AOAC. (2005a) Official methods of analysis 
Lipids, Fats and Oils Analysis, Peroxide Val-
ue Fats and Oils Method 965.33, Association 
of Analytical Communities Gaithersburg, 
USA.

AOAC. (2005b) Official methods of analysis 
Lipids, Proximate Analysis and Calculations, 
Association of Analytical Communities, 
Gaithersburg, USA.

Bassolé, I.H.N., Juliani, H.R. (2012) Essential 
oils in combination and their antimicrobial 
properties. Molecules. 17: 3989-4006.

Burt, S. (2004) Essential oils: their antibacte-
rial properties and potential applications in 
foods—a review. Int J Food Microbiol. 94: 
223-253.

Chouliara, E., Karatapanis, A., Savvaidis, I., 
Kontominas, M. (2007) Combined effect 

References

of oregano essential oil and modified at-
mosphere packaging on shelf-life extension 
of fresh chicken breast meat, stored at 4 C. 
Food Microbiol. 24: 607-617.

Davidson, P., Zivanovic, S. (2003) The use of 
natural antimicrobials. Food preservation 
techniques. Zeuthen, P., Bogh-Sorensen, L. 
(eds.). Woodhead Publishing Limited. Cam-
bridge, UK.

Fallah,F., Yahya Ebrahimnezhad, Y.,  Maheri-Sis, 
N.,  Ghasemi-Sadabadi, M. (2016) The effect 
of different levels of diet total volatile nitro-
gen on performance, carcass characteristics 
and meat total volatile nitrogen in broiler 
chickens. Arch Anim Breed. 59: 191-199.

Fan, W., Chi, Y., Zhang, S. (2008) The use of 
a tea polyphenol dip to extend the shelf life 
of silver carp (Hypophthalmicthys molitrix) 
during storage in ice. Food Chem. 108: 148-
153.

Fan, W., Sun, J., Chen, Y., Qiu, J., Zhang, Y., Chi, 
Y. (2009) Effects of chitosan coating on qual-
ity and shelf life of silver carp during frozen 
storage. Food Chem. 115: 66-70.

Gandomi, H., Abbaszadeh, S., JebelliJavan, A., 
Sharifzadeh, A. (2014) Chemical constitu-
ents, antimicrobial and antioxidative effects 
of Trachyspermum ammi essential oil. J Food 
Process Preserv. 38: 1690-1695.

Goulas, A.E., Kontominas, M.G. (2005) Effect 
of salting and smoking-method on the keep-
ing quality of chub mackerel (Scomber ja�
ponicus): biochemical and sensory attributes. 
Food Chem. 93: 511-520.

Hassanshahian1, M., Bayat1, Z., Saeidi, S., Shiri, 
Y. (2014) Antimicrobial activity of Trachy�
spermum ammi essential oil against human 
bacterial. Int J Adv Biol Biomed Res. 2: 18-24

Jahangir, M.M., Jiang, T., Jiang, Z., Amjad, M., 
Ying, T. (2011) Effect of spermine on bioac-
tive components and antioxidant properties 
of sliced button mushroom (Agaricus bispo�

Chitosan and Trachyspermum ammi essential oil Jebelli javan, A.

69-77



77

Iranian Journal of Veterinary Medicine

Iran J Vet Med., Vol 12, No 1 (Winter  2018 ),

rus) during storage. Int J Agric Biol. 13: 771-
775.

Jebelli Javan, A., Ghazvinian, K., Mahdavi, A., 
Javaheri Vayeghan, A., Staji, H., Ghaffari 
Khaligh, S. (2013) The effect of dietary Za�
taria multiflora Boiss. essential oil supple-
mentation on microbial growth and lipid 
peroxidation of broiler breast fillets during 
refrigerated storage. J Food Process Preserv. 
37: 881-888.

Jebelli Javan, A., Bolandi, M., Jadidi, Z., Par-
saeimehr, M., Javaheri Vayeghan, A. (2015) 
Effects of Scrophularia striata water extract 
on quality and shelf life of rainbow trout 
(Oncorhynchus mykiss) fillets during super-
chilled storage. Iran J Vet Res. 2: 213-217. 

Jemings, W., Shibamoto, T. (1980) Qualitative 
analysis of flavour and fragrance volatiles by 
glass capillary chromatography, Academic 
Press, New York, USA.

Joerger, R.D. (2007) Antimicrobial films for 
food applications: a quantitative analysis of 
their effectiveness. Packag Technol Sci.  20: 
231-273.

Kerry, J., O’grady, M., Hogan, S. (2006) Past, 
current and potential utilisation of active 
and intelligent packaging systems for meat 
and muscle-based products: A review. Meat 
Sci. 74: 113-130.

López-Caballero, M., Gómez-Guillén, M., 
Pérez-Mateos, M., Montero, P. (2005) A chi-
tosan-gelatin blend as a coating for fish pat-
ties. Food Hydrocoll. 19: 303-311.

Mihaljev, Z.A., Jaksik, S.M., Nadezda B. Prica, 
N.B., N. Cupic, Z.N., Zivkov-Balos, M.M. 
(2015) Comparison of the Kjeldahl method, 
Dumas method and NIR method for total 
nitrogen determination in meat and meat 
products. J Agroaliment Proc Technol. 21: 
365-370.

No, H., Meyers, S., Prinyawiwatkul, W., Xu, Z. 
(2007) Applications of chitosan for improve-

ment of quality and shelf life of foods: a re-
view.  J Food Sci. 72.

Ojagh, S.M., Rezaei, M., Razavi, S.H., Hosseini, 
S.M.H. (2010) Effect of chitosan coatings en-
riched with cinnamon oil on the quality of 
refrigerated rainbow trout. Food chem. 120: 
193-198.

Paul, S., Dubey, R.C., Maheshwari, D.K., Kang, 
S.C. (2011) Trachyspermum ammi (L.) fruit 
essential oil influencing on membrane per-
meability and surface characteristics in in-
hibiting food-borne pathogens. Food Con-
trol. 22: 725-731.

Scott, E. (2003) Food safety and foodborne dis-
ease in 21st century homes. Can J Infect Dis. 
14: 277-280.

Singh, G., Maurya, S., Marimuthu, P., Murali, 
H., Bawa, A. (2007) Antioxidant and anti-
bacterial investigations on essential oils and 
acetone extracts of some spices. Nat prod ra-
diance. 6: 114-121.

Tsigarida, E., Skandamis, P., Nychas, G.J. (2000) 
Behaviour of Listeria monocytogenes and 
autochthonous flora on meat stored under 
aerobic, vacuum and modified atmosphere 
packaging conditions with or without the 
presence of oregano essential oil at 5 C. J 
Appl Microbiol. 89: 901-909.

Usha, M., Ragini, S., Naqyi, S.M.A. (2012) An-
tibacterial Activity of Acetone and Ethanol 
Extracts of Cinnamon (Cinnamomumzey�
lanicum) and Ajowan (Trachyspermum 
ammi)on four Food Spoilage Bacteria. I Res 
J Biological Sci. 1: 7-11.

Vásconez, M.B., Flores, S.K., Campos, C.A., 
Alvarado, J., Gerschenson, L.N. (2009) An-
timicrobial activity and physical properties 
of chitosan-tapioca starch based edible films 
and coatings. Food Res Int. 42: 762-769.

Wang, Y., Zhu, J., Zhu, R., Zhu, Z., Lai, Z., Chen, 
Z. (2003) Chitosan/Prussian blue-based bio-
sensors. Meas Sci Technol. 14: 831.

Jebelli javan, A.

69-77



78 Iran J Vet Med., Vol 12, No 1 (Winter  2018 ),

Zimoch-Korzycka, A., Bobak, L., Jarmoluk,A. 
(2016) Antimicrobial and antioxidant activ-
ity of chitosan/hydroxypropyl methylcellu-
lose film-forming hydrosols hydrolyzed by 
cellulase. Int J Mol Sci. 17: 1436.

Chitosan and Trachyspermum ammi essential oil Jebelli javan, A.

69-77


