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Antimicrobial packaging is an innovative active packaging, especially for meat and meat products. 

The present study has been carried out with the objective of prolonging the shelf life of chicken 

meat by using gelatin-chitosan (GC) film containing different concentrations of Cinnamon 

zeylanicum essential oil (CZEO) (0, 0.3, 0.6, and 0.9% v/v) at the refrigerated condition for 12 days. 

The obtained results indicated that the microbial count of samples wrapped with the films 

incorporated with the CZEO was significantly lower than control and remained below the 

acceptable limit of meat (7 log CFU/g).  The total volatile base nitrogen (TVB-N) was 7.11 mg/100 

g and after 6 days reached 30.18 mg/100 g in control, whereas it was lower than 25 mg/100 g for 

samples wrapped with GC films containing 0.6% and 0.9% CZEO. Compared with the control 

sample, the levels of peroxide value (POV) of the wrapped samples with GC films incorporated 

CZEO at 0.3%, 0.6 and 0.9% were decreased by 2.07, 3.23, and 3.4 meq peroxide oxygen/1000 g 

lipid, respectively, at the end of storage time. As a result, the integration of CZEO into GC film can 

extend the shelf life of the chicken meat in refrigerated conditions for at least 12 days without any 

unfavorable organoleptic properties. 
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1. Introduction 

 

Chicken meat is a very popular food all over the world and 

its consumption has raised in many countries in the past 

decades. Some of the reasons for the popularity of this product 

are its relatively low production cost, low-fat content, and high 

nutritional value (1). This type of food is highly sensitive to 

decay and has a short shelf life. Petroleum-based plastics are 

the most dominant non-biodegradable materials used in the 

packaging industry (2, 3). The commonly produced packages 

made of synthetic polymers like polyethylene, polyvinyl 

chloride, polypropylene, and polystyrene cause the generation 

of non-degradable physical wastes and dispersion of 

bioenvironmental pollutants. Due to the global concern about 

the lack of petroleum resources and environmental problems 

attributed to these materials, the strategy of replacing them 

with biopolymers has been scheduled (3-5). In recent years, 

biopolymers such as chitosan, starch, and gelatin have 

increasingly gained the interest of the food packaging industry 

due to their compatibility with the environment (6-9). Gelatin 

is a water-soluble protein derived from collagen by controlled 

hydrolysis at high temperatures in the presence of water (10). 

Recent research noted that gelatin film has low antioxidant 

activity (11). Chitosan is a polycationic polysaccharide 

acquired from chitin by deacetylation. It was documented that 

chitosan films exhibited good antimicrobial and antioxidant 

properties (12-14). Many published literatures reported the 

incorporation of essential oils into the biopolymers improves 

the antioxidant and antibacterial activity of films (15-17) . 

Cinnamon with the scientific name Cinnamomum zeylanicum 

is a shrub belonging to the Lauraceae family (18, 19). 

Cinnamon and its derivatives are well known for biological 

and pharmacological characteristics like antimicrobial, 

antioxidant, and anti-tumor (20). The current study has been 

carried out to investigate the possibility of shelf-life extension 

of  chicken  meat  using  the  gelatin-chitosan  film containing 

https://fh.srbiau.ac.ir/article_20291.html
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 cinnamon essential oil under refrigerated conditions. 

 

2. Materials and methods 

 

2.1. Essential oil extraction and analysis 

 

At first, the dried inner bark of Cinnamomum zeylanicum 

was crushed and transferred for steam distillation to a 

Clevenger-type apparatus for 3h. The obtained essential oil 

was kept in an opaque glass tube under refrigeration conditions 

(4±1ºC). The components of the essential oil were analyzed by 

gas chromatography coupled with mass spectrometry 

according to the methodology described previously by Talebi 

et al. (21).    

      

2.2. Sample preparation 

 

The chicken meat was provided from the Iran Boorchin 

slaughterhouse (Eslamshahr, Iran) and transferred to the food 

hygiene laboratory under cold conditions within 45 min. Then, 

about 60g of test samples were weighted and placed between 

two layers of prepared active films and transferred aseptically 

to sterile bags followed by refrigerated storage for 12 days (9). 

 

2.3. Preparation of gelatin-chitosan films 

 

The gelatin-chitosan (GC) film was prepared by the casting 

technique according to the method previously described by 

Hematizad et al. (9). Firstly, 3% chitosan and 4 % bovine 

gelatin solutions were dissolved individually in distilled water 

containing 1% acetic acid and pure distilled water, 

respectively. Next, glycerol (1%) as a plasticizer was 

integrated into the solution and magnetically stirred on a 

hotplate/magnetic stirrer at 50˚C for 2 h. Subsequently, 

different concentrations of Cinnamomum zeylanicum essential 

oil (CZEO) (0, 0.3, 0.6 and 0.9 % v/v) were incorporated to the 

final solution. All mixture homogenized at 12,000 rpm for 2 

min. Following the procedure, films were formed and dried in 

12 cm diameter glass Petri dishes at ambient temperature (25 

˚C). 

 

2.4. Microbial analysis 

 

Assessment of microbiological evolution of samples was 

performed by homogenizing 10 g of each sample in the 

stomacher (Interscience, France) with 90 mL of peptone water 

(0.1%) solution and serial dilutions (1: 10) were prepared. 

Total bacteria count (TBC), was enumerated on plate count 

agar at 30 ˚C for 24−48 h and the same culture medium was 

used for determining psychrotrophic bacteria (PSC) at 7 ˚C for 

10 days; Pseudomonas spp. assessed, on Pseudomonas agar 

supplemented with CFC (Cetrimide, Fucidine, Cefaloridine) 

and incubated at 25˚C for 48 h; and Enterobacteriaceae 

estimated on Violet Red Bile Glucose agar (VRBGA), 

incubated at 37˚C for 24 h were measured periodically at 0, 1, 

3, 6, 9 and 12 days (39). 

 

2.5. Chemical analysis 

  

The total volatile base nitrogen (TVB-N) and peroxide value 

(POV) of the specimens were evaluated by the methods 

described by Yildiz et al. (22) and Bagheri et al. (23), 

respectively. 

 

2.6. Sensory Evaluation 

 

The sensory evaluation of the specimens was carried out by 

6 trained organoleptic panel members. Test specimens were 

cooked and then served at 60˚C in individual booths with 

random three-digit blind codes. The sensory indices including 

color, odor, and taste characteristics of chicken meat were 

scaled from 1 (corresponding to a least liked sample) to 5 

(corresponding to a most liked sample) points on day 1 (9). 

 

2.7. Statistical analysis 

 

At first, the transformation of microbiological data to 

logarithms of the number of colony-forming units (CFU/g), 

was performed, and then statistical analysis of chemical and 

transformed microbiological data was done by using a one-

way analysis of variance (ANOVA) followed by Tukey’s test. 

The pattern of microbiological and chemical changes over 

time was analyzed by repeated measure tests (SPSS 16 

software, Chicago, IL, USA) (9). 

 

3. Results  

 

3.1. Chemical composition of CZEO 

 

The dominant constitute of CZEO used in the present study 

was cinnamaldehyde (78.42%), alpha-copen (7.25%), 

cinnamaldehyde dimethyl acetal (1.57%), A similar finding is 

reported by Boito et al. (24) and Yu et al., (25), who noted that 

CZEO was rich in cinnamaldehyde. 

 

3.2. Microbial analysis 

 

 Based on the obtained results, the TBC was 4.35 Log 

CFU/g in the control group at the beginning of the study and 

was found to increase on day 3 to over 7.17 Log CFU/g and 

9.56 Log CFU/g on the last day (Fig. 1). The TBC was 

significantly higher in the control group compared to the other 

treatments for all studied days except for days 1 and 3 for pure 

GC film (p<0.05). Although the TBC was lower in the samples 

wrapped with the GC containing 0.9% CZEO in the course of 

the study in contrast to the samples wrapped with GC film 

containing 0.6% CZEO, the difference was not statistically 

significant (p>0.05). The obtained results are suggestive of the 

antimicrobial properties of the used film; this is consistent with 

the findings of the prior studies which declared considerable 

differences between active antimicrobial films integrated with 

different concentrations of investigated EOs (26-29). The key 

role   of  PTC  in   the   spoilage   of  food  under   refrigerated 
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 conditions are documented. In the present study, the initial 

count of PTC was 3.60 Log CFU/g in the chicken meat 

samples and it was found to increase to 6.53 Log CFU/g on 

day 6 to 9.74 Log CFU/g on day 12 for control samples (Fig. 

2).  

 

Fig. 1. Changes in total bacteria count (TBC) of chicken meat 

during refrigerated storage (Gelatin-chitosan (GC) film and 

Cinnamomum zeylanicum essential oil (CZEO)). 

 

Fig. 2. Changes in psychrotrophic bacteria (PTC) of chicken meat 

during refrigerated storage (Gelatin-chitosan (GC) film and 

Cinnamomum zeylanicum essential oil (CZEO)). 

 
The PTC of the samples wrapped with the films 

incorporated with 0.3%, 0.6%, and 0.9% CZEO was found 

significantly decreased in contrast to the control group 

(p<0.05). Also, the PTC of the samples wrapped with the net 

GC films was found significantly decrease from the ninth day 

of the study (p<0.05) in contrast to the control group. 

Researchers have noted similar results indicating that various 

films containing different EOs could retard the growth of PTC 

population in refrigerated meat (9, 28, 30, 31). The growth of 

Enterobacteriaceae in meat under refrigerated conditions could 

result in spoilage and health hazards. The effect of CZEO on 

the growth of Enterobacteriaceae in chicken meat during 

storage time is given in Fig. 3.  

 
Fig. 3. Changes in Enterobacteriaceae count of chicken meat during 

refrigerated storage (Gelatin-chitosan (GC) film and Cinnamomum 

zeylanicum essential oil (CZEO)). 

 

It is shown that Enterobacteriaceae count in chicken meat 

wrapped with GC films containing different concentrations of 

CZEO was decreased significantly (1.49–2.20 log CFU/g) in 

comparison with the control at the end of the storage period. 

These results are in line with prior studies reporting a reduction 

in Enterobacteriaceae count by wrapping meat with 

biodegradable films containing various EOs during storage at 

refrigeration (9, 32, 33). Based on the results of this study, the 

PSC was found significantly increased (p<0.05) in the control 

samples and samples wrapped with pure GC film in 

comparison to other treatments for all the studies days Fig. 4. 

These results are in accordance with previous studies showed 

a considerable reduction in PSC count by wrapping with 

antimicrobial activity of biodegradable films incorporated 

with different concentrations EOs (34-36). The results 

obtained from the microbial analysis counts indicated that the 

integration of the CZEO to the GC film result in a significant 

reduction in the microbial count of chicken samples. 

 

3.3. Chemical analysis 

 

The measurement of the TVB-N index is one of the core 

indicators for determining the freshness of chicken meat. The 

amount of the TVB-N in the samples was increased for all the 

study days in a significant manner (p<0.05). The amount of 

TVB-N in the control specimens was 7.11 mg/100g at the 

beginning of the study and it was found to increase to 23.98 

and 45.87 mg/100g on the sixth and twelfth day, respectively 

(Fig. 5). A significant difference was evidenced for all of the 

treatments packaged with active GC film in terms of TVB-N 

in comparison to the control group (p<0.05). The lowest 

amount of TVB-N in the entire course of the study was seen in 

samples wrapped with GC films containing 0.9% CZEO. The 
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 reason for the lower TVB-N value in treated samples could be 

attributed to the slower rate of bacterial growth in the samples 

wrapped with GC films in contrast to the control group and 

thereafter reduced accumulation of non-protein compounds. 

These results are consistent with other research declaring a 

reduction in TVB-N by wrapping the meat with biopolymers 

containing various EOs during storage at refrigeration 

conditions (30, 37, 38). 

 

Fig. 4. Changes in Pseudomonas spp. count (PSC) of chicken meat 

during refrigerated storage (Gelatin-chitosan (GC) film and 

Cinnamomum zeylanicum essential oil (CZEO)). 

 

Fig. 5. Changes in total volatile base nitrogen (TVB-N) of chicken 

meat during refrigerated storage (Gelatin-chitosan (GC) film and 

Cinnamomum zeylanicum essential oil (CZEO)). 

 

The evolution of oxidative rancidity of the samples is 

presented as PV in Fig. 6 in our study, the initial POV of 

samples was 0.27 meq peroxide oxygen/1000 g lipid which 

reached 5.76 meq peroxide oxygen/1000 g lipid at the end of 

day 12 of storage for control samples. The samples wrapped 

with the net GC films or GC films containing different 

concentrations of the CZEO, showed lower POV than the 

control samples (p<0.05) which is good in agreement with 

previous studies (9, 30, 39).  

 

 

Fig. 6. Changes in peroxide value (POV) of chicken meat during 

refrigerated storage (Gelatin-chitosan (GC) film and Cinnamomum 

zeylanicum essential oil (CZEO)). 
 

3.4. Sensory evaluation 

 

As it can be seen in Fig. 7, the present work revealed an early 

insignificant negative influence of the CZEO on the taste and 

odor characteristics of the chicken meat samples (p>0.05).  

 

Fig. 7. Sensory properties of chicken meat during refrigerated 

storage (Gelatin-chitosan (GC) film and Cinnamomum zeylanicum 

essential oil (CZEO)). 

 

4. Conclusion 

 

Based on the results obtained in the present research, the 

integration of CZEO into GC film can extend the shelf life of 

chicken meat in refrigerated conditions for at least 12 days 

without any unfavorable organoleptic properties. 
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