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I. INTRODUCTION 
To ensure food safety and quality, there has been an increasing interest in the development and application 
of edible coatings with incorporation of bioactive compounds for fresh foods [1]. Polyphenols possess both 
antimicrobial and antioxidant activities [2]. Using chitosan as the coating/film matrix is very attractive in the 
food industry, because of its non-toxic and natural properties, and its intrinsic ability to inhibit microorganism 
growth and lipid oxidation [1]. In addition, modified atmosphere packaging (MAP) is currently commonly used 
to partly inhibit aerobic and anaerobic microorganisms and extend the shelf life of meat [3]. The aim of this 
research was to investigate the effect of this combined technology of edible coating and MAP on the product 
quality of fresh pork, with the potential to develop a new hurdle technology for fresh meat preservation to 
ensure food safety and quality. 
 

II. MATERIALS AND METHODS 
Preparation of chitosan coating and pork samples 
Chitosan coating solutions were prepared by adding 2% chitosan w/w into 1% w/v acetic acid. Gallic acid 
was added to the solution at different concentrations of 0% (CHI), 0.2% (w/w) (CHI/0.2G) and 0.4% (w/w) 
(CHI/0.4G). The fresh pork loins were dipped in the different coating solutions for 60 seconds and then air 
dried at room temperature for 30 minutes. Non-coated pork samples were used as control (CON). After 
coating, each sample was placed in an 8 cm deep plastic tray with an absorbent pad at the bottom, and 
flushed with 20% CO2 and 80% O2 gas mixture followed by sealing hermetically with oxygen impermeable 
film. The steaks were stored in simulated shelf life fridge with LED lighting at 4 °C for 0, 5, 10, 15, 20 days, 
and rotated daily between shelves to ensure all trays received a similar level of light exposure.  
 

Meat quality measurement and data analysis  
The total viable count (TVC), lipid oxidation (TBARS) value [4], protein oxidation (free thiol group value) [5] 

and texture (shear force) of the samples were measured. Data were expressed as mean  standard deviation 
(SD) least significant difference was used to differentiate the significant difference at a level of p<0.05 by 
using SAS software. 
 

III. RESULTS AND DISCUSSION  
Total viable count (TVC)  
Compared with non-coated sample (CON), chitosan coating (CHI) inhibited the microbial growth, and addition 
of gallic acid in the chitosan film (CHI/0.2G and CHI/0.4G) further enhanced (p<0.05) the antimicrobial activity 
(Table 1). The enhanced antimicrobial activity by gallic acid incorporation is likely from its role in decreasing 
negative charges and causing ruptures or pore formation in cells, which results in the death of 
microorganisms [6]. However, there was no antimicrobial difference (p>0.05) between the addition of 0.2% 
and 0.4% gallic acid in the present study. This suggests that 0.2% of gallic acid addition to the chitosan film 
could be sufficient to inhibit the microbial growth under the current experimental conditions.  
 

Lipid oxidation 
The TBARS values of non-coated pork (CON) was increased from 0.08 to 1.004 mg MDA/kg at day 20, 
indicating severe oxidation. On the other hand, the TBARS values of the chitosan coated samples (CHI) were 
increased much more slowly, and incorporating gallic acid into the chitosan coating (CHI/0.2G and CHI/0.4G) 
resulted in even lower TBARS values during storage (Table 1). Gallic acid is known to be an effective 
antioxidant that is able to scavenge free radicals and decrease the oxidation chain reaction [7]. The 
incorporation of gallic acid into chitosan film could increase the oxygen barrier properties of chitosan, reduce 
the exposure of the meat to oxygen and thus retard oxidation [8]. However, there was no additional anti-lipid 
oxidation activity at higher levels of gallic acid (CHI/0.4G compared to CHI/0.2G), implying that 0.2% gallic 
acid in chitosan film could be the optimal formula from the present study. 
 

Protein oxidation 
Table 1 shows that the protein oxidation level was significantly lower in the chitosan coated samples, 
especially in the 0.2% gallic acid/chitosan (CHI/0.2G) coated samples, which suggests that adding gallic acid 
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to chitosan coating could effectively prevent protein oxidation in pork. However, the CHI/0.4G sample which 
contained higher concentration of gallic acid showed a significant lower free thiol on day 20 compared to 
CHI/0.2G. This could result from a pro-oxidant effect of higher concentrations of gallic acid, although this pro-
oxidant effect was not shown in lipid oxidation in the above section. Nieto et al. [9] observed that adding 
higher concentration (0.4%) of oregano essential oil into the pork patties resulted in higher protein oxidation 
compared to the addition of a lower concentration (0.05%). These data suggested that the antioxidant level 
should be optimised in food processing and preservation to avoid possible undesirable pro-oxidation effects. 

Table 1 Effect of gallic acid/chitosan coating on the total viable account (TVC), TBARS values, protein oxidation (free thiol group 
values, nmol thiol/ mg protein), and shear force (N) of pork loin under MAP storage at 4 °C 

Parameter Treatment 
Storage day 

c 0 5 10 15 20 

TVC a CON b2.560.06Ae 4.410.06Ad 5.280.14Ac 6.150.15Ab 6.390.06Aa 

CHI 2.560.06Ae 4.030.06Bd 4.630.17Bc 4.970.13Bb 5.160.14Ba 

CHI/0.2G 2.560.06Ac 3.960.04Bb 4.440.23Ba 4.600.25Ca 4.600.18Ca 

CHI/0.4G 2.560.06Ac 3.950.04Bb 4.600.12Ba 4.700.16Ca 4.610.24Ca 

TBARS CON 0.0810.06Ae 0.1990.06Ad 0.2720.07Ac 0.5350.01Ab 1.0040.06Aa 

CHI 0.0810.06Ac 0.2140.05Ab 0.2850.06Ab 0.4510.09Ba 0.5500.02Ba 

CHI/0.2G 0.0810.06Ac 0.2040.03Ab 0.2390.01Aab 0.2500.05Cab 0.2520.02Ca 

CHI/0.4G 0.0810.06Ac 0.1970.06Ab 0.2270.02Aab 0.2420.01Cab 0.2790.05Ca 

Protein 
oxidation 

CON 69.172.38Aa 64.806.28Aa 58.891.72Ab 47.121.43Cc 35.693.31Cd 

CHI 69.172.38Aa 62.211.62Aa 57.484.12Ab 53.686.35ABc 45.234.16Bd 

CHI/0.2G 69.172.38Aa 66.311.88Aa 57.461.31Ab 57.954.27Ab 49.000.65Ac 

CHI/0.4G 69.172.38Aa 65.902.00Aa 55.243.80Ab 52.133.54Bb 44.491.15Bc 

Shear 
force 

CON 194.0714.48Ac 243.6212.17Ab 252.6230.66Ab 284.9520.51Aa 299.2110.36Aa 

CHI 194.0714.48Ab 203.5220.35Bb 238.096.69Aab 243.045.47Ba 263.6515.15BCa 

CHI/0.2G 194.0714.48Ab 202.7221.27Bab 233.2823.64Aa 242.5533.16Ba 252.3813.58Ca 

CHI/0.4G 194.0714.48Ab 209.2538.11Bb 259.4116.03Aa 268.2823.35ABa 272.868.53BCa 
a CON, non-coated; CHI, 2% chitosan solution coating; CHI/0.2G, 0.2% gallic acid (w/w)  in 2% chitosan solution coating; CHI/0.4G, 
0.4% gallic acid (w/w)  in 2% chitosan solution coating. 
b Data in the same column or row with different letters (capital and small respectively for column and row) within a parameter indicate 
significant difference (p<0.05), respectively.  
c The initial date of experiment where pork loins were not coated and packed and therefore had the same value.  

 

Texture analysis 
The results showed that the pork shear force values were increased with the storage time (Table 1), and 
protein cross-linking has been suggested as the main mechanism for meat toughening during storage (Lund 
et al., 2007). All chitosan coated samples exhibited lower shear force value than the control from day 5 and 
beyond, which indicated that chitosan coating might able to delay the lipid and protein oxidation and 
consequently maintain the meat tenderness during MAP storage. However, unlike lipid and protein oxidation, 
the statistical analysis showed no significant differences among the 3 chitosan coated samples during the 
whole storage period, which may suggest that the meat texture change is not as quickly as lipid and protein 
oxidation measured in this study.  
 

IV. CONCLUSION 
In conclusion, this work suggests that incorporation of suitable levels of gallic acid (0.2%) into chitosan 
solution could be a promising coating formula to extend the shelf life of pork loins stored in high oxygen MAP 
at 4 °C. 
REFERENCES 
1. Aider, M. (2010). Chitosan application for active bio-based films production and potential in the food industry: Review. LWT - 

Food Science and Technology 43:, 837–842. 
2. Manach, C., Scalbert, A., Morand, C., Rémésy, C., & Jimenez, L. (2004). Polyphenols: food sources and bioavailability. The 

American Journal of Clinical Nutrition 79: 727–747. 
3. McMillin, K. W. (2008). Where is MAP Going? A review and future potential of modified atmosphere packaging for meat. Meat 

Science 80: 43–65. 
4. Sørensen, G & Jørgensen, S. S. (1996). A critical examination of some experimental variables in the 2-thiobarbituric acid (TBA) 

test for lipid oxidation in meat products. Zeitschrift für Lebensmitteluntersuchung und-Forschung A 202: 205-210. 
5. Ellman, G. L. (1959). Tissue sulfhydryl groups. Archives of biochemistry and biophysics 82: 70-77. 
6. Borges, A., Ferreira, C., Saavedra, M. J. & Simoes, M. (2013). Antibacterial activity and mode of action of ferulic and gallic acids 

against pathogenic bacteria. Microbial Drug Resistance 19: 256-265. 
7. Schreiber, S. B., Bozell, J. J., Hayes, D. G. & Zivanovic, S. (2013). Introduction of primary antioxidant activity to chitosan for 

application as a multifunctional food packaging material. Food Hydrocolloids 33: 207-214. 
8. Sun, X., Wang, Z., Kadouh, H. & Zhou, K. (2014). The antimicrobial, mechanical, physical and structural properties of chitosan–

gallic acid films. LWT-Food Science and Technology 57: 83-89. 
9. Nieto, G., Jongberg, S., Andersen, M. L. & Skibsted, L. H. (2013). Thiol oxidation and protein cross-link formation during chill 

storage of pork patties added essential oil of oregano, rosemary, or garlic. Meat science 95: 177-184. 


