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			Abstract | As the food industry moves toward clean packaging, the replacement of synthetic preservatives with natural food additives has become more widely practiced. It was investigated the effects of the 2% and the 4% gallic acid/ zein wax film as an antioxidant and antimicrobial food packaging material, focusing on the quality, shelf life, and antioxidant properties of veal meat chunks during refrigerated storage. After coating meat samples, we analyzed their microbial, chemical, and sensory properties after 0, 3, 5, 7, 9, and 11 days of chilled storage. GA/ zein wax sheets significantly reduced (p < 0.05) the abundance levels of total bacteria, and psychrotrophic bacteria, as well as pH, thiobarbituric acid (TBA), and total volatile base nitrogen (TVB-N), especially for 4% GA/ zein wax film. The coatings resulted in the prolongation of the shelf life of meat chunks. The shelf lives of the control, the 2%, and the 4% GA-coated meats were 7, 9, and 11days, respectively. Coated meats had higher overall sensory acceptability scores compared to uncoated ones. The antioxidant capacity, the glutathione, and nitric oxide contents of the coated meats were higher than those of the control meat. Four percent of GA/ zein wax film significantly reduced the abundance of E. coli O26 by 3 log10 CFU/g when compared by uncoated meat chunks. We conclude that incorporating GA into zein wax film can effectively improve the stability and shelf life of veal meat chunks during chilled storage.
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			Introduction

			 

			The fresh meat chunks are easily spoiled by natural contaminants such as microorganisms that negatively affect the texture, flavor, color, and nutritional quality of the product, resulting in serious economic losses in both the retail market and meat industry (Lahmar et al., 2018; Alizadeh-Behbahani et al., 2020). Microorganisms that spoil chilled preserved food are called mesophilic bacteria, which are able to grow at 4 °C (Ballestra et al., 2010). Naturally occurring spoilage microorganisms reach meat through various sources during carcass processing and handling (Tango et al., 2014; Camargo et al., 2019). E. coli is one of the most widespread contaminant bacteria that affect beef products (Castro et al., 2017). While, the term Shiga toxin-producing (STEC) refers to E. coli that produces this type of toxin, which is similar to that produce by Shigella dysenteriae type 1 (Skinner et al., 2013). The STEC are infective at low doses that may cause highly severe infection to humans. For example, serogroup O26 causes STEC-associated disease and is frequent associated with diarrhea and hemolytic uremic syndrome (Bielaszewska and Karch, 2000). Bacterial contamination decreases the quality and safety of meat during chilled storage, and it increases health risks. Therefore, there is an increasing demand to develop effective methods to improve both the quality and safety of fresh meat during chilling. 

			 

			Meats and their products are sources of natural enzymatic and non-enzymatic antioxidants (Jung et al., 2010; Moñino et al., 2008; Sacchetti et al., 2008). After slaughter, meat undergoes a number of chemical reactions, and during meat preparation for consumption, the changes in meat musculature also cause changes in the meat’s antioxidative profile (Yu et al., 2017). Among the most important antioxidants, hydrophilic dipeptides such as carnosine (β-alanyl-l-histidine; the main antioxidant in meat) and anserine (N-β-alanyl-1-methyl-l-histidine) are known to be effective (Antonini et al., 2002). Other antioxidants found in meat are glutathione and nitric oxide. Glutathione is a tripeptide consisting of glycine, cysteine, and glutamate. It is the most important part of the antioxidant system in living organisms, as it maintains the balance between free radicals and antioxidants. (Forman et al., 2009). The primary function of  NO is the relaxation of the inner muscles of blood vessels, which increases circulation. Therefore, NO facilitates the effective and efficient transport of blood, nutrients, and oxygen to every part of the body (Yang et al., 2018). Antioxidative agents delay the oxidative degradation of lipids; and they increase the quality, and maintain the nutritional value of meat (Bensid et al., 2020). Active packaging, combined with natural antioxidant and antimicrobial agents, has attracted much attention in recent years because of its ability to increase the shelf life and quality of food products. It prevents chemical, microbial, and physical damage to food; and it prevents health problems resulting from illness caused by food borne pathogens as well as the economic losses from spoilt food (Newell et al., 2010; Barzegar et al., 2020). Zein is a prolamin found in the corn-grain endosperm. It is a hydrophobic protein containing high levels of amino acids (Tapia-Herńandez et al., 2019). Zein films are used as edible and biodegradable coatings on vegetables and nuts to delay rancidity, color change, weight loss, and to maintain firmness during storage (Cagri et al., 2004). Meanwhile, gallic acid (3, 4, 5 trihydroxybenzoic acid) is a water-soluble phenolic acid with potent antioxidant and antibacterial activities. It targets bacterial membranes, leading to cell rupture (Borges et al., 2013; Papuc et al., 2017). Several reports have focused on the antimicrobial activity of GA against spoilage bacteria such as Pseudomonas (Borges et al., 2013; Gutiérrez-Larraínzar et al., 2012; Jayaraman et al., 2010), however, most studies have been done in vitro. Incorporating GA into zein films can improve the porosity of films, thus increasing their flexibility and decreasing their brittleness (Alkan and Yemenicioglu, 2016).

			 

			We investigated the effects of the incorporation of gallic acid into zein film on the safety and quality of chilled meat. Specifically, we evaluated the shelf life of chilled meat chunks based on microbial (total bacterial and psychrotrophic abundance), chemical (TBA, pH, total volatile basic nitrogen (TVB-N)), and sensory qualities of meat during storage. The antioxidant capacity of GA/ zein wax sheets was also determined by measuring the total antioxidant capacity (TAC) and the levels of glutathione (GSH) and NO in stored meat chunks. Finally, we evaluated the ability of gallic acid zein wax films to control E. coli O26in chilled meat chunks.

			 

			Materials and Methods

			 

			Meat chunks

			Fresh, boneless veal meat was purchased from the Carrefour hypermarket in Cairo, Egypt and stored immediately at 4°C. The meat was cut into 5 × 5 cm2 pieces weighing approximately 25 g.

			 

			Zein wax film

			Zein wax film was prepared according to Padgett et al. (1998). Briefly, 1.4 g of corn zein was stirred together with 8.1 ml of 97% ethanol using a magnetic stirrer for 30 min. Glycerol (0.5 ml) was added to the emulsion, which was then boiled for 5 min. After cooling, gallic acid was then added to the emulsion at final concentrations of 2% and 4%.The emulsions were then stirred for ten minutes and then poured into glass templates using a thin layer chromatography spreader apparatus. Films were dried at room temperature for 24 h, then the dried films were carefully peeled off the glass templates and utilized for packaging.

			 

			Meat packaging

			Meat chunks were packaged with 2 % GA and 4 % GA films, and control meat chunks were packaged with commercial sterile polyethylene bags. After packaging, all meat chunks were stored at 4°C until they were evaluated for microbial and chemical qualities. Each treatment, as well as the control, were replicated thrice.

			 

			Microbial quality

			Twenty-five grams of packed and unpacked meat chunks were placed in sterile stomacher bags. The contents of each bag were mixed with 225 ml of sterile peptone water, homogenized for 2 min by stomaching, and the homogenate was serially diluted. Aerobic and psychrotrophic bacteria were enumerated on plate count agar according to published protocols (APHA, 2001). Aerobic bacteria were enumerated after incubation at 35°C for 48 h, while psychrotrophic bacteria were enumerated after incubation at 7°C for 10 days.

			 

			Chemical quality

			 The pH of each sample was measured according to EOS: 63-11/2006), while the contents of thiobarbituric acid (TBA) and total volatile basic nitrogen were measured according to EOS: 63-10/2006and EOS: 63-9/2006, respectively.

			 

			Biochemical analysis

			We sampled 0.2 g of each meat treatment after three days of chilling. Each sample was minced into small pieces, homogenized with a glass homogenizer in 0.4 ml of 25% metaphosphoric acid (MPA) (ref. No.: 253-433-4, Sigma-Aldrich, Germany). Then 1.4 ml of distilled water was added, and the homogenates were mixed and incubated for 1 hour and then centrifuged for 10min at 3,000 r.p.m. The supernatant was collected and analyzed as follows: The total antioxidant capacity was measured according to Pisoschi and Negutescu (2011), glutathione content was measured according to Kand’ár et al. (2007) and NO content was measured according to Grisham et al. (1996).

			 

			Sensory qualities

			The sensory analyses of color, flavor, taste, and overall acceptability were based on sample examination by nine assessors, who were staff of the Food hygiene department, Animal Health Research Institute. The assessors were asked to score the meat on the 9-point scale of Rodríguez-Melcón et al. (2017), where a score of 9 is considered “excellent.” Scores below five indicate sample deterioration, at which point, the assessment was terminated. Meat samples that were further analyzed were placed in a pot and covered with cold water. The meat was boiled with a lid on for 30 minutes, and after cooking, the odor of cooking liquid vapor was assessed immediately by opening the lid; and the odor and taste of the meat were also assessed. Meat chunks were evaluated after 0, 3, 7, 9, and 11 days of cold storage.

			 

			Bacterial culture

			E.coli O26 was obtained from the strain bank of the Animal Health Research Institute, Agriculture research center. The strain was grown in tryptic soy broth supplemented with 0.5% yeast extract at 37 °C overnight (~109CFU/ml). One milliliter of the culture was centrifuged at 13,400 ×g for 5 min, and the cells were washed and serially diluted in 0.1% peptone water to yield cell suspensions containing 100 to108CFU/ml. Active cultures with bacterial densities of at least 1x108_1x109 CFU/ml were used to inoculate meat samples.

			 

			Meat chunk inoculation

			Fresh meat chunks were dipped in a previously prepared culture of E.coli O26. The inoculated meat chunks were divided into two groups: the first group was packed with zein wax film containing 4% GA, and the control group was packed with sterile commercial polyethylene bags. Both two groups were stored at 4˚C for 11 days.

			x. E. coli O26 enumeration

			Twenty-five grams of each chilled beef treatment was placed in sterile stomacher bags, and the samples were mixed with 225 mL TSBY (treptic soya broth yeast) and homogenized for 2 min by stomaching. One milliliter of undiluted or serially diluted (1:10 in PBS) homogenized suspension was plated on duplicate cefixime rhamnose- sorbitol  MacConkey agar (CR- SMAC) plates and incubated at 37°C for 24 hrs. E. coli O26 colonies are colorless (rhamnose non-fermenter) (Hiramatsu et al., 2002).

			 

			Statistical analysis

			All experiments were carried out in triplicate. The data are presented as means ± standard deviations. Treatment effects were evaluated by a one-way ANOVA t-tests, and a P-value of 0.05 was considered significant. All statistical analyses were performed using SPSS statistical software.

			 

			Results and Discussion

			 

			Gallic acid (GA) had antimicrobial activity against both gram-negative and gram-positive bacteria. Its effects include changing the cell surface hydrophobicity and charge, inducing propidium iodide uptake, and leakage of K+, resulting in cell rupture or pore formation in the cell membranes (Borges et al., 2013). (Figure 1) shows the effects of GA/ zein treatments on the abundance levels of aerobic and psychrotrophic bacteria on chilled meat. The use of both 2% and 4%GA resulted in significantly less aerobic and psychrotrophic bacteria from the 3rd day of storage, compared to levels on the uncoated meat chunks (control group). The abundance levels of aerobic bacteria were 5.7± 0.05 and 5.23± 0.25 log10 CFU/g after 9 days of chilled storage in the 2% and 4% GA groups, respectively. The control, 2%, and 4% GA were spoiled and putrefied after 7, 9, and 11 days of chilled storage, thus no further analyses were conducted.

			 

			The abundance levels of psychrotrophic bacteria (Figure 2) were 5.15± 0.14 and 4.67± 0.15 log10 CFU/g after 9 days of chilled storage in the 2%, and 4% GA groups, respectively. However, the control meat chunks spoiled after 7 days of chilled storage. This indicates that during refrigerated storage, fresh meat undergoes physical, chemical, and microbial changes because it acts as a perfect environment for the growth of microbes. Under cold, aerobic conditions, psychrotrophic bacteria are predominantly responsible for

			Table 1: Effect of coating sheet on pH values (mean ± SD) of chilled meat chunks. 
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							11th

						
					

					
							
							Control

						
							
							5.6a± 0.1

						
							
							6.05a ± 0.1

						
							
							6.4a±0.1

						
							
							Ss*

						
							
							Ss*

						
							
							Ss*

						
					

					
							
							2% GA

						
							
							5.6a±0.1

						
							
							5.68b±0.1

						
							
							5.85b±0.1

						
							
							5.64 a±0.49

						
							
							6.19 a±0.1

						
							
							Ss*

						
					

					
							
							4% GA

						
							
							5.6a±0.1

						
							
							5.62c±0.1

						
							
							5.75c±0.1

						
							
							5.84 a±0.1

						
							
							6.12 a±0.1

						
							
							6.4±0.05

						
					

				
			

			

			Means followed by different letters are significantly different (P<0.05) on the same day.

			Ss*=Spoiled samples.

			 

			Table 2: Effect of coating sheet on TBA values (mean ± SD) of chilled meat chunks. 
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							0.47a±0.05

						
							
							0.81a±0.14

						
							
							0.9a±0.05
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							Ss*

						
					

					
							
							2% GA

						
							
							0.47a±0.05

						
							
							0.6a±0.1

						
							
							0.75ab±0.1

						
							
							0.85 a±0.1

						
							
							0.9 a±0.05

						
							
							Ss*

						
					

					
							
							4% GA

						
							
							0.47a±0.05

						
							
							0.54a±0.1

						
							
							0.65b±0.1

						
							
							0.78 a±0.1

						
							
							0.81a±0.1

						
							
							0.9±0.05

						
					

				
			

			

			Means followed by different letters are significantly different (P<0.05) on the same day.

			Ss*=Spoiled samples.

			 

			Table 3: Effect of coating sheet on TVB-N values (mean ± SD) of chilled meat chunks.
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							7.5a±0.1
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							7.5a±0.1

						
							
							8.4b±0.1

						
							
							11.9c±1

						
							
							14.6b±0.5

						
							
							19.5a±1

						
							
							20±0.5

						
					

				
			

			

			Means followed by different letters are significantly different (P<0.05) on the same day.

			Ss*=Spoiled samples.

			 

			Table 4: Effect of coating sheet on nitric oxide, total glutathione, and total antioxidant capacity values (mean ± SD) of chilled meat chunks.  
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							TAC (n.mol/g)
					

					
							
							Control

						
							
							42.7 a±0.2

						
							
							4.2 a±0.2

						
							
							1.35 a±0.02

						
					

					
							
							2% GA

						
							
							56.6b±0.2

						
							
							4.46b±0.02

						
							
							1.46 b±0.02

						
					

					
							
							4% GA

						
							
							72.6c±0.2

						
							
							4.58 b±0.02

						
							
							1.52 c±0.02

						
					

				
			

			

			Means followed by different letters are significantly different (P<0.05) in the same column.

			 

			food spoilage (Djenane and Roncales 2018).
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			Figure 1: Effect of coating sheets on APC (mean ± SD log CFU/g) of chilled meat chunks. Means followed by different letters are significantly different (P<0.05) on the same day.
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			Figure 2: Effect of coating sheets on psychrotrophic count (mean ± SD log10 CFU/g) of chilled meat chunks. Means followed by different letters are significantly different (P<0.05) on the same day.

			 

			The pH of meat is a good indicator of its quality. Volatile gases such as trimethylamine and ammonia are produced either microbially or endogenously (by meat enzymes) during storage, and these gases may cause the PH to rise. The PH values of chilled meat in (Table 1) show gradually increasing values during storage. Chilled meat had a starting PH of 5.6, which increased through storage time. The PH values of control and coated samples were significantly different from the 3rd day of storage. According to the Egyptian Standard (EOS.36-11. 2006), chilled meat starts spoiling at PH 6.4.
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			Figure 3: Effect of coating sheets on E. coli count (mean ± SD log10 CFU/g) of chilled meat chunks. Means followed by different letters are significantly different (P<0.05) in the same day
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			Figure 4: Sensory evaluation of control, 2%, and 4% gallic acid zein wax sheets cooked meat chunks (values represent the mean scores of nine panelists).

			 

			Lipid oxidation is a major problem of stored, chilled meat (Hansen et al., 2004) because it leads to an unpleasant rancid flavor. The chilled conditions of storage promote oxygen attack on the double bonds of fatty acids, producing free radicals (Kamaleldin et al., 2003). Lipid oxidation products, such as hydroperoxides, may also form, in addition to aldehydes, ketones, and alcohol compounds produced from oxidative polymerization. TBA is a universal test for secondary lipid oxidation (Kamaleldin et al., 2003). (Table 2) shows the TBA values resulting from GA/ zein wax coating of meat samples during chilled storage. The TBA value before storage was 0.47 mg MDA/kg. This value increased throughout the storage period in all treatments. The TBA value at 4% GA differed significantly from that of the control on day five of chilled storage. According to the Egyptian Standard (EOS 3602/2013), the TBA of fresh meat should be lower than 0.9 mg MAD/kg. The TBA value of the control meat reached 0.9 mg MDA/ kg, five days after chilled storage. However, with 2% and 4% GA/ zein wax coatings, TBA values reached this upper limit at the 9th and 11th day of chilled storage, respectively. Therefore, incorporation of GA into the zein wax sheets can enhance the barrier features of zein wax to oxygen, thus lowering the exposure of meat to oxygen and the resulting oxidation (Sun et al., 2014).

			 

			TVB-N is the main indicator of the freshness of chilled meat. The TVB-N values in (Table 3) indicate increasing values with storage time. According to the Egyptian Standard (EOS. 3602/2013), meat products start spoiling when the TVB-N value reaches20 mg/100 g sample. Based on this standard, it took 5 days for the control meat to spoil, whereas the samples coated with 2% and 4% GA/ zein wax sheets began spoiling on the 9th and 11thdays of chilled storage, respectively. This result may be due to the superior antioxidant and antiseptic capacities of GA. Previous research has noted that lower bacterial abundance and higher antioxidant levels are associated with lower activity of the enzyme decarboxylase, which then results in higher TVB-N values (Wook et al., 2016).

			 

			The results of the evaluations of color, flavor, taste, and overall acceptability of cooked meat chunks during the cold storage period show high scores of 8.1, 8.78, 8.67, and 8.4, respectively, at the start of the storage time (Figure 4). The sensory evaluation scores decreased gradually through storage time. The GA/ zein wax sheets did not modify the sensory characteristics of meat chunks, and they also tended to improve the sensory scores when compared with the control. Higher scores were obtained by meat treated with the higher GA concentration, resulting in prolonged shelf life.

			 

			Based on chemical, bacteriological, and sensory analyses, the shelf lives of the control meat, and meats coated with2% and 4% GA were 7, 9, and 11 days, respectively. Therefore, GA/ zein wax coating sheets increased the shelf life of chilled meat chunks. Without treatment, meats were considered unacceptable by sensory evaluation after 7 days of storage, whereas meats coated by 2% and 4% GA were acceptable until 9 and 11 days of storage, respectively. This result may be attributed to that the higher levels of oxidative and microbial stability of coated meat chunks, which are, in turn, mainly due to the antimicrobial and antioxidant activities of GA and the ability of zein wax sheets to act as a barrier to oxygen and water. Thus, GA and zein wax sheets inhibit oxidation and microbial growth, therebypreserving the quality of meat (Alizadeh-Behbahani, et al., 2021; Barzegar et al., 2020; Kiarsi et al., 2020).

			 

			The potential effect of GA against E. coli O26 is shown in (Figure 3). Throughout the storage period, E. coli O26 was significantly less abundant on meat coated with zein wax sheets containing 4% GA compared to levels in the control meat chunks. After 11 days of chilled storage, the abundance levels of E. coli O26 were 6.3± 0.05 and 3.2± 0.1 log10 CFU/g in the control and coated meat chunks, respectively. These results are similar to those obtained by Rodríguez Vaquero et al. (2010). The inhibitory effect of GA/ zein wax coating sheets on E. coli is likely due to the ability of GA to disrupt peptidogly can and/or disintegrate the outer membrane of bacteria through the chelation of divalent cations (Nohynek et al., 2006; Neo et al., 2013).

			 

			The antioxidant capacity of the coated meat chunks with 4% GA/ zein wax sheet was significantly higher than those of the control and 2% GA/ zein wax sheet-treated meat chunks (Table 4). The antioxidant capacities of the control and the 2% and 4% GA/ zein wax treatments were 1.35± 0.02, 1.46± 0.02, and 1.52± 0.02 nmol/g, respectively. This result can be explained by the effectiveness of GA as an antioxidant that can sustain free radicals and terminate the oxidation chain reaction (Badhani et al., 2015). Gallic acid can be adsorbed on the surface of coated meat chunks and antioxidant components can also diffuse from coating materials into the meat. The glutathione content of coated meat chunks was significantly higher than that of the control; however, the glutathione contents of the two GA treatments did not differ significantly. This result may be because GA improves both the shelf life and the quality of meat. The concentration of GSH concentration in freshly prepared meats is relatively high (Cobiac and Syrette 2000). The concentration of NO was much higher in both GA treatments (42.7± 0.2, 56.6± 0.2, and 72.6± 0.2U/g in the control, 2% and 4% GA/ zein wax sheet treatments, respectively). NO is an unstable molecule and its levels in the bloodstream diminish rapidly, requiring it to be continuously restored. The consumption of antioxidants can improve its stability and limit its disintegration. Antioxidants can prevent NO from breaking down, thus increasing its lifespan (Yang et al., 2018).The primary cause of meat deterioration is the oxidation of lipids high in polyunsaturated fatty acids (Mukumbo et al., 2020).  Lipid oxidation produces many by-products, such as cholesterol oxides, malonaldehyde, and 4–hydroxynonenal, which are all potential carcinogens (Csala et al., 2015).The free radicals that are generated during oxidative processes can increase oxidative stress in the consumer’s body (Chen et al., 2018). The increase in levels of antioxidant compounds plays a special role in improving the shelf life of meat (Ribeiro et al., 2019).

			 

			Conclusion  

			 

			This study has demonstrated the antimicrobial and antioxidant properties of GA. Its incorporation into zein films increased the shelf life and antioxidant properties of meat chunks. GA/ zein wax film reduced microbial growth and inhibited the occurrence of undesirable chemical reactions in meat during chilled storage. Therefore, GA can extend the shelf life of veal meat chunks. Moreover, it preserves the antioxidant capacity and maintains the glutathione and NO contents of stored meat chunks. It also reduced the abundance of E. coli O26 by 3 log10 when compared to control samples. Therefore, the incorporation of GA into zein wax film can effectively improve the stability and shelf life of veal meat chunks during chilled storage.

			 

			The study time limitation 

			The study was designed to evaluate the effect of treatment on extending the shelf life of the refrigerated veal meat chunks and ended while the meat cuts of the treated group be spoiled.

			 

			acknowledgements

			 

			The authors are thankful to professor Khaled El Khawas AHRI’s Reference Lab for Safety Analysis of Food of Animal and Dr. Aalaa Saad Biotechnology Department for their insightful recommendations. 

			 

			conflict of interest

			 

			The authors have declared no conflict of interest.

			 

			novelty statement

			 

			GA is known as a potent antioxidant and antibacterial. Zein films are used as edible and biodegradable coatings on vegetables and nuts. This study aimed to evaluate the effect of GA/ zein wax sheets on shelf life and control of E. coli O26 contamination of chilled meat chunks.

			 

			authors contribution

			 

			Asmaa Sh. Fayed: Preparation of gallic acid/zein, Microbial quality wax film, Chemical quality, and writing. Safaa, M. Abo El-Soud: Biochemical analysis and reviewing.

			 

			References

			 

			Alkan D, Yemenicioğlu A (2016). Potential application of natural phenolic antimicrobials and edible film technology against bacterial plant pathogens. Food Hydrocoll., 55: 1–10. https://doi.org/10.1016/j.foodhyd.2015.10.025

			Alizadeh-Behbahani B, Falah F, Lavi Arab F, Vasiee M, TabatabaeeYazdi F (2020). Chemical composition and antioxidant, antimicrobial, and antiproliferative activities of Cinnamomumzeylanicum Bark essential oil. Evidence-Based Complement. Alternat. Med.: eCAM, 2020, 5190603 https://doi.org/10.1155/2020/5190603.

			Alizadeh-Behbahani B, Falah F, Vasiee A, TabatabaeeYazdi F (2021). Control of microbial growth and lipid oxidation in beef using a Lepidiumperfoliatum seed mucilage edible coating incorporated with chicory essential oil. Food Sci. Nutrit. 9(5): 2458–2467. https://doi.org/10.1002/fsn3.2186

			Antonini FM, Petruzzi E, Pinzani P, Orlando C, Poggesi M, Serio M, Pazzagli M, Masotti G (2002). The meat in the diet of aged subjects and the antioxidant effects of carnosine. Archiv. Gerontol. Geriat. Supplement, 8: 7–14. https://doi.org/10.1016/S0167-4943(02)00097-3

			APHA: American Public Health Association (2001). Compendium of methods for micro-biological examination of food.

			Badhani B, Sharma N, Kakkar R (2015). Gallic acid: A versatile antioxidant with promising therapeutic and industrial applications. RSC Adv. 5(35): 27540–27557. https://doi.org/10.1039/C5RA01911G

			Ballestra P, Verret C, Cruz C, Largeteau A, Demazeau G, El Moueffak A (2010). High pressure inactivation of Pseudomonas in black truffle–comparison with Pseudomonas fluorescens in tryptone soya broth. High Pressure Res. 30(1): 104–107. https://doi.org/10.1080/08957950903533380

			Barzegar H, AlizadehBehbahani B, Mehrnia MA (2020). Quality retention and shelf life extension of fresh beef using Lepidiumsativum seed mucilage-based edible coating containing Heracleumlasiopetalum essential oil: An experimental and modeling study. Food Sci. Biotechnol. 29(5): 717–728. https://doi.org/10.1007/s10068-019-00715-4

			Bensid A, El Abed N, Houicher A, Regenstein JM, Özogul F (2020). Antioxidant and antimicrobial preservatives: Properties, mechanism of action and applications in food–a review. Crit. Rev. Food Sci. Nutrit. 60: 1–10. https://doi.org/10.1080/10408398.2020.1862046

			Bielaszewska M, Karch H (2000). Non-O157:H7 shiga toxin (vercytotoxin)- producing Escherichia coli strains: Epidemiological significance and microbiological diagnosis. World J. Microbiol. Biotechnol.16(8): 711–718.

			Borges A, Ferreira C, Saavedra MJ, Simões M (2013). Antibacterial activity and mode of action of ferulic and Gallic acids against pathogenic bacteria. Microbial. Drug Resist. 19(4): 256–265. https://doi.org/10.1089/mdr.2012.0244

			Cagri A, Ustunol Z, Ryser ET (2004). Antimicrobial edible films and coatings. J. Food Protect. 67(4): 833–848. https://doi.org/10.4315/0362-028X-67.4.833

			Camargo AC, Cossi MVC, Silva WPD, Bersot LDS, Landgraf M, Baranyi J, Franco BDGM, Luís Augusto N (2019). Microbiological testing for the proper assessment of the hygiene status of beef carcasses. Microorganisms. 7(3): 1–11. https://doi.org/10.3390/microorganisms7030086

			Castro VS, Carvalho RCT, Conte-Junior CA, Figuiredo EES (2017). Shiga-toxin Producing Escherichia coli: Pathogenicity, supershedding, diagnostic methods, occurrence, and foodborne outbreaks. Comprehen. Rev. Food Sci. Food Safety. 16(6): 1269–1280. https://doi.org/10.1111/1541-4337.12302

			Chen Q, Wang Q, Zhu J, Xiao Q, Zhang L (2018). Reactive oxygen species: Key regulators in vascular health and diseases. Brit. J. Pharmacol. 175(8): 1279–1292. https://doi.org/10.1111/bph.13828

			Cobiac L, Syrette J (2000).Beef and lamb: Functional foods?(Meat and Livestock Australia).

			Csala M, Kardon T, Legeza B, Lizák B, Mandl J, Margittai É, Puskás F, Száraz P, Szelényi P, Bánhegyi G (2015). On the role of 4-hydroxynonenal in health and disease. Biochimicaet. Biophys. Acta, 1852(5): 826–838. https://doi.org/10.1016/j.bbadis.2015.01.015

			Djenane D, Roncales P (2018).Car-bon monoxide in meat and fish packaging advardages and limits. Foods: 34 (MDPI).7, 1. https://doi.org/10.3390/foods7020012

			Eos (2013). Egyptian standards for chilled meat, 3602–.

			Eos (2006). Methods of analysis and testing for meat and meat products part 9. Determination of Total volatile nitrogen, 63–69.

			Eos (2006). Methods of analysis and testing for meat and meat products part 10. Determination of thiobarbituric acid (TBA), 63–10.

			Eos (2006). Methods of analysis and testing for meat and meat products part 11. Measurement of pH, 63–11.

			Forman HJ, Zhang H, Rinna A (2009). Glutathione: Overview of its protective roles, measurement, and biosynthesis. Molecul. Aspects Med. 30(1–2): 1–12. https://doi.org/10.1016/j.mam.2008.08.006

			Grisham MB, Johnson GG, Lancaster JR (1996). Quantitation of nitrate and nitrite in extracellular fluids. Methods Enzymol. 268: 237–246. https://doi.org/10.1016/S0076-6879(96)68026-4

			Gutiérrez-Larraínzar M, Rúa J, Caro I, de Castro C, de Arriaga D, García-Armesto MR, del Valle P (2012). Evaluation of antimicrobial and antioxidant activities of natural phenolic compounds against foodborne pathogens and spoilage bacteria. Food Cont. 26(2): 555–563. https://doi.org/10.1016/j.foodcont.2012.02.025

			Hansen E, Juncher D, Henckel P, Karlsson A, Bertelsen G, Skibsted LH (2004). Oxidative stability of chilled pork chops following long term freeze storage. Meat Sci. 68(3): 479–484. https://doi.org/10.1016/j.meatsci.2004.05.002

			Hiramatsu R, Matsumoto M, Miwa Y, Suzuki Y, Saito M, Miyazaki Y (2002). Characterization of Shiga toxin-producing Escherichia coli O26 strains and establishment of selective isolation media for these strains. J. Clin. Microbiol. 40(3): 922–925. https://doi.org/10.1128/JCM.40.3.922-925.2002

			Jayaraman P, Sakharkar MK, Lim CS, Tang TH, Sakharkar KR (2010). Activity and interactions of antibiotic and phytochemical combinations against Pseudomonas aeruginosa in vitro. Int. J. Biolog. Sci. 6(6): 556–568. https://doi.org/10.7150/ijbs.6.556

			Jung S, Choe JH, Kim B, Yun H, Kruk ZA, Jo C (2010). Effect of dietary mixture of gallic acid and linoleic acid on antioxidative potential and quality of breast meat from broilers. Meat Sci. 86(2): 520–526. https://doi.org/10.1016/j.meatsci.2010.06.007

			Kamaleldin A, Mäkinen M, Lampi AM, Kamaleldin A (2003). ‘The challenging contribution of hydroperoxides to the lipid oxidation mechanism’ in Lipid oxidation pathways, ed. A. Kamal-Eldin (Champaign IL: AOCS Press), 1–36. https://doi.org/10.1201/9781439822098.ch1

			Kand’ár R, Záková P, Lotková H, Kucera O, Cervinková Z (2007). Determination of reduced and oxidized glutathione in biological samples using liquid chromatography with fluorimetric detection. J. Pharmaceut. Biomed. Analys. 43(4): 1382–1387. https://doi.org/10.1016/j.jpba.2006.11.028

			Kiarsi Z, Hojjati M, Behbahani BA, Noshad M (2020).  In vitro antimicrobial effects of Myristicafragrans essential oil on foodborne pathogens and its influence on beef quality during refrigerated storage. J. Food Safety. 40(3): e12782. https://doi.org/10.1111/jfs.12782

			Lahmar A, Morcuende D, Andrade MJ, Chekir-Ghedira L, Estévez M (2018). Prolonging shelf life of lamb cutlets packed under high-oxygen modified atmosphere by spraying essential oils from North-African plants. Meat Sci. 139: 56–64. https://doi.org/10.1016/j.meatsci.2018.01.015

			Moñino I, Martínez C, Sotomayor JA, Lafuente A, Jordán MJ (2008). Polyphenolic transmission to Segureñolamb meat from. J. Agric. Food Chem. 56(9): 3363–3367. https://doi.org/10.1021/jf7036856

			Mukumbo FE, Descalzo AM, Collignan A, Hoffman LC, Servent A, Muchenje V, Arnaud E (2020). Effect of Moringaoleifera leaf powder on drying kinetics, physico-chemical properties, ferric reducing antioxidant power, α-tocopherol, β-carotene, and lipid oxidation of dry pork sausages during processing and storage. J. Food Process. Preservat. 44(1): e14300. https://doi.org/10.1111/jfpp.14300

			Neo YP, Swift S, Ray S, Gizdavic-Nikolaidis M, Jin J, Perera CO (2013). Evaluation of gallic acid loaded zein sub-micron electrospunfibre mats as novel active packaging materials. Food Chem. 141(3): 3192–3200. https://doi.org/10.1016/j.foodchem.2013.06.018

			Newell DG, Koopmans M, Verhoef L, Duizer E, Aidara-Kane A, Sprong H et al. (2010). Food-borne diseases – The challenges of 20 years ago still persist while new ones continue to emerge. Int. J. Food Microbiol. 139. Supplement 1: S3–S15. https://doi.org/10.1016/j.ijfoodmicro.2010.01.021

			Nohynek LJ, Alakomi, HL, Kähkönen MP, Heinonen M, Helander IM, Oksman-Caldentey KM, Puupponen-Pimiä RH (2006). Berry phenolics: Antimicrobial properties and mechanisms of action against severe human pathogens. Nutrit. Cancer. 54(1): 18–32. https://doi.org/10.1207/s15327914nc5401_4

			Padgett T, Han IY, Dawson PL (1998). Incorporation of foodgrade antimicrobial compounds into biodegradable packaging films. J. Food Protect. 61(10): 1330–1335. https://doi.org/10.4315/0362-028X-61.10.1330

			Papuc C, Goran GV, Predescu CN, Nicorescu V, Stefan G (2017). Plant polyphenols as antioxidant and antibacterial agents for shelf-life extension of meat and meat products: Classification, structures, sources, and action mechanisms. Comprehen. Rev. Food Sci. Food Safety. 16(6): 1243–1268. https://doi.org/10.1111/1541-4337.12298

			Pisoschi AM, Negulescu GP (2011). Methods for total antioxidants activity determination. A. Review. Biochem. Analyt. Biochem. 1(1): 1–10.

			Ribeiro JS, Santos MJMC, Silva LKR, Pereira LCL, Santos IA, da Silva Lannes SC, da Silva MV (2019). Natural antioxidants used in meat products: A brief review. Meat Sci. 148: 181–188.

			Rodríguez-Melcón C, Alonso-Calleja C, Capita R (2017). Lactic acid concentrations that reduce microbial load yet minimally impact colour and sensory characteristics of beef. Meat Sci. 129: 169–175. https://doi.org/10.1016/j.meatsci.2018.10.016

			Rodríguez Vaquero MJ, AredesFernández PA, Manca deNadra MC, Strasser deSaad AM (2010). Phenolic compound combinations on Escherichia coli viability in a meat system. J. Agric. Food Chemf. 58(10): 6048–6052. https://doi.org/10.1016/j.meatsci.2017.01.007

			Sacchetti G, DiMattia CD, Pittia P, Martino G (2008). Application of a radical scavenging activity test to measure the total antioxidant activity of poultry meat. Meat Sci. 80(4): 1081–1085. https://doi.org/10.1016/j.meatsci.2008.04.030

			Skinner C, Patfield S, Stanker L, He X (2013). Development of monoclonal antibodies and immunoassays for sensitive and specific detection of Shiga toxin Stx2f. PLOS ONE, 8(9): e76563. https://doi.org/10.1371/journal.pone.0076563

			Sun X, Wang Z, Kadouh H, Zhou K (2014). The antimicrobial, mechanical, physical and structural properties of chitosan–gallic acid films. LWT – Food Sci. Technol. 57(1): 83–89. https://doi.org/10.1016/j.lwt.2013.11.037

			Tango CN, Mansur AR, Kim GH, Oh DH (2014). Synergetic effect of combined fumaric acid and slightly acidic electrolysed water on the inactivation of food-borne pathogens and extending the shelf life of fresh beef. J. Appl. Microbiol. 117(6): 1709–1720. https://doi.org/10.1111/jam.12658

			Tapia-Herńandez JA, Del-Toro-Sánchez CL, Cinco-Moroyoqui FJ, Ruiz-Cruz S, Júarez J, Castro-Enŕıquez DD, Barreras-Urbina CG, López-Ahumada GA, Rodríguez-Félix F (2019). Gallic acid-loaded zein nanoparticles by electrospraying process. J. Food Sci. 84(4): 818–831. https://doi.org/10.1111/1750-3841.14486

			Wook KH, Young JJ, Kuk-Hwan S, Pil-Nam S, Jun-Sang H (2016). Effects of edible films containing procyanidin on the preservation of pork meat during chilled storage. Food Sci. Anim. Resour. 36: 230–236. https://doi.org/10.5851/kosfa.2016.36.2.230

			Yang YC, Wang ZH, Yin MC (2018). Content of nitric oxide and glycative compounds in cured meat products-Negative impact upon health. Biomedicine. 8(2): 10. https://doi.org/10.1051/bmdcn/2018080210

			Yu TY, Morton JD, Clerens S, Dyer JM (2017). Cooking-induced protein modifications in meat. Comprehen. Rev. Food Sci. Food Safety. 16(1): 141–159. https://doi.org/10.1111/1541-4337.12243

		

	OEBPS/image/Figure 1_fmt.png
3

— Control

Sth h ot

———2%GA %A

11th





OEBPS/image/Figure 2_fmt.png
™ om i

R T





OEBPS/image/Figure 3_fmt.png
Zero

a a a @
b b
- b b
-
——
s s 0 o

———Control == 495GA





OEBPS/image/BY CC_fmt.png





OEBPS/image/Figure 4_fmt.png
s Conrol
s
aith

[t

0

7

Day Dy DayDavDay Day.
s

o

B Bo
&= &=
Fo Eo
& &
Ee Ee
& &
Fo Ee
H &






OEBPS/image/821.png
OPEN 8 ACCESS Advances in Animal and Veterinary Sciences

Research Article

Gheck for
updates.

Incorporation of Gallic Acid Into Zein Wax Film to Improve the
Quality and Safety of Chilled Veal Meat Chunks

AsMaa SH. Favep!', Saraa M. Aso EL-Soun?

Reference Lab for Safety Analysis of Food of Animal Origin; 2Chemistry Department, Animal Health Research
Institute (AHRI), Agriculture Research Center (ARC), Giza, Egypt.

Abstract | As the food industry moves toward clean packaging, the replacement of synthetic preservatives with natural
food additives has become more widely practiced. It was investigated the effects of the 2% and the 4% gallic acid/ zein
wax film as an antioxidant and antimicrobial food packaging material, focusing on the quality, shelflife, and antioxidant
properties of veal meat chunks during refrigerated storage. After coating meat samples, we analyzed their microbial,
chemical, and sensory properties after 0, 3, 5,7, 9, and 11 days of chilled storage. GA/ zein wax sheets significantly
reduced (p < 0.05) the abundance levels of total bacteria, and psychrotrophic bacteria, as well as pH, thiobarbituric acid
(TBA), and total volatile base nitrogen (TVB-N), especially for 4% GA/ zein wax film. The coatings resulted in the
prolongation of the shelf life of meat chunks. The shelf lives of the control, the 2%, and the 4% GA-coated meats were
7,9,and 11days, respectively. Coated meats had higher overall sensory acceptability scores compared to uncoated ones.
The antioxidant capacity, the glutathione, and nitric oxide contents of the coated meats were higher than those of the
control meat. Four percent of GA/ zein wax film significantly reduced the abundance of E. co/i 026 by 3 log,) CFU/g
when compared by uncoated meat chunks. We conclude that incorporating GA into zein wax film can effectively

improve the stability and shelf life of veal meat chunks during chilled storage.
Keywords | Gallic acid, Zein, E. co/i 026, Glutathione, TAC, NO, TBA- TVB-N, Veal meat, Shelf life.
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INTRODUCTION ria, which are able to grow at 4 °C (Ballestra et al., 2010).

Naturally occurring spoilage microorganisms reach meat
through various sources during carcass processing and
handling (Tango et al., 2014; Camargo et al., 2019). E.
coli is one of the most widespread contaminant bacteria

he fresh meat chunks are easily spoiled by natural
contaminants such as microorganisms that negatively

affect the texture, flavor, color, and nutritional quality of
the product, resulting in serious economic losses in both that affect beef products (Castro et al., 2017). While, the

the retail market and meat industry (Lahmar et al,, 2018; term Shiga toxin-producing (STEC) refers to E. co/i that

Alizadeh-Behbahani et al., 2020). Microorganisms that ~produces this type of toxin, which is similar to that pro-
spoil chilled preserved food are called mesophilic bacte- duce by Shigella dysenteriae type 1 (Skinner et al., 2013).
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