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			ABSTRACT

		

		
			The study was conducted to investigate the antimicrobial and antioxidant effects of honey marination on beef meat (M. longissimus dorsi). The samples were analyzed for moisture, fat, protein, glycogen, peroxide, thiobarbituric acid, total viable count and total coliform count after marination with 0, 10, 20, 30 and 100% concentrations of honey and after 1, 4, 8 and 12 days of storage (4 ̊C). The moisture, fat and protein contents were moderately decreased on the 4, 8 and 12th days of storage in all the groups. The glycogen content showed a significant (P < 0.05) increase among the groups except for the control. Whereas peroxide and thiobarbituric acid values significantly (P < 0.05) decreased in all the groups, excluding control, which showed an increase. Moreover, the total viable and total coliform counts were markedly decreased at the 4, 8 and 12th days of storage in all the groups, except in group A. It concludes that the honey served as a natural preservative to reduce the lipid oxidation and microbial numbers due to its antimicrobial and antioxidative attributes. Hence, it prolongs the shelf life of beef meat without having any adverse effects on its quality.
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			Introduction

			Beef is a powerhouse of essential nutrients obtained from animals, naturally rich in muscle-building protein and acts as a rich source of iron for energy. It is an edible postmortem component originating from animals that are used as food for humans. Approximately 73% water, 24% protein, 3.9% fat, 0.8% minerals and less than 1% carbohydrate-rich nutrients are present in beef meat (Brahmantiyo, 2000). Meat also contains other elements such as vitamin B12, niacin, vitamin B6, vitamin D, iron, zinc and phosphorus. Beef meat preserves an important role in human nutrition due to its distinct and high nutritional value (Williams, 2007). Naturally, beef is a highly perishable food commodity of animal origin, thus easily attacked by microbial flora which in turn causes reduced shelf life. The meat industry faces an important challenge to provide safe and wholesome meat and meat products to their consumers.

			The availability of wholesome and safe food is a basic human right and is essential for human health. Among the factors affecting the shelf life of fresh meat, bacterial growth and metabolic activities are the most important causes of meat spoilage. The refrigerated meat spoilage was caused by microbial agents such as bacteria which brings undesirable changes in meat i.e., off-flavors, off odors, gas production, discoloration and slime production; such problems necessitate the usage of natural or artificial preservatives to increase the safety and shelf life of meat.

			Various physical and chemical methods have been applied to decrease the contamination chances at various levels, raw meat and processing stages. Among them, marination is a method used to increase meat quality and preserve its nutritional value during storage. Moreover, due to the acidic or alkaline nature of the marinated solution, the shelf life of meat may be positively affected, and some marinade additives also produced antimicrobial and antioxidant activity. To prevent foodborne illness and increase shelf life, natural preservatives containing both antibacterial and antioxidant activities are desirable to be used.

			Honey may serve as a natural food preservative. Honey is nectar collected from plants and processed by honeybees (Apis mellifera). This natural product is widely appreciated as the only concentrated form of sugar available worldwide (Krell, 1996) and is also used as a food preservative (Cherbuliez and Domerego, 2003). The natural honey is a viscous solution with a high sugar level of about 85% carbohydrate (mostly glucose and fructose), water ranges from 15–17%, low level of protein (0.1–0.4%), ash 0.2% and minute quantities of other substances i.e., minerals, amino acids, enzymes, lipids, organic acids, vitamins as well as phenolic antioxidants. Various components of honey-like tocopherol, phenolics and ascorbic acids flavonoids act as a preservative. Anti-bacterial and anti-oxidative properties of honey are due to various components naturally present in bee honey species obtained from different plant sources (Meda et al., 2005; Bertoncelj et al., 2007).

			Honey inhibits the growth of microorganisms and fungi. Honey exhibited both bactericidal and bacteriostatic effects against various strains including Escherichia coli, Streptococcus mutans, Staphylococcus aureus, Bacillus cereus, Listeria monocytogenes, Salmonella enterica Ser: Typhimurium and Helicobacter pylori, many of them are pathogenic. Honey antimicrobial activity is mainly attributed to its acidity (low pH 3.9), osmolarity, production of hydrogen peroxide, Maillard reaction products, phenolic compounds, aromatic acids, flavonoids, proteins and high sugar concentration (Aljadi and Kamaruddin, 2004; Cushnie and Lamb, 2005; Estevinho et al., 2008; Madeo et al., 2009; Montenegro et al., 2009; Alvarez-Saurez et al., 2010). Bactericidal effects have been produced by 5 to 50% concentrations of honey.

			Honey serves as a natural antioxidant (Al-Mamary et al., 2002; Aljadi and Kamaruddin, 2004; Beretta et al., 2005; Kucuk et al., 2007). which play an important role in food preservation and human health by combating damage caused by oxidizing agents e.g., oxygen, namely reducing the risk of heart disease, cancer, immune system decline, cataracts, different inflammatory processes, etc (The National Honey Board, 2003). Antioxidant activity of honey is attributed to various substances like catalase, glucose oxidase (Schepartz, 1966; Iyorish, 1974), phenolic acids, alpha-tocopherol, organic acids, flavonoids, ascorbic acid, Maillard reaction products, proteins, amino acids and carotenoid derivatives (Blasa et al., 2006; Baltrusaityte et al., 2007; Brudzynski and Miotto, 2011). Generally, antioxidant power is directly related to phenolic contents of honey and these are more in darker color honey (Bertoncelj et al., 2007; Vela et al., 2007; Al-Marghitas et al., 2009). Honey as a source of antioxidant has been proven to be effective against deteriorative oxidation reactions in food, caused by light, heat and some metals, such as lipid oxidation in meat (Nagai et al., 2006).

			Keeping in view the perishable nature of beef meat, public health hazards and the importance of honey as an antimicrobial and antioxidative agent, this study was designed to examine the antimicrobial and antioxidative activities of various honey concentrations on beef meat.

			Materials and methods

			Meat samples

			One kg fresh beef meat (M. longissimus dorsi) was purchased from the local market of Tando Jam, Sindh Pakistan. The sample was aseptically collected in sterile plastic bags, which was then transported (at 4oC within 2-3 h) to the milk and meat chemistry and microbiological laboratory, Department of Animal Products Technology, Faculty of Animal Husbandry and Veterinary Sciences, Sindh Agriculture University Tando Jam for further processing and analysis.

			Honey sample and its composition

			Fresh honey was obtained from the local market and brought to the laboratory of Animal Products Technology, Faculty of Animal Husbandry and Veterinary Sciences, Sindh Agriculture University Tando Jam and stored at room temperature. Pure honey and its various concentrations (10%, 20% and 30%) in sterile distilled water were used for beef marination. Composition and physicochemical properties of honey used for present study contains 18 % moisture, 39% fructose, 3.5% sucrose, 1.15% protein, 0.35% minerals and a pH of 3.96.

			Meat preparation and marination

			Meat sample was sliced into small pieces and marinated with different honey concentrations (Table I). To ensure uniform marination, meat sample was left for 24 h at 4 ̊C and then vacuum packaged in polyethylene bags and refrigerated for storage (4 ̊C). Finally, samples were analyzed on day 0 and after 1, 4, 8, 12 days of post storage for moisture content, total protein content and fat content according to methods reported by AOAC (2000), glycogen content according to Kemp and Van Heijningen (1954), peroxide value (POV) according to Cunniff (1999) and thiobarbituric acid (TBA) according to Schmedes and Hølmer (1989). Besides that, pour plate technique in triplicate per sample was used for enumeration of bacteria.

			Table I. Different honey marinated beef meat groups.

			
				
					
					
					
					
					
				
				
					
							
							Groups

						
							
							Treatments

						
							
							Meat sample (g)

						
							
							Marination

						
							
							Replicates

						
					

					
							
							A

						
							
							Control (No honey)

						
							
							200

						
							
							-

						
							
							5

						
					

					
							
							B

						
							
							10% honey

						
							
							200

						
							
							20g of 10% honey

						
							
							5

						
					

					
							
							C

						
							
							20% honey

						
							
							200

						
							
							20g of 20% honey

						
							
							5

						
					

					
							
							D

						
							
							30% honey

						
							
							200

						
							
							20g of 30% honey

						
							
							5

						
					

					
							
							E

						
							
							100% honey

						
							
							200

						
							
							20g of pure honey

						
							
							5

						
					

				
			

			Statistical analysis

			The obtained values were analyzed through analysis of variance (ANOVA) on proximate analysis, colony counts and lipid oxidation from various honey concentrations and if significant differences noticed among the means, the least significant difference (LSD) was computed using statistical software (SPSS version 21.0).

			Results

			table II shows the effect of marination in different concentrations of honey on moisture, protein, fat, glycogen, peroxide, thiobarbituric acid, total viable count and total coliform counts of the beef meat.

			The interactive influence of different honey treatments and days on the moisture content of beef meat was observed and statistical analysis showed that at day 1, the moisture content of all groups was found relatively similar (P > 0.05), while at day 4, 8 and 12, the moisture contents of groups D and E were significantly (P < 0.05) varied from groups A and B (Fig. 1A). Similarly, at days 4, 8 and 12, there was a significant (P < 0.05) difference in fat content between groups D and E compared to groups A and B (Fig. 1B). In case of protein content, the interactive influence of different honey treatments and days statistically showed similar values at day 1, while at day 4, 8 and 12, the protein contents of groups D and E were significantly (P < 0.05) varied from group A (Fig. 2A and Table II). Whereas the glycogen content of beef meat showed significant (P < 0.05) variation among the groups at day 1, 4, 8 and 12 (Fig. 2B). A positive relationship was observed between the honey concentrations and the glycogen level of beef meat. The interactive influence of different honey treatments and days on the peroxide and TBA value of beef meat was observed, and the statistical analysis showed that at day 1, the peroxide value of groups D and E was found significantly (P < 0.05) different from groups A and B, while at day 4, 8 and 12, the peroxide value of all the groups was significantly (P < 0.05) varied from one another (Fig. 3A). 

			[image: ]

			Fig. 1. Interactive influence of different treatments of honey and days interval on moisture percentage (A) and fat content (B) of beef meat.
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			Fig. 2. Interactive influence of different treatments of honey and days interval on protein content (%) (A) and glycogen content (B) of beef meat.
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			Fig. 3. Interactive influence of different treatments of honey and days interval on POV (meq/kg) (A) and  TBA (mg/kg) value (B) of beef meat.
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			Fig. 4. Interactive influence of different treatments of honey and days interval on TVC (Log10 CFU/g) (A) and TCC (Log10 CFU/g) (B) of beef meat.

			The influence of various honey treatments and storage days on the total viable count (TVC) and total coliform count (TCC) of beef meat showed similar TV and TC counts at day 1, except group E which showed significant (P < 0.05) decrease in TCC. while significant (P < 0.05) difference been observed between the groups at day 4, 8 and 12 for TV and TCC (Fig. 4A and B).

			Table II. Interactive influence of different treatments of honey and days interval on various parameters of the present study.

			
				
					
					
					
					
					
					
					
					
				
				
					
							
							S/N.

						
							
							Days

						
							
							A (0%)

						
							
							B (10%)

						
							
							C (20%)

						
							
							D (30%)

						
							
							E (100%)

						
							
							LSD=0.05

						
					

					
							
							1.

						
							
							Moisture percentage (%)

						
					

					
							
							Day 0 value (Raw meat) = 73.88

						
					

					
							
							1

						
							
							73.98 ± 1.33a-c

						
							
							74.18 ± 1.05ab

						
							
							74.3 ± 0.90ab

						
							
							73.9 ± 0.98a-c

						
							
							73.42 ± 1.18a-d

						
							
							1.1658

						
					

					
							
							4

						
							
							74.45 ± 1.82a

						
							
							73.94 ± 1.27a-c

						
							
							72.96 ± 1.01c-f

						
							
							72.03 ± 1.48e-g

						
							
							70.7 ± 1.29hi

						
					

					
							
							8

						
							
							73.16 ± 1.53b-e

						
							
							72.45 ± 0.75d-g

						
							
							71.66 ± 0.60gh

						
							
							70.52 ± 0.73hi

						
							
							67.9 ± 3.23j

						
					

					
							
							12

						
							
							71.98 ± 1.41fg

						
							
							71.66 ± 1.17gh

						
							
							70.71 ± 1.16hi

						
							
							69.62 ± 1.00i

						
							
							66.46 ± 2.15k

						
					

					
							
							2.

						
							
							Fat percentage (%)

						
					

					
							
							Day 0 value (Raw meat) = 3.3

						
					

					
							
							1

						
							
							3.3 ± 0.49g

						
							
							3.8 ± 0.73c-e

						
							
							3.98 ± 0.84a-d

						
							
							4.06 ± 0.84a-c

						
							
							4.2 ± 0.86ab

						
							
							0.3321

						
					

					
							
							4

						
							
							2.6 ± 0.34h

						
							
							3.71 ± 0.79de

						
							
							3.9 ± 0.84b-e

						
							
							4.02 ± 0.89a-d

						
							
							4.24 ± 0.91a

						
					

					
							
							8

						
							
							2.08 ± 0.32i

						
							
							3.64 ± 0.71ef

						
							
							3.85 ± 0.81c-e

						
							
							4.05 ± 0.85a-c

						
							
							4.22 ± 0.84ab

						
					

					
							
							12

						
							
							1.55 ± 0.27j

						
							
							3.36 ± 0.69fg

						
							
							3.64 ± 0.63ef

						
							
							3.83 ± 0.70c-e

						
							
							4.11 ± 0.82a-c

						
					

					
							
							3.

						
							
							Protein percentage (%)

						
					

					
							
							Day 0 value (Raw meat) = 19.9

						
					

					
							
							1

						
							
							19.9 ± 2.48a-d

						
							
							20.53 ± 1.94a-c

						
							
							20.62 ± 1.86ab

						
							
							20.64 ± 2.19ab

						
							
							21.0 ± 1.98a

						
							
							1.3326

						
					

					
							
							4

						
							
							19.52 ± 3.24b-e

						
							
							20.21 ± 2.34a-c

						
							
							20.52 ± 2.90a-c

						
							
							20.29 ± 3.42a-c

						
							
							21.08 ± 2.98a

						
					

					
							
							8

						
							
							18.67 ± 2.67de

						
							
							19.64 ± 2.85b-e

						
							
							19.9 ± 2.33a-d

						
							
							20.03 ± 3.23a-c

						
							
							20.54 ± 2.24a-c

						
					

					
							
							12

						
							
							16.8 ± 3.04f

						
							
							18.46 ± 2.44e

						
							
							19.29 ± 3.10c-e

						
							
							19.4 ± 2.16b-e

						
							
							20.12 ± 2.18a-c

						
					

					
							
							4.

						
							
							Glycogen percentage (%)

						
					

					
							
							Day 0 value (Raw meat) = 0.97

						
					

					
							
							1

						
							
							0.97 ± 0.13kl

						
							
							1.06 ± 0.11jk

						
							
							1.39 ± 0.15h

						
							
							1.60 ± 0.14g

						
							
							1.95 ± 0.08e

						
							
							0.1710

						
					

					
							
							4

						
							
							0.85 ± 0.16lm

						
							
							1.16 ± 0.10ij

						
							
							2.35 ± 0.17d

						
							
							2.68 ± 0.13c

						
							
							3.0 ± 0.21b

						
					

					
							
							8

						
							
							0.69 ± 0.13m

						
							
							1.06 ± 0.16jk

						
							
							1.88 ± 0.28ef

						
							
							2.58 ± 0.23c

						
							
							3.2 ± 0.19a

						
					

					
							
							12

						
							
							0.38 ± 0.10n

						
							
							0.76 ± 0.20m

						
							
							1.28 ± 0.38hi

						
							
							1.74 ± 0.54fg

						
							
							2.93 ± 0.13b

						
					

					
							
							5.

						
							
							Peroxide value (meq/kg)

						
					

					
							
							Day 0 value (Raw meat) = 1.32

						
					

					
							
							1

						
							
							1.34 ± 0.19cd

						
							
							1.30 ± 0.20c-e

						
							
							1.26 ± 0.19ef

						
							
							1.21 ± 0.19fg

						
							
							1.12 ± 0.13hi

						
							
							0.0766

						
					

					
							
							4

						
							
							1.38 ± 0.20c

						
							
							1.27 ± 0.23d-f

						
							
							1.15 ± 0.16gh

						
							
							1.05 ± 0.16i-k

						
							
							0.98 ± 0.11kl

						
					

					
							
							8

						
							
							1.46 ± 0.13b

						
							
							1.10 ± 0.15h-j

						
							
							1.03 ± 0.15jk

						
							
							0.91 ± 0.10lm

						
							
							0.80 ± 0.09n

						
					

					
							
							12

						
							
							1.62 ± 0.13a

						
							
							1.05 ± 0.15i-k

						
							
							0.90 ± 0.14m

						
							
							0.77 ± 0.09n

						
							
							0.64 ± 0.06o

						
					

					
							
							6.

						
							
							Thiobarbituric acid value (mg/kg)

						
					

					
							
							Day 0 value (Raw meat) = 0.72

						
					

					
							
							1

						
							
							0.72 ± 0.02d

						
							
							0.72 ± 0.02d

						
							
							0.70 ± 0.02e

						
							
							0.66 ± 0.02f

						
							
							0.61 ± 0.02h

						
							
							0.0204

						
					

					
							
							4

						
							
							0.75 ± 0.03c

						
							
							0.70 ± 0.03e

						
							
							0.63 ± 0.03g

						
							
							0.58 ± 0.01i

						
							
							0.51 ± 0.03j

						
					

					
							
							8

						
							
							0.83 ± 0.03b

						
							
							0.57 ± 0.02i

						
							
							0.49 ± 0.03j

						
							
							0.38 ± 0.01k

						
							
							0.30 ± 0.02m

						
					

					
							
							12

						
							
							0.96 ± 0.03a

						
							
							0.50 ± 0.04j

						
							
							0.38 ± 0.02k

						
							
							0.32 ± 0.04l

						
							
							0.20 ± 0.02n

						
					

					
							
							7.

						
							
							Total viable count (Log10 CFU/g)

						
					

					
							
							Day 0 value (Raw meat) = 5.21

						
					

					
							
							1

						
							
							5.22 ± 0.05d

						
							
							5.21 ± 0.04d

						
							
							5.20 ± 0.05d

						
							
							5.15 ± 0.06de

						
							
							5.06 ± 0.04de

						
							
							0.2355

						
					

					
							
							4

						
							
							5.90 ± 0.04c

						
							
							5.09 ± 0.02de

						
							
							4.95 ± 0.02e-f

						
							
							4.71 ± 0.04gh

						
							
							4.18 ± 0.03i

						
					

					
							
							8

						
							
							6.20 ± 0.02b

						
							
							4.99 ± 0.02d-f

						
							
							4.56 ± 0.04h

						
							
							4.06 ± 0.02i

						
							
							3.59 ± 0.04j

						
					

					
							
							12

						
							
							7.06 ± 0.02a

						
							
							4.80 ± 0.05fg

						
							
							4.25 ± 0.08i

						
							
							3.68 ± 0.04j

						
							
							2.22 ± 1.18k

						
					

					
							
							8.

						
							
							Total coliform count (Log10 CFU/g)

						
					

					
							
							Day 0 value (Raw meat) = 4.55

						
					

					
							
							1

						
							
							4.66 ± 0.04d

						
							
							4.48 ± 0.03e

						
							
							4.42 ± 0.07e

						
							
							4.38 ± 0.06e

						
							
							4.17 ± 0.02f

						
							
							0.1221

						
					

					
							
							4

						
							
							5.10 ± 0.02c

						
							
							4.18 ± 0.02f

						
							
							4.06 ± 0.02fg

						
							
							3.97 ± 0.02gh

						
							
							3.67 ± 0.04i

						
					

					
							
							8

						
							
							5.76 ± 0.04b

						
							
							3.93 ± 0.03h

						
							
							3.67 ± 0.05i

						
							
							3.40 ± 0.06j

						
							
							2.78 ± 0.03k

						
					

					
							
							12

						
							
							6.81 ± 0.03a

						
							
							3.58 ± 0.05i

						
							
							3.32 ± 0.08j

						
							
							2.79 ± 0.03k

						
							
							1.47 ± 0.59l

						
					

				
			

			Means with different superscripted alphabets (a, b, c) in same row/column varied significantly (P≤0.05) from one another.

			Discussion

			The moisture content of meat indicated an inverse relationship with honey concentrations as to increase the level of honey in beef meat lowers the moisture content. which is correlated with the previous results (Gandotra et al., 2012; Jouki and Khazaei, 2011), who also observed a significant decrease (P < 0.01) in the moisture content of marinated meat samples up to 21 days of storage. A similar trend of loss in water content of meat with an increase in honey concentration and storage was noted (Alabdulkarim, 2012). Dissimilarity was also observed in results of current investigations for moisture content and concluded that to some extent the moisture content of meat was increased initially by the addition of honey and then reduced before baking (Hashim et al., 1999). Similarly, non-significant variation in moisture percent was also noticed before and after storage in fish meat (Arannilewa et al., 2006). Fat contents of meat indicated a positive relationship with honey concentrations, as to increase the level of honey reduces the loss of fat content in beef meat. Present study results are not in agreement with the previous studies (Gandotra et al., 2012) who observed reduction of the fat content of meat during storage for 21 days. In another study, the highest fat was observed in the case of fresh meat (9.72 ± 0.25%) and the least fat value (7.20 ± 0.19%) was recorded for sixty days of stored meat (Arannilewa et al., 2006). However, non-significant impact of marinade containing 10% and 20% honey on the fat content of chicken meat was also observed. The fat percentage in chicken patties reduced significantly with the addition of honey and treatment of samples with (10%) honey had minimum fat content as compared to samples treated with (0 and 5%) honey (Alabdulkarim, 2012). These results of protein content showed a positive relationship with honey concentrations and as the loss of protein content in beef meat was reduced due to an increase in the level of honey. However, the storage period inversely affects the protein content of beef meat at 4ºC. Present findings were agreed with previous research (Gandotra et al., 2012), who indicated a significant decrease (P < 0.01) in protein content in fish meat during storage at 4 ± 1ºC. The storage time had also a significant impact on the formation of carbonyl substances (protein oxidation) as it was increased over a while in vacuum-packaged meat samples, resulted in a significant decrease in protein content of beef (Popova et al., 2009). An increase in storage duration results in the reduction of protein level, initially it was recorded as 60.65 ± 2.40% in fresh meat samples, while it reduced up to 43.70 ± 1.17% at the 60th day of storage (Arannilewa et al., 2006).

			A negative relationship was seen between honey concentrations, peroxide and TBA values of beef meat. Minimum POV with an increase in honey concentration; 7.5% honey added sample showed lowest POV than respective sample treated with 0.0, 2.5 and 5.0% of honey (Mohammed et al., 2013). Honey treatment significantly reduced the Thiobarbituric acid reactive substances (TBARS) of lipids, samples treated with 10% honey had minimum TBARS during storage than the rest of the samples treated with (0 and 5%) honey (Alabdulkarim, 2012). Present findings are following the concept that honey and other natural antioxidants protected chicken meat from oxidation by lowering the hexanal values (Sampaio et al., 2012). Honey marinated treatments showed reduced TBA and POV after the storage period as to that of control (Istrati et al., 2011). It is further highlighted that the oxidative stability of meat was increased by adding honey, as showed a decreased in hexanal content, TBA values and oxidative stability index (Antony et al., 2006). Similarly, clover honey (CH), wildflower honey (WH) and buckwheat honey delayed the lipid oxidation and after 12 days of refrigerated storage, all were equally effective in decreasing the TBARS, lipid hydroperoxides (LOOH) and heterocyclic aromatic amine (HAA) formation in beef (Johnston et al., 2005; Shin and Ustunol, 2006). It was also noticed that honey produced greater antioxidative effects to decrease the TBA and hexanal values as the amount of added honey was increased (Antony et al., 2000, 2002).

			Present findings indicated a negative relationship between honey concentrations and TVC because of the antimicrobial activity of honey. Least TVC was enumerated in meat treated with honey than control (Mohammed et al., 2013). Regardless, during the storage period by increasing the addition of bee honey concentrations in sausage, there was a decrease in the TVC. Another previous study revealed that bacterial load found within acceptable limits at day 10 (6.04 ± 0.11 log CFU/g), after that, further bacterial contamination leads to deteriorating the quality of meat and unfit for consumption (Gandotra et al., 2012). It is fact that natural honey (NH) provided significantly less (P < 0.05) number of bacteria compared to artificial honey (AH) as well as manuka honey 1 and 2 at different concentrations (12.5, 25 and 50%) (Badet and Quero, 2011; Nassar et al., 2012). Further it is indicated that manuka honey and different dilutions of honey (20% to 100%) prevent the growth of S. pyogenes and P. aeruginosa, respectively (Maddocks et al., 2012; Shenoy et al., 2012). It has been observed that both gram negative as well as gram positive bacteria were inhibited by honey (Alvarez-Saurez et al., 2010; Yucel et al., 2005). It is confirmed from the literature that honey is a mixture of higher sugar compounds, hydrogen peroxide generation and the presence of proteinaceous substances inhibit the bacterial growth and concluded that various spoilage and pathogenic microbial agents can be controlled by using various concentrations of honey (Mundo et al., 2004; Taormina et al., 2001) and all honey samples showed significant levels of antimicrobial activities against standard organisms (Nzeako and Hamdi, 2000). 

			These results showed a negative relationship between honey concentrations and TCC. An increase in the amount of added honey reduces the number of TCC in beef meat due to the antimicrobial activity of honey which is confirmed from the results of previous study where beef sausages treated with bee honey had the lowest (P < 0.05) TCC than control and TC bacteria decreased with the increase of bee honey concentration (Mohammed et al., 2013). Selective growth inhibitory effects of honey against E. coli has been observed due to the presence of H2O2 in honey (Brudzynski, 2006). TC count 3.0x103 was increased up to 7.5x106 in control samples with the increase of storage duration (Arannilewa et al., 2006). All-natural honey as well as artificial commercial honey, can inhibit the growth of E. coli and S. typhimurium growth and high concentrations of honey produced more antibacterial effects (Badawy et al., 2004; Shamala et al., 2002).

			Conclusions

			The moisture content, peroxide value, TBA value, TVC and TCC of honey marinated beef meats were lower as compared to control and it was inversely proportional to honey concentration. Whereas fat, protein and glycogen contents were found to be higher in honey marinated beef meats. It concludes that the honey served as a natural preservative to reduce the lipid oxidation and microbial number due to its antimicrobial and antioxidative attributes. Hence, prolong the shelf life of beef meat without producing any adverse effects on its quality.

			Statement of conflict of interest

			The authors have declared no conflict of interest.

			References

			 

			Al-Mamary, M., Al-Meeri, A., and Al-Habori, M., 2002. Antioxidant activities and total phenolics of different types of honey. Nutr. Res., 22: 1041–1047. https://doi.org/10.1016/S0271-5317(02)00406-2

			Al Marghitas, L., Daniel, D., Moise, A., Bobis, O., Laslo, L., Bogdanov, S., 2009. Physico-chemical and bioactive properties of different floral origin honeys from Romania. Fd. Chem., 112: 863–867. https://doi.org/10.1016/j.foodchem.2008.06.055

			Alabdulkarim, B., 2012. Effect of frying oils on quality characteristics of frozen chicken patties incorporated with honey. Afr. J. Biotechnol., 11: 2985–2992. https://doi.org/10.5897/AJB11.3389

			Aljadi, A.M., Kamaruddin, M.Y., 2004. Evaluation of the phenolic contents and antioxidant capacities of two Malaysian floral honeys. Fd. Chem., 85: 513–518. https://doi.org/10.1016/S0308-8146(02)00596-4

			Alvarez-Suarez, J.M., Tulipani, S., Diaz, D., Estevez, Y., Romandini, S., Giampieri, F., Damiani, E., Astolfi, P., Bompadre, S., and Battino, M., 2010. Antioxidant and antimicrobial capacity of several monofloral Cuban honeys and their correlation with color, polyphenol content and other chemical compounds. Fd. Chem. Toxicol., 48: 2490–2499. https://doi.org/10.1016/j.fct.2010.06.021

			Antony, S., Rieck, J.R., Acton, J.C., Han, I.Y., Halpin, E.L., and Dawson, P.L., 2006. Effect of dry honey on the shelf life of packaged Turkey slices. Poult. Sci., 85: 1811–1820. https://doi.org/10.1093/ps/85.10.1811

			Antony, S., Rieck, J.R., and Dawson, P.L., 2000. Effect of dry honey on oxidation in turkey breast meat. Poult. Sci., 79: 1846–1850. https://doi.org/10.1093/ps/79.12.1846

			Antony, S.M., Han, I.Y., Rieck, J.R., and Dawson, P.L., 2002. Antioxidative effect of maillard reaction products added to turkey meat during heating by addition of honey. J. Fd. Sci., 67: 1719–1724. https://doi.org/10.1111/j.1365-2621.2002.tb08712.x

			AOAC, 2000. Official methods of analysis of AOAC International. 17th edn.  AOAC International, Gaithersburg, Md.

			Arannilewa, S.T., Salawu, S.O., Sorungbe, A.A., and Ola-Salawu, B.B., 2006. Effect of frozen period on the chemical, microbiological and sensory quality of frozen Tilapia fish (Sarotherodun galiaenus). Nutr. Hlth., 18: 185–192. https://doi.org/10.1177/026010600601800210

			Badawy, O.F.H., Shafii, S.S.A., Tharwat, E.E., and Kamal, A.M., 2004. Antibacterial activity of bee honey and its therapeutic usefulness against Escherichia coli 0157:H7 and Salmonella typhimurium infection. Rev. Sci. Tech. l’OIE., 23: 1011–1022. https://doi.org/10.20506/rst.23.3.1543

			Badet, C., and Quero, F., 2011. The in vitro effect of manuka honeys on growth and adherence of oral bacteria. Anaerobe, 17: 19–22. https://doi.org/10.1016/j.anaerobe.2010.12.007

			Baltrusaityte, V., Venskutonis, P.R., and Ceksteryte, V., 2007. Radical scavenging activity of different floral origin honey and beebread phenolic extracts. Fd. Chem., 101: 502–514. https://doi.org/10.1016/j.foodchem.2006.02.007

			Beretta, G., Granata, P., Ferrero, M., Orioli, M., and Maffei Facino, R., 2005. Standardization of antioxidant properties of honey by a combination of spectrophotometric/fluorimetric assays and chemometrics. Anal. Chim. Acta, 533: 185–191. https://doi.org/10.1016/j.aca.2004.11.010

			Bertoncelj, J., Dobersek, U., Jamnik, M., and Golob, T., 2007. Evaluation of the phenolic content, antioxidant activity and colour of Slovenian honey. Fd. Chem., 105: 822–828. https://doi.org/10.1016/j.foodchem.2007.01.060

			Blasa, M., Candiracci, M., Accorsi, A., Piacentini, M.P., Albertini, M.C., and Piatti, E., 2006. Raw Millefiori honey is packed full of antioxidants. Fd. Chem., 97: 217–222. https://doi.org/10.1016/j.foodchem.2005.03.039

			Brahmantiyo, B., 2000. Physical and chemical properties of Brahman cross, Angus and Murray grey cattle meats. Media Vet., 7: 9–11. https://doi.org/10.1139/w06-086

			Brudzynski, K., 2006. Effect of hydrogen peroxide on antibacterial activities of Canadian honeys. Can. J. Microbiol., 52: 1228–1237. https://doi.org/10.1139/w06-086

			Brudzynski, K., and Miotto, D., 2011. The recognition of high molecular weight melanoidins as the main components responsible for radical-scavenging capacity of unheated and heat-treated Canadian honeys. Fd. Chem., 125: 570–575. https://doi.org/10.1016/j.foodchem.2010.09.049

			Cherbuliez, T., and Domerego, R., 2003. L’apithérapie: médecine des abeilles. Amyris.

			Cunniff, P., 1999. Official methods of analysis of AOAC International. 16. ed., 5. Washington D.C.: AOAC.

			Cushnie, T.P.T., and Lamb, A.J., 2005. Antimicrobial activity of flavonoids. Int. J. Antimicrob. Agents, 26: 343–356. https://doi.org/10.1016/j.ijantimicag.2005.09.002

			Estevinho, L., Pereira, A.P., Moreira, L., Dias, L.G., and Pereira, E., 2008. Antioxidant and antimicrobial effects of phenolic compounds extracts of Northeast Portugal honey. Fd. Chem. Toxicol., 46: 3774–3779. https://doi.org/10.1016/j.fct.2008.09.062

			Gandotra, R., Sharma, S., Koul, M., and Gupta, S., 2012. Effect of chilling and freezing on fish muscle. IOSR J. Pharm. Biol. Sci., 2: 05–09. https://doi.org/10.9790/3008-0250509

			Hashim, I., McWatters, K., and Hung, Y., 1999. Quality enhancement of chicken baked without skin using honey marinades. Poult. Sci., 78: 1790–1795. https://doi.org/10.1093/ps/78.12.1790

			Ioyrish, N., 1974. Bees and people. 1st edn. Mir, Moscow.

			Istrati, D., Constantin, O., Ionescu, A., Vizireanu, C., and Dinica, R., 2011. Study of the combined effect of spices and marination on beef meat vacuum packaged. Ann. Univ. Dunarea Jos Galati-Fascicle VI Fd. Technol., 35: 75–85.

			Johnston, J.E., Sepe, H.A., Miano, C.L., Brannan, R.G., and Alderton, A.L., 2005. Honey inhibits lipid oxidation in ready to eat ground beef patties. Meat Sci., 70: 627–631. https://doi.org/10.1016/j.meatsci.2005.02.011

			Jouki, M., and Khazaei, N., 2011. Effects of storage time on some characteristics of packed camel meat in low temperature. Int. J. Anim. Vet. Adv., 3: 460–464. https://doi.org/10.1042/bj0560646

			Kemp, A., and Van Heijningen, A.J.M.K., 1954. A colorimetric micro-method for the determination of glycogen in tissues. Biochem. J., 56: 646–648.

			Krell, R., 1996. Value-added products from beekeeping.

			Kucuk, M., Kolaylı, S., Karaoglu, S., Ulusoy, E., Baltacı, C., and Candan, F., 2007. Biological activities and chemical composition of three honeys of different types from Anatolia. Fd. Chem., 100: 526–534. https://doi.org/10.1016/j.foodchem.2005.10.010

			Maddocks, S.E., Lopez, M.S., Rowlands, R.S., and Cooper, R.A., 2012. Manuka honey inhibits the development of s biofilms and causes reduced expression of two fibronectin binding proteins. Microbiology, 158: 781–790. https://doi.org/10.1099/mic.0.053959-0

			Madeo, M., Guglielmetti, S., Speranza, G., Lozzia, G., and Giorgi, A., 2009. Evaluation of phenolic composition and biological activity of honey. Planta Med., 75: 1053–1053. https://doi.org/10.1055/s-0029-1234898

			Meda, A., Lamien, C.E., Romito, M., Millogo, J., and Nacoulma, O.G., 2005. Determination of the total phenolic, flavonoid and proline contents in Burkina Fasan honey, as well as their radical scavenging activity. Fd. Chem., 91: 571–577. https://doi.org/10.1016/j.foodchem.2004.10.006

			Mohammed, R.A., Sulieman, M.A., and Elgasim, E.A., 2013. Effect of bee honey in safety and storability of beef sausage. Pak. J. Nutr., 12: 560–566. https://doi.org/10.3923/pjn.2013.560.566

			Montenegro, G., Salas, F., Pena, R., and Pizarro, R., 2009. Antibacterial and antifungal activity of the unifloral honeys of Quillaja saponaria, an endemic Chilean species. Phyt. Int. J. exp. Bot., 78: 141–146. https://doi.org/10.32604/phyton.2009.78.141

			Mundo, M.A., Padilla-Zakour, O.I., and Worobo, R.W., 2004. Growth inhibition of foodborne pathogens and food spoilage organisms by select raw honeys. Int. J. Fd. Microbiol., 97: 1–8. https://doi.org/10.1016/j.ijfoodmicro.2004.03.025

			Nagai, T., Inoue, R., Kanamori, N., Suzuki, N., and Nagashima, T., 2006. Characterization of honey from different floral sources. Its functional properties and effects of honey species on storage of meat. Fd. Chem., 97: 256–262. https://doi.org/10.1016/j.foodchem.2005.03.045

			Nassar, H.M., Li, M., and Gregory, R.L., 2012. Effect of honey on Streptococcus mutans growth and biofilm formation. Appl. environ. Microbiol., 78: 536–540. https://doi.org/10.1128/AEM.05538-11

			Nzeako, B., and Hamdi, J., 2000. Antimicrobial potential of honey on some microbial isolates. Med. Sci., 2: 75–79.

			Popova, T., Marinova, P., Vasileva, V., Gorinov, Y., and Lidji, K., 2009. Oxidative changes in lipids and proteins in beef during storage. Arch. Zootech., 12: 30–38.

			Sampaio, G.R., Saldanha, T., Soares, R.A.M., and Torres, E.A.F.S., 2012. Effect of natural antioxidant combinations on lipid oxidation in cooked chicken meat during refrigerated storage. Fd. Chem., 135: 1383–1390. https://doi.org/10.1016/j.foodchem.2012.05.103

			Schepartz, A.I., 1966. Honey catalase: Occurrence and some kinetic properties. J. Apic. Res., 5: 167–176. https://doi.org/10.1080/00218839.1966.11100150

			Schmedes, A., and Hølmer, G., 1989. A new thiobarbituric acid (TBA) method for determining free malondialdehyde (MDA) and hydroperoxides selectively as a measure of lipid peroxidation. J. Am. Oil Chem. Soc., 66: 813–817. https://doi.org/10.1007/BF02653674

			Shamala, T.R., Shri Jyothi, Y.P., and Saibaba, P., 2002. Antibacterial effect of honey on the in vitro and in vivo growth of Escherichia coli. World J. Microbiol. Biotechnol., 18: 863–865. https://doi.org/10.1023/A:1021210825345

			Shenoy, V., Ballal, M., Shivananda, P., and Bairy, I., 2012. Honey as an antimicrobial agent against Pseudomonas aeruginosa isolated from infected wounds. J. Glob. Infect. Dis., 4: 102. https://doi.org/10.4103/0974-777X.96770

			Shin, H.S., and Ustunol, Z., 2006. Influence of honey-containing marinades on heterocyclic aromatic amine formation and overall mutagenicity in fried beef steak and chicken breast. J. Fd. Sci., 69: FCT147–FCT153. https://doi.org/10.1111/j.1365-2621.2004.tb13350.x

			Taormina, P.J., Niemira, B.A., and Beuchat, L.R., 2001. Inhibitory activity of honey against foodborne pathogens as influenced by the presence of hydrogen peroxide and level of antioxidant power. Int. J. Fd. Microbiol., 69: 217–225. https://doi.org/10.1016/S0168-1605(01)00505-0

			The National Honey Board, 2003. Honey health and therapeutic qualities.

			Vela, L., de Lorenzo, C., and Perez, R.A., 2007. Antioxidant capacity of Spanish honeys and its correlation with polyphenol content and other physicochemical properties. J. Sci. Fd. Agric., 87: 1069–1075. https://doi.org/10.1002/jsfa.2813

			Williams, P., 2007. Nutritional composition of red meat. Nutr. Diet., 64: S113–S119. https://doi.org/10.1111/j.1747-0080.2007.00197.x

			Yucel, B., Onenc, A., Bayraktar, H., Acikgoz, Z., and Altan, O., 2005. Effect of honey treatment on some quality characteristics of broiler breast meat. J. appl. Anim. Res., 28: 53–56. https://doi.org/10.1080/09712119.2005.9706788

		

	OEBPS/image/1646214079_Figure_3.jpg
Peroxide value (mea/kg)

4

Days Intersal

2

LR B IR ]

Control (No Honey)
10% Honey
20% Honey
30% Honey

100% Honey

© (mi/ke)

:
H
<
&
=

4

Days Interval

2

LR I ]

Control (No Honey)
10% Honey
20% Honey
30% Honey

100% Honey





OEBPS/image/1646214093_Figure_4.jpg
* Logl0 CFU/g

Days Interval

¢ Control (No Honey)
-# 10% Honey

-+ 20%Honey
~+ 30% Honey
-+ 100% Honey

TCC Logl0 CFU/g

Days Interval

- Control (No Honey)
+ 10% Honey

- 20% Honey
- 30% Honey
-

100% Honey





OEBPS/image/Open_Access_logo_black.png





OEBPS/image/1646214046_Figure_1.jpg
76- s

~ e Control (No Honey) - Control (No Honey)
g = 10% Honey o = 10% Honey
In -+ 20% Honey Sy ~+ 20% Honey
M z
£ - 30% Honey H ~+~ 30% Honey
E - ~+ 100% Honey i z == 100% Honey
2 LT
26
o o
N o1 4 s o1

Days Interval B Days Interval





OEBPS/image/1.png
Pakistan J. Zool., vol. 55(3), pp 1409-1416, 2023

https://dx.doi.org/10.17582/journal.pjz/20211203051239

Antimicrobial and Antioxidative Effects of
Honey Marination on Beef Meat

Mansoor Ayoob!, Atta Hussain Shah!, Zaheer Ahmed Nizamani?,

Article Information
Received 03 1 2021

Muhammad Faisal Ayoob***, Deepesh Kumar Bhuptani'® and Abdul Sattar Baloch* p.:<.q 15 F 22

!Department of Animal Products Technology, Faculty of Animal Husbandry and
Veterinary Sciences, Sindh Agriculture University, Tando Jam, Pakistan-70060.
’Department of Veterinary Pathology, Faculty of Animal Husbandry and Veterinary
Sciences, Sindh Agriculture University, Tando Jam, Pakistan-70060.

eck for

Accepted 131 Cpdaies 22
Available online 02 June 2022
(early access)

Published 14 April 2023

}National Veterinary Laboratory, Ministry of National Food Security and Research

Islamabad, Pakistan-44000.

‘Department of Veterinary Microbiology, Faculty of Animal Husbandry and Veterinary
Sciences, Sindh Agriculture University, Tando Jam, Pakistan-70060.
*Faculty of Animal Production and Technology, Shaheed Benazir Bhutto University of

Veterinary and Animal Sciences, Sakrand, Pakistan.

ABSTRACT

9

ASB wrote the article.

Key words

The study was conducted to investigate the antimicrobial and antioxidant effects of honey marination
on beef meat (M. longissimus dorsi). The samples were analyzed for moisture, fat, protein, glycogen,
peroxide, thiobarbituric acid, total viable count and total coliform count after marination with 0, 10, 20,
30 and 100% concentrations of honey and after 1, 4, 8 and 12 days of storage (4 C). The moisture, fat
and protein contents were moderately decreased on the 4, 8 and 12th days of storage in all the groups.

bial count

pjz/20211203051239

The glycogen content showed a significant (P < 0.05) increase among the groups except for the control. com

Whereas peroxide and thiobarbituric acid values significantly (P < 0.05) decreased in all the groups,

excluding control, which showed an increase. Moreover, the total viable and total coliform counts were

markedly decreased at the 4, 8 and 12 days of storage in all the groups, except in group A. It concludes
that the honey served as a natural preservative to reduce the lipid oxidation and microbial numbers due to
its antimicrobial and antioxidative attributes. Hence, it prolongs the shelf life of beef meat without having

any adverse effects on its quality.

Copyright 2023 by the authors. License

INTRODUCTION

cef is a powerhouse of essential nutrients obtained

from animals, naturally rich in muscle-building
protein and acts as a rich source of iron for energy. It
is an edible postmortem component originating from
animals that are used as food for humans. Approximately
73% water, 24% protein, 3.9% fat, 0.8% minerals and
less than 1% carbohydrate-rich nutrients are present in
beef meat (Brahmantiyo, 2000). Meat also contains other
elements such as vitamin B12, niacin, vitamin B6, vitamin
D, iron, zinc and phosphorus. Beef meat preserves an
important role in human nutrition due to its distinct and
high nutritional value (Williams, 2007). Naturally, beef
is a highly perishable food commodity of animal origin,
thus easily attacked by microbial flora which in turn causes
reduced shelf life. The meat industry faces an important
challenge to provide safe and wholesome meat and meat
products to their consumers.

The availability of wholesome and safe food is a basic
human right and is essential for human health. Among
the factors affecting the shelf life of fresh meat, bacterial

growth and metabolic activities are the most important
causes of meat spoilage. The refrigerated meat spoilage
was caused by microbial agents such as bacteria which
brings undesirable changes in meat i.e., off-flavors, off
odors, gas production, discoloration and slime production;
such problems necessitate the usage of natural or artificial
preservatives to increase the safety and shelf life of meat.

Various physical and chemical methods have been
applied to decrease the contamination chances at various
levels, raw meat and processing stages. Among them,
marination is a method used to increase meat quality and
preserve its nutritional value during storage. Moreover,
due to the acidic or alkaline nature of the marinated
solution, the shelf life of meat may be positively affected,
and some marinade additives also produced antimicrobial
and antioxidant activity. To prevent foodborne illness and
increase shelf life, natural preservatives containing both
antibacterial and antioxidant activities are desirable to be
used.

Honey may serve as a natural food preservative.
Honey is nectar collected from plants and processed
by honeybees (Apis mellifera). This natural product is
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