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			Abstract

			Fresh beef with low moisture content from skeletal muscle was used to produce the sample based on a standardized method. The sample produced was sterilized, packaged, and stored as the sample stock for further analyses over a period of six months. Data was generated from the proximate, chemical, and microbiological analyses of the packaged smoked-dried product. The proximate and chemical analyses showed a gradual and significant (P ≤ 0.05) decrease in moisture content from the fourth month, while the ash and protein contents showed a continuous significant (P≤0.05) increase as the storage period progressed. The fat content also decreased significantly (P≤0.05) during the third month, and then stabilized from fourth to sixth months. The Thiobarbituric Acid (TBA) content increased significantly (P≤0.05) from month 4, indicating the occurrence of oxidation reactions. The results of the microbial analyses, expressed in cfu/g indicate the presence of both bacteria and fungi, but in numbers that did not exceed the microbiological limits for ready- to- eat foods of 102 to ˂ 104 cfu/g, leading to the conclusion that kamsa could be stored at ambient temperatures for up to six months without significant deteriorative effects if properly packaged. 
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			Introduction

			Meat had been known for its rich nutritive value, which should explain why it is very important in most diets. The protein profile of meat consists of all amino acids that have been described as essential and required by the body for protein synthesis. A large proportion of the world’s population relies on meat as a source of essential nutrients [1-6]. The meat supply situation in Nigeria remains critical in spite of the relatively large animal population of 38.5 million sheep and 19.2 million cattle. An average Nigerian consumes 3.89g/h/d of animal protein, which is less than the 34g/h/d recommended by FAO [7,8]. Meat products, when not consumed immediately, are often processed using a range of traditional techniques involving salting, drying, cooking, smoking and marinating, or a combination of these operations to lengthen their shelf life [9-11]. Drying is probably one of the oldest methods of food preservation which helps to conserve meat by reducing the water activity [11-13]. In the Northern parts of Nigeria, drying, 

salting, spicing, and smoking are the common traditional methods widely used in meat preservation, usually in combination with the higher temperatures prevailing in those parts of the country, or with direct heat application. The intention is to cook or partially cook, reduce moisture content, or impart a flavour to the meat product. However, a combination of these purposes is often the target when preserving meat locally. For instance, hot smoking method is adopted in meat products such as Balangu [14], Tsire, and Dambun nama, while intense drying for expulsion of moisture is often necessary to preserve the product for a longer period of time as applied to Kilishi [15], or in kamsa [7,16], or in dambun nama [17], or in Jirga [18]. Poor and inadequate means of transportation create difficulties in the distribution of meats to different parts of Nigeria. Thus, effective supply to demand areas in shelf stable forms with reduced bulk requires processing, preservation, packaging and storage of meat products.

			Kamsa is a low moisture, smoke-dried local meat product indigenous to the North Eastern Nigeria, and is usually stored for a minimum period of six months. It serves as a convenient source of animal protein to its consumers. The study on the storage stability of kamsa requires fundamental data that includes a microbiological and moisture profile of the product. This study was therefore, designed to assess the physico-chemical and the microbiological profile of the product during a storage period of six months.

			Materials and Methods

			Fresh beef from skeletal muscle with an average moisture content of 70% was used to produce the kamsa samples used in this study; the meat was purchased directly from a central abattoir in Kano State. The handling of the fresh meet and the processing (smoke-drying) into kamsa, were carried out following the procedures outlined by Yusuf [19] and Yusuf et al. [16]. The proximate and chemical analyses were conducted monthly and for a period of six months. The quantification of percent moisture, protein, fat, and ash as well as the TBA was carried out as described in AOAC [20], Nielsen [21], and Igwegbe et al. [8]. The TBA analysis was carried out using a spectrophotometer (SpectrumLab 22 PC) at a wavelength of 532 nanometers, after standardizing the instrument with a TBA reagent. The TBA value was obtained using the following equation:

			TBA value = Optical Density (OD) × 1.44

			On the other the hand, the microbial analysis of the kamsa samples was conducted as prescribed by Quinn et al. [22], Vipul et al. [23] and Igwegbe et al. [24]. All the glassware (petri-dishes, test tubes, pipettes, flasks and bottles) used in the analysis were sterilized in a hot oven at 170 ± 5°C for at least two hours, while the media and distilled water were sterilized by autoclaving at 121°C for 15 min and at 15 psi. The media, which included potato dextrose agar (PDA) nutrient agar (NA) for total aerobic plate-count, Eosine methylene blue agar (EMBA) and deoxycholate citrate agar (DCA) were used for the enumeration of the organisms (bacteria, yeast, mould and Coliforms). The media were prepared following their respective manufacturer’s instructions. Serial dilutions were made using 1g of thoroughly grind processed meat sample shaken in 9ml of distilled water. Plating was carried out in duplicates and the pour plate method was used to make the viable counts [22,23]. The incubation was carried out at 33°C for 48 hours for bacterial counts (including mesophilic and thermophilic spore formers) and at 25°C for 5 days for yeast and mold counts, while the coliform count (MPN/ml) were determined using 3-tube MPN techniques [22,24,25-27]. For each dilution, the viable colonies in the three plates were counted and the means were calculated.

			Results and Discussion

			The results of proximate analysis of kamsa samples recorded during the six months of the storage period of this study are presented in Table 1. There were significant differences (P≤0.05) between the proximate composition of the product in the first three months and the last three months of the storage period. The moisture value at fourth month (4.08 ± 0.02%) differed significantly (P≤0.05) from that of the sixth month (3.40 ± 0.20%). However, no significant differences (P≥0.05) were observed between the moisture contents recorded during the fifth and sixth months, 3.71 ± 0.02 and 3.40 ± 0.20%, respectively (Table 1). The decrease in moisture content of the packaged product may be attributed to polymer permeability properties as suggested by Robertson [28]. From the same Table 1 also, the ash and protein contents were generally observed to increase as the storage period progressed. This could be due to the decrease in moisture content, which caused an increase in the total solid contents including the protein and ash. The increase in the mean protein contents from the first to third months, 85.92 ± 0.02, 86.01 ± 0.19 and 86.20 ± 0.30%, respectively, was however, not significant (P≥0.05); but there was a significant increase in the protein contents during the fourth and fifth months, (87.7 5 ± 0.10 and 88.83 ± 0.70%) that also differed significantly (P≤0.05) from the mean value (89.42 ± 0.01%) recorded in the sixth month (Table 1). In general, a significant increase was observed after every two months of the storage, with the highest values obtained during the fifth and sixth months.

			Table 1: Effects of Storage Period on Mean Proximate Composition (%) and Thiobarbituric Acid Value (ppm) of Kamsa1.

			
				
					
					
					
					
					
					
					
					
				
				
					
							
							Parameters

						
							
							Storage Period (Months)2
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							1

						
							
							2

						
							
							3

						
							
							4

						
							
							5

						
							
							6

						
					

					
							
							Moisture

						
							
							6.38 ± 0.03a

						
							
							6.35 ± 0.05a

						
							
							6.35 ± 0.05a

						
							
							5.95 ± 0.05a

						
							
							4.08 ± 0.02b

						
							
							3.71 ± 0.02bc

						
							
							3.40 ± 0.20c

						
					

					
							
							Ash

						
							
							3.62 ± 0.01d

						
							
							3.52 ± 0.02d

						
							
							3.53 ± 0.01d

						
							
							3.76 ± 0.02c

						
							
							3.79 ± 0.01bc

						
							
							3.87 ± 0.00ab

						
							
							3.92 ± 0.03a

						
					

					
							
							Fat

						
							
							4.15 ± 0.02a

						
							
							4.13 ± 0.01a

						
							
							4.11 ± 0.11a

						
							
							3.72 ± 0.02b

						
							
							3.38 ± 0.02c

						
							
							3.26 ± 0.02c

						
							
							3.26 ± 0.01c

						
					

					
							
							Protein

						
							
							85.84 ± 0.50c

						
							
							85.92 ± 0.02c

						
							
							86.01 ± 0.19c

						
							
							86.20 ± 0.30c

						
							
							87.75 ± 0.10b

						
							
							88.83 ± 0.70ab

						
							
							89.42 ± 0.01a

						
					

					
							
							TBA

						
							
							0.98 ± 0.05c

						
							
							0.99 ± 0.02c

						
							
							1.06 ± 0.01c

						
							
							1.06 ± 0.00bc

						
							
							1.16 ± 0.04b

						
							
							1.21 ± 0.01a

						
							
							1.22 ± 0.02a

						
					

				
			

			1Values are means of duplicate determinations ± Standard Deviations.

			2In every row, means bearing similar superscripts are not significantly different (P≥0.05).

			Similarly, the fat content showed a gradual decrease as the storage period progressed; however, the decrease in the average fat contents recorded was not significantly different (P≥0.05) from the fourth to the sixth months, 3.38 ± 0.02, 3.26 ± 0.02 and 3.26 ± 0.01%, respectively (Table 1). The same trend in fat content was observed between the first and second months. However, the reduction in the values of the fat contents were significantly different (P≤0.05) between the first two months and the third month, and between the third month and the last three months (Table 1). The significant reduction in the fat content observed during that period could be attributed to either the leaching out of oils that may had been caused by the smoke-drying process, or by the storage conditions, or by both of them. Ali et.al. [29], reported that the storage of fat containing foods over temperatures above 30oC caused fat migration. They attributed it to the leakage of liquid glycerides from the center to the surface of the product. Also, the thiobarbituric acid (TBA) values (expressed in ppm) of kamsa recorded during the six months period of this study are shown in Table 1. The values increased as the storage period progressed, with the highest values, 1.21 and 1.22ppm, recorded in the fifth and sixth months, respectively. These two values differed significantly (P≤0.05) with those of the second, third and fourth months, which are 1.06, 1.06, and 1.16ppm, respectively (Table 1). The lack of significant rise in TBA values (0.99, 1.06, and 1.06ppm) during the first three months of the storage period could be interpreted as absence or presence of very low oxidative reactions in the packaged products. Moreover, the significant increase (P≤0.05) from the fourth months may be because of gradual buildup of breakdown products of fats or oxidation by products, which was sustained through the fifth and sixth months. Furthermore, the lack of sustained increase from the first three months could mean that the high initial values recorded at that period might be because of interferences from additional absorption of other TBA reactive substances (TBARS) as observed by Fisher et al. [30] and Zaazaa [31]. The TBA test is useful as a measure of lipid oxidation during the initial stages [32,33], and because TBARS may undergo extensive modifications at advanced stages of oxidation [34]. Foods, which contain high concentrations of unsaturated lipids, are particularly susceptible to lipid oxidation. Lipid oxidation is an extremely complex process involving numerous reactions that give rise to a variety of chemical and physical changes in the lipid components of any food. Without the application of preservatives and stabilizers, the fats in meat may also begin to rapidly decompose after cooking or processing, leading to an objectionable taste known as warmed over flavor [8,31,32,35]. 

			Effects of the Storage Period on Microbial Stability of Kamsa

			Generally, to maximize the shelf life of meat or its products, it is very important to begin with high quality fresh meat having a low bacterial count [24]. Processing, handling, and storage procedures, on the other hand, must be such that contamination will not occur and conditions unfavorable to the growth of microorganisms will be maintained. Several processes are designed to destroy microorganisms in order to prevent the transmission of disease and to increase storage stability of the products. The traditional method of examining microbiological safety, storage stability, and sanitary quality of foods is to test representative samples of the final product for the presence of pathogens or spoilage organisms. Different microbial groups (e.g., aerobic plate counts and yeast and moulds); indicator bacteria such as Coliforms are used as indicators of sanitation per gram or milliliter of a product. The results of the microbial analyses obtained during the six months storage period of this study are presented in Table 2 inclusive of their standard deviations, and are expressed as colony forming unit per gram (cfu/g). The total bacterial plate count, as well as the yeast and mould counts recorded from kamsa during the period did not exceed the limits for ready to eat foods of 102 to ˂ 104 cfu/g, recommended by the Food Standards [36], and Centre for Food Safety [37]. This low microbial load according to Adam and Moss [38] could be due to the low water activity (aw) value of dehydrated foods, which is usually below 0.6. This, the authors observed, is the limiting value for the active growth of any microorganism (even though survival may still occur). Moreover, at low aw, the spoilage of foods is not microbiological, but due to insect damage or chemical reactions such as oxidation. In this study, however, a significantly (P ≤ 0.05) increasing trend in the mean bacteria counts of 4.0 ×102, 6.0 ×102  and 7.0 ×102 cfu/g was recorded during the first, second and third months, respectively. This increase could be due to the higher moisture content of the product in the first three months. As indicated earlier, the presence of moisture is directly related to water activity and the higher the water activity, the more susceptible the food will be to microbial spoilage and unfavourable chemical reactions [11,13]. Furthermore, no significant changes (P≥0.05) were observed in the mean microbial counts of the product from the third up to the sixth months of the storage period (Table 2). This could possibly be because of the stabilization of the moisture content in those months. The processing and storage conditions employed for kamsa in the present study were meant to prevent or minimize the activity of microorganisms during the storage period; and this has proven to be effective as indicated by the low microbial counts recorded. In addition, these low microbial counts obtained during the storage period, might not be as a result of inadequate processing, but they might have been picked up during the course of handling.

			On the other hand, no significant differences (P≥0.05) were recorded on the fungal (yeast and/or mould) loads of kamsa from the first to the third months. The average number recorded during the period was 9.0×102, 9.0×102 and 8.0×102 cfu/g, respectively; these figures dropped to 2×102 cfu/g and remained constant from the fourth to the sixth months, and the highest counts was observed in the first and second months (Table 2). The decrease in the mean fungal counts as the storage period progressed might not be unconnected to the decreasing moisture content of the product. Incidentally, no Coliform group was detected in the products through the six months storage period. In general, the spoilage of meat occurs if the meat is not treated in a matter of hours or days after slaughter, and that would result in the meat becoming unappetizing, poisonous or even infectious. Spoilage may be caused by practically unavoidable infection and subsequent decomposition of the meat by bacteria, mould and yeast, which are borne by the animal itself, by the meat handlers themselves, and by the implements that come in contact with the meat during meat handling [6,8,10,39]. The results obtained in this study have shown that meat could be kept edible for a much longer time, though not indefinitely, if proper hygienic measures are observed during slaughtering and processing, and if appropriate safety, good manufacturing practices and proper storage procedures are applied. 

			
Table 2: Mean Total Plate Counts (Bacteria, Yeast and Mould) Recorded in Kamsa During the Six Months of Storage1.

			
				
					
					
					
				
				
					
							
							Storage Period 

							(Months)

						
							
							Microbial Counts (cfu/g)2

						
					

					
							
							Bacteria

						
							
							Yeast / Mould

						
					

					
							
							0

						
							
							4 × 102 ± 0.01c

						
							
							ND*

						
					

					
							
							1

						
							
							4 × 102 ± 0.01c

						
							
							9 × 102 ± 0.05a

						
					

					
							
							2

						
							
							6 × 102 ± 0.01ba

						
							
							9 × 102 ± 0.05a

						
					

					
							
							3

						
							
							7 × 102 ± 0.05ab

						
							
							8 × 102 ± 0.00a

						
					

					
							
							4

						
							
							7 × 102 ± 0.05ab

						
							
							2 × 102 ± 0.05b

						
					

					
							
							5

						
							
							6 × 102 ± 0.01ba

						
							
							2 × 102 ± 0.00b

						
					

					
							
							6

						
							
							7 × 102 ± 0.00ab

						
							
							2 × 102 ± 0.00b

						
					

				
			

			1Values are means of duplicate determinations ± Standard Deviations; 

			2In any column, means bearing similar superscripts are not significantly different (P≥0.05); 

			*ND = Not Detected.

			Conclusion

			All foods undergo varying degrees of deterioration during storage. Processed foods may change in color, texture, flavor, or any quality attributes depending on the method of processing, condition and length of storage. This study concludes that, with proper packaging, the traditionally smoke-dried meat, kamsa, could be stored at ambient temperatures for up to six months without significant deteriorative activities or oxidation reactions, and that the level of fat oxidation reactions will depend on the part and amount of fat in the fresh meat used in the preparation.
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