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Effect of Canning and Liquid Smoking on the Physicochemical, Microbiological, and Sensory Properties of Spent Hen Meat
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ABSTRACT 

	A study aimed to develop new products from spent hen meats to increase marketing value of meat, which is an excellent and inexpensive source of animal protein that can effectively reduce acute malnutrition resulting from protein and energy deficiency, especially in developing countries. 
Canning alone or combined with smoking liquid was used to produce ten treatments from spent hen meats. The first was a single piece of chicken breast (solid canned chicken), while the other four treatments were pieces (chunk) and shredded made from breasts and thighs. The last five treatments were created from the previous five treatments by incorporating 1% smoke liquid during canning. 
Raw chicken thighs samples had more moisture, fat, ash, and pH, but less protein than chicken breast samples. Canning for the three different types (solid, chunk and shredded) made from breasts or thighs reduced moisture and increased protein, fat, and ash content while decreasing muscle water-holding ability, with the exception of thighs, which have a higher fat content than breast meat. Total volatile nitrogen (TVN) content in canned chicken thighs was lower than that of canned breast meat, while thiobarbituric acid (TBA) levels were higher in canned thighs compared to canned breast meat due to the higher fat content of the thighs. However, the study results show that the TVN and TBA contents in all samples were below the permissible limits according to the Egyptian standard specifications. Canned chicken breast meat recorded a higher overall acceptability score than canned thighs, while solid samples recorded the highest quality score, followed by chunk and then shredded. Smoking improved the sensory attributes compared to unsmoked meat. All canned chicken samples (smoked or unsmoked) were negative for Clostridium botulinum, Salmonella spp., and spore-forming bacteria. The results show that all canned chicken samples are highly acceptable and safe for human consumption. Smoking reduced TVN and TBA levels, pH values, and increased WHC, elasticity, and water-holding capacity of the canned chicken meat compared to unsmoked.



Keywords: Chicken meat, Breasts, Thighs, Canning, Smoking, Solid, Chunk, Shredded

1. INTRODUCTION 

The fast-paced lifestyle, rising individual income, improved socio-economic status, and increased awareness of hygiene and nutrition are all contributing factors to the global rise in demand for convenience meat products. The demand for poultry meat has increased over the past several years due to its good and cheaper source of animal protein and its association with low-fat and low-calorie foods (Sarkar et al., 2020; Erdaw and Beyene, 2022). Spent hen meats is an excellent and inexpensive source of animal protein. It is low in cholesterol and rich in omega-3 polyunsaturated fatty acids, especially in the breast muscles. This is beneficial to health and can be used to develop new products that effectively reduce acute protein-energy malnutrition, especially in developing countries. Spent hens are used for egg production for 12 to 18 months or indefinitely. Due to the long rearing cycle, as they age, their size and production rate decline, making it economically unviable to keep them. These birds are then used for meat and meat products (Barido and Lee, 2021; Alugwu et al., 2022). Spent hens is characterized by its small weight and tough, lean meat, making it difficult to cook. It often requires processing before being put on the market (Egg, 2022). Consumer acceptance of spent hens as a food varies due to the strength of its muscles, which contain a large amount of collagen and cross-linking. Spent hens is a popular dish in several regions of the world, including India, China, Thailand, and Korea. It can also be used to make chicken burgers, sausages, luncheon meats, surimi, soups, and processed meat products (Sabikun et al., 2021).
Food preservation is a critical aspect of ensuring food safety and quality, preventing spoilage, and extending the shelf life of perishable products (Ogwu 2023a, b). Meat is a rich source of protein, iron, zinc, fatty acids, and vitamins. Its high moisture content makes it a highly perishable product due to chemical reactions and enzymatic activity. This leads to the decomposition of fats, proteins, and carbohydrates in meat, resulting in odors, putrefaction, and the production of mucus, rendering the meat unfit for human consumption. Humidity, temperature, microorganisms, ambient oxygen, and internal enzymes also affect the shelf life and freshness of meat, causing it to deteriorate. For this reason, many techniques are used to preserve meat and meat products by inactivating or eliminating microbes (Rahman et al., 2023). Meat and poultry can be preserved for long-term storage through canning, drying, freezing, salting, or smoking. These preservation techniques allow meat and poultry to be safely consumed well beyond their product date. Canning is widespread worldwide because it provides ready-to-eat food where refrigeration is not available, whether during work, travel, or camping, while preserving high-quality protein sources (Khalafallah et al, 2020). Canned meat is heat-treated to maintain its long-term stability. Heat treatment is carried out at temperatures exceeding 100°C. This process results in the complete inactivation of all vegetative bacteria and partial inactivation of spore-forming bacteria (André et al., 2013). Oxygen removal is critical in the meat canning process, and many food additives such as sodium benzoate, sodium sorbate, sodium ascorbate, ascorbic acid, and sulfur dioxide are also used. Bacterial growth can be inhibited using acetic and lactic acids, and yeast growth can be inhibited using sorbates and acetates (Edris et al, 2017). According to Shephard (2006), canning involves preparing food, placing it in sterile containers such as cans or jars, and then boiling it to eliminate or weaken any lingering microorganisms. According to Ariyamuthu et al. (2022), this process involves immersing jars of food in boiling water and cooking them for a predetermined period of time. 
[bookmark: _Hlk218421953][bookmark: _Hlk217634704]Protein food products can be smoked. Additionally, the aromatic chemicals in smoke may impart more flavor and color to the food, and may also have antioxidant and antibacterial properties, extending its shelf life (Farag et al., 2024). Liquid smoke gives smoked products a distinctive aroma and enhanced color quality. Food preservation has become essential because it allows any food to be transported long distances without losing its nutritional value, texture, or color (Ogwu 2023a). Liquid smoke is a compound that simultaneously evaporates from a hot reactor via pyrolysis (thermal decomposition) and condenses in the cooling system. It contains phenolic compounds that act as antioxidants by stabilizing free radicals (Indiarto et al., 2020). The phenolic and acetic acid content of liquid smoke can inhibit the growth of bacteria such as Pseudomonas fluorescens, Bacillus subtilis, Escherichia coli, and Staphylococcus aureus (Soares et al., 2016). Saloko et al., (2014) demonstrated that using liquid smoke is easier and safer than traditional smoking techniques because residual polycyclic aromatic hydrocarbons can be removed through purification using re-distillation, and liquid smoke can be applied at a certain level. Sorour et al., (2021) found that application of liquid smoke in meatballs reduced the rate of microbial damage, maintained the physiochemical properties and were better accepted compared to control.
The study's goal is to maximize the benefit of spent hen meat, which is an excellent and low-cost source of animal protein by developing new products (canned chicken from chicken breasts and thighs) with added liquid smoke to give the product distinctive aroma and enhanced color quality to increase consumer acceptance.

2. material and methods 

2.1 Materials
Spent hens weighing between 4.5-5 kg were purchased from the local market in Cairo, Egypt. The chicken had been slaughtered, left to bleed for five minutes, boiled for 2 minutes at 60˚C, the feathers have been manually removed, eviscerated, followed by washing with tap water. The chicken was transported immediately to laboratory of meat and fish department, Agriculture research center. Carcasses were skinned, deboned and trimmed of fat, cutting as required for the processing. Liquid smoke was produced from meat and fish department laboratory according to (Sorour et al., 2021). Salt, 2% spices mixture (30% laurel, 30% cardamom, 20% white paper, 10% clove and 10% dried ginger) and new glass canning jars (300 ml) were purchased from the local market.
Chemicals
All analytical grade chemicals were obtained from El-Gomhoria Company for Trading Chemicals and Drugs as TBA (Techno. Pharmchem., India), Glacial acetic acid (Euromedox, France) and NaOH, Boric acid, methyl red and Bromo cresol green (Loba-Chem., India).
Preparing Jars
Every jar was carefully cleaned and examined for rim fractures or nicks. Jars were disinfected by immersing them in boiling water for ten minutes, after which they were drained and turned over to remove all of the water. After ten minutes of preheating in hot water, the lids were allowed to air dry.
Canning processing
For solid chicken cutting the breast into slices. For chunk Slice the chicken breasts and thighs and cut each slice into smaller, cubed pieces. The cutting residue for both the breasts and thighs is cut into small pieces and used to make shredded chicken. After cutting the chicken, the precooking stage was done for 90 minutes at 100°C. The jars were fill with 200g chicken meat and brin 1% salt until the head space jar become 2.5 cm. Liquid smoke addition by 1% according total weight. Exhausting was done by placing cans without lids in a hot water bath. The time and temperature used for exhausting was 100°C for 10 minutes. This procedure eliminated oxygen from the cans while creating a vacuum inside them. Then, the lids were fastened. The jars were then immediately autoclaved for 15 minutes at 121°C for high pressure thermal sterilization. After processing, the cans were immediately cooled by tap water.
2.2 Methods
Chemical Composition
Proximate composition analysis was carried out for drained samples of canned chicken to determine moisture, protein, lipid and ash following the methodologies of Association of Official Analytical Chemists, AOAC (2016). Moisture content was determined by drying samples in an oven at 65°C for 24 hrs. then at 105°C for 6 hrs. until constant weight. Determination of protein was done by using Kjeldahl method and calculated by multiplying the amount of nitrogen by 6.25. Crude lipid was determined by Soxhlet extraction unit using hexane solvent. Determination of ash was done at 550-600°C for 6 hrs. in a muffle furnace.
pH Value
The pH value was estimated by using a calibrated pH meter (Jenway, 3510, UK) according to the method described by Goulas and Kontominas (2005).
Chemical properties
Total volatile nitrogen (TVN) was determined by macrodistillation method as described by Pearson (1991). Thiobarbituric acid (TBA) values were estimated by colorimetric method at 538 nm using BECKMAN DU 7400 spectrophotometer (as mg malonaldehyde/kg sample); according to the method described by Pearson (1991).
Water holding capacity and plasticity
Water holding capacity and plasticity were measured using the method of Wierbicki and Deatherage (1958). Minced meat sample (0.3 g) was placed on filter paper Whatman No. 41, between two glass plates and pressed for 10 minutes using one Kg weight. Two zones were formed on the filter paper and their surface areas were measured by a planimeter.
Microbiological analysis Samples preparation
Ten grams of chicken samples were transferred to 90 ml of sterile peptone solution. The suspension was shaken by hand for 5 min to prepare a 1:10 dilution.
Spore forming bacteria
Spore forming bacteria was determined according to the method described by Kilinc and Cakli (2004). Dilution tubes were heated to 80°C for 10 minutes before being plated on nutrient agar medium. The plates were incubation at 30°C for 3 days.
Salmonella spp
The existence or not of Salmonella was determined by the procedure provided by FAO (1979).
Cl. Botulinum
This method is based on the detection of typical gram-positive Bacilli with sub terminal oval spores grow on cooked meat medium and producing turbidity, gas production and digestion of the meat particles FAO (1979).
Sensory evaluation
Sensory evaluation of canned chicken samples was carried out according to Mansour & Khalil (1999) by aid of 10 members of the Meat and Fish Res. Dep., Food Technology Research Institute. The samples were evaluated for color, taste, odor, texture and overall acceptability. Judging scale for each factor was as follows: Excellent (8-9), Very good (7-<8), Good (6-<7), Fair (5-< 6), Poor (4-<5) and Rejected (<4).
Statistical analysis
The data were analyzed using One-way analysis of variance (ANOVA). Means comparison was performed using Duncan’s test at a level of P < 0.05 as reported by Snedecor & Cochran (1994).

3. results and discussion

3.1. Pre slaughter, carcass, breast and thigh weight 
Table 1 shows the weight of the spent hen before and after slaughter and the weights of the different parts such as the breasts and thighs in addition to the percentages attributed to the pre slaughter weight. The pre-slaughter weight was 4820 g, whereas the post-slaughter weight was 3970 g, with an 82.36% carcass weight ratio.   The weight (g) and percentage (%) of breast and thigh muscles were 1356g (28.13%) and 928g (19.25%), respectively. These results were in agreement with the results reported by Indumathi et al. (2019) in spent broiler breeder hens have very good amount of meat in the breast and thigh and comparatively less abdominal and subcutaneous fat. The mean breast and thigh percentage (%) of spent broiler breeder hen was 30.35±0.02 and 17.79±0.004 respectively. 
Table 1: Pre slaughter, carcass, breast and thigh weight. 
	Parameter 
	Weight(g) 
	Percentage% 

	Pre slaughter weight 
	4820 
	-- 

	Carcass weight 
	3970 
	82.36 

	Breast muscle weight  
	1356 
	28.13 

	thigh muscle weight  
	928 
	19.25 


Values are mean ± SD (n=3).

3.2. Proximate composition of spent hen chicken 
Table 2 shows the approximate compositions of the chicken meat from the spent hen's breast and thighs.  Moisture, protein, fat, ash, and pH values for the meat of the breast chicken were 72.65%, 22.88%, 2.14%, 1.20%, and 5.87, in that order.  Moisture, protein, fat, ash, and pH values for chicken thigh meat were 73.78%, 20.14%, 3.71%, 1.63%, and 6.24, in that order.  Table 2 showed that whereas thigh chicken meat had significantly greater levels of moisture, fat, ash, and pH (p<0.05), breast chicken meat had significantly higher levels of protein (p<0.05). Chen et al. (2016) reported similar results. The proximate analysis shows that breast chicken meat has less fat and is higher in protein. Večerek et al. (2005) compared leg muscles to breast muscles and discovered that breast muscles contained more protein and less fat.          
Table 2: proximate composition and pH of breast and thigh chicken meat from spent hen. 
	 
	Breast 
	Thigh 

	Moisture% 
	72.65b ± 0.24 
	73.78a ± 0.19 

	Protein% 
	22.88a ± 0.38 
	20.14b ± 0.42 

	Fat% 
	2.14b ± 0.17 
	3.71a ± 0.21 

	Ash% 
	1.20b ± 0.11 
	1.63a ± 0.14 

	pH 
	5.87b ± 0.04 
	6.24a ± 0.07 


Values are mean ± SD (n=3). Values with different superscripts letters within the same row are significantly difference (p <0.05). 

3.3. Proximate composition of canned chicken 
The results presented in Table (3) demonstrate the proximate composition of the canned chicken samples. A comparative analysis of the proximate composition of canned chicken and raw chicken revealed that the canning process significantly impacts the nutrient content of the final product. This finding aligns with the observations reported by Bahurmiz et al. (2018), who noted that numerous operations during the tuna canning process contribute to reducing moisture content in the final canned product. The thermal treatment, which encompasses pre-cooking and heat sterilization, has been demonstrated to denature muscle proteins, thereby diminishing their capacity to retain water. This process leads to the release of a substantial quantity of water into the surrounding environment. Furthermore, the process of cooling pre-cooked meat and the subsequent pressing step just before filling the meat in cans can lead to the release of additional moisture from the muscles through the process of evaporation. A statistically significant discrepancy (p < 0.05) was identified in the proximate composition (moisture, protein, fat, and ash) among the samples of canned chicken meat examined. The smoked chunk thigh sample exhibited a high moisture content of 68.63%, while the shredded breast sample demonstrated a comparatively low moisture content of 66.15%. However, a statistical analysis revealed that there was no significant difference between the solid chunk breast and shredded breast samples. The findings indicated that the smoked solid, smoked chunk breast, and smoked shredded samples exhibited high protein contents with no statistically significant differences. Conversely, the shredded thigh samples demonstrated low protein contents, with an average of 22.90%. 
A non-significant discrepancy (p > 0.05) in fat content was observed among the breast canned chicken samples. In contrast, the smoked chunk thigh samples exhibited a higher fat content (5.91%) compared to the other samples. This variation can be attributed to the higher fat percentage inherent in the raw chicken thigh. The present findings are consistent with those reported by Anwar et al. (2020). In their study, the researchers compared the proximate analysis of fresh tuna with that of pre-cooked tuna. They observed that the protein and fat content increased after pre-cooking. This increase may be attributed to a reduction in the moisture content of the water during the preliminary cooking process, resulting from the evaporation of water due to heating. 
The results demonstrated that the average ash content of canned chicken meat increased from the ash content of fresh chicken. This result aligns with the findings of Mohan et al. (2015), who attributed this increase to salt addition during the canning process. A statistically significant difference was observed in the ash content of the smoked solid samples (p < 0.05). 
The ash content of the smoked solid samples was found to be low (1.61%), while the ash content of the chunk thigh samples was found to be high (2.66%). 
Table 3: proximate composition of canned chicken samples. 
	Samples 
	Moisture% 
	Protein% 
	Fat% 
	Ash% 

	Solid 
	66.39d ± 0.33 
	26.00b ± 0.08 
	4.37d± 0.14 
	2.43b± 0.10 

	Chunk breast 
	66.28d ± 0.25 
	25.96b ± 0.11 
	4.32d ± 0.13 
	2.48b ± 0.03 

	Chunk thigh 
	68.13b ± 0.30 
	23.06d ± 0.20 
	5.62b ± 0.09 
	2.66a ± 0.08 

	Shredded breast 
	66.15d ± 0.21 
	25.74b ± 0.16 
	4.28d ± 0.12 
	2.50b ± 0.01 

	Shredded thigh 
	67.95b ±0.27 
	22.90d±0.22 
	5.58b±0.11 
	2.64a±0.04 

	Smoked solid 
	67.18c ± 0.24 
	26.33a ± 0.14 
	4.66c± 0.16 
	1.61d ± 0.12 

	Smoked chunk breast 
	67.03c±0.17 
	26.29a±0.09 
	4.59c±0.08 
	1.66d±0.06 

	Smoked chunk thigh 
	68.63a ±0. 25 
	23.46c±0.16 
	5.91a±0.12 
	1.86c±0.09 

	Smoked shredded breast 
	66.90c±0. 26 
	26.21a±0.17 
	4.57c±0.07 
	1.70d±0.13 

	Smoked shredded thigh 
	68.58a ±0.29 
	23.40c±0.19 
	5.85a±0.10 
	1.90c±0.05 


Values are mean ± SD (n=3). Values with different superscripts letters within the same column are significantly difference (p <0.05). 

3.4. Chemical quality of canned chicken 
The chemical quality of the canned chicken samples is presented in Table 4. The total volatile nitrogen value (TVN) is a chemical parameter that is frequently utilized as a freshness index for chicken products. No statistically significant differences were observed in the TVN values of solid, chunk, and shredded breast samples at a level of significance (p > 0.05). The TVN values were found to be 13.42, 13.54, and 13.73 mg N/100 g meat, respectively. The findings of this study demonstrate that the observed results exceed those previously reported by Mohammed (2013). In their study, Mohammed et al. documented the TVN values for canned chicken meat samples, which ranged from 12.1 to 12.7 mg N/100 g meat. The lower (TVN) were observed in the thigh samples. A comparative analysis revealed that all smoked chicken samples exhibited lower TVN levels compared to other chicken samples. This finding aligns with the conclusions of the study by Saloko et al. (2014), which reported that the incorporation of liquid smoke into tuna fish led to a reduction in TVN value. 
A statistically significant difference (p < 0.05) in thiobarbituric acid values (TBA) was observed between breast and thigh canned chicken. A statistically significant difference was observed in the thiobarbituric acid (TBA) values of the solid, chunk breast and shredded breast samples compared to the chunk thigh and shredded thigh samples (p < 0.05). This discrepancy can be attributed to the higher fat content present in the raw chicken thigh. As indicated by the findings of Nagy et al. (2023), thigh samples that had undergone shredding exhibited elevated levels of TBA. This outcome is consistent with the results obtained by the same researchers, who previously reported that shredded tuna samples exhibited significantly higher levels of TBA compared to solid or chunked tuna. The potential causes of this phenomenon may include lipid degeneration. 
The lower TBA values observed in the smoked chicken samples may be attributable to the antioxidant effects of the phenolic substances present in liquid smoke. As reported by Modi et al. (2004), smoked meat nuggets exhibited significantly lower thiobarbituric acid (TBA) values in comparison to fresh meat nuggets (P < 0.05). The obtained results were within the acceptable range (20 mg N/100g and 0.9 mg malonaldehyde/kg) reported by Egyptian standard specifications (2009). 
Table 4: Total volatile nitrogen value (mg N/100g) and thiobarbituric acid (mg malonal. /kg) of canned chicken samples. 
	Samples 
	TVN 
	TBA 

	Solid 
	13.42a ± 0.19 
	0.52b ± 0.04 

	Chunk breast 
	13.54a ± 0.21 
	0.53b ± 0.02 

	Chunk thigh 
	12.82b ± 0.32 
	0.66a ± 0.06 

	Shredded breast 
	13.73a ± 0.24 
	0.56b± 0.03 

	Shredded thigh 
	12.98b ± 0.26 
	0.68a± 0.05 

	smoked solid 
	12.13c ± 0.34 
	0.30d ± 0.03 

	Smoked chunk breast  
	12.27c ± 0.20 
	0.33d ± 0.01 

	Smoked chunk thigh 
	11.49d ± 0.18 
	0.42c ± 0.02 

	Smoked shredded breast 
	12.36c ± 0.31 
	0.34d ± 0.04 

	Smoked shredded thigh 
	11.60d ± 0.27 
	0.45c ± 0.05 


Values are mean ± SD (n=3). Values with different superscripts letters within the same column are significantly difference (p <0.05). 

3.5. Physical Indicator 
The pH, water holding capacity (WHC), and plasticity of the studied canned chicken samples are demonstrated in Table (5). The pH values of canned chicken meat were significantly (p<0.05) decreased after canning for all samples. Galhoum (2000) ascribed this decline to the degradation of lipids and the laxity of certain fatty acids during the thermal treatment of canned tuna. 
The thigh samples were found to have significantly higher pH values (P < 0.05) compared to the lower values observed in the smoked shredded breast samples (5.14). The pH values of the former were found to be 5.96. A lower pH value was observed in all samples that underwent smoking in comparison to other chicken samples. This phenomenon can be attributed to the presence of phenolic acids in the smoke liquid, as previously reported by Berhimpon et al. (2018). 
Water holding capacity is defined as the ability of meat protein to bind water in meat, thereby facilitating the assessment of protein damage in meat (Suryaningsih et al., 2024). The lowest WHC (highest value, 3.88 cm²/0.3 g) was documented in shredded breast samples, exhibiting non-significant differences (p > 0.05) compared to chunk breast and solid canned chicken (3.79 and 3.74 cm²/0.3 g), respectively. Conversely, the highest WHC (lowest value, 3.02 cm2/0.3g) recorded in samples of smoked chunk thigh, with a non-significant difference (p > 0.05) when compared to the mean value of 3.09 cm²/0.3 g recorded in samples of smoked shredded thigh. This discrepancy can be attributed to the high percentage of fat content present in the raw chicken thigh. This finding aligns with the conclusions of the study by Prayitno et al. (2010), which demonstrated that meat with a high fat content exhibited a higher water-holding capacity value compared to meat with a low-fat content. 
The plasticity exhibited by meat samples is indicative of their tenderness. The range of plasticity values observed varied from 2.02 (cm2/0.3g), as recorded in shredded breast samples, to 2.63 (cm2/0.3g), as recorded in smoked chunk thigh samples. 
Table 5: pH, water holding capacity (cm2/0.3g) and plasticity (cm2/0.3g) of canned chicken samples. 
	Samples 
	pH 
	WHC 
	Plasticity 

	Solid 
	5.58c ± 0.09 
	3.74a ± 0.01 
	2.11d ± 0.02 

	Chunk breast 
	5.54c± 0.04 
	3.79a ± 0.04 
	2.05d± 0.04 

	Chunk thigh 
	5.96a ± 0.07 
	3.25c ± 0.04 
	2.44b ± 0.07 

	Shredded breast 
	5.49c ± 0.06 
	3.88a ± 0.09 
	2.02d ± 0.03 

	Shredded thigh 
	5.87a ± 0.01 
	3.31c ± 0.02 
	2.40b ± 0.05 

	Smoked solid 
	5.23d ± 0.03 
	3.40b ± 0.06 
	2.29c ± 0.05 

	Smoked chunk breast 
	5.19d ± 0.08 
	3.47b ± 0.07 
	2.26c ± 0.06 

	Smoked chunk thigh 
	5.75b ± 0.05 
	3.02d ± 0.08 
	2.63a ± 0.04 

	Smoked shredded breast 
	5.14d ± 0.07 
	3.53b ± 0.12 
	2.21c± 0.03 

	Smoked shredded thigh 
	5.69b ± 0.06 
	3.09d± 0.03 
	2.58a ± 0.011 


Values are mean ± SD (n=3). Values with different superscripts letters within the same column are significantly difference (p <0.05). 

3.6. Sensory Evaluation 
As posited by Abiala et al. (2023), the organoleptic quality of meat is influenced by several factors, including its juiciness, aroma, texture, and flavor. The sensory evaluation of canned chicken samples is presented in Table (6). A statistically significant discrepancy was identified in the obtained data, with a p-value greater than 0.05, between the canned breast and canned thigh samples. The results of the study demonstrated that canned breast exhibited higher levels of color, odor, and overall acceptability in comparison to canned thigh. In the context of the experimental study, samples that had undergone a process of shredding obtained lower scores in terms of taste and overall acceptability when compared to the other samples that were subjected to the same evaluation process. These results were consistent with those reported by Hassan et al. (2022), who found that crumbled tuna had the lowest score for all sensory characteristics when compared with solid and chunk tuna. 
The smoked canned product received the highest scores for its color, taste, odor, texture, and overall acceptability. Farag et al. (2024) found that chicken luncheon treated with 1% and 2% liquid smoke exhibited higher scores than the control group, which did not receive liquid smoke treatment. The smoked solid, smoked chunk breast, and smoked chunk thigh exhibited significantly higher levels of texture and overall acceptability compared to other canned chicken samples (p < 0.05). The result obtained in this study was consistent with those reported by Martinez et al. (2007). The researchers found that liquid smoke contains carbonyls, which have the capacity to interact with muscle foods, modify their textural properties, and ultimately influence consumer acceptance. 
Table 6: Sensory evaluation of canned chicken samples.    
	Samples 
	Color 
	Taste 
	Odor 
	Texture 
	Overall acceptability 

	Solid 
	8.30a ± 0.60 
	7.90b ± 0.35 
	7.50b ± 0.46 
	7.30b ± 0.13 
	7.70b ± 0.12 

	Chunk breast 
	8.20a± 0.25 
	7.80b ± 0.42 
	7.40b ± 0.54 
	7.60b ± 0.44 
	8.00b ± 0.43 

	Chunk thigh 
	7.00b ± 0.31 
	7.60b ± 0.16 
	6.70c± 0.17 
	7.30b ± 0.24 
	7.40c ± 0.17 

	Shredded breast 
	8.00a ± 0.20 
	6.40d ± 0.24 
	7.30b ± 0.33 
	6.10d ± 0.19 
	7.10d ± 0.18 

	Shredded thigh 
	6.80b ± 0.33 
	6.00d ± 0.17 
	6.50c ± 0.21 
	6.30d ± 0.18 
	6.50e ± 0.23 

	Smoked solid 
	8.00a ± 0.20 
	8.85a ± 0.12 
	8.50a ± 0.47 
	8.60a ± 0.35 
	8.40a ± 0.15 

	Smoked chunk breast 
	7.80a ± 0.65 
	8.70a ± 0.23 
	8.30a ± 0.31  
	8.80a ± 0.20 
	8.60a ± 0.14  

	Smoked chunk thigh 
	6.70b ± 0.27 
	8.50a ± 0.14 
	8.20a ± 0.26 
	8.50a ± 0.48 
	8.30a ± 0.11 

	Smoked shredded breast
	7.70a ± 0.15 
	7.20c ± 0.33 
	8.25a ± 0.15 
	6.80c ± 0.26 
	7.20d ± 0.16 

	Smoked shredded thigh
	6.40b ± 0.21 
	7.00c ± 0.19 
	8.10a ± 0.32 
	7.00c ± 0.31 
	6.90e ± 0.24 


Values are mean ± SD (n=10). Values with different superscripts letters within the same column are significantly difference (p <0.05). 

3.7. Microbiological characteristics 
The ingestion of food contaminated with botulinum toxin leads to a condition known as foodborne botulism. Clostridium botulinum, a Gram-positive bacterium, produces a neurotoxin that can lead to food poisoning when improperly handled or canned. This bacterium is commonly found in improperly handled or canned foods, such as meat, chicken, fish, and vegetables. However, the presence of Clostridium sp., spore-forming bacteria, and Salmonella sp. could not be detected in all samples of canned chicken (data not shown). The findings were consistent with the Egyptian specifications for canned meat, thereby indicating that all canned chicken samples were deemed safe for consumption due to their absence of Clostridium sp., spore-forming bacteria, and Salmonella sp. This outcome may be attributed to the initial heat treatment and sterilization processes, in addition to the smoking process, which resulted in a decrease in pH values. This decrease has been shown to have an effective effect on microbes and to extend the storage period. A number of studies have reported analogous results in the context of canned tuna. This observation has been documented by ElShehawy et al., (2019) Rashid et al. (2021) and Bushanati (2023). 

4. Conclusion

In this study, a solid form of canned chicken was created from chicken breasts, and both chunk and shredded treatments were prepared from chicken breasts and thighs. The smoked treatments were developed by combining previous treatments with 1% smoked liquid. A proximate composition study was performed on raw materials and canned goods. The analysis revealed that raw chicken thighs exhibited elevated moisture, fat, ash, and pH levels, while canned chicken thighs demonstrated reduced levels of TVN and TBA. The process of canning resulted in a reduction of moisture and an increase in protein, fat, and ash content. Concurrently, there was a decrease in muscle water-holding ability, with the exception of thighs, which have a higher fat content than breast meat. A comparison of water-holding capacity between smoked and non-smoked meat revealed that the former exhibited a higher capacity. The study's findings indicate that the quantities of TVN and TBA in all samples were within the acceptable limits for Egyptian standards. The results indicated that canned chicken breasts were more widely accepted than canned chicken thighs. In addition, shredded samples scored lower than solid and chunk samples. Nevertheless, smoked canned meat has been demonstrated to exhibit optimal sensory characteristics. All samples of canned chicken were found to be negative for Clostridium botulinum, Salmonella spp., and spore-forming bacteria. The findings indicate that all canned chicken samples are highly acceptable and safe for human consumption
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