


QUALITY EVALUATION OF SMOKED SAUSAGE PRODUCED FROM GOAT MEAT, FISH AND CARROT BLENDS




ABSTRACT
Smoked sausage is a popular meat product prepared from raw materials such as pork, goat and chicken. This study evaluated the quality of smoked sausage produced from goat meat, fish and carrot blends at ratios of 100:0:0, 50:50:0 and 50:25:25, coded as M, MF and MFC, respectively. Proximate, vitamin, mineral, physicochemical and microbiological qualities were analysed, and sensory attributes were evaluated. Data were subjected to ANOVA using SPSS 20.0, and means were compared using DMRT. Proximate analysis showed that sample M had the lowest moisture content (7.11%), while MFC had the highest (7.19%). Sample MF had the lowest ash content (2.22%), while MFC had the highest. Sample M recorded the lowest fat content (11.19%), whereas MF and MFC recorded the highest (11.20%). Protein content was lowest in M (48.30%) and highest in MFC (51.87%). Vitamin analysis showed that MFC had the highest vitamin A value (11.10 IU), while M had the lowest value (101.78 IU). Sample M had the highest vitamin C content (2.48 mg/100 g), while MFC had the lowest (1.91 mg/100 g). Mineral analysis showed that M had the lowest calcium (0.60 mg/100 g) and magnesium (0.38 mg/100 g), while MFC had the highest calcium (0.81 mg/100 g) and magnesium (0.44 mg/100 g). Physicochemical results showed that M and MF had higher total pigment contents (11.90 mg/L and 11.74 mg/L), while MFC had the lowest (11.47 mg/L). Sample M had the highest total lipid value (12.68 g), while MF had the lowest (12.27 g). Microbial analysis showed that MF had the highest microbial count. Sensory evaluation showed that MF and MFC had higher scores for colour, aroma and mouthfeel, while M had the highest general acceptability. Increasing carrot inclusion changed the technological and sensory properties of the sausage, indicating that fish and carrot can be successfully incorporated into goat meat sausage with satisfactory sensory attributes. The findings support further product development using these composite sausage formulations for consumers.
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1.0 INTRODUCTION
Sausages are among the oldest processed foods known to humans. A sausage is a charcuterie product mainly composed of minced meat mixed with other ingredients, such as spices and condiments. The preparation is then placed in an intestinal or synthetic casing, shaped into a tube and closed at the ends (Dévi et al., 2020). Several hundred varieties of sausages are produced worldwide and have considerable social and economic relevance. Sausage production has a long history in many cultures and originally served as a method of preserving meat before the availability of mechanical refrigeration. Today, combinations of meat and seasonings produce a wide range of sausages, including fresh, smoked, cured and cooked products. The diversity of sausages is influenced by differences in composition, shape, size, cultural preference and tradition (Carballo, 2021). Although sausages are valued for flavour and versatility, many traditional formulations contain high levels of saturated fat, sodium and nitrates, which may raise nutritional and health concerns when consumed excessively (Mahmud et al., 2024). Healthier sausage formulations are therefore expected to contain less saturated fat and/or promote the presence of specific beneficial compounds while maintaining the quality attributes of cooked meat emulsions (Jiménez-Colmenero et al., 2010). Recent studies have also emphasised that plant-derived ingredients and dietary fibre can modify the physicochemical, textural and sensory attributes of sausage and other meat products, making formulation-specific evaluation necessary (Mishra et al., 2023; Chung et al., 2024). Comminuted meat products, such as sausage, bologna and luncheon meat, usually contain more fat than ordinary meat; therefore, soy proteins are used to enhance and stabilise fat emulsions, improve viscosity, impart texture after cooking and improve moisture retention and overall yield (Jideani, 2011).  Nitrite has the potential to promote the formation of carcinogenic N-nitrosamines in cured meat products through reactions with secondary amines and amino acids present in muscle proteins. Furthermore, residual nitrite in cured meat may contribute to the endogenous formation of N-nitrosamines within the gastrointestinal tract following consumption. Consequently, there is sustained interest within the meat industry in developing nitrite-free curing strategies that preserve the characteristic colour and quality attributes traditionally associated with nitrite-cured meat products.

Processed goat meat products are commonly formulated with a range of food additives to enhance shelf life, sensory quality and consumer convenience. Among these additives, sodium chloride is an indispensable ingredient owing to its diverse technological and functional properties in processed meat systems (Sebranek, 2009; Li-Hua & Bajinka, 2025). Conventionally, processed meat products contain approximately 7–39 g/kg sodium chloride. Nevertheless, the relatively high sodium content of these products has become a significant public health concern, as excessive dietary sodium intake is associated with an increased risk of adverse health outcomes (Kim et al., 2021). Goat meat is edible animal tissue consumed as food (Warriss, 2000). It is nutritious and protein-rich, but it is highly perishable and has a short shelf life unless preserved and stored appropriately (Olaoye & Onilude, 2010). Meat is a good source of energy and essential nutrients, including protein and micronutrients such as iron, zinc and vitamin B12, although adequate intake of these nutrients can also be obtained from a varied diet without meat (Zhou et al., 2010). Fish products are valuable sources of nutrients and contribute to diverse and healthy diets (Chen et al., 2022). Fish flesh contains high-biological-value proteins, polyunsaturated fatty acids, vitamins and minerals, with minerals mainly concentrated in the bones (Food and Agriculture Organization of the United Nations, n.d.). Recognition of fish as a healthy food by health-conscious consumers has encouraged the development of convenient fish products, such as fish sausages, fish balls and fish burgers, as a strategy to promote consumption (Chuapoehuk et al., 2001). In tilapia sausage, substitution with mackerel fish (Rastrelliger kanagurta) oil has been reported to affect moisture content, fat content, omega-3 content, colour and hedonic attributes, supporting the relevance of nutritional and sensory assessment in fish-based sausage formulations (Maharani et al., 2023). Nile tilapia (Oreochromis niloticus) is commonly consumed worldwide and is used in the development of fish-based sausages because of its flavour and white flesh (Nawaz et al., 2020). Like other animals, tilapia requires nutrients such as amino acids from protein, fats, minerals and vitamins. Tilapia exhibit optimal growth when they are fed a balanced diet that provides a proper mixture of protein, carbohydrates, lipids, vitamins, minerals and fibre (Jauncey & Ross, 1982). These nutritional requirements differ slightly among species and vary with life stage (Nawaz et al., 2020). Carrot (Daucus carota L.) belongs to a group of foods valued for their nutritional, health-related and technological properties (Sharma et al., 2012). Carrot (Daucus carota) is one of the most widely consumed vegetables in raw and processed forms because of its nutritional value (Sam et al., 2021). It is widely used in salads, pickles, soups and halwa. In recent years, the consumption of carrot and carrot-based products has increased steadily because of the recognised antioxidant activity of beta-carotene, which is also a precursor of vitamin A (Fiedor & Burda, 2014). Intake of dietary fibre and phytochemicals such as polyphenols, carotenoids, tocopherols and ascorbic acid has been associated with the maintenance of health and protection against diseases such as cancer, cardiovascular diseases and other degenerative disorders (Saura-Calixto, 2011). Sam et al. (2021) reported that the addition of 20% carrot improved the oxidative stability of poultry hamburgers. Therefore, carrot can be used to develop healthier meat and fish products (Sam et al., 2021). Smoked sausage is a popular meat product prepared from different raw materials, including pork, goat meat and chicken (Costescu et al., 2015). Owing to the requirements for meat-containing sausages, meat ingredients are commonly used in recipes in combination with protein fillers (Fursik et al., 2018). In sausage production, the important factors to consider include the raw materials and the emulsification process (Ahmad et al., 2018). The addition of probiotics has been shown to increase moisture content and water activity, reduce pH, and produce low-salt sausages with improved flavour and texture (Zhao et al., 2024). Meat remains the main ingredient, and consumers are becoming increasingly aware of the relationship between health and nutrition (Santhi et al., 2017). The recent development of functional sausage products enriched with dietary fibre, vitamins and polyunsaturated fatty acids has further highlighted the importance of evaluating nutritional, organoleptic and microbiological quality during product reformulation (Serikkyzy et al., 2026). This trend has increased interest in foods that are not only nutritious but may also provide additional benefits to consumers. In this regard, converting vegetables into ingredients for incorporation into meat product formulations could be a strategy to improve the quality and image of processed meat (Das et al., 2020). Lipid oxidation and microbial growth in meat products can be controlled or minimised using either synthetic or natural food additives. Natural antioxidant treatments have also been evaluated in lamb meat sausage for their effects on sensory acceptability, lipid oxidation and microbial quality (Akinwumi et al., 2022). Various synthetic antioxidants, such as butylated hydroxyanisole (BHA) and butylated hydroxytoluene (BHT), are commonly used to delay rancidity in food products (Martínez-Tomé et al., 2001). Pork consumption is restricted among many people because of religious and cultural beliefs. Since pork is a food taboo among Jews, Muslims and some Christians, the development of alternative sausage products may increase consumer acceptability in these groups. However, the use of carrot in the production of meat and fish sausages, or other indigenous meals, remains limited and has not been well documented. Although previous studies have evaluated vegetable or fish ingredients in selected sausage products, the combined use of goat meat, fish and carrot in smoked sausage has not been adequately documented with respect to proximate, vitamin, mineral, physicochemical, microbiological and sensory qualities in the present study context. This gap justifies the present evaluation before the objective is stated. If successful, this research may create a new variety of sausage with potential market acceptability.
1.4 Broad Objective
The broad objective of this project is to evaluate the quality of smoked sausage produced from goat meat, fish and carrot blends.

2.0 MATERIALS AND METHODS
2.1 Source of Materials
Three hundred grams (300 g) of goat meat and intestines for casing were purchased from Wednesday Market in Dutsin-Ma Local Government Area, Katsina State. Two kilograms (2 kg) of fish were purchased from the Federal University Dutsin-Ma Fish Farm. Carrot roots were also purchased from a local market in Dutsin-Ma. The materials were taken to the Department of Food Science and Technology Laboratory, Federal University Dutsin-Ma, Katsina State, for further analysis.
2.2 Sample Collection and Preparation
2.2.1 Preparation of Goat Meat
Goat meat was washed properly with warm water for about 5 minutes. The meat was then cut into pieces and cooked for about 45 minutes to soften it. It was ground using a mortar and pestle, and the ground meat was packaged in a bowl in the food processing laboratory. The flow diagram for the meat production is shown in Figure 1 (Heinz & Hautzinger, 2007).
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Figure 1: Flow chart for goat meat Production
Source: (Heinz & Hautzinger, 2007)
3.2.2 Preparation of Nile Tilapia (Oreochromis niloticus)
Two kilograms (2 kg) of tilapia fish were descaled, eviscerated and washed properly with warm water for about 5 minutes. The fish was then cut into pieces and cooked for about 20 minutes to soften it. It was ground using a mortar and pestle, and the ground fish was packaged in a bowl in the food processing laboratory. The flow diagram for fish production is shown in Figure 2 (Heinz & Hautzinger, 2007).
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Figure 2: Flow chart for fish Production
Source: (Heinz & Hautzinger, 2007)
3.2.3 Preparation of Carrot
Carrot was washed properly with warm water for about 5 minutes to remove dirt. The clean vegetable was peeled manually, cut into slices, blanched for about 10 minutes and dehydrated. The vegetable was ground using a blender to obtain carrot powder, which was packaged in a polyethylene bag in the food processing laboratory. The flow diagram for carrot production is shown in Figure 3 (Tontul & Topuz, 2017). The various blends were spiced with equal quantities of chilli pepper, onion and garlic in powdered form, together with seasoning cubes and salt, to obtain a fine paste.
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Figure 3: Flow chart for Carrot Production
Source: (Tontul & Topuz, 2017)
3.2.4 Preparation of Sausages
The minced goat meat and fish were poured into a bowl, and 350 g of carrot powder was added. Chilli pepper (70 g), onion and garlic powder (1 g), seasoning cubes and salt were also added. The mixture was carefully mixed to obtain a uniform paste, stuffed into the prepared casing (cow intestines) and divided into links of 20-22 mm diameter. The stuffed casing was cooked by smoking and packaged in a takeaway container. The flow diagram for sausage production is shown in Figure 4 (Jayathilake et al., 2018). The formulation of the goat meat, fish and carrot blends is presented in Table 1.
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Figure. 4: Typical flow diagram of goat meat, Tilapia fish and carrot sausage
Source:  (Jayathilake 2018).
Table 1: Formulation of goat meat, fish and carrot blends
	Samples (%)
	M
	MF
	MFC

	Goat Meat 
	100
	50
	50

	Fish 
	0
	50
	25

	Carrot
	0
	0
	25


KEYS: Sample M: Goat Meat, Sample MF: Goat Meat + Fish , Sample MFC: Goat Meat + Fish + Carrot 
[bookmark: _j8r47rz6rtsh]2.4 Proximate Analysis
Proximate analysis was carried out on the goat meat, fish and carrot sausage blends to determine moisture, ash, crude fibre, fat, protein and carbohydrate contents using the method described by AOAC International (2012).
2.4.1 Moisture Content
Five grams (5 g) of each sausage sample were weighed into a dry, pre-weighed crucible (W1). Each weighed sausage sample (W2) in the crucible was placed in a moisture extraction oven at 110 °C and heated for 2 hours. The dried sausage was allowed to cool in a desiccator and then reweighed (W3). The process was repeated until a constant weight was obtained, and each determination was carried out in duplicate. The difference in weight was calculated as a percentage of the original sausage, as described in the equation above.
% Moisture =    x 						
Where:  
W1 = initial weight of crucible 
W2 = weight of crucible + undried sample 
 W3 = weight of crucible + dried sample
2.4.2 Ash Content
Five grams (5 g) of each sausage sample (W3) were weighed into a crucible (W1). The sample was incinerated in a muffle furnace at 550 °C for 3 hours until a light grey ash was observed (W2). The sausage was removed from the furnace, cooled in a desiccator to avoid moisture absorption and weighed to obtain the ash content. Each determination was carried out in duplicate. The weight of the residual ash was then calculated as ash content.
% Ash =x	
Where: 
W1 = weight of empty crucible 
W2 = weight of crucible with ash 
W3 = weight of sample
2.4.3 Crude Fiber Content
Five grams (5 g) of each sausage sample were wrapped in a white handkerchief and placed in a 600 mL long beaker. The beaker was placed on a digestion apparatus with a pre-heated hot plate, and the sausage was boiled and refluxed in 300 mL of 1.25% concentrated sulphuric acid (H2SO4) for 30 minutes. It was then rinsed with hot water to remove the slippery effect of the acid. The sausage was refluxed again in 300 mL of 1.25% sodium hydroxide (NaOH) for 30 minutes and then rinsed with hot water. Distilled water was used to rinse the residue until neutral. The handkerchief and residue were transferred into a beaker and dried in an oven at 110 °C for 1 hour. The sample was then cooled in a desiccator, removed from the handkerchief into a pre-weighed crucible and weighed (W1). It was incinerated in a muffle furnace at 600 °C for 3 hours, removed, cooled in a desiccator and reweighed (W2). Each determination was carried out in duplicate.
Percentage crude fiber = x 
Where: 
W1 = weight of sample before incineration 
W2 = weight of sample after incineration 
W3 = weight of original sample. 
2.4.4 Fat Content
Five grams (5 g) of each sausage sample were wrapped in a clean handkerchief or filter paper (W3) and carefully placed in a fat-free thimble. Two hundred millilitres (200 mL) of petroleum ether were measured and poured into a weighed, fat-free Soxhlet flask (W1), and the flask was attached to the extractor. The flask was placed on a heating mantle, and the loaded thimble was inserted so that the petroleum ether in the flask refluxed. Cooling and condensation were achieved using running tap water connected to the extractor for at least 6 hours, after which the solvent was completely siphoned into the flask. A rotary vacuum evaporator was used to evaporate the solvent, leaving the extracted lipids in the Soxhlet flask. The flask was removed from the evaporator, dried to a constant weight in an oven at 60 °C, cooled in a desiccator and weighed (W2). Each determination was carried out in duplicate. The amount of fat extracted was calculated using the formula below.
% Fat =   x100 
Where: 
W1= Weight of flask 
W2= Weight of extraction flask with fat 
W3 = weight of sample
2.4.5 Protein Content
Total protein was determined by the Kjeldahl method. The analysis of a compound for protein content using the Kjeldahl method is based on determining the amount of reduced nitrogen present. One gram (1 g) of each sample was weighed and carefully transferred into a Kjeldahl digestion tube. A catalyst mixture of potassium sulphate (K2SO4; 3 g) and copper sulphate (CuSO4; 0.8 g) was added using a spatula to help raise the boiling temperature. Twelve millilitres (12 mL) of concentrated sulphuric acid (H2SO4) were added to the flask to assist digestion. The mixture was digested in a preheated digestion block (420 °C) in a fume cupboard until the mixture became clear with a blue solution. It was cooled to room temperature; then, 80 mL of water and 60 mL of sodium hydroxide were added and mixed thoroughly. Thirty millilitres (30 mL) of receiver solution containing 4% boric acid were added into a conical flask and placed in the distillation unit. The platform was raised so that the distillate outlet was submerged in the receiver solution. The digestion tube was placed in the distillation unit, and the safety door was closed. Sixty millilitres (60 mL) of 40% NaOH were dispensed into the tube, the steam valve was opened, and distillation was carried out for approximately 6 minutes. The receiver solution in the distillate flask turned green, indicating the presence of alkali-ammonia. The distillate was collected and titrated against standard 0.1 M hydrochloric acid (HCl) until the green distillate changed from colourless to pink. A reagent blank was also digested, distilled and titrated. Each determination was carried out in duplicate.
The percentage nitrogen was calculated and multiplied with a factor of 6.25 to obtain the crude protein content, i.e. 
% 𝑁𝑖𝑡𝑟𝑜𝑔𝑒𝑛 = 𝑇−𝐵 ×𝑁 ×𝑁𝐹×100
𝑊 (𝑚𝑔)
Where: 
T = Titrate value of sample 
B = Blank titre value 
N = Normality of the acid (HCl = 0.1 N) 
NF= Nitrogen factor (14.007) 
W= Sample weight (1000 mg) 
Crude protein = % Nitrogen × 6.25
2.4.6 Carbohydrate Content
Carbohydrate content was determined by subtracting the total sum of the percentages of fat, moisture, ash, crude fibre and protein from 100.
i.e % CHO = 100 – (% fat + % moisture + % Ash + % crude fiber + % protein)
2.5 Determination of Minerals
2.5.1 Determination of Sodium (Na) 
The mineral content of the products was determined using the AOAC International (2012) method. Two grams (2 g) of the oven-dried samples were ashed at 600 °C in a muffle furnace. The resultant ash was transferred into a 250 mL glass beaker, and 120 mL of concentrated nitric acid (HNO3) and 10 mL of hydrogen peroxide (H2O2) were added. The mixture was heated at 90 °C for 1 hour, cooled and filtered using glass wool. The filtrate was transferred into a 250 mL volumetric flask and made up to the mark with deionised water. A stock solution of 1000 mg/kg sodium was prepared using deionised water. From the stock solution, a working standard solution of 100 mg/kg of the element was prepared by dilution with deionised water. Dilutions of 0.4, 1.0, 1.5 and 2.0 mg/kg of each element were made with deionised water and, together with the test samples, analysed using an atomic absorption spectrophotometer. The concentrations of the elements in the test samples were calculated as follows.
𝑀𝑖𝑛𝑒𝑟𝑖𝑎𝑙𝑐𝑜𝑛𝑡𝑒𝑛𝑡 (𝑚𝑔/𝑘𝑔)=(𝐴𝑡 ×𝐶𝑠)/𝐴𝑠
Where: 
Cs = concentration of standard element 
At = absorbance of test element 
As = absorbance of the standard of the element
2.5.2 Determination of Potassium (K) 
The mineral content of the products was determined using the AOAC International (2012) method. Two grams (2 g) of the oven-dried samples were ashed at 600 °C in a muffle furnace. The resultant ash was transferred into a 250 mL glass beaker, and 120 mL of concentrated nitric acid (HNO3) and 10 mL of hydrogen peroxide (H2O2) were added. The mixture was heated at 90 °C for 1 hour, cooled and filtered using glass wool. The filtrate was transferred into a 250 mL volumetric flask and made up to the mark with deionised water. After gentle shaking to mix, 2 mL were pipetted into a 250 mL flask and diluted to the mark with deionised water. A stock solution of 1000 mg/kg potassium was prepared using deionised water. From the stock solution, a working standard solution of 100 mg/kg of the element was prepared by dilution with deionised water. Dilutions of 0.4, 1.0, 1.5 and 2.0 mg/kg of each element were made with deionised water and, together with the test samples, analysed using an atomic absorption spectrophotometer. The concentrations of the elements in the test samples were calculated as follows.
𝑀𝑖𝑛𝑒𝑟𝑖𝑎𝑙𝑐𝑜𝑛𝑡𝑒𝑛𝑡 (𝑚𝑔/𝑘𝑔)=(𝐴𝑡 ×𝐶𝑠)/𝐴𝑠
Where: 
CS = concentration of standard element 
At = absorbance of test element 
As = absorbance of the standard of the element
2.5.3 Determination of Calcium (Ca) 
The mineral content of the products was determined using the AOAC International (2012) method. Two grams (2 g) of the oven-dried sample were ashed at 600 °C in a muffle furnace. The resultant ash was transferred into a 250 mL glass beaker, and 120 mL of concentrated nitric acid (HNO3) and 10 mL of hydrogen peroxide (H2O2) were added. The mixture was heated at 90 °C for 1 hour, cooled and filtered using glass wool. The filtrate was transferred into a 250 mL volumetric flask and made up to the mark with deionised water. After gentle shaking to mix, 2 mL were pipetted into a 250 mL flask and diluted to the mark with deionised water. A stock solution of 1000 mg/kg calcium was prepared using deionised water. From the stock solution, a working standard solution of 100 mg/kg of the element was prepared by dilution with deionised water. Dilutions of 0.4, 1.0, 1.5 and 2.0 mg/kg of each element were made with deionised water and, together with the test samples, analysed using an atomic absorption spectrophotometer. The concentrations of the elements in the test samples were calculated as follows.
𝑀𝑖𝑛𝑒𝑟𝑖𝑎𝑙𝑐𝑜𝑛𝑡𝑒𝑛𝑡 (𝑚𝑔/𝑘𝑔)=(𝐴𝑡 ×𝐶𝑠)/𝐴𝑠
Where: 
CS = concentration of standard element 
At = absorbance of test element 
As = absorbance of the standard of the element
2.5.4 Determination of Magnesium (Mg) 
The mineral content of the products was determined using the AOAC International (2012) method. Two grams (2 g) of the sample were ashed at 600 °C in a muffle furnace. The resultant ash was transferred into a 250 mL glass beaker, and 120 mL of concentrated nitric acid (HNO3) and 10 mL of hydrogen peroxide (H2O2) were added. The mixture was heated at 90 °C for 1 hour, cooled and filtered using glass wool. The filtrate was transferred into a 250 mL volumetric flask and made up to the mark with deionised water. After gentle shaking to mix, 2 mL were pipetted into a 250 mL flask and diluted to the mark with deionised water. A stock solution of 1000 mg/kg magnesium was prepared using deionised water. From the stock solution, a working standard solution of 100 mg/kg of the element was prepared by dilution with deionised water. Dilutions of 0.4, 1.0, 1.5 and 2.0 mg/kg of each element were made with deionised water and, together with the test samples, analysed using an atomic absorption spectrophotometer. The concentrations of the elements in the test samples were calculated as follows.
𝑀𝑖𝑛𝑒𝑟𝑖𝑎𝑙𝑐𝑜𝑛𝑡𝑒𝑛𝑡 (𝑚𝑔/𝑘𝑔)=(𝐴𝑡 ×𝐶𝑠)/𝐴𝑠
Where: 
CS = concentration of standard element 
At = absorbance of test element 
As = absorbance of the standard of the element
2.6 Determination of Vitamins
2.6.1 Determination of Vitamin A
The AOAC International (2012) method was used to determine vitamin A. Fifty millilitres (50 mL) of 0.2 M concentrated sulphuric acid (H2SO4) were added to 1 g of each sample in a test tube, boiled and cooled using a water bath. Thereafter, 1 mL of 0.5 M hydrochloric acid (HCl) was added to the filtered solution and placed in a test tube. A volume of 10 mL of each filtered sample was divided into labelled test tubes A and B. One millilitre (1.0 mL) of distilled water was added to test tube A, and 1 mL of acetic acid was added to test tube B, followed by the addition of 0.5 mL of 3% potassium permanganate (KMnO4). The mixture was allowed to stand for 2 minutes; thereafter, 0.5 mL of 3% H2O2 was added, and the absorbance was read using a spectrophotometer at 470 nm and 525 nm.
𝑉𝑖𝑡𝑎𝑚𝑖𝑛𝐴=(𝐼𝑢/100𝑔)= 100 / 𝑊 × 𝐴𝑈/𝐴𝑆 ×𝐶
Where: 
AU = absorbance of sample 
AS = absorbance of standard 
W = weight of sample 
C = concentration of vitamin
2.6.2 Determination of Vitamin C
The ascorbic acid content of the products was determined using the copper sulphate titration procedure. Ascorbic acid was extracted using 0.01 M copper sulphate solution. Five grams (5 g) of the sample were weighed into a 100 mL conical flask; 10 mL of 30% potassium iodide and 1 mL of 1% starch solution were added. The solution in the flask was titrated using 0.01 M copper sulphate, and the volume of extract required to decolourise the dye was recorded. Ascorbic acid per 100 g of sausage was calculated as follows.
% 𝐴𝑠𝑐𝑜𝑟𝑏𝑖𝑐𝑎𝑐𝑖𝑑=0.88× 𝑆 −𝐵/ 𝑊 ×100
Where: 
1 ml of 0.01 M CuSO4 = 0.88 mg of Vitamin C 
S = sample titer volume
B = blank titre volume 
W = sample weight used in the titration
2.7 Physicochemical Properties
2.7.1 pH
The pH was measured in triplicate using a digital pH meter (MP230, Mettler Toledo, Switzerland). Approximately 5 g of sausage were ground and mixed with 9 mL of distilled water, and the pH was measured using the pH meter. All measurements were performed in triplicate. The pH meter was calibrated daily with standard buffers of pH 4.0 and 7.0 at 25 °C (Zhao et al., 2024).
2.7.2. Colour
The sausage was sliced into pieces approximately 15 mm thick, and the internal colour (International Commission on Illumination L*, a*, b*) of the sausage was measured (Zhao et al., 2024). To determine differences in colour values in relation to visually perceived differences, ΔE was calculated using the following equation.
ΔE = 
Colour parameters observed in the sausage formulation included lightness (L*), redness (a*), yellowness (b*) and ΔE. The L* value represents the brightness or lightness of the sausage. A positive a* value represents redness; the higher the positive a* value, the redder the sausage, whereas a negative a* value indicates greenness. The b* value represents the yellow-blue colour axis; a higher positive b* value indicates yellowness, whereas a negative b* value indicates blueness. The colour difference (ΔE) represents the difference between the target sample and the control. The larger the value, the greater the colour difference between the two samples, and vice versa. ΔE is the square root of the sum of squares of the differences between the L*, a* and b* coordinates of the samples and the control formulation.
2.7.3 Total Pigment Content
Extraction of sausage pigments was carried out using a procedure similar to that described by Ngamwonglumlert et al. (2017), with modifications. Five grams (5 g) of sausage were cut into small pieces of approximately 0.5 cm, soaked in four volumes of water at 25 °C for 4 hours and filtered using qualitative filter paper. A second extraction was performed with one volume of water under the same conditions. The combined aqueous extracts were concentrated to 20% of the original volume under vacuum conditions (0.1 MPa) and centrifuged at 20 g for 10 minutes. One volume of 95% (v/v) ethanol was added. The mixture was left for 2 hours and then filtered using qualitative filter paper (12 cm). The filtrate was concentrated to 20% of the original volume under vacuum conditions (0.1 MPa). The dried pigment powder was obtained by freeze-drying and stored at 4 °C until further use.

2.7.4 Total Amount of Lipids
2.7.4.1 Fat Extraction
The method proposed by Bligh and Dyer (1959) was used. Chloroform (7 mL), extra-pure methanol (99.5%; 1.7 mL) and ultra-pure Milli-Q water (1.4 mL) were added. All tubes were prepared in the fume hood, covered with aluminium foil and placed in a horizontal agitator for 1 hour at 280 rpm. They were then centrifuged for 10 minutes at 50 g. The tubes were left to stand for 72 hours to facilitate separation of the two phases. The organic phase was placed in a rotary evaporator (Eyela N-400 H, Shanghai, China) at 33 °C with 26% vortex velocity and 400 millibars of pressure to recover the solvent.
2.8 Microbiological Analysis 
Microbial analysis was carried out as total bacterial and total fungal counts using the methods described by the American Public Health Association (2015) and BD Diagnostics (2009).
2.8.1 Total Bacterial Count
All glassware used was sterilised. Nutrient agar medium was prepared by weighing seven grams (7 g) and dissolving it in 250 mL of distilled water. It was then sterilised and allowed to cool to 45 °C. Serial dilution of the five fish samples was carried out by pipetting 1 mL of each sample into 9 mL of distilled water in test tubes labelled 10-1 to 10-5 and covering them with non-absorbent cotton wool to avoid contamination. One millilitre (1 mL) each from the 10-1 and 10-5 serial dilutions was aseptically transferred into a sterile Petri dish. The plate was covered immediately after the sample was transferred. Twenty millilitres (20 mL) of the cooled nutrient agar were poured into the Petri dish and rotated gently to ensure thorough distribution of the inoculum throughout the medium. The agar was allowed to solidify, and the plate was inverted and incubated at 30 °C for 48 hours.
2.8.2 Total Fungal Count
Total fungal count (TFC) was enumerated using potato dextrose agar. Ten grams (10 g) of sample were weighed aseptically and homogenised with 9.0 mL of physiological saline solution. Appropriate dilutions were made from the physiological saline and plated onto potato dextrose agar plates containing antibiotics or tartaric acid solution. The plates were incubated at room temperature for four days, all colonies were counted, and the data collected were reported as colony-forming units (CFU/g).
2.9 Sensory Evaluation
Samples for sensory evaluation were taken from all sausage treatments. A 9-point scale (1 = disliked extremely; 2 = disliked very much; 3 = disliked moderately; 4 = disliked slightly; 5 = neither liked nor disliked; 6 = liked slightly; 7 = liked moderately; 8 = liked very much; and 9 = liked extremely) was used for the sensory assessment of colour, aroma, texture and other attributes. Thirty-five panellists of mixed sexes were used, as described by Meilgaard et al. (2016).
2.10 Statistical Analysis
Analytical determinations of the samples were carried out in duplicate. Data were presented as mean ± standard deviation. The samples were statistically analysed using SPSS (Statistical Package for the Social Sciences) version 20.0. Sample means were compared using one-way analysis of variance (ANOVA) at a 5% level of significance.
3.0 RESULTS AND DISCUSSION
3.1 Proximate Composition of Goat Meat, Fish and Carrot Sausage
Table 2 shows the proximate composition of goat meat, fish and carrot sausage. There was a significant difference (p < 0.05) in moisture, ash, fat, protein, carbohydrate and crude fibre contents, with a corresponding decrease in crude fibre. The moisture content of the sausage samples ranged from 7.11 to 7.19%. Sample M (100% goat meat) had the lowest moisture content (7.11%), whereas sample MFC (50% goat meat + 25% fish + 25% carrot) had the highest moisture content (7.19%). The samples were significantly different from each other. Sample MF (50% goat meat + 50% fish) had a moisture content of 7.14%. This could be due to the addition of fish and carrot to the sausage blend. According to Chuapoehuk et al. (2001), the moisture content of sausage increased as fish was incorporated into the blend. The result of this study is in line with that of Lee et al. (2018). The ash content of the sausage samples ranged from 2.22 to 2.60%. Sample MF (50% goat meat + 50% fish) had the lowest ash content (2.22%), whereas sample MFC (50% goat meat + 25% fish + 25% carrot) had the highest ash content (2.60%). Sample M (100% goat meat) had an ash content of 2.59%. This could be due to the addition of fish and carrot to the sausage blend. Fernández-Ginés et al. (2004) observed that ash content increased significantly with the addition of dietary fibre, such as lemon albedo, in low-fat sausage. Similar results were obtained by Choi et al. (2010), who studied the physicochemical properties of reduced-fat frankfurters by partially substituting pork back fat with rice bran fibre. Mean protein content ranged from 48.30 to 51.87%. Sample M (100% goat meat) had the lowest protein content (48.30%), whereas sample MFC (50% goat meat + 25% fish + 25% carrot) had the highest protein content (51.87%). The results showed that protein content increased significantly (p < 0.05). Sample MF (50% goat meat + 50% fish) had a protein content of 49.31%. This could be due to the inclusion of fish and carrot. The increase in protein content may be attributed to the supplementation of goat meat with fish and carrot. Troutt et al. (1992) reported a similar trend in low-fat beef patties containing polydextrose and oat flour as texture-modifying ingredients. The replacement of lean meat with apple pomace in mutton nuggets further supported this result (Sam et al., 2021). Values from this study showed that supplementation with carrot can improve the protein content of goat meat sausage. Carrot does not contain much protein but may still contribute to food supplementation. Protein is essential for human growth, repair and body maintenance. The crude fibre content of the sausage samples ranged from 0.31 to 0.89%. Sample MFC (50% goat meat + 25% fish + 25% carrot) had the lowest crude fibre content (0.31%), whereas sample M (100% goat meat) had the highest crude fibre content (0.89%). Sample MF (50% goat meat + 50% fish) had a crude fibre content of 0.55%. The fibre content decreased with the level of supplementation, indicating that sample M (100% goat meat) contained more fibre than the other samples. According to Sam et al. (2021), the crude fibre content of vegetable-incorporated sausage ranged from 1.21 to 2.92%, while the control contained 0.80%. The result of this study is within this range. The decrease in fibre content was most probably due to the incorporation of ingredients that provided a comparatively low amount of fibre in the products. Fibre helps maintain human health and has been reported to reduce cholesterol levels in the body (Saura-Calixto, 2011). The fat content of the sausage samples ranged from 11.19 to 11.20%. Sample M (100% goat meat) had the lowest fat content (11.19%), whereas samples MF (50% goat meat + 50% fish) and MFC (50% goat meat + 25% fish + 25% carrot) had the highest fat content (11.20%). This could be due to the addition of fish and carrot to the sausage blend. However, there was a significant difference among samples at p < 0.05. In a study by Sam et al. (2021), the fat content of the control was 14.15%, while the fat content of vegetable-incorporated sausage ranged from 5.84 to 7.11%. The added vegetables may have affected fat content as moisture content relatively increased (Choi et al., 2010). The result is in agreement with the work of Chuapoehuk et al. (2001). The mean values obtained were within the range of fat content reported by Ahmad et al. (2018). Fat can influence the shelf life of food products and contributes substantially to energy value, flavour retention and palatability (Ahmad et al., 2018). The fat contents in all samples analysed were relatively low. The carbohydrate content ranged from 29.92 to 30.11%. The highest mean value was recorded in sample MFC (50% goat meat + 25% fish + 25% carrot; 30.11%), while sample M (100% goat meat; 29.92%) had the lowest carbohydrate content. Sample MF (50% goat meat + 50% fish) had a carbohydrate content of 30.00%. The results showed a slight increase in carbohydrate content with carrot inclusion. According to Sam et al. (2021), carbohydrate content increased with the incorporation of plant-based ingredients into sausage.

Table 2: The Proximate Composition (%) of Goat Meat, Fish and Carrot Sausage 

	Sample	
	Moisture(%)  
	Ash(%)
	Fat(%)
	Protein(%)
	 Fiber (%)
	CHO (%)

	M
	7.11±0.07c
	2.59±0.09b
	11.19±0.06c
	48.30±0.37b
	0.89±0.02a
	29.92±0.31a

	MF
	7.14±0.01b
	2.22±0.01a
	11.20±0.04a
	49.31±1.10a
	0.55±0.01b
	30.00±0.59a

	MFC
	7.19±0.29a
	2.60±0.02a
	11.20±0.13b
	51.87±0.78a
	0.31±0.10c
	30.11±1.10a


Value are means ± standard deviation of duplicate determination mean with different superscript in the same column are significantly different (P<0.05). 
KEYS: Sample M (100%) =Goat Meat, Sample MF(50:50) =Goat Meat + Fish and Sample MFC (50:25:25) =Goat Meat + Fish + Carrot 
3.2 Vitamin Composition of Goat Meat, Fish and Carrot Sausage 
Table 3 shows the vitamin composition of goat meat, fish and carrot sausage. The results obtained showed that vitamin A ranged from 101.78 to 112.72 mg/100g. Sample MF (50% goat meat + 50% fish) had the highest vitamin A content (112.72 mg/100g), while sample M (100% goat meat) had the lowest value (101.78 mg/100g). Sample MFC (50% goat meat + 25% fish + 25% carrot) had a value of 111.10 mg/100g, with a significant difference at p < 0.05. According to Ahmad et al. (2018), the vitamin A content of goat meat was found to be 100 mg/100g. The incorporation of fish and carrot influenced the vitamin content of the sausages. This pattern agrees with the previous study by Sharma et al. (2012) on the inclusion of carrot powder in chicken frankfurters, as carrots are rich in vitamin A. Vitamin C ranged from 1.60 to 2.48 mg/100 g. Sample M (100% goat meat) had the highest value (2.48 mg/100 g), while sample MF (50% goat meat + 50% fish) had the lowest value (1.60 mg/100 g). Sample MFC (50% goat meat + 25% fish + 25% carrot) had a value of 1.91 mg/100 g, with a significant difference at p < 0.05. The vitamin C content of goat meat-incorporated sausage may decrease with the level of fish and carrot added to the sausage. This trend is in line with the study by Sharma et al. (2012) on increasing levels of carrot powder in raw chicken patties.
















Table 3: The vitamin Composition (%) of Goat Meat, Fish and Carrot sausage 

	Sample
	Vitamin A (IU)
	Vitamin C (mg/100g)

	M
	101.78±0.21b
	2.48±0.00a

	MF
	112.72±1.49a
	1.60±0.51a

	MFC
	111.10±1.46a
	1.91±0.06a


Value are means ± standard deviation of duplicate determination mean with different superscript in the same column are significantly different (P<0.05). 


KEYS:
Sample M (100%) =Goat Meat
Sample MF (50:50) =Goat Meat + Fish 
Sample MFC (50:25:25) =Goat Meat + Fish + Carrot 

3.3 Mineral Content of Goat Meat, Fish and Carrot Sausage
Table 4 presents the mineral content of goat meat, fish and carrot sausage. The mean calcium (Ca) value ranged from 0.60 to 0.81 mg/100 g. Sample M (100% goat meat) had the lowest mean value (0.60 mg/100 g), while sample MFC (50% goat meat + 25% fish + 25% carrot) had the highest value (0.81 mg/100 g). Calcium is required for the development of bones and teeth and is also important in the binding and activation of many cellular proteins. In this study, calcium increased to 0.81 mg/100 g with the inclusion of fish and carrot. The mean potassium (K) value ranged from 0.43 to 0.55 mg/100 g. Sample M (100% goat meat) had the lowest mean value (0.43 mg/100 g), while sample MFC (50% goat meat + 25% fish + 25% carrot) had the highest value (0.55 mg/100 g), which could be attributed to the decrease in goat meat and the increase in fish and carrot supplementation. The increased potassium level observed in the supplemented samples could be due to the higher potassium contribution from fish and carrot. Potassium is important in maintaining osmotic pressure and acid-base balance. Magnesium (Mg) content ranged from 0.38 to 0.44 mg/100 g. Sample M (100% goat meat) had the lowest value (0.38 mg/100 g), while sample MFC (50% goat meat + 25% fish + 25% carrot) had the highest value (0.44 mg/100 g). Sample MF (50% goat meat + 50% fish) had a value of 0.43 mg/100 g. Sodium (Na) content ranged from 0.36 to 0.48 mg/100 g. Sample MFC (50% goat meat + 25% fish + 25% carrot) had the lowest value (0.36 mg/100 g), while samples MF (50% goat meat + 50% fish) and M (100% goat meat) had the highest value (0.48 mg/100 g). Sodium is an important mineral that helps control body water and regulate thirst. The sodium content decreased as the level of carrot supplementation increased among the samples.
Table 4: The Mineral Composition (%) of Goat Meat, Fish and Carrot sausage 

	Sample	
	Calcium (Ca) (mg/100g)
	Potassium (K) (mg/100g)
	Magnesium (Mg) (mg/100g)
	Sodium (Na) (mg/100g)

	M
	0.60±0.33a
	0.43±0.84a
	0.38±0.14a
	0.48±0.15a

	MF
	0.61±0.32a
	0.48±0.15a
	0.43±0.63a
	0.48±0.14a

	MFC
	0.81±0.04a
	0.55±0.25a
	0.44±0.05a
	0.36±0.31a


Value are means ± standard deviation of duplicate determination mean with different superscript in the same column are significantly different (P<0.05). 
KEYS:
Sample M (100%) =Goat Meat
Sample MF(50:50) =Goat Meat + Fish 
Sample MFC (50:25:25) =Goat Meat + Fish + Carrot 

3.4 Physicochemical Properties of Goat Meat, Fish and Carrot Sausage
The physicochemical properties of goat meat, fish and carrot sausage are presented in Table 5. Colour, total pigment content and total amount of lipids decreased with increased supplementation. The pH values ranged from 5.61 to 5.68. Sample MF (50% goat meat + 50% fish) had the lowest pH (5.61), while sample MFC (50% goat meat + 25% fish + 25% carrot) had the highest pH (5.68). Sample M (100% goat meat) had a pH of 5.64. The low pH of the goat meat sausage may be useful in food formulation (Kaushal et al., 2012). However, there was a significant difference (p < 0.05) among the samples. The pH results suggest the suitability of goat meat for use in food preparations. Products with low pH have better packaging properties than those with high pH (Kaushal et al., 2012). However, Kaushal et al. (2012) reported that high pH may be desirable because it offers greater packaging advantages, as a larger quantity may be packaged within a constant volume. Colour values ranged from 2.67 to 3.50, with sample MFC (50% goat meat + 25% fish + 25% carrot) having the lowest mean value (2.67), while sample M (100% goat meat) had the highest mean value (3.50). Sample M was significantly different from sample MFC, while sample MF was not significantly different from samples MFC and M. The colour results of this study were close to those found in mortadella and pasteurised sausages made with meat from Nile tilapia filleting waste (Dallabona et al., 2013). For the colour attribute, the acceptability index of marine catfish sausages was above 80%, indicating good acceptance. According to Meilgaard et al. (2016), acceptance scores above 70% indicate that most consumers approved the product. The vongole sausage had an acceptability index of 80% for the colour attribute, while sausages made with tambaqui meat had an acceptability index ranging from 80 to 83% (Dallabona et al., 2013). Total pigment content ranged from 11.47 to 11.90 mg/L, with sample MFC (50% goat meat + 25% fish + 25% carrot) having the lowest mean value (11.47 mg/L), while sample M (100% goat meat) had the highest mean value (11.90 mg/L). There was a significant difference (p < 0.05) among samples. The decrease in total pigment content after the incorporation of fish and carrot could be due to formulation differences. Similar findings were observed by Kaushal et al. (2012). Results for total pigment content showed a significant decrease with increasing levels of fish and carrot supplementation. The total amount of lipids ranged from 12.27 to 12.68 g. Sample MF (50% goat meat + 50% fish) had the lowest value (12.27 g), while sample M (100% goat meat) had the highest value (12.68 g). Sample MFC (50% goat meat + 25% fish + 25% carrot) had a value of 12.55 g. Sample M was significantly different from sample MFC, while sample MF was not significantly different from samples MFC and M.


Table 5: The Physicochemical Composition (%) of Goat Meat, Fish and Carrot Sausage 

	Sample
	pH
	Colour
	Total Pigment Content (mg/L)
	Total Amount of Lipids (g) 

	M
	5.64±0.00b
	3.50±0.23a
	11.90±0.02a
	12.68±0.03a

	MF
	5.61±0.01b
	3.05±0.09ab
	11.74±0.01a
	12.27±0.09ab

	MFC
	5.68±0.01a
	2.67±0.09b
	11.47±0.12b
	12.55±0.16a


Values are means ± standard deviation of duplicate determination. Means with different superscripts in the same column are significantly different (P<0.05). 
KEYS: Sample M (100%) =Goat Meat, Sample MF (50:50) =Goat Meat + Fish and Sample MFC (50:25:25) =Goat Meat + Fish + Carrot 
3.5 Microbial Analysis of Goat Meat, Fish and Carrot Sausage 
Microbial evaluation was carried out on samples M (100% goat meat), MF (50% goat meat + 50% fish) and MFC (50% goat meat + 25% fish + 25% carrot). The microbial analyses performed were total bacterial and total fungal counts.
The microbial evaluation results shown in Figure 5 indicated that the total bacterial count in Plate 1 ranged from 0.34 to 0.41 CFU/g. Sample MFC (50% goat meat + 25% fish + 25% carrot) had the lowest value (0.34 CFU/g), while sample MF (50% goat meat + 50% fish) had the highest value (0.41 CFU/g), and sample M (100% goat meat) had a value of 0.38 CFU/g. In Plate 2, total bacterial count ranged from 0.32 to 0.43 CFU/g. Sample MFC (50% goat meat + 25% fish + 25% carrot) had the lowest value (0.32 CFU/g), while sample M (100% goat meat) had the highest value (0.43 CFU/g), and sample MF (50% goat meat + 50% fish) had a value of 0.38 CFU/g. Plate 1 of the fungal count showed that sample MFC (50% goat meat + 25% fish + 25% carrot) had the lowest value (1.6 CFU/g), while samples M (100% goat meat) and MF (50% goat meat + 50% fish) had the highest value (1.8 CFU/g). There was no significant difference among the samples. In Plate 2, fungal count ranged from 1.5 to 1.9 CFU/g. Sample MFC (50% goat meat + 25% fish + 25% carrot) had the lowest value (1.5 CFU/g), while sample MF (50% goat meat + 50% fish) had the highest value (1.9 CFU/g), and sample M (100% goat meat) had a value of 1.7 CFU/g.







Figure 5: Microbial Evaluation of Goat Meat, Fish and Carrot Sausage
KEYS: Sample M (100%) =Goat Meat, Sample MF (50:50) =Goat Meat + Fish Sample MFC (50:25:25) =Goat Meat + Fish + Carrot 

3.6 Sensory Attributes of Goat Meat, Fish and Carrot Sausage
Table 6 presents the sensory attributes of goat meat, fish and carrot sausage. The inclusion of fish and carrot improved the colour of the goat meat sausage. Sample MFC (50% goat meat + 25% fish + 25% carrot) had the most acceptable colour, with a mean value of 7.10, while sample M (100% goat meat) had the lowest mean value (5.95). There was no significant difference (p < 0.05) among the samples. Sample MF (50% goat meat + 50% fish) had a value of 7.05, indicating improvement in colour as the level of incorporation increased. Aroma is a fundamental sensory attribute that denotes the sensation produced by volatile compounds from food or drink. Sample MF (50% goat meat + 50% fish) had the highest mean aroma value (6.75), while sample MFC (50% goat meat + 25% fish + 25% carrot) had the lowest value (6.20), and sample M (100% goat meat) had a value of 6.35. There was no significant difference (p < 0.05) among the samples. The results indicate that fish supplementation may improve aroma. Sample MFC (50% goat meat + 25% fish + 25% carrot) had the highest mean mouthfeel value (7.10), while samples M (100% goat meat) and MF (50% goat meat + 50% fish) had values of 7.05 and 7.02, respectively. The result showed that sample MFC was ranked as having the better mouthfeel by the panellists. Taste refers to the sensory perception produced when food is ingested. Samples M (100% goat meat), MF (50% goat meat + 50% fish) and MFC (50% goat meat + 25% fish + 25% carrot) had the same taste score, with a mean value of 7.10. There was no significant difference (p < 0.05) among the samples. Sample M (100% goat meat) had the highest mean score for general acceptability (7.45), while sample MFC (50% goat meat + 25% fish + 25% carrot) had the lowest score (7.00). Sample MF (50% goat meat + 50% fish) had a value of 7.20. There was no significant difference (p < 0.05) among the samples. The result showed a decreasing trend in general acceptability, which could be attributed to the increased level of fish and carrot supplementation.




Table 6: Sensory Properties of Goat meat, Fish and Carrot Sausage
	Sample	
	Colour
	Aroma
	Mouth feel
	Taste
	General Acceptability

	M
	5.95±0.76a
	6.35±1.28a
	7.05±1.09a
	7.10±0.02a
	         7.45±0.14a

	MF
	7.05±1.00a
	6.75±1.25a
	7.02±1.15a
	7.10±0.04a
	         7.20±0.02a

	MFC
	7.10±1.45a
	6.20±0.81a
	7.10±1.15a
	7.10±0.02a
	          7.00±0.05a


Values are expressed as means ±SD of three different determinations. Means with different superscripts in the same column indicate significant differences (P< 0.05). Hedonic scale 1-9 (where 1= dislike extremely, 2 = dislike very much, 3 = dislike moderately, 4 = dislike slightly, 5 = neither like nor dislike, 6 = like slightly, 7 = like moderately, 8 = like very much, 9 = like extremely) 
KEYS: Sample M (100%) =Goat Meat, Sample MF (50:50) =Goat Meat + Fish , Sample MFC (50:25:25) =Goat Meat + Fish + Carrot 
4.0 CONCLUSION AND RECOMMENDATION
4.1 Conclusion
Based on the results of the present study, the incorporation of fish and carrot into goat meat sausage affected the technological, nutritional, microbiological and sensory properties of the smoked sausage samples. Sample MFC (50% goat meat + 25% fish + 25% carrot) had the highest moisture, ash, protein, carbohydrate, calcium, potassium and magnesium values, while sample M (100% goat meat) recorded the highest crude fibre, vitamin C, total pigment content, total lipid value and general acceptability score. Sample MF (50% goat meat + 50% fish) had the highest vitamin A value and the highest aroma score. Sensory evaluation showed that fish and carrot incorporation improved selected attributes, particularly colour and mouthfeel, although the 100% goat meat sausage remained the most generally acceptable to the panellists. The findings indicate that fish and carrot can be incorporated into goat meat smoked sausage with satisfactory technological and sensory attributes. However, further work is required to improve storage stability and establish the shelf-life performance of the product under different packaging and storage conditions.
4.2 Recommendations
The effects of different technological, nutritional and functional properties, as well as storage stability under different packaging materials and storage conditions, should be studied.

Limitation
This study was limited to three sausage formulations and duplicate analytical determinations. The work assessed proximate, vitamin, mineral, physicochemical, microbiological and sensory qualities, but it did not include extended storage trials, packaging comparisons, lipid oxidation over time, or shelf-life modelling. Sensory evaluation was also limited to the available panel size. Therefore, the findings should be interpreted as formulation-level quality evidence rather than a complete commercial shelf-life assessment.
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