


Incorporation of local ingredients (soumbala, moringa, roucou) in the formulation of nitrite-free cooked sausages, an alternative for healthy nutrition





ABSTRACT
Sausages are a highly prized food, but their production involves the use of nitrites, which can pose a health risk. To promote healthy eating, it is necessary to adapt sausage technology to the African context by encouraging the use of nutritious ingredients such as moringa and soumbala. This study aimed to develop beef and chicken sausage recipes that incorporate soumbala, moringa and other spices, with the intention of reducing the use of chemical additives. Thus, ten formulations were developed according to a mixing plan generated by Minitab 18 software. The produced sausages were analyzed using standard methods to determine their nutritional composition and compared with a commercial sample. The results indicate that depending on the proportions of moringa and soumbala used, the pH and acidity of the sausages varied significantly, ranging from 5.08±0 to 5.92±0 and from 2.40±0.34 to 7.46±0.10%, respectively. The sausages formulated in this study were significantly richer in minerals (2.8% DM) than the commercial sausages used as a control (1.775% DM). Additionally, the protein and carbohydrate content varied significantly between formulations, ranging from 10.52% to 15.67% and from 5.57% to 23.38%, respectively. However, these levels did not significantly affect the energy value, which is strongly correlated with lipids, with no significant variation observed: 159.83±6.12-199.36±21.98 kcal/100 g and 7.16±1.08-11.69±1.83%, respectively. This study paves the way for the promotion of charcuterie products adapted to the socio-cultural context of Burkina Faso and for healthy eating by incorporating moringa leaf powder, soumbala and other local spices into sausage formulations.
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INTRODUCTION
A healthy and balanced diet is defined as one that provides all the nutrients, in terms of both quality and quantity, that are essential for the body to function properly, while maintaining the enjoyment of food (Losoya-Sifuentes et al., 2025). Despite the efforts of international organisations and governments, malnutrition remains a persistent problem. This situation is mainly attributable to several nutritional deficiencies, including protein-energy malnutrition or undernutrition (Mashiah et al., 2025). Pereira-Acácio et al. (2025) state that undernutrition can lead to stress and stunted growth. In the current context, it is essential to pay attention to both undernutrition and overeating, which can have significant repercussions, such as overweight and obesity, especially in developing countries. This overeating could result from inappropriate eating habits and insufficient nutritional intake (Stuber et al., 2025). Research has shown that many people regularly consume fast food meals, which are often high in energy. Studies have indicated that regular consumption of fast food can have various detrimental short and long-term health consequences for consumers (Bencsik et al., 2025). These consequences include weight gain, cardiovascular disease, type 2 diabetes, digestive problems, sleep disorders, concentration and memory problems, as well as impacts on mental health (Jiang et al., 2025). This demonstrates that all forms of malnutrition have a detrimental effect on proper cognitive development and the full development of individuals. Overweight and obesity are recognised as significant risk factors for the development of non-communicable diseases, including but not limited to diabetes, hypertension and stroke. Therefore, the promotion of a healthy and balanced diet is essential for sustainable human development. A healthy and balanced diet is key to preventing all forms of malnutrition, as well as non-communicable diseases such as diabetes, heart disease, stroke, and cancer (Jiang et al., 2025). According to the WHO, the composition of a diverse, balanced, and healthy diet is determined by several factors, including individual needs, cultural context, the availability of local foods, and eating habits (WHO, 2017). In order to encourage the consumption of balanced diets, research should concentrate on developing food formulations that take dietary habits into account and are less costly, whilst prioritising the use of local resources. In a context where the consumption of animal proteins, particularly meat, is increasing, it is advisable for formulations to take this into account to ensure consumer acceptance. While there is a growing movement against meat consumption, particularly red meat, it is important to note that meat, when consumed in moderation, is a valuable source of high-quality protein. Meat is a reliable source of essential amino acids, vitamins such as vitamin A or retinol, and, most importantly, vitamin B12 (Harikrishnan et al., 2025). 
This meat is generally processed into charcuterie products, which improve preservation, digestibility, the development of unique flavors, and the provision of specific nutrients (Louis-Sylvestre et al., 2010). However, in the field of charcuterie product technology, the excessive use of chemical additives such as nitrites has the potential to pose a health risk to consumers. Nitrites are additives used in charcuterie products to ensure their preservation and a high level of microbiological safety (Tahmouzi et al., 2025). Research has indicated that these additives may have adverse health implications, including an elevated risk of colorectal cancer (Prache et al., 2023). In light of these findings, there is a growing emphasis on the provision of nitrite-free processed meat products to ensure consumer safety and wellbeing. Furthermore, incorporating specific African ingredients into processed meats has the potential to enhance their nutritional value while simultaneously promoting the use of these ingredients. Soumbala, also known as afiti, dawadawa, or netetou, and moringa are among the local resources of nutritional interest (Clarisse et al., 2020). Soumbala offers a range of benefits, including nutritional and culinary advantages. It is rich in protein, iron and vitamins, and can help prevent certain diseases. Furthermore, it is employed to improve the flavour of dishes and is regarded as a possible alternative to bouillon cubes (Esse et al., 2021 ; Mariam et al., 2020). Moringa is valued for its antioxidant and anti-inflammatory properties (Qadir et al., 2022). Its leaves are rich in essential nutrients, including vitamins, minerals, and amino acids. Corn flour and cassava flour have the potential to enhance the water retention and texture of sausages, while annatto powder (Bixa orellana) can improve their colour.
The inclusion of these ingredients could provide the body with the necessary macronutrients, as well as minerals, vitamins and antioxidant compounds that help to slow down cellular ageing. The objective of this project was to formulate sausage products using beef, chicken, and local ingredients (spices, cereal flour, tuber root flour), with a focus on meeting consumer needs.
MATERIALS AND METHODS
Materials
The biological material consisted of beef, chicken, vegetables used as spices, moringa leaves, and corn flour (Table 1).
Sausage formulation
Using the raw materials and ingredients, ten sausage formulations (coded F0 to F9) were generated using Minitab 18 software. The main raw materials included beef, chicken, local spices, cereal flour, tuber root flour, soumbala powder, moringa leaf powder, annatto powder (Bixa orellana) used as a natural colorant, and oil. The different formulations and their compositions are listed in Table 1. The overall compositions of these sausages were compared to that of a commercial sausage coded F10.
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Table 1: The different sausage formulations with their respective compositions.
	Components
	Formulations

	
	F0
	F1
	F2
	F3
	F4
	F5
	F6
	F7
	F8
	F9

	Fresh garlic (%)
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	Celery (%)
	0.3
	0.3
	0.3
	0.3
	0.3
	0.3
	0.3
	0.3
	0.3
	0.3

	Natural coloring (%)
	0.3
	0.3
	0.3
	0.3
	0.3
	0.3
	0.3
	0.3
	0.3
	0.3

	Ground coriander (%)
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1

	Ground cumin (%)
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1

	Corn flour (%)
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2

	Cassava flour (%)
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2

	Ground ginger (%)
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1

	Ice (%)
	10
	10
	10
	10
	10
	10
	10
	10
	10
	10

	Oil (%)
	10
	10
	10
	10
	10
	10
	10
	10
	10
	10

	Ground nutmeg (%)
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1

	Fresh onion (%)
	1.3
	1.3
	1.3
	1.3
	1.3
	1.3
	1.3
	1.3
	1.3
	1.3

	Parsley (%)
	0.3
	0.3
	0.3
	0.3
	0.3
	0.3
	0.3
	0.3
	0.3
	0.3

	Ground black pepper (%)
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1

	Moringa powder (%)
	0.5
	4
	0.5
	0.5
	2
	4
	0.5
	2
	4
	2

	Soumbala powder (%)
	0.5
	0.5
	0.5
	4
	2
	4
	2
	0.5
	2
	4

	Salt (%)
	1.1
	1.1
	1.1
	1.1
	1.1
	1.1
	1.1
	1.1
	1.1
	1.1

	Beef (%)
	70
	70
	70
	70
	70
	70
	70
	70
	70
	70

	Poultry (%)
	30
	30
	30
	30
	30
	30
	30
	30
	30
	30


Legend F0 to F9: are codes for the different formulations 

Proximal composition analysis
The water content was determined in accordance with AOAC method No. 943.06 (section 31.1.10B), as reported by Szabo et al. (2021).
The pH of the samples was measured by electrometry using a pH meter (PHS-25CW, Shanghai Benson Instrument Co., Ltd., Shanghai, China). The pH meter was calibrated with buffer solutions as described in (ISO-23496, 2019). 
Titratable acidity was determined by titration according to standard (NF-V05-101, 1974) with slight modifications (NF-V05-101, 1974). 
The protein content of the samples was determined using the Kjeldahl method as described in the ISO ( 2013). 
Lipid quantification was performed by Soxhlet extraction (López-Bascón-Bascon & Luque de Castro, 2019). 
The ash content was determined according to the AFNOR method (AFNOR, 1982).
Carbohydrates were measured using the differential method (Caglak et al., 2024).
Carbohydrates % = 100 - Moisture % - Crude fat % - Crude protein % - Ash %.
The potential energy values of the samples were calculated using Atwater coefficients: 
Energy value (kcal/100 g) = carbohydrate (%) × 4 (kcal) + protein (%) × 4 (kcal) + fat (%) × 9 (kcal) (Atwater & Rosa, 1899).
Statistical analysis
The formulations were generated using Minitab 18 software. The data were analyzed using R-studio version 4.3.1 software. A Fisher's test at the 5% level was performed to compare the means. Principal component analysis (PCA) was performed to understand the various correlations between the samples and parameters. For each parameter, the measurements were repeated three times to limit handling errors.
RESULTS AND DISCUSSION
Results
The sausage formulations obtained are presented in Table 1. 



The results of the biochemical parameters are presented in Table 2. Therefore, the crude ash content ranged from 1.77% to 2.84% D M. Formulations F8 and F1 had the highest ash contents, while the commercial sample (F10) had the lowest. Acidity levels ranged from 1.56 ± 0.21% (F10) to 4.99 ± 0.08% (F5). The pH levels ranged from 5.08 ± 0.0 (F8) to 5.92 ± 0.0 (F3). The commercial sausage had the lowest water content (62.09% ± 0.45%) and therefore the highest dry matter content (37.91% ± 0.45%). In contrast, formulation F2 had the highest water content (68.32 ± 0.15%) and the lowest dry matter content (31.67 ± 0.15%). Formulation F1 had the lowest protein content (10.52 ± 1.52% DM), while F6 had the highest value (15.67 ± 0.39% DM). The commercial sample had the highest fat content (11.69% ± 1.83% DM), while F0 had the lowest fat content (7.16% ± 1.08% DM). The carbohydrate content ranged from 5.57% ± 1.11% dry matter (F2) to 23.38% ± 0.84% dry matter (F3). The commercial sample F10 had the highest energy content (199.36 ± 21.98 Kcal/100 g DM), while F0 had the lowest energy content (159.83 ± 6.12 Kcal/100 g DM
2

Table 2: Proximal composition of different sausage forulation
Legends: Columns with different numbers of asterisks (*) are statistically different.
	Formulation
	Ash (%MS)
	pH
	Acidity (% citic acid)
	Moisture (%)
	Dry matter (%)
	Proteins (%/100g)
	Lipids (%/100g)
	Carbohydrates (%/100g)
	Energy (Kcal/100g)

	F0
	2.76±0.03****
	5.91±0*****
	1.87±0.04*
	66.23±0.16*
	33.77±0.16**
	10.82±1.14**
	7.16±1.08*
	13.03±1.21***
	159.83±6.12*

	F1
	2.8±0.008****
	5.57±0*****
	3.24± 0.22**
	65.67±0.38*
	34.33±0.38**
	10.52±1.52**
	8.39±1.18*
	12.63±1.51*******
	168.08±7.30*

	F2
	2.54±0.016***
	5.75±0******
	3.66±0.45***
	68.32±0.15*
	31.67±0.15**
	14.31±0.79***
	9.24±0. 4*
	5.57±1.11*
	162.74±1.51*

	F3
	2.2±0.032***
	5.92±0*******
	3.57±0.25****
	64.47±0.30*
	35.53±0.30**
	14.21±0.40*
	8.53±0.76*
	23.38±0.84****
	175.96±4.9*

	F4
	2.05±0.008**
	5.87±0******
	4.08±0.24*****
	64.8±0.40*
	35.20±0.4**
	13.93±0.54*
	11.41±1.49*
	7.81±1.18**
	189.65±9.07*

	F5
	2.79±0.024***
	5.14±0**
	4.99±0.08******
	66.22±3.95*
	33.78±3.95**
	12.21±0.72**
	11.28±1.71*
	7.5±5.9*****
	180.34±9.18*

	F6
	2.42±0.05***
	5.66±0*****
	3.92±0.24***
	65.47±0.58*
	34.52±0.58**
	15.67±0.39****
	8.76±0.93*
	7.67±0.71*
	172.19±6.93*

	F7
	2.48±0.05***
	5.33±0***
	3.17±0.4**
	66.20±0.7*
	33.79±0.69**
	11.77±0.38**
	8.89±3.04*
	10.64±3.0*****
	169.66±17.1*

	F8
	2.84±0.05****
	5.08±0*
	3.5±0.12***
	64.82±0.94*
	35.17±0.94**
	14.10±0.4*
	9.87±1.7*
	21.05±1.14******
	178.67±12.44*

	F9
	2.47±0.04***
	5.41±0****
	2.5±0.56****
	64.00±1.23*
	36.00±1.23**
	14.18±0.4***
	11.69±1.83*
	7.65±1.31*
	192.57±13.75*

	F10
	1.775±0.01*
	5.59±0****
	1.56±0.21*
	62.09±0.45*
	37.91±0.45**
	11.52±1.11**
	10.96±4.11*
	13.64±2.68******
	199±21.98*












36±21.98a

	Valeur de P
	0,000
	0,000
	0,000
	0,425
	0,321
	0,000
	0,357
	0,000
	0,461

	Significant
	Yes 
	Yes 
	Yes 
	No
	No
	Yes 
	No
	Yes 
	No




As illustrated in Figure 1, principal component analysis demonstrates the existence of various forms of correlation between the biochemical parameters of sausage formulations, contingent on the ingredients incorporated. As demonstrated in Figure 1, there is a strong positive correlation between acidity and water content in these formulations. However, it should be noted that these two parameters are negatively correlated with pH. In addition, a strong positive correlation was observed between protein and lipid content, with lipids demonstrating a closer correlation with the potential energy of the sausages. However, it should be noted that sausages with a higher energy content tend to have a lower mineral content, as demonstrated by their correlation (Figure 1). Research has shown that carbohydrates are negatively correlated with titratable acidity and moisture.

[image: ]
Figure 1: Principal component analysis of the parameters analyzed for sausages
An analysis of the dendrogram (Figure 2) provides insight into the relationships between the different parameters. It is evident that a positive correlation exists between the carbohydrate content and the ash content of sausages. Furthermore, the pH appears to be associated with the protein content of sausages. As demonstrated by this figure, sausages with a high water content are the most acidic, and the energy value of sausages is strongly correlated with their fat content analyzed.
[image: ]
Figure 2: Dendrogram grouping the different parameters of the sausages formulated and
A hierarchical classification between the parameters studied and the different formulations showed that formulation F5 is the most acidic, followed by formulations F4 and F6 (Figure 3). Furthermore, the formulation with the highest water content was identified as F2. For ash content, four formulations (F8, F0, F1, and F5) demonstrated high levels. In addition, F8 and F3 are the highest in protein content, and F10, F9, F4, and F5 are the most energy-dense sausages. Carbohydrates are more concentrated in formulations F3, F8 and F0. The use of these different distributions enabled the grouping of the formulations into two clusters (Figure 4). Each cluster contains formulations with similar compositions. As illustrated in blue, Cluster 1 comprises the following formulations: F0, F4, F5, F9 and F10. Formulations F4, F5, F9 and F10 have similar energy values, while F0 and F5 have similar ash contents (Figure 3). In comparison, Group 2 features formulations F1, F2, F3, F6, and F7, which are more concentrated.

[image: ]
Figure 3: Hierarchical classification of formulations based on the parameters studied

[image: ]
Figure 4: Cluster analysis of sausage formulations based on the biochemical parameters studied

DISCUSSION
The results showed that the formulations had good nutritional value. The analysis demonstrated that the moisture and dry matter content of the different formulations did not vary significantly from 62.09 ± 0.45% to 68.32 ± 0.15%. Please complete the sentence with the dry matter values. These values are consistent with those reported in previous studies (Dautova et al., 2024). Water content is vital for maintaining the juicy appearance of sausages (Dautova et al., 2024). However, it is a parameter that must be monitored because high moisture content could negatively affect the shelf life of sausages, especially at room temperature (Cittadini et al., 2022). The combination of a high-water content and the absence of nitrite could potentially promote microbial growth, which could lead to rapid deterioration of sausages stored at ambient conditions. Dry matter is an indicator of the nutrient concentration in a food. As the dry matter content increases, so too does the nutrient density (Khirzin et al., 2024). 
The significant variation in the pH values of the sausage formulations is thought to be related to differences in the composition of the sausages, particularly the variation in the proportions of soumbala and moringa. Accordingly, the pH level of these sausages can be categorised as less acidic. The high pH values of the sausage formulations could be linked to the absence of fermentation. The acidity would primarily stem from the basic ingredients utilized in the formulations. Furthermore, pH is a pivotal indicator of sausage quality, particularly in terms of preservation (Tahmouzi et al., 2025).
As with pH, the titratable acidity of the different sausage samples varied significantly. This indicates that the composition of ingredients in the different formulations has a significant impact on organic acid content, which is an important point to consider in order to ensure efficacy and safety (dos Santos et al., 2025). Research indicates that if adequate measures are not taken during storage, sausages may undergo fermentation and degradation of the fatty acids contained within them. This can increase acidity and negatively impact their organoleptic quality. However, other authors have reported that increased acidity can have a positive impact on the shelf life of the product by limiting the growth of microorganisms (da Silva Pires et al., 2023). In this study, it was established that variation in titratable acidity is related to the proportion of soumbala powder. As the soumbala content increases, so does the acidity (Table 1). The absence of chemical additives could also explain the low acidity obtained with these formulations compared to the acidity of commercial sausages.
Lipids play a vital role in the transportation of fat-soluble compounds, especially fat-soluble vitamins (A, D, E, K) and carotenoids. They are also a source of essential fatty acids, which are necessary for a balanced diet. In this study, which focused on the testing of various sausage formulations, the range of lipid content was from 7.16% ± 1.08% to 11.69% ± 1.83% DM. However, the variation was not significant between samples, including the commercial sample. This is likely due to the identical amount of oil added to the formulations. Research has indicated that the presence of fatty acids in lipids is instrumental in determining the distinctive flavour profile of fermented sausages. Lipids undergo decomposition under the action of lipases, producing fatty acids. These, in turn, through oxidation, give rise to aldehydes, esters, alcohols, and other volatile aromatic compounds (Gao et al., 2024). Research has indicated that the high fat content of Chinese sausages is associated with a greater amount of α-helix, β-turn, and random coiling, which facilitates their digestion (Zhou et al., 2024). Furthermore, the lipids contained in this study are mainly vegetable oils that are rich in unsaturated fatty acids, and the spices provide other substances, including antioxidant compounds that protect them from oxidation (Diao et al., 2024). While the production of high-quality sausages is certainly an art form, the true challenge lies in preserving these sausages over an extended period without the use of synthetic chemicals. This study paves the way for this prospect with the addition of locally produced spices (onions, celery, cumin, pepper, ginger, and parsley), all of which are rich in phenolic compounds, carotenoids, and other antioxidant compounds capable of protecting these sausages from oxidation and deterioration of their organoleptic characteristics (Xu et al., 2025).
In contrast to lipids, protein levels exhibited significant variation, ranging from 10.52 ± 1.52% to 15.67 ± 0.39% DM. It is likely that this difference can be attributed to the composition of each formulation. Soumbala is recognised as an excellent source of protein. The incorporation of this element into the formulations could provide a rationale for the variations observed. The values obtained in this study corroborate those obtained in other studies (Öztürk et al., 2025). Proteins are frequently regarded as pivotal components of a nutritious diet, and with good reason: they fulfil essential functions in tissue development and repair, enzyme and hormone production, and immune system maintenance (Li et al., 2025). As demonstrated by a substantial body of research, animal proteins are a source of nutrients that are vital for children's development and growth. In addition, they play a crucial role in preserving muscle mass and function in adults, as well as promoting muscle mass and strength gain in athletes. Furthermore, they have been shown to help mitigate sarcopenia in older adults (Sheffield et al., 2024). Regrettably, there are certain factors that have the potential to compromise the integrity of proteins and their nutritional quality. However, recent studies have shown that the antioxidant compounds in beef, ginger powder, and garlic protect proteins from oxidation even during high-temperature cooking at high temperatures (Adeyemi & Abdulkadir, 2025). 
In the case of sausages, the carbohydrate content varied significantly from 5.57 ± 1.11 to 23.38 ± 0.84% DM. The highest content was obtained in formulation F3, where the proportion of soumbala powder was 4%, and the lowest content was observed in formulation F2, with the lowest proportion of soumbala powder (0.5%). Similarly, with a maximum content of moringa powder (4%) and a content of 2% soumbala powder (F8), the carbohydrate content is high. The carbohydrate content is also due to the corn and cassava flours added at a proportion of 2%. These flours are distinguished by their high starch content (Geetanjali et al., 2025). As stated by Dessta and Terefe (2024), moringa, which contains up to 50% carbohydrates, has the potential to serve as an additional source of carbohydrates in sausages. In some of our formulations (F1 and F7), the carbohydrate content is comparable to that reported by Shahbazpour et al. (2021). In other formulation studies, it has been found that the organoleptic quality of sausages, and more specifically their aroma, is influenced by the carbohydrate content (Hospital et al., 2025). In addition to flavour, carbohydrates provide dietary fibre to consumers. Consequently, some authors have studied the possibility of substituting them for lipids in sausages for the well-being of consumers. Indeed, as demonstrated in the research, fibre not only facilitates intestinal transit but also reduces the risk of colon cancer, cardiovascular disease, obesity, and several other disorders (Carballo, 2021).
The energy values of the sausages ranged from 159.83 ± 6.12 to 199.36 ± 21.98 kcal/100 g DM for the F0 formulation and the commercial sample. While the differences are not substantial, the commercial sausage demonstrated higher energy levels compared to the formulations examined in this study. The low energy values of our formulations are likely due to the incorporation of vegetable powders, as previously reported (Zampouni et al., 2024).
Commercial sausage had the lowest ash content (1.775 ± 0.01%). The other formulations showed comparable concentrations, although statistically significant differences were observed. It is evident that the incorporation of additional ingredients, notably vegetables and soumbala, has had a significant impact on the product's composition. Vegetables are renowned for their high mineral content, which is vital for maintaining a healthy and balanced diet. They are particularly effective in combating hidden hunger, thus promoting optimal energy management (Haque et al., 2024). In the food industry, minerals are key elements to be taken into account in food formulation to ensure the well-being and physical performance of consumers. Indeed, they actively participate in the process of bone mineralization, enzyme function, and overall metabolism, which is essential for maintaining optimal health (Vulić et al., 2024). In a constantly evolving food landscape, the availability of mineral-rich sausages is a valuable asset for consumers. It is therefore crucial to optimise and actively promote this product range to encourage healthy eating habits and enhance the added value of meat, which is highly perishable.
As illustrated in Figure 1, principal component analysis revealed a range of correlations between the biochemical parameters of various sausage formulations, depending on the specific ingredients used. The analysis revealed a positive correlation between acidity and water content. However, it was found that these two parameters have a negative correlation with pH. This observation can be attributed to the increase in acidity, which results in a decrease in pH (Chattopadhyay et al., 2023). In addition, a significant positive correlation was observed between proteins and lipids, with lipids demonstrating a stronger correlation with the energy value of sausages. This observation is related to the high energy value of lipids and macromolecules. However, the analysis revealed that the most energy-dense formulation has the lowest mineral content (commercial sample). This finding may be related to the absence of vegetables in the formulation. Therefore, the mineral-rich formulation is more relevant in terms of nutritional value for the consumer.
An analysis of the dendrogram (Figure 2) revealed a correlation between the different parameters. The study results show a positive correlation between carbohydrate and ash content. Furthermore, research indicates that pH is a determining factor in the protein content of sausages.
Conclusion 
The study demonstrated that the incorporation of soumbala, moringa, corn flour, cassava flour and other spices into the formulation significantly enhances the nutritional quality of sausages, particularly in terms of complex carbohydrates and minerals. These innovative formulations aim to combat malnutrition while optimising the balance of macronutrient and micronutrient intake. It is therefore essential to optimise these formulations according to consumers' eating habits and to popularise them in order to promote healthy eating among populations.
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