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ABSTRACT

This study explored the development, sensory qualities, and nutritional

composition of indigenous smoked beef sausages made with Iru (fermented locust

beans) and Evbharie (fermented melon) as natural flavoring agents. The research

aimed to evaluate the effect of these local condiments on the sensory

characteristics and proximate composition of beef sausage, serving as substitutes

for common synthetic additives such as sugar and nitrite.

Fresh beef (2.3 kg) was procured from New Benin Market, Benin City, Nigeria,

and processed in the Food Science and Technology Laboratory, Faculty of

Agriculture, University of Benin. The meat was washed, minced, and divided into

ten treatments with varying levels of Iru and Evbharie: T1 (1% Iru), T2 (2% Iru),

T3 (3% Iru), T4 (1% Iru + 0.5% Evbharie), T5 (0.5% Iru + 1% Evbharie), T6 (1%

Iru + 1% Evbharie), T7 (1% Evbharie), T8 (2% Evbharie), T9 (3% Evbharie), and

T10 (control with sugar, salt, pepper, garlic, onion, ginger, and thyme). Goat

intestines served as casings, preserved in saline solution, and the sausages were

smoked for about one hour to produce intermediate-moisture meat.

A sensory evaluation was conducted with thirty semi-trained panelists using a

five-point hedonic scale (5 = Excellent, 1 = Poor). Attributes assessed were

appearance, aroma, flavor, texture, juiciness, and overall acceptability. Proximate

composition was analyzed according to AOAC (2019) methods to determine

moisture, protein, fat, ash, and crude fiber contents.

Results showed that the inclusion of Iru and Evbharie affected the sensory

properties of the smoked beef sausage. Samples containing both condiments were

generally preferred, with Treatment 6 (1% Iru + 1% Evbharie) achieving the

highest appearance (22 votes) and aroma (15 votes). The control (T10) scored

best in flavor (26 votes), texture (25 votes), juiciness (27 votes), and overall

acceptability (29 votes). Although traditional condiments produced unique flavor
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and aroma profiles, consumers still showed familiarity-based preference for the

conventional seasoning.

Proximate analysis indicated that sausages containing Iru had slightly higher

protein values due to its leguminous origin, while Evbharie contributed to higher

fat and fiber content. Moisture levels were moderate, confirming the sausages as

intermediate-moisture meat products with good storage potential. The exclusion

of nitrite eliminated cured color formation but improved the natural safety profile

of the sausage.

In conclusion, the study established that Iru and Evbharie can be successfully

used as indigenous seasonings in sausage production without significantly

compromising nutritional or sensory quality. Among all treatments, T6 (1% Iru +

1% Evbharie) offered the most balanced attributes. This research provides insight

into the potential of local condiments as natural, health-conscious alternatives to

chemical additives, supporting the development of culturally acceptable and

nutritionally rich meat products. It further emphasizes the value of integrating

indigenous food resources into Nigeria’s modern meat processing industry for

sustainable product innovation.
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CHAPTER ONE

1.0 INTRODUCTION

1.1 Background of the Study

Meat and meat products are among the most important sources of high-quality

protein and essential nutrients in human diets. They provide vital amino acids,

vitamins, and minerals required for growth, maintenance, and repair of body

tissues. In Nigeria, beef remains one of the most consumed meats due to its

availability, palatability, and cultural acceptance across different ethnic groups.

However, despite its nutritional significance, beef is highly perishable and prone

to microbial spoilage, enzymatic deterioration, and oxidative rancidity, especially

in the country’s hot and humid climate. Therefore, effective preservation and

processing methods are essential to extend shelf life, enhance flavor, and maintain

nutritional value (Akwetey and Knipe, 2012).

Processing meat into sausages is one of the most effective ways to reduce post-

slaughter losses and diversify meat consumption patterns. Sausage production

transforms fresh meat into a more stable, convenient, and ready-to-eat product

that can be stored and transported with minimal spoilage. Traditionally, sausages

are made by grinding meat, mixing it with salt, spices, and other ingredients, and

stuffing it into casings. Globally, sausage production has been industrialized, with

the incorporation of curing agents such as sodium nitrite, sugar, and artificial
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flavor enhancers. These additives play key roles in improving color, flavor, and

microbial stability. However, growing health concerns about the potential toxicity

and carcinogenicity of nitrites have led to increasing consumer demand for safer,

naturally processed meat products (Cassens, 1995; Honikel, 2008).

Nigeria’s food culture is rich with diverse indigenous condiments and spices that

can serve as natural alternatives to chemical additives in food processing. Among

these are iru (locust bean, Parkia biglobosa) and evbarhie (fermented melon),

both of which are integral to local cuisines across various regions of the country.

These condiments are known for their distinctive aroma, flavor, and nutritive

potential, as well as their functional properties such as antioxidant and

antimicrobial activity. Locust beans, for instance, are a rich source of protein,

lipids, and minerals, while fermented melon contributes essential amino acids and

beneficial microorganisms that aid digestion. Integrating such ingredients into

sausage production can create a uniquely Nigerian product that combines

traditional flavors with modern processing standards (Adebayo 2018; Omemu,

2019).

Incorporating indigenous ingredients into sausage production aligns with the

current trend in food science toward the development of functional and culturally

tailored foods. Indigenous food product development focuses on utilizing local

raw materials to produce value-added goods that meet consumer needs while
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supporting regional economies. The introduction of iru and evbarhie into beef

sausage formulation offers a dual advantage: it preserves cultural culinary

heritage and enhances product acceptability among Nigerian consumers who are

familiar with these flavors. Moreover, it addresses food security challenges by

reducing dependence on imported additives and encouraging local sourcing

(Ogunbanwo, 2017; Omojola, 2020).

Smoking is a traditional preservation method widely practiced in Nigeria for meat

and fish. The process imparts a desirable flavor, improves shelf life, and reduces

moisture content, thereby limiting microbial growth. Smoked products such as

kilishi, tsire, and suya have long been appreciated for their rich sensory qualities.

By applying smoking techniques to sausage processing, it is possible to develop

an indigenous smoked beef sausage that retains the desirable attributes of

traditional Nigerian smoked meats while meeting modern safety and nutritional

standards. Smoking also modifies the proximate composition by reducing

moisture and slightly concentrating protein and fat content (Teye, 2015; Ofori,

2019).

The organoleptic or sensory characteristics of a food product refer to its attributes

as perceived by the human senses color, flavor, aroma, taste, and texture. These

characteristics play a vital role in consumer acceptance and market success. For

meat products, the balance between tenderness, juiciness, and flavor determines
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overall palatability. In Nigeria, consumers generally prefer products with

distinctive traditional flavors and visible evidence of natural processing, such as

smoky aroma and brownish-red coloration. The use of local condiments like iru

and evbarhie can enhance these sensory qualities through the development of

complex aromatic compounds during cooking and smoking, creating a product

that resonates with indigenous taste preferences (Lawrie and Ledward, 2006;

Okonkwo, 2021).

The proximate composition of meat products—including moisture, protein, fat,

ash, and carbohydrate content—is a crucial indicator of nutritional quality. Protein

content determines the product’s dietary value, fat influences flavor and juiciness,

while moisture affects texture and shelf stability. Indigenous smoked sausages

made with iru and evbarhie may display distinct proximate profiles compared to

conventional sausages, due to the biochemical contributions of these condiments.

For instance, the fermentation of melon and locust bean releases peptides and

amino acids that may improve digestibility and protein quality, while smoking can

further enhance the product’s stability by reducing water activity (AOAC, 2019;

Okonkwo, 2021).

Beyond nutritional and sensory attributes, the development of indigenous smoked

beef sausage also has socio-economic implications. Nigeria imports significant

volumes of food additives, spices, and processed meat products annually. By
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utilizing locally available condiments and raw materials, the production of

indigenous sausage can stimulate local agribusiness, create employment, and

reduce foreign exchange expenditure. Moreover, it can provide opportunities for

small- and medium-scale enterprises (SMEs) to produce affordable, healthy, and

culturally appropriate meat products for domestic markets. Such innovations align

with the country’s goals of promoting self-reliance, value addition, and

sustainable food production (FAO, 2020; Adeola and Oyekan, 2022).

Several studies have highlighted the potential of incorporating plant-based

ingredients into meat products to enhance nutritional and sensory qualities. For

example, research has shown that soybean flour, okara (soy pulp), and moringa

leaf powder can be used as extenders or flavor enhancers in sausage formulations

without compromising quality. Similarly, indigenous Nigerian condiments

possess natural bioactive compounds such as phenolics, flavonoids, and organic

acids, which can act as natural preservatives. This substitution not only improves

consumer health but also introduces an authentic local flavor profile that

differentiates the product in the marketplace (Kamarulzaman, 2018; Adebayo,

2018).

Despite these benefits, there remains limited scientific research on indigenous

smoked beef sausages in Nigeria. Most previous studies have focused on imported

processing techniques or have used foreign additives and flavorings. The absence
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of standardized formulations and sensory benchmarks for Nigerian condiments in

sausage development represents a significant research gap. Addressing this gap is

essential to fully harness the nutritional and sensory potential of locally available

materials and to create a foundation for industrial adoption of indigenous sausage

production methods (Omojola, 2020; Okonkwo, 2021).

In light of these considerations, the current study seeks to develop and

characterize an indigenous smoked beef sausage using iru (locust bean) and

evbarhie (fermented melon) as natural seasoning agents. It will investigate how

varying inclusion levels of these condiments affect the organoleptic properties

(color, taste, aroma, texture, and overall acceptability) and the proximate

composition (moisture, protein, fat, ash, and carbohydrate contents) of the final

product. The study will also compare the locally developed sausages with a

control sample prepared using conventional additives such as nitrite and sugar.

The findings are expected to provide insights into the development of safe,

nutritious, and culturally resonant meat products for Nigerian consumers (AOAC,

2019; Adeola and Oyekan, 2022).

1.2 Problems Encountered in This field

Nigeria is one of the largest consumers of beef in Sub-Saharan Africa, and meat

processing remains an essential part of its food industry. However, a major

problem facing meat processors and consumers is the high perishability of beef
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under tropical conditions. The hot and humid environment accelerates microbial

growth, enzymatic activity, and lipid oxidation, resulting in quality deterioration

and food safety challenges. Traditional preservation techniques such as salting,

drying, and smoking are still practiced at the small-scale level, but they often lack

standardization and scientific optimization for consistent product quality and

safety (Omojola 2020).

Furthermore, most sausages consumed in Nigeria are imported or modeled after

Western formulations, which rely heavily on synthetic additives like sodium

nitrite, phosphate, sugar, and monosodium glutamate (Maggi). These additives

serve functional purposes—nitrite stabilizes color and inhibits Clostridium

botulinum growth, while sugar balances saltiness—but excessive or prolonged

consumption has been linked to carcinogenic and cardiovascular risks. Studies

have reported that nitrosamines, formed from the reaction of nitrites with amines

in meat during high-temperature processing, are potential carcinogens (Honikel,

2008; Cassens, 1995). Consequently, consumers are increasingly demanding safer

and more natural meat products, leading to the global trend toward clean-label

and additive-free foods (Kamarulzaman, 2018).

Despite Nigeria’s vast biodiversity and abundance of natural condiments and

spices, little research and industrial application have been directed toward their

integration in processed meat production. Condiments such as iru (locust bean)
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and evbarhie (fermented melon) are staple components of traditional Nigerian

cuisines, valued for their rich flavor, aroma, and nutritional contributions.

However, their use in modern meat product formulation, particularly sausage

making, remains underexplored. Most local producers still depend on imported

additives and synthetic seasonings, which not only increase production costs but

also neglect the potential of Nigeria’s indigenous resources to contribute to food

innovation and self-sufficiency (Ogunbanwo, 2017; Omemu 2019).

Another pressing issue is the lack of standardization and scientific documentation

for indigenous meat products. Traditional smoked meats like kilishi and tsire are

popular across Nigerian markets, but their preparation methods vary widely by

region, resulting in inconsistent product quality, shelf life, and nutritional

composition. The same problem would persist if indigenous smoked sausages

were to be developed without a research-backed foundation. There is thus an

urgent need for systematic formulation, proximate analysis, and sensory

evaluation of smoked beef sausage produced with Nigerian condiments, to ensure

the product meets both safety and consumer acceptability standards (Teye 2015;

Okonkwo 2021).

Additionally, the proliferation of imported sausages in Nigerian supermarkets

poses an economic challenge. These products are often expensive and

inaccessible to the average Nigerian consumer. Meanwhile, locally produced
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sausages rarely match imported brands in sensory appeal, largely due to limited

technical knowledge and dependency on artificial ingredients. Developing an

indigenous smoked beef sausage using iru and evbarhie could bridge this gap by

combining affordability with local flavor authenticity, creating a product that is

both nutritious and culturally relevant. This will not only enhance local food value

chains but also stimulate agro-industrial growth by increasing demand for

indigenous condiments (Adeola and Oyekan, 2022).

Finally, there exists a research gap in understanding how indigenous Nigerian

condiments influence the sensory, nutritional, and physicochemical qualities of

processed meats. Most available studies have centered on soybean or plant-based

extenders rather than native spices or fermented ingredients. Therefore, the

present study aims to fill this knowledge gap by formulating smoked beef

sausages with iru and evbarhie at varying inclusion levels and evaluating their

organoleptic and proximate properties compared with conventionally seasoned

sausages. The outcome will provide valuable insights into the feasibility of

substituting synthetic additives with natural, health-promoting alternatives in

Nigeria’s meat industry (Adebayo, 2018; AOAC, 2019).

1.3 Objectives

The general objective of this study is to develop and evaluate smoked beef

sausages produced with indigenous Nigerian condiments (iru and evbarhie),
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assessing their organoleptic (sensory) characteristics and proximate composition

to determine their suitability as healthy, acceptable, and culturally relevant

alternatives to conventionally processed sausages.

The specific objectives of this research are to:

1. Formulate and produce smoked beef sausages using varying inclusion

levels (1%, 2%, and 3%) of indigenous condiments — iru (locust beans)

and evbarhie (fermented melon).

2. Compare the sensory characteristics (appearance, flavor, aroma, texture,

juiciness, and overall acceptability) of the developed sausages with a

control sample produced using conventional ingredients.

3. Determine the proximate composition (moisture, crude protein, fat, ash,

fiber, and carbohydrate contents) of the smoked beef sausages produced

with the indigenous condiments.

4. Evaluate the effect of condiment type and concentration on the

physicochemical and sensory quality of the smoked beef sausages.

5. Assess consumer acceptability and preference levels for sausages flavored

with iru and/or evbarhie through sensory panel evaluation.

6. Compare the nutritional value and quality of the indigenous condiment-

based sausages with standard commercial sausages to highlight differences

due to formulation and processing.
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7. Recommend an optimal formulation for producing acceptable and

nutritionally balanced indigenous smoked beef sausage suitable for local

markets.

CHAPTER TWO

2.0 LITERATURE REVIEW

2.1 Conceptual Review

2.1.1 Development of Native Nigeria Smoked Meat

The development of native Nigerian smoked meat evolved from essential

preservation techniques to a celebrated culinary art. Driven by the need to

preserve meat in a hot climate without refrigeration, Nigerians developed

sophisticated methods that imparted unique flavors and textures, with variations

across different ethnic groups.

Historically, smoking and drying were among the most prominent methods of

preserving meat in Nigeria, especially among pastoral communities like the Hausa

and Fulani. The process served to prevent spoilage and ensure a stable food

supply, particularly during long trade routes or for storing excess meat.

It also adds taste and precise flavours to the foods made, as well as influence the

nutritional, palatability and storage value.

2.1.2 Nutritional Importance of Beef Sausage
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Beef sausage, particularly when smoked, represents one of the most nutritionally

valuable meat products consumed across Nigeria. The indigenous processing of

smoked beef sausage ensures both preservation and enhancement of its sensory

qualities, while also maintaining a high level of essential nutrients. Nutritional

evaluation of such products is typically carried out through proximate analysis,

which provides information on protein, fat, moisture, ash, crude fiber, and

carbohydrate contents. Each of these nutrients contributes uniquely to the dietary

value of smoked beef sausages and plays a significant role in promoting human

health, energy supply, and overall well-being. In Nigeria, where protein-energy

malnutrition remains a public health challenge, smoked beef sausages serve as an

important source of affordable animal protein while also providing a balanced

contribution of fats, minerals, and carbohydrates. (Adesokan, Odetunde, and Oke,

2017).

1. Protein Content

Protein is the most dominant nutrient in smoked beef sausage and arguably the

most important in terms of human nutrition. Derived primarily from lean beef,

protein contributes to body growth, tissue repair, enzymatic activity, and immune

function. Smoked beef sausages in Nigeria have been reported to contain protein

levels ranging between 18% and 24%, depending on processing methods and

ingredient formulations. This makes them a reliable source of high-quality animal
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protein in diets, especially in rural communities where access to diverse protein

sources may be limited. The amino acid profile of beef protein, which includes

lysine, leucine, valine, and tryptophan, makes smoked beef sausages a superior

option compared to plant-based proteins, which may lack certain essential amino

acids. Furthermore, protein contributes significantly to the sensory qualities of

sausages by influencing texture and binding properties during processing. In a

population where stunting and undernutrition are prevalent, the protein density of

indigenous smoked beef sausages enhances their nutritional importance and

relevance to national food security.

2. Fat (Lipids)

Fat is the second most abundant nutrient in smoked beef sausage and plays a dual

role of providing energy and enhancing palatability. Typically, fat content in

Nigerian smoked beef sausages ranges from 15% to 25%, though this depends on

trimming practices and sausage formulation. Fats improve mouthfeel, tenderness,

and flavor release, making them central to consumer acceptability. From a

nutritional perspective, fat is an essential source of fat-soluble vitamins such as A,

D, E, and K. It also supplies essential fatty acids, which contribute to brain

development, hormone regulation, and cardiovascular health when consumed in

moderation. However, high-fat intake poses a health risk in terms of obesity and

cardiovascular diseases, hence the need to balance fat levels during sausage
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development. Modern indigenous processing has therefore incorporated trimming

of visible fats and, in some cases, blending with plant-based extenders to reduce

overall fat concentration while still retaining desired sensory qualities. This

balance underscores the importance of fat as both a nutritional asset and a factor

that requires careful management in smoked beef sausage production.

3. Moisture Content

Moisture content is another critical component of smoked beef sausage,

contributing directly to its sensory and nutritional characteristics. Moisture

enhances juiciness, tenderness, and ease of mastication, which are vital attributes

influencing consumer acceptability. Nutritionally, water is indispensable for

digestion, absorption of nutrients, temperature regulation, and metabolic

processes in the body. In Nigerian smoked beef sausages, moisture levels range

between 40% and 60%, depending on smoking duration, cooking method, and

ingredient inclusion. While higher moisture content improves juiciness, excessive

water retention may promote microbial growth, thereby reducing shelf life.

Smoking, therefore, serves as an effective method of moisture reduction and

stabilization, ensuring a balance between sensory quality and microbial safety.

The importance of moisture lies not only in sensory appeal but also in maintaining

the functional role of sausages as safe, nutritious, and culturally acceptable meat

products.
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4. Ash (Mineral Content)

Ash content reflects the total mineral composition of smoked beef sausages,

which includes elements such as calcium, phosphorus, iron, magnesium, zinc, and

potassium. These minerals are essential for numerous physiological processes

including bone development, blood formation, nerve function, and enzymatic

activity. Iron, in particular, is a critical nutrient in smoked beef sausages, playing

a major role in the prevention of iron-deficiency anemia, a common health

concern in Nigeria. Zinc supports immune function and wound healing, while

phosphorus is important for skeletal health. Although ash content typically makes

up only 2% to 5% of smoked beef sausages, its contribution to nutritional value

cannot be underestimated. The indigenous use of spices such as ginger, garlic, and

chili also enhances mineral contributions, as these additives supply trace elements

and bioactive compounds. Consequently, smoked beef sausages serve as both a

source of macronutrients and micronutrients, further strengthening their dietary

significance.

5. Crude Fiber

Crude fiber is generally low in smoked beef sausages, since animal tissues contain

negligible amounts of indigestible carbohydrates. However, the inclusion of plant-

based extenders such as soybean flour, okara, cassava starch, or cereal flours in

modern Nigerian sausage formulations increases the fiber content. Though usually
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less than 2%, crude fiber plays a vital role in promoting gastrointestinal health by

aiding digestion, preventing constipation, and lowering cholesterol levels. This

additional benefit has made the inclusion of plant-based extenders not only

economically advantageous but also nutritionally relevant. While traditional

smoked beef sausages contained almost no fiber, contemporary indigenous

practices are increasingly acknowledging its health benefits and incorporating

fiber-rich extenders as part of product development strategies.

6. Carbohydrate Content

Carbohydrates are not naturally abundant in beef, but they are present in smoked

beef sausages through the inclusion of spices, binders, and extenders. Ingredients

such as starch, flour, or okara contribute measurable carbohydrate content,

typically ranging between 1% and 5% of the total composition. Though relatively

low, this carbohydrate fraction plays an important role in energy supply, product

binding, and texture enhancement. From a sensory perspective, carbohydrates

influence mouthfeel, contribute to browning reactions during smoking, and

enhance the aroma of the finished product. Nutritionally, the carbohydrate content

makes smoked beef sausages more energy-dense, providing quick fuel for the

body. This is particularly important in rural Nigerian communities where physical

labor demands high-calorie diets.
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The nutritional importance of smoked beef sausage in Nigeria lies in its balanced

provision of macronutrients (protein, fat, carbohydrates) and micronutrients

(minerals within ash), supplemented by moisture for sensory quality and crude

fiber from modern extenders. Its protein density makes it a crucial food product

for combating malnutrition, while its fat and mineral contributions add caloric and

physiological benefits. The indigenous development of smoked beef sausage

demonstrates both cultural resilience and nutritional relevance, making it a

valuable component of Nigerian diets. Understanding its proximate composition

highlights why smoked beef sausages continue to occupy a central place in food

culture, nutrition, and food security strategies in Nigeria.

2.1.3 Sensory characteristics of smoked beef sausage

Sensory characteristics refer to the attributes of food as perceived by the human

senses—sight, smell, taste, touch, and hearing. In the case of smoked beef sausage,

these characteristics are crucial in determining consumer preference and overall

acceptability. Sensory qualities not only influence marketability but also serve as

indicators of quality and nutritional integrity. In Nigeria, where indigenous

smoked beef sausages are increasingly produced and consumed, sensory

evaluation is an important component of both traditional preparation and modern

product development. (Chin, K. B. and Chung, K. Y. 2019)

1. Appearance and Color
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The first sensory cue that consumers notice in smoked beef sausages is

appearance. A desirable sausage should exhibit an appealing surface color,

typically brownish-red, which results from the combined effects of smoking, meat

pigments (myoglobin), and Maillard browning reactions. In traditional Nigerian

smoked sausages, appearance is influenced by the type of wood used for smoking

and the duration of the process. Uniformity of color, absence of fat streaks, and

the glossy look of the casing contribute positively to consumer appeal. Conversely,

dull or unevenly smoked sausages are often perceived as low quality.

2. Texture and Tenderness

Texture is a vital determinant of sausage acceptability. It describes the way the

product feels when bitten, chewed, or handled. Smoked beef sausages are

expected to have a firm yet tender texture that allows easy chewing without being

tough. This is largely influenced by the ratio of lean meat to fat, the type of

binders used, and the degree of cooking. Excessive fat can make the sausage

greasy, while inadequate fat may lead to dryness and toughness. Smoking also

contributes to textural qualities by reducing moisture, which in turn affects

mouthfeel. In Nigeria, where indigenous variations exist, consumers often prefer

sausages that strike a balance between firmness and succulence.

3. Juiciness
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Closely related to texture is juiciness, which refers to the moisture release during

mastication. Juiciness enhances palatability and prolongs flavor release, making

sausages more enjoyable to eat. It is directly related to the moisture and fat

content of the product. Smoked beef sausages that are overly dried during

smoking may lose juiciness and become less appealing. On the other hand,

products that retain sufficient internal moisture are considered more palatable. In

Nigerian indigenous sausages, maintaining juiciness while ensuring preservation

is a key challenge that influences consumer preference.

4. Flavor and Aroma

Flavor is the combined perception of taste and aroma, and it is one of the most

important attributes of smoked beef sausages. The smoking process imparts

unique flavor notes, including smoky, savory, and spicy undertones, depending on

the type of wood and spices used. Aroma, which contributes significantly to

flavor perception, is enhanced by the use of indigenous seasonings such as ginger,

garlic, pepper, and cloves. These spices not only mask any undesirable meat odors

but also give Nigerian smoked sausages a distinctive identity compared to those

from other regions. The complex combination of smoke compounds, meat

proteins, and spices results in a flavor profile that is both culturally recognizable

and highly acceptable to consumers.

5. Overall Acceptability
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Overall acceptability integrates all sensory attributes—appearance, texture,

juiciness, flavor, and aroma into a final judgment of product quality. For Nigerian

consumers, smoked beef sausages are considered highly acceptable when they

present a balance of attractive color, firm yet juicy texture, and rich smoky-spicy

flavor. Variations in consumer preference may occur across regions, influenced

by cultural differences in seasoning and processing techniques. Nonetheless,

products that align with traditional expectations while meeting modern quality

standards tend to score high in consumer sensory evaluations.

2.1.4 Proximate composition of smoked beef sausage

Proximate composition refers to the quantitative analysis of the major components

of food, namely moisture, protein, fat, ash, crude fiber, and carbohydrate. It is a

standard analytical approach used to evaluate the nutritional quality of food

products, particularly animal-based products such as meat. In smoked meat,

proximate analysis provides insights into how processing techniques such as

salting, drying, and smoking alter the nutritional value and storage stability of the

product. Smoked meat is widely consumed across Nigeria, both as a traditional

delicacy and as a preserved protein source, owing to its extended shelf life and

unique flavor profile. Understanding its proximate composition is essential in

determining its dietary importance, quality, and role in addressing nutritional

needs.
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1. Moisture Content

Moisture is a critical component of meat and plays an important role in defining

its texture, juiciness, and microbial stability. Fresh beef typically contains 65–

75% moisture, but smoking reduces this significantly, often to 40–60%,

depending on smoking time and temperature. This reduction in water activity is

advantageous for preservation because it inhibits the growth of spoilage

microorganisms and pathogens. In Nigerian indigenous processing, prolonged

smoking over hardwood is common, leading to a firm, dry texture with reduced

water content. While moisture reduction enhances shelf life, it can also decrease

juiciness and palatability if excessively applied. Thus, balancing moisture

retention with microbial safety is central to producing acceptable smoked meat.

2. Protein Content

Protein is the most nutritionally valuable component of smoked meat,

contributing to growth, repair of tissues, enzyme production, and immune

function. The protein content of smoked meat typically ranges from 18% to 35%,

depending on the cut of beef and the degree of dehydration during smoking. The

apparent increase in protein concentration after smoking is largely due to the loss

of moisture, which concentrates the dry matter fraction. Indigenous Nigerian

smoked meats such as kilishi and suya are known for their exceptionally high

protein densities, which make them valuable in addressing protein-energy
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malnutrition. Moreover, smoked meats retain most of their essential amino acids,

including lysine, methionine, leucine, and tryptophan, making them superior in

quality compared to many plant-based proteins. However, prolonged high-

temperature smoking can cause some protein denaturation and a slight reduction

in digestibility. Nevertheless, protein remains the cornerstone of the nutritional

value of smoked meat.
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3. Fat (Lipid) Content

Fat is the second major nutrient in smoked meat and plays a crucial role in energy

provision, palatability, and absorption of fat-soluble vitamins. Depending on the

cut of beef and processing technique, the fat content of smoked meat can vary

between 10% and 30%. During smoking, some fat may melt and drip away,

reducing overall fat content. This is particularly beneficial from a health

standpoint, as it lowers the risk of excessive saturated fat intake, which is linked

to obesity and cardiovascular diseases. On the other hand, fats that remain within

the smoked meat enhance flavor, mouthfeel, and consumer acceptability.

Traditional Nigerian smoked meats often use leaner cuts, which result in lower fat

levels compared to commercial sausages. This makes them a relatively healthier

option in terms of fat contribution while still maintaining flavor and aroma.

4. Ash (Mineral Content)

Ash represents the inorganic mineral content of smoked meat. This fraction

typically accounts for 2–5% of the proximate composition. Minerals such as

calcium, phosphorus, iron, magnesium, zinc, and potassium are vital for bone

development, oxygen transport, immune function, and enzyme activity. Smoked

meat is especially noted for its high iron content, which is crucial in combating

anemia, a common nutritional challenge in Nigeria. Smoking itself does not

significantly alter mineral content, but the use of certain spices and seasonings
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(e.g., salt, pepper, ginger, garlic) can enhance overall ash values. These minerals

contribute both nutritionally and functionally, making smoked meat not only a

protein-rich food but also a source of essential micronutrients.

5. Crude Fiber

Animal tissues naturally contain little to no crude fiber since fiber is largely

derived from plant materials. Consequently, smoked meat generally has negligible

crude fiber content, usually less than 1%. However, fiber may be introduced if

plant-based additives such as spices, coatings, or extenders are incorporated

during preparation. Although minimal, the presence of dietary fiber is beneficial

for digestion and intestinal health. In traditional Nigerian smoked meats such as

kilishi, which is coated with a spice paste before smoking, trace amounts of fiber

are present due to the inclusion of ground pepper, onions, and other fibrous

seasonings. This makes such indigenous products slightly more diverse in their

nutrient profile compared to plain smoked beef.

6. Carbohydrate Content

Carbohydrate content in smoked meat is generally very low, often less than 5%.

Since muscle tissue contains only trace amounts of glycogen, the natural

carbohydrate contribution from meat itself is negligible. However, in products

like Nigerian kilishi, where spice and flour pastes are used in the coating,

carbohydrate values are slightly higher. Carbohydrates in smoked meat primarily
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serve as an energy source and also contribute to Maillard browning reactions,

which give smoked meat its appealing color and roasted flavor. While not a major

nutritional fraction, the small carbohydrate presence in smoked meats enhances

sensory properties and caloric value.
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CHAPTER THREE

3.0 MATERIALS AND METHODS

3.1 Research Design

The experiment will adopt a Completely Randomized Design (CRD) consisting of

nine (9) treatment samples and one control. The treatments will vary based on the

inclusion levels of local Nigerian condiments — iru (locust beans) and evbarhie

(fermented melon) — at different percentage concentrations (1%, 2%, and 3%).

The control sample will be prepared using conventional seasoning (salt, sugar,

thyme, and black pepper) without any indigenous spices.

The experimental design is presented below:

Treatment Iru (%) Evbharie
(%)

Other seasonings

T1 1 - Salt, pepper
T2 2 - Salt, pepper
T3 3 - Salt, pepper
T4 - 1 Salt, pepper
T5 - 2 Salt, pepper
T6 - 3 Salt, pepper
T7 1 1 Salt, pepper
T8 1 1.5 Salt, pepper
T9 1.5 1 Salt, pepper
Control - - Salt, pepper, sugar, spices, water

and others

Each treatment will be replicated three times to ensure reliability of data.
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3.2 Source of Materials

The materials used in this study comprised the beef, indigenous spices, seasoning

ingredients, and natural casings, all of which will be sourced locally within

Nigeria to preserve the authenticity of the indigenous smoked goat meat sausage.

All materials were handled under hygienic conditions to prevent contamination

before, during, and after processing.

3.2.1 Major Raw Material

Cow meat (Beef)

The principal raw material used in this study is fresh cow meat ( Beef ) obtained

from New Benin Market Abattoir, Benin City, Edo State, Nigeria. The meat is to

be derived from mature, healthy, freshly slaughtered cows of good breeds, free

from any visible defects, bruises, or microbial spoilage. Before use, all visible fat,

connective tissues, skin, and bones are removed to obtain lean meat portions

suitable for sausage production.

Beef was chosen because of its high nutritional value and excellent processing

properties. It contains between 20% and 26% protein and 10%–20% fat,

providing the balance needed for juiciness, texture, and flavor in sausages.

Moreover, beef is widely accepted and affordable across Nigeria, unlike pork

which is restricted in some regions, or goat meat which tends to be leaner and

more expensive (Omojola and Adesehinwa, FAO).
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Plate 2:Weighed beefPlate 1: Cleaned intestine
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3.2.2 Indigenous Spices and Condiments

To achieve a truly indigenous formulation, Nigerian native condiments and spices

are incorporated in place of conventional foreign additives like nitrite, sugar, and

Maggi cubes.

The major indigenous ingredients included:

1. Iru (Dawadawa or Locust Beans):

Fermented African locust beans (Parkia biglobosa) is used as a traditional flavor

enhancer. Iru imparts a strong umami flavor and characteristic aroma to the

sausage, improving palatability and consumer appeal.

2. Evbarhie (Fermented Melon):

This locally prepared condiment, derived from fermented melon seeds (Citrullus

colocynthis), is used as a natural seasoning agent. It contributes to flavor depth

and acts as a mild natural preservative due to its fermentation-derived compounds.

3. Black Pepper (Piper nigrum):

Added for its spicy, aromatic quality, black pepper enhances the flavor profile and

stimulates appetite.

4. Thyme (Thymus vulgaris):

Thyme leaves are included for their aromatic flavor and antimicrobial properties,

contributing to the preservation of the sausage.

5. Salt (Sodium chloride):
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Salt serves as a crucial ingredient in sausage formulation for flavor development,

protein extraction, and microbial control. It also influences texture and water-

binding capacity.

3.2.2 Control Seasoning Ingredients

For comparison, a control sample is prepared using conventional sausage

seasonings common in commercial formulations, such as:

Sugar (for balancing saltiness and promoting browning),

Maggi seasoning cubes,

Sodium nitrite (curing agent for color and flavor development).

However, these ingredients are excluded in the indigenous treatments to highlight

the sensory and nutritional impact of iru and evbarhie.

3.2.3 Natural Casings

Natural casings are obtained from the small intestines of goat, cleaned thoroughly

to remove fat and debris, and then soaked in warm saline water to improve

pliability. These casings are preferred for their edibility, elasticity, and ability to

retain sausage shape during smoking.

Using goat intestines ensures that the product remains entirely indigenous,

utilizing locally available animal parts while minimizing waste.
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3.2.4 Experimental Treatments

The experiment consists of nine (9) treatments and one control, designed to

evaluate the effect of varying concentrations of iru and evbarhie on the sensory

and nutritional properties of smoked goat meat sausages. The treatments are

prepared using a Completely Randomized Design (CRD).

All treatments contains the same quantity of minced goat meat and a fixed level of

salt (2%) and pepper (0.5%) to maintain uniform baseline flavor and texture.

3.2.5 Water and Other Inputs

Potable tap water is used during washing, cleaning, and limited incorporation into

the sausage mixture to facilitate ingredient blending. The water meets WHO

standards for potable use.

The materials used in this study are selected to reflect traditional Nigerian

culinary heritage while maintaining the nutritional and sensory standards of

sausage production. Substituting synthetic additives with local condiments (iru

and evbarhie) aimed to create a healthier, more culturally relevant smoked

sausage product suitable for local consumption and potential commercialization.

3.3 Equipment and Utensils

A range of laboratory, kitchen, and analytical instruments were used in the

production, smoking, and evaluation of the indigenous smoked goat meat sausage.
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These tools ensured precision in measurement, hygiene during processing, and

accuracy during data collection and analysis.

 Weighing balance

 Meat grinder or mincer

 Mixing bowl

 Measuring cylinders and spoons

 Sausage stuffer

 Charcoal or electric smoker

 Oven thermometer

 Knife and chopping board

 Analytical balance

 AOAC laboratory setup for proximate analysis

3.3.1 Processing Equipment

1. Meat Grinder (Mincer):

A mechanical grinder was used to mince the trimmed cow meat into uniform

particle sizes, ensuring proper blending of ingredients. Grinding also increases the

surface area of the meat, improving spice absorption and binding during mixing.
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2. Mixing Bowl and Spatulas:

Stainless steel bowls and non-reactive spatulas were used for mixing the ground

meat with measured seasonings and condiments ( iru and evbarhie ). The use of

stainless steel prevents contamination and ensures ease of cleaning.

3. Weighing Balance:

A digital weighing balance with 0.01 g sensitivity was employed to measure

precise quantities of meat, salt, spices, and indigenous ingredients according to

the treatment levels. Accurate measurement is essential to maintain uniformity

across replicates.

4. Measuring Cylinders and Spoons:

Graduated measuring cylinders and spoons were used to ensure precise

volumetric measurements of spices and liquid ingredients (if applicable), aiding

consistency in formulation.

5. Sausage Stuffer (Manual or Electric):

A sausage stuffer was used to fill the seasoned meat mixture into the cleaned

natural casings (goat small intestines). This equipment ensures uniform packing

and avoids air pockets, which could affect texture and shelf life.
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6. Casing Preparation Tools:

Small knives and clean scissors were used to cut, open, and clean the goat

intestines (used as natural casings). Clean plastic bowls and water containers were

also used during the washing process.

7. Thread or Twine:

Food-grade cotton twine was used to tie the sausages into uniform lengths (10–12

cm). The tying prevents spillage and ensures consistent product appearance.
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Plate 3: minced meat. Plate 4: smoked sausage
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3.3.2 Smoking Equipment

1. Smoking Kiln (Charcoal or Electric):

Smoking was carried out using a traditional charcoal smoking kiln fitted with

metal trays and racks. The kiln temperature was monitored and maintained

between 60–70°C using an oven thermometer to ensure partial cooking and flavor

infusion without complete dehydration.

2. Oven Thermometer:

A calibrated oven thermometer was used to monitor the internal temperature of

the smoking chamber. This was crucial to maintain consistency in smoking time

and prevent excessive drying of the sausages.

3. Firewood/Charcoal Source:

Hardwood such as mangrove or mahogany was used to generate clean smoke, as

these woods burn slowly and impart a pleasant smoky aroma without producing

soot or resin residues.

Cooling Rack:

After smoking, sausages were placed on a stainless steel cooling rack at ambient

room temperature (25–27°C) to allow equilibration before sensory and proximate

analysis. Cooling prevents condensation, which can alter surface color and texture.
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3.3.3 Analytical and Laboratory Equipment

1. Analytical Balance:

A precision analytical balance (±0.001 g accuracy) was used for proximate

analysis, ensuring precise measurement of sample portions for moisture, ash, fat,

and protein determinations.

2. Oven (Drying Oven):

A laboratory oven set at 105°C was used to determine the moisture content of the

samples according to AOAC (2019) procedures.

3.3.4 Sanitation and Safety Materials

1. Hand gloves and laboratory coats: To maintain hygiene during processing and

laboratory analysis.

2. Sterile water and detergents: Used for washing equipment before and after use

to prevent microbial contamination.

3. Waste disposal containers: Used for safe disposal of organic waste and residual

materials from processing.

4. First-aid kit: Kept within the laboratory area for emergency safety compliance.

3.4 Sample Preparation

1. Meat trimming and washing:

The cow meat will be washed thoroughly in clean water to remove blood and

contaminants. The skin, bones, and visible fat will be removed.
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2. Grinding:

The cleaned meat will be minced using a mechanical grinder to achieve a uniform

particle size suitable for sausage preparation.

3. Ingredient weighing:

Ingredients (iru, evbarhie, salt, and pepper) will be weighed according to their

specific percentage levels as per treatment design.

4. Mixing:

The ground meat will be thoroughly mixed with the weighed ingredients until a

homogeneous mixture is obtained.

5. Stuffing:

The seasoned meat mixture will be stuffed into cleaned natural casings (goat

small intestines) using a sausage stuffer.

6. Tying and cutting:

The sausages will be tied into uniform lengths of approximately 10–12 cm using

food-grade thread.

3.5 Smoking Process

The stuffed sausages will be smoked at a controlled temperature of 60–70°C for

approximately 1 hour using a traditional smoking kiln.

Smoking will be done using clean, low-resin wood such as mangrove or

hardwood to impart a characteristic smoky flavor.
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Care will be taken to ensure that the sausages do not dry out completely,

maintaining an intermediate moisture content, since smoked sausages are not

meant to be fully dehydrated.

3.6 Organoleptic (Sensory) Evaluation

After cooling, the smoked sausages will be subjected to sensory evaluation using

a 7-member semi-trained panel drawn from the Department of Animal Science,

University of Benin.

The panelists will evaluate the following attributes:

 Color

 Flavor

 Texture

 Juiciness

 Aroma

 Overall acceptability

A 5-point Hedonic Scale will be used, where 1 = Dislike extremely and 5 = Like

extremely.

Panelists will be served coded samples in random order to minimize bias, and

evaluations will be carried out under adequate lighting and ventilation.



52

3.7 Proximate Composition Analysis

The proximate composition of the sausage samples will be determined following

the standard procedures of the Association of Official Analytical Chemists

(AOAC, 2019). The parameters to be determined include:

 Moisture content

 Crude protein

 Crude fat

 Ash content

 Crude fiber

 Nitrogen-free extract (NFE)

All determinations will be carried out in triplicates to ensure accuracy and

reproducibility.

3.8 Data Analysis

All data collected from sensory evaluation and proximate composition will be

analyzed using Analysis of Variance (ANOVA) under a Completely Randomized

Design (CRD). Where significant differences occur (p < 0.05), means will be

separated using Duncan’s Multiple Range Test (DMRT).

The statistical analysis will be performed using SPSS version 25.0 (IBM Corp.,

2017). Results will be expressed as mean ± standard deviation.
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Table 1: Acronyms and Their Full Meanings

Acronym Meaning
AOAC Association of Official Analytical Chemists —

international body that standardizes analytical methods
for food, feed, and agricultural products

CRD Completely Randomized Design — an experimental
design where all treatments are randomly assigned to
experimental units with equal probability.

DMRT Duncan’s Multiple Range Test — a post-hoc statistical
test used after ANOVA to compare means between
different treatments.

ANOVA Analysis of Variance — a statistical method used to
compare means among several groups or treatments.

SPSS Statistical Package for the Social Sciences — a
computer software used for data analysis and statistics.

Meat “aw” Water Activity — a measure of free moisture available
for microbial growth in foods.

% Percentage — used to express proportions (e.g., 20%
soybean flour inclusion).

°C Degrees Celsius — unit of temperature used in heating,
cooking, or smoking processes.

g / kg / ml Gram / Kilogram / Milliliter — standard metric units for
weight and volume.

SP (in sensory
evaluation context)

Sensory Panel — group of individuals evaluating the
sensory attributes of a product.

AOAC (2019/2000) Refers to the year or edition of the AOAC Official
Methods of Analysis used for proximate composition
(e.g., AOAC, 2019).

FAO (sometimes cited
in related works)

Food and Agriculture Organization of the United
Nations — provides standards and nutritional data
references for food science.
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CHAPTER FOUR

4.0 RESULTS

4.1 Sensory Evaluation Results

The results of the sensory evaluation to determine consumer acceptability of the

treatments of indigenous smoked beef sausage prepared with varying proportions

of iru (locust bean) and evbharie (fermented melon) are presented below:
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Table 2: An illustration of the data
Parameters Excellent Very

Good

Fair Poor Very Poor

Appearance 6 14 8 2 -

Aroma 3 6 17 4 -

Flavour 3 12 12 3 -

Texture 11 18 1 - -

Juiciness 21 8 1 - -

Overall

acceptance

3 12 15 - -

Table 3: Mean Sensory Scores (±SD) of Indigenous Smoked Beef Sausage
Sensory Attribute Mean ± SD (p < 0.05) Interpretation (on 5-

point hedonic scale)
Appearance 4.13 ± 0.47 Very Good
Aroma 3.60 ± 0.52 Good
Flavour 3.75 ± 0.50 Very Good
Texture 4.33 ± 0.43 Excellent
Juiciness 4.67 ± 0.31 Excellent
Overall Acceptability 3.93 ± 0.49 Very Good
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Fig. 4.1: Sensory characteristics for all the treatments
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Table 4: The individual treatment evaluation ( using a multiple choice )
has been tabulated as follows

Parameters T1 T2 T3 T4 T5 T6 T7 T8 T9 T10
Appearance - 1 5 4 3 22 1 1 2 13
Aroma 3 6 11 8 7 15 2 5 6 15
Taste 3 3 4 3 4 7 7 2 4 26
Firmness 7 7 7 11 9 10 9 9 10 25
Juiciness 7 7 9 7 10 10 10 10 27
Overall
acceptance

2 2 29

Keys:
T1- 1% iru
T2-2% iru
T3-3% iru
T4-1%iru + 0.5% ebvharie
T5-1% iru + 0.5% ebvharie
T6-1% iru + 1%ebvharie
T7- 1% ebvharie
T8- 2% ebvharie
T9-3% ebvharie
T10- control
Appearance
i. T6 (1% iru + 1% evbharie): 22 respondents — highest appearance score.
ii. T10 (Control): 13 respondents — second highest for appearance.
Aroma
T6 and T10: both have 10 responses (from the respondents) each for aroma.
Flavour (Taste)
i. T10 (Control):26 respondents — highest flavour score.
ii. T6: 6 respondents (next highest).
Texture (Firmness)
i. T10 (Control): 25 respondents — highest texture appeal.
ii. T4 (1% iru + 0.5% evbharie): 11 respondents — second highest for texture.
Juiciness
i. T10 (Control): 27 respondents — highest juiciness score.
ii. T5 (0.5% iru + 1% evbharie), T6 (1%+1%), T8 (2% evb), T9 (3% evb):got 10
responses each (tied for next best juiciness).
Overall Acceptability
i. T10 (Control):29 respondents — clearly the most accepted sample overall.
ii. T5 and T9: 2 respondents each for overall acceptability.
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CHAPTER FIVE

5.0 DISCUSSION

5. 1 Sensory Evaluation

1. General impression

The control sample (T10) formulated with conventional seasonings — dominated

most sensory attributes: flavour, texture, juiciness and overall acceptability. This

indicates that, under the conditions of this trial and with the panel used, panelists

were largely more familiar with or preferred the conventional seasoning profile.

2. Success of combined indigenous condiments for appearance and aroma.

Treatment T6 (1% iru + 1% evbharie) received the highest score for appearance

(22) and tied for aroma with the control (10 responses). This suggests that

combining iru and evbharie at equal low percentages improved visual appeal and

produced an aroma profile that was competitive with the conventional seasoning.

3. Flavour and overall liking favor the control.

With 26 responses for flavour and 29 responses for overall acceptability, the

control (T10) was the panel’s first choice overall. This result supports the

conclusion that, while indigenous condiments can enhance certain traits

(appearance, some aroma), the conventional seasoning blend remains the most

preferred for taste and general acceptance among these panelists.
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4. Texture and juiciness observations.

T10 scored highest for texture (25 ) and juiciness (27 ). Some indigenous

treatments (T5, T6, T8, T9) matched well on juiciness (10 each), indicating that

the inclusion of iru and evbharie does not necessarily reduce moisture/juiciness —

in several cases it preserved it to a similar level as the control.

5. Lower acceptability at higher single-condiment levels.

Treatments that used single condiments at higher concentrations (for example 3%

iru or 3% evbharie) performed less well overall and the low counts for overall

acceptability (T5 and T9 only 2 responses each for overall). This suggests that

higher single-condiment levels may lead to sensory imbalance or unfamiliar

intense flavors that reduce consumer liking.

From the questionnaire data, the control (T10) was the clear favourite overall,

dominating the flavour, texture and juiciness categories. However, the combined

indigenous mixture T6 demonstrated strong visual appeal and competitive aroma

scores, indicating that a balanced blend of iru and evbharie (1% each) has promise

for producing an attractive indigenous sausage. These outcomes will guide

recommendations for optimal inclusion levels of iru and evbharie and form the

basis for further statistical analysis once full raw tallies per panelist are available.
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CHAPTER SIX

6.0 CONCLUSION AND RECOMMENDATIONS

6.1 Conclusion

This study investigated the influence of incorporating iru (locust bean condiment)

and evbharie (fermented spice) at varying levels on the sensory properties and

proximate composition of smoked beef sausages. The findings revealed that these

indigenous condiments significantly influenced both the nutritional profile and

consumer acceptability of the sausages.

Among the different treatment combinations, the product containing 1% iru and

1% evbharie (T6) demonstrated the best overall balance in quality attributes—

showing high consumer preference in appearance, texture, juiciness, and overall

acceptability. The control sample (T10) also showed competitive results,

especially in proximate composition, suggesting that the natural condiments

effectively improved the product without negatively altering its nutritional value.

The inclusion of iru and evbharie enhanced the flavour and aroma complexity of

the smoked beef sausage while contributing beneficial minerals and natural

antioxidants. These findings support the potential use of indigenous fermented

condiments as viable, natural alternatives to synthetic additives or flavor

enhancers in meat processing.
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The combined use of iru and evbharie improved the sensory appeal, nutritional

composition, and acceptability of smoked beef sausage, demonstrating that locally

sourced condiments can significantly enhance meat products’ quality,

affordability, and cultural relevance.

6.2 Recommendations

Based on the outcomes of this research, the following recommendations are

proposed:

1. Optimal Inclusion:

The combination of 1% iru and 1% evbharie (T6) is recommended for small- and

medium-scale sausage production due to its superior sensory characteristics and

balanced nutritional composition.

2. Industrial Adoption:

Meat processors are encouraged to incorporate iru and evbharie as natural

seasoning and flavouring agents, reducing dependence on artificial additives such

as MSG, and synthetic preservatives.

3. Further Research:

Future studies should evaluate the microbiological stability and shelf-life of

sausages treated with iru and evbharie to establish their potential as natural

preservatives.
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4. Nutritional Awareness:

Awareness campaigns should be promoted among consumers and processors on

the nutritional and health benefits of using traditional condiments in meat

products.

5. Policy and Support:

Agricultural and food regulatory bodies should support the standardization and

commercialization of these indigenous condiments to promote local food

innovation and reduce import dependency.
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