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ABSTRACT
This study evaluated the effect of bitter leaf (Vernonia amygdalina) extract on the microbial load and sensory properties of ogi during storage. Ogi samples were prepared from maize and supplemented with three concentrations of bitter leaf extract (BLC1, BLC2, BLC3), alongside controls prepared with distilled water (C. Dw) and normal water (C. Nw). Samples were stored for 28 days, with sensory evaluation (taste, odour, appearance, colour, and general acceptability) conducted on days 7, 14, and 28 using a 9-point hedonic scale. Microbial load was assessed using standard plate count methods. Results showed that bitter leaf supplementation improved sensory quality and slowed deterioration compared to controls. On day 7, BLC3 (highest concentration) achieved the highest general acceptability score (9), while C. Nw consistently recorded the lowest scores, indicating faster spoilage. By day 14, BLC1 maintained high ratings (8) across most sensory attributes, and by day 28, both BLC1 and BLC3 retained good appearance (scores 8–9) and general acceptability (7). Colour remained stable (“off-white”) in all bitter leaf-treated samples. Microbial analysis indicated lower bacterial and fungal counts in treated samples, suggesting antimicrobial effects from phytochemicals such as flavonoids and terpenoids. The findings demonstrate that bitter leaf extract, particularly at higher concentrations, can extend the shelf-life of ogi while maintaining acceptable sensory qualities. This highlights its potential as a natural preservative for traditional fermented foods.
Keywords: Bitter leaf, Vernonia amygdalina, ogi, sensory properties, microbial load, natural preservation
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[bookmark: _Toc206141738] 1.0 INTRODUCTION AND LITERATURE REVIEW
[bookmark: _Toc206141739]1.1 INTRODUCTION
[bookmark: _Toc206141740]1.1.1 Taxonomy and Description of Bitter leaf
Bitter leaf, scientifically known as Vernonia amygdalina, is a member of the family Asteraceae, which comprises a wide range of flowering plants. It is a woody shrub or small tree that can grow up to 3–5 meters in height and is predominantly found in tropical Africa, particularly in West and Central African regions. Taxonomically, it is classified as follows: Kingdom – Plantae; Division – Magnoliophyta; Class – Magnoliopsida; Order – Asterales; Family – Asteraceae; Genus – Vernonia; Species – V. amygdalina (Okwu et al., 2021). The plant is widely cultivated for both medicinal and culinary purposes due to its bitter-tasting leaves, which are rich in bioactive compounds.
Morphologically, Vernonia amygdalina has green, elliptical leaves with a rough texture and a distinctly bitter taste, which is attributed to the presence of alkaloids, flavonoids, terpenoids, and other phytochemicals. It thrives in well-drained soils under full sunlight and is adaptable to diverse agroecological zones. Bitter leaf has gained increasing attention for its antimicrobial, antimalarial, and antioxidant properties, making it valuable in both traditional medicine and food preservation (Adebayo & Adetunji, 2020). In addition to its medicinal applications, it is commonly used as a vegetable in soups and other local dishes across Africa, where it is usually washed to reduce its bitterness before consumption.
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(Okwu et al., 2021)
[bookmark: _Toc206141743]1.1.2 Varieties of Bitter Leaf 
Bitter leaf (Vernonia amygdalina) exists in two major forms commonly recognized in West Africa: the wild variety and the domesticated variety. The wild bitter leaf, often referred to as “true bitter leaf,” is characterized by its intensely bitter taste and tougher leaves. It typically grows in uncultivated or forested areas and requires minimal human intervention. This variety is rich in phytochemicals such as alkaloids, flavonoids, and saponins, which contribute to its strong medicinal properties. Due to its bitterness, the wild variety is less commonly used in cooking without undergoing extensive washing or processing. However, it is highly prized in traditional medicine for treating malaria, gastrointestinal disorders, and infections. On the other hand, the domesticated variety of Vernonia amygdalina is commonly cultivated in home gardens and farms. It has a milder bitter taste and softer leaves, making it more suitable for culinary use in soups and stews such as “ofe onugbu” or “ewuro soup.” This variety is selectively bred or propagated through stem cuttings to enhance palatability and ease of cultivation. While it contains lower concentrations of bitter phytochemicals compared to the wild type, it still retains significant medicinal and antioxidant properties (Egharevba & Kunle, 2020). Farmers and cooks often prefer the domesticated form for its taste and adaptability, while herbalists may favor the wild type for stronger therapeutic effects (Ibitoye, 2023).
[bookmark: _Toc206141744]Fig. 2:
[bookmark: _Toc206141745]Wild bitter leaf and domesticated bitter leaf 
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Source: (Ayoade et al., 2021)
[bookmark: _Toc206141746]1.1.3 Cultivation and origin of bitter leaf
Vernonia amygdalina, is widely distributed across West, East, and Central African countries, especially Nigeria, Ghana, Cameroon, and Uganda, where it is traditionally used for culinary and medicinal purposes. The plant belongs to the family Asteraceae and is one of the most prominent indigenous vegetables in Africa (Odugbemi, 2020). Historically, bitter leaf has been utilized in traditional African medicine systems for the treatment of malaria, gastrointestinal disorders, and infections, owing to its high phytochemical content. The plant’s bitter taste, from which its common name is derived, is due to the presence of sesquiterpene lactones and other bioactive compounds (Egharevba & Kunle, 2020).
Bitter leaf cultivation has evolved from wild harvesting to controlled farming, especially due to the increasing demand for its medicinal and culinary uses. It thrives in tropical and subtropical climates with moderate to high rainfall and well-drained loamy soils. Propagation is primarily through stem cuttings, which root easily in moist soil. Farmers often select young, healthy stems about 15–20 cm long and plant them directly in prepared beds or mounds during the early rainy season (Oladipo et al., 2021). Regular watering and weeding are essential for optimal growth, although the plant is relatively hardy and can tolerate varying soil conditions.
Domesticated varieties of bitter leaf are now cultivated commercially in various parts of Nigeria and neighboring countries. These cultivated forms tend to have milder bitterness and softer leaves, making them more desirable for food preparation. In contrast, wild varieties are more bitter and are often used more for herbal remedies than for food. Cultivated bitter leaf plants usually reach maturity within three to four months and can be harvested by pruning the leaves or stems, which promotes further vegetative growth. Multiple harvests are possible from a single plant over a period of months or even years (Egharevba & Kunle, 2020).
Due to its adaptability, bitter leaf is also grown in home gardens and peri-urban agricultural zones where access to farmland is limited. The leaves can be harvested fresh or sun-dried and stored for later use. In recent years, efforts have been made to promote its cultivation as a cash crop, not only for subsistence farming but also for commercial purposes in herbal product industries. Agricultural extension programs in parts of West Africa have included bitter leaf in their sustainable vegetable crop lists due to its nutritional value, disease resistance, and economic potential (Nwanjo & Amaechi, 2022). As interest in indigenous African vegetables grows, bitter leaf continues to gain prominence for its resilience, utility, and health benefits.


[bookmark: _Toc206141747] 1.1.4 Phytochemical Properties of bitter leaf 
Bitter leaf (Vernonia amygdalina) is renowned for its rich phytochemical composition, which underlies its widespread use in traditional medicine and nutrition. The primary phytochemicals present in bitter leaf include alkaloids, flavonoids, saponins, tannins, terpenoids, and glycosides. These compounds contribute to its characteristic bitter taste and its potent therapeutic effects. Flavonoids, in particular, are known for their antioxidant and anti-inflammatory properties, which help neutralize harmful free radicals and support cellular health. Alkaloids and saponins are associated with antimicrobial and antiparasitic activities, often employed in managing malaria, intestinal worms, and bacterial infections.
Tannins found in bitter leaf play a vital role in wound healing and anti-diarrheal functions by precipitating proteins and forming protective layers on mucous membranes. The presence of sesquiterpene lactones, such as vernodalin and vernomygdin, gives bitter leaf its strong bitter taste and also contributes to its antitumor and antimalarial properties. Additionally, bitter leaf contains essential vitamins (such as vitamins A, C, and E), minerals (like calcium, potassium, and iron), and dietary fiber, making it a valuable functional food. These compounds act synergistically to promote immunity, detoxify the body, and support metabolic processes (Egharevba & Kunle, 2020).
Research has shown that both aqueous and ethanol extracts of bitter leaf exhibit significant pharmacological activities, supporting its traditional use in managing diabetes, inflammation, and infections (Adebayo & Adetunji, 2020). The phytochemical concentration may vary depending on factors such as plant age, soil condition, extraction method, and whether the leaf is from a wild or domesticated variety. These findings have paved the way for the development of nutraceuticals and herbal formulations using Vernonia amygdalina, reinforcing its importance in both traditional and modern medicine.
[bookmark: _Toc206141748]1.1.5 Nutritional composition of bitter leaf
Bitter leaf (Vernonia amygdalina) is not only valued for its medicinal benefits but also for its impressive nutritional profile, which contributes to its role as a functional food in many African diets. The leaves are rich in macronutrients such as proteins, carbohydrates, and dietary fiber, and they contain minimal fat, making them suitable for calorie-conscious diets. On average, 100 grams of fresh bitter leaf contains about 3.5–5.0 g of protein, 10–15 g of carbohydrates, and 4–6 g of dietary fiber, which support muscle growth, energy metabolism, and digestion respectively.
Bitter leaf is also packed with essential micronutrients, including vitamins such as vitamin A (β-carotene), vitamin C (ascorbic acid), vitamin E, and several B-complex vitamins like folate and niacin. These vitamins are important for immune function, wound healing, skin health, and neurological development. The leaf is also a good source of minerals such as calcium, iron, potassium, magnesium, and phosphorus. For instance, calcium and phosphorus are vital for bone health, while iron supports red blood cell production and prevents anemia.
Furthermore, bitter leaf contains natural antioxidants and phytochemicals that enhance its health-promoting effects. These compounds not only help in preventing oxidative stress but also complement the nutritional value by improving the bioavailability of other nutrients. The balance of nutrients and bioactive compounds in bitter leaf makes it an excellent addition to meals, particularly in resource-limited settings where micronutrient deficiencies are common (Ibitoye, 2023).


Table1:
[bookmark: _Toc206141749]Nutritional Composition of Bitter Leaf per 100g (Fresh Leaves)
	Nutrient
	Approximate Value
	Function/Benefit

	Macronutrients
	
	

	Protein
	3.5 – 5.0 g
	Body tissue repair and enzyme production

	Carbohydrates
	10 – 15 g
	Energy supply

	Dietary Fiber
	4 – 6 g
	Aids digestion and bowel movement

	Fat
	0.5 – 1.0 g
	Energy and fat-soluble vitamin absorption

	Vitamins
	
	

	Vitamin A (β-Carotene)
	650 – 900 µg
	Vision, immune support

	Vitamin C (Ascorbic Acid)
	50 – 120 mg
	Antioxidant, wound healing

	Vitamin E
	2 – 4 mg
	Skin health, antioxidant

	Folate (Vitamin B9)
	50 – 100 µg
	DNA synthesis, red blood cell formation

	Niacin (Vitamin B3)
	0.5 – 1.0 mg
	Metabolism and nervous system support

	Minerals
	
	

	Calcium
	200 – 350 mg
	Bone and teeth formation

	Iron
	5 – 8 mg
	Hemoglobin formation, prevents anemia

	Potassium
	300 – 450 mg
	Electrolyte balance, heart and nerve function

	Magnesium
	50 – 70 mg
	Muscle and nerve function

	Phosphorus
	40 – 80 mg
	Bone and cell structure


 Source: (Adebayo & Adetunji, 2020)

[bookmark: _Toc206141750]1.1.6 Advantages especially in food related research
Bitter leaf (Vernonia amygdalina) has gained considerable attention in food-related research due to its rich nutritional and phytochemical profile. One of the primary advantages is its natural antimicrobial activity, which makes it a promising agent for food preservation. Extracts from bitter leaf have demonstrated inhibitory effects against a wide range of foodborne pathogens, including Escherichia coli, Staphylococcus aureus, and Salmonella spp. (Adebayo & Adetunji, 2020). This makes bitter leaf a potential substitute for synthetic preservatives, aligning with the growing demand for clean-label and natural food additives.
In addition to its antimicrobial properties, bitter leaf contributes significantly to nutritional fortification in functional food development. It is rich in dietary fiber, iron, calcium, and antioxidant vitamins like A, C, and E, which are essential for immune health and metabolic function. As a leafy vegetable, it can be incorporated into soups, porridges, and cereal-based products (e.g., ogi) to enhance both nutritional quality and shelf life (Egharevba & Kunle, 2020). Its antioxidant compounds also help to reduce lipid peroxidation in food systems, thereby delaying spoilage and improving product stability.
Furthermore, bitter leaf is widely available and affordable in many African regions, making it an economically viable and culturally acceptable option for food innovations. In research focused on weaning foods, fermented products, and plant-based diets, bitter leaf can serve as a functional ingredient to improve health outcomes, especially in communities facing micronutrient deficiencies (Oladipo et al., 2021). Its dual role in promoting health and preserving food underscores its relevance in modern food science and nutraceutical research.
[bookmark: _Toc206141751]1.1.7 Health and medicinal use of bitter leaf
Bitter leaf (Vernonia amygdalina) is widely recognized in traditional African medicine for its broad spectrum of therapeutic benefits. One of its most prominent uses is in the treatment of malaria. The bitter compounds in the leaf, particularly sesquiterpene lactones such as vernodalin and vernomygdin, have been reported to possess antiplasmodial activity, making bitter leaf a common herbal remedy for managing malaria symptoms. Additionally, its decoction is often consumed to relieve fever, headaches, and general body weakness associated with malaria infections (Egharevba & Kunle, 2020)
Bitter leaf also plays a significant role in managing metabolic and gastrointestinal conditions. Studies have shown that extracts from the plant can help regulate blood sugar levels, making it beneficial for individuals with diabetes. Its high fiber content aids digestion and supports bowel regularity, which helps in treating indigestion, constipation, and stomach upset. The antimicrobial properties of bitter leaf also make it effective against infections such as typhoid and dysentery. In many local communities, the leaf juice is used to cleanse the stomach and as a general detoxifier.
Furthermore, bitter leaf is known for its anti-inflammatory and antioxidant properties. The presence of bioactive compounds such as flavonoids, tannins, and vitamins A and C helps neutralize free radicals and reduce oxidative stress in the body. This contributes to the prevention of chronic diseases such as cancer, cardiovascular disorders, and liver damage. The leaf is also traditionally applied topically to treat skin wounds, rashes, and insect bites due to its ability to reduce inflammation and promote healing. These health-promoting properties make bitter leaf an important plant in both preventive and curative natural medicine practices (Egharevba & Kunle, 2020).
[bookmark: _Toc206141752]1.1.8 Potential Application in Sorghum Processing and Storage
Bitter leaf (Vernonia amygdalina) presents promising potential in the processing of sorghum, especially as a natural antimicrobial and antioxidant agent. Sorghum, a widely consumed cereal in Africa and Asia, is often prone to microbial contamination during fermentation and processing. Incorporating bitter leaf extract into sorghum-based foods, such as ogi or porridge, can help inhibit the growth of spoilage organisms and pathogenic microbes due to its bioactive compounds like flavonoids, alkaloids, and saponins. These phytochemicals are known to exhibit strong antibacterial and antifungal activities, which could enhance the safety and shelf life of sorghum products without the need for synthetic additives.
In sorghum fermentation, particularly for traditional foods like ogi, bitter leaf may play a role in modulating the microbial community to favor beneficial lactic acid bacteria while suppressing undesirable organisms. This could improve the quality, flavor profile, and safety of the final product. In addition, bitter leaf may reduce the risk of mycotoxin contamination, such as aflatoxins, which are common in improperly stored grains. The antioxidant properties of bitter leaf could also prevent oxidative spoilage, thus maintaining the nutritional and sensory properties of fermented sorghum products over extended periods (Egharevba & Kunle, 2020).
In storage applications, bitter leaf extract could be applied as a natural preservative for sorghum grains. When used as part of post-harvest treatment, either by mixing dried leaf powder with the grains or through ethanolic extracts, it can help reduce insect infestation and microbial deterioration. This is especially beneficial in rural areas where storage conditions may not be optimal. Its eco-friendly and health-promoting characteristics make bitter leaf an attractive alternative to chemical preservatives in grain preservation and traditional cereal processing systems. Further research into dosage, application methods, and sensory impact would strengthen its integration into sustainable sorghum value chains (Zadeike & Degutyte et al., 2023).
[bookmark: _Toc206141753]1.1.9 Taxonomy and Description of Sorghum
Sorghum (Sorghum bicolor) is a cereal crop that belongs to the family Poaceae, also known as the grass family. It is one of the most important staple grains globally, particularly in arid and semi-arid regions due to its exceptional drought tolerance. Taxonomically, sorghum is classified as follows: Kingdom – Plantae; Division – Magnoliophyta; Class – Liliopsida; Order – Poales; Family – Poaceae; Genus – Sorghum; Species – Sorghum bicolor. It originated in northeastern Africa, particularly Ethiopia and Sudan, where it has been cultivated for over 5,000 years and later spread to Asia, the Americas, and other parts of Africa (FAO, 2020).
Sorghum is an annual grass that typically grows between 2 to 4 meters tall. It has broad leaves and a central stalk (culm) that supports a terminal inflorescence known as a panicle, where the seeds or grains are produced. The grains are small, round, and vary in color from white, red, yellow, brown to purple, depending on the variety. Sorghum is highly adaptable and thrives in regions with low rainfall and high temperatures, making it a key crop for food security in drought-prone areas. It is used for a wide range of purposes including human food (e.g., porridge, ogi, flatbreads), animal feed, alcoholic beverages, and industrial products such as biofuels (Idris-Adeniyi et al., 2021).

[bookmark: _Toc206141754]1.1.10 Varieties of Sorghum
Sorghum (Sorghum bicolor) is a highly diverse cereal crop with numerous varieties adapted to different agro-climatic regions and uses. The major types of sorghum are categorized based on grain characteristics, usage, and plant morphology. Broadly, sorghum varieties are grouped into grain sorghum, sweet sorghum, forage sorghum, and broomcorn sorghum. Grain sorghum is the most widely cultivated type and is used for human consumption and animal feed. It produces compact, round seeds that may be white, red, brown, or black, depending on the cultivar. Popular grain sorghum varieties include improved hybrids like ‘SAMSORG-17’ and ‘ICSV-400’, which are commonly cultivated in West Africa for their drought resistance and high yield (ICRISAT, 2021).
Sweet sorghum varieties are primarily grown for their juicy stalks, which are rich in fermentable sugars. These types are increasingly being used for bioethanol production and in some regions for syrup extraction. Forage sorghum varieties, such as ‘Sugargraze’ and ‘Superdan’, are developed to produce large biomass and are used as livestock feed due to their lush vegetative growth. Broomcorn sorghum, though less common, is grown for its long, fibrous panicles used in the manufacture of brooms and brushes. There are also traditional landraces grown by subsistence farmers, especially in Africa and India, which are well adapted to local environments but often have lower yields compared to improved hybrids (Fagunwa, 2023).
These varieties differ not only in their physical characteristics but also in their resistance to pests, diseases, and environmental stressors such as drought and poor soil fertility. Selection of a specific sorghum variety often depends on the intended end-use whether for food, feed, or industrial application—as well as the local climatic and soil conditions. Continued research and breeding programs aim to develop high-yielding, nutrient-rich, and climate-resilient sorghum varieties to enhance food security, particularly in developing regions (Sama et al., 2025).
Fig. 3 
Varieties of Sorghum
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Source: (FAO, 2020).


[bookmark: _Toc206141755]1.1.11 Origin and Cultivation of Sorghum
Sorghum (Sorghum bicolor) is believed to have originated in northeastern Africa, particularly in regions of present-day Ethiopia and Sudan, where it has been domesticated for over 5,000 years. From its center of origin, sorghum spread across Africa, Asia, and eventually to the Americas through trade and colonization. It became a vital crop in arid and semi-arid areas due to its resilience in harsh environmental conditions. Archaeological and genetic evidence supports its long-standing role in traditional African agriculture, where indigenous communities selected various landraces to suit different uses, including food, fodder, brewing, and construction (Berhanu et al., 2023).
Sorghum cultivation is well-suited for areas with low rainfall, poor soils, and high temperatures. It is typically grown as a rain-fed crop, requiring minimal water compared to other cereals like rice or maize. The crop grows best in well-drained loamy or sandy soils with a pH between 5.5 and 7.5. Farmers often prepare the land through plowing and harrowing before sowing the seeds, usually at the onset of the rainy season. Sorghum can be sown manually or mechanically, depending on the scale of production. Fertilizer application and timely weeding help improve yields, although traditional farmers often rely on organic practices due to limited access to inputs (Zadeike & Degutyte et al., 2023).
Harvesting usually occurs three to five months after planting, depending on the variety and environmental conditions. The grains are harvested once they reach physiological maturity and are fully dried on the panicle. After harvesting, the grains are threshed, cleaned, and stored in dry, airtight containers to avoid spoilage from insects or molds. In regions like West Africa, sorghum is an important food security crop, especially in rural areas where it serves as the base for traditional foods such as ogi (fermented cereal porridge), tuwo, and local beverages. Its adaptability and multiple uses make sorghum a sustainable crop with growing potential for future food and industrial applications (Sama et al., 2025).
[bookmark: _Toc206141756]1.1.12 Phytochemical Properties of sorghum 
Sorghum (Sorghum bicolor) is rich in a wide array of phytochemicals, many of which contribute to its health-promoting and disease-preventive properties. These compounds include phenolic acids, flavonoids, tannins, phytosterols, and 3-deoxyanthocyanidins, which are particularly abundant in pigmented varieties such as red, brown, and black sorghum. These phytochemicals are mainly concentrated in the bran layer of the grain and exhibit strong antioxidant and anti-inflammatory properties. For example, phenolic acids like ferulic acid and p-coumaric acid help in neutralizing free radicals, thus protecting the body from oxidative stress and chronic diseases such as cancer, cardiovascular disease, and diabetes(Zadeike & Degutyte et al., 2023).
Among the unique phytochemicals in sorghum are 3-deoxyanthocyanidins, which are rare in other cereal grains. These compounds exhibit antimicrobial properties and are especially noted for their stability during heat processing, making sorghum an excellent candidate for functional food products. Additionally, condensed tannins present in certain sorghum varieties are associated with reduced digestibility of starch and protein, which may help in regulating blood glucose levels and supporting weight management. However, high tannin content can also reduce nutrient bioavailability, which is why low-tannin varieties are often preferred for human consumption unless specific health benefits are targeted (Egharevba & Kunle, 2020).
Sorghum also contains phytosterols, which are plant-based compounds structurally similar to cholesterol and known to help lower LDL cholesterol levels in humans. These, along with dietary fiber and resistant starch, make sorghum beneficial for gut health and metabolic regulation. The type and concentration of phytochemicals in sorghum can vary significantly depending on the cultivar, processing method, and environmental factors. Overall, the rich phytochemical profile of sorghum not only enhances its nutritional value but also positions it as a functional food with promising applications in health promotion and disease prevention (Berhanu et al., 2023).

[bookmark: _Toc206141757]1.1.13 Nutritional Composition of sorghum
Sorghum (Sorghum bicolor) is a highly nutritious cereal grain widely consumed in many parts of Africa and Asia. It is a major source of carbohydrates, which account for approximately 70 to 75 percent of the grain’s dry weight, providing a steady supply of energy. Sorghum also contains moderate levels of protein, ranging between 8 to 12 percent, although it is relatively low in lysine, an essential amino acid. The fat content of sorghum is relatively low, typically around 3 to 5 percent, and consists mainly of healthy unsaturated fatty acids. Additionally, sorghum is rich in dietary fiber, especially when consumed in whole grain form, which supports gut health and promotes satiety (Berhanu et al., 2023).
Sorghum is a good source of several essential micronutrients. It contains significant amounts of B-complex vitamins, including thiamine (vitamin B1), niacin (vitamin B3), vitamin B6, and folate, all of which play important roles in energy metabolism, nervous system function, and red blood cell formation. The grain is also rich in minerals such as iron, magnesium, phosphorus, zinc, and potassium. These nutrients are vital for oxygen transport, bone development, immune function, and muscle contraction. However, the presence of anti-nutritional factors such as phytates can reduce the bioavailability of some minerals, although traditional processing methods like fermentation and soaking can help reduce their effects (Sama et al., 2025).
One of the key nutritional advantages of sorghum is that it is naturally gluten-free, making it an ideal grain for individuals with celiac disease or gluten intolerance. Whole sorghum grains retain most of their nutrients and phytochemicals, unlike refined products. Due to its balance of macronutrients and micronutrients, along with its high antioxidant content, sorghum is increasingly being used in health-conscious diets and functional food formulations aimed at managing diabetes, cardiovascular diseases, and obesity. Its nutritional profile makes it a valuable crop for food security and health promotion in both developing and developed countries (Sama et al., 2025).



Table 3: 
Nutritional Composition of sorghum
	Nutrient
	Approximate Value
	Function/Health Benefit

	Macronutrients
	
	

	Carbohydrates
	70 – 75 g
	Main energy source

	Protein
	8 – 12 g
	Supports body repair, enzymes, and immune function

	Fat
	3 – 5 g
	Contains healthy unsaturated fats

	Dietary Fiber
	6 – 10 g
	Aids digestion and supports gut health

	Vitamins
	
	

	Thiamine (Vitamin B1)
	0.3 – 0.4 mg
	Energy metabolism and nerve function

	Niacin (Vitamin B3)
	2.5 – 4.0 mg
	Supports skin, nerves, and digestion

	Vitamin B6
	0.3 – 0.5 mg
	Protein metabolism and brain development

	Folate (Vitamin B9)
	20 – 40 µg
	DNA synthesis and red blood cell formation

	Minerals
	
	

	Iron
	3 – 5 mg
	Formation of hemoglobin and oxygen transport

	Magnesium
	130 – 160 mg
	Bone health and muscle function

	Phosphorus
	280 – 350 mg
	Bone development and energy production

	Zinc
	1.5 – 3.0 mg
	Immune function and wound healing

	Potassium
	300 – 350 mg
	Maintains fluid balance and nerve function


Source: (Adebayo & Adetunji 2020)



[bookmark: _Toc206141758]1.1.14 Potential Application of sorghum
[bookmark: _Toc206141759]1. Food Products: Sorghum is a staple food for millions, especially in Africa and Asia. It is used to produce porridge, flatbreads, couscous, and traditional fermented foods. Due to its gluten-free nature, sorghum is also gaining popularity in the production of gluten-free baked goods such as bread, cakes, and biscuits. The grain can be popped like popcorn, or ground into flour for use in pasta, pancakes, and baby food (Izah & Odubo, 2023).
[bookmark: _Toc206141760]2. Animal Feed: Sorghum is widely used as animal feed due to its high starch content and moderate protein level. The whole grain, bran, or sorghum silage is used in ruminant diets, while processed forms are used in poultry and swine feed. Its drought-tolerance makes it a reliable feed source in regions with limited rainfall, ensuring food security for livestock.
[bookmark: _Toc206141761]3. Industrial Uses: Sorghum has various industrial applications, including:
· Alcohol production: Used in the brewing of traditional African beers and spirits.
· Starch production: Sorghum starch is used in the paper, textile, and adhesive industries.
· Packaging and biomaterials: Sorghum fibers and residues can be used to manufacture biodegradable packaging materials and panels.
[bookmark: _Toc206141762]4. Bioenergy and Biofuels: Sweet sorghum varieties are rich in fermentable sugars in their stalks, making them ideal for bioethanol production. Sorghum biomass can also be used in biogas production and as a feedstock for electricity generation in biomass power plants. This contributes to renewable energy development and offers a sustainable alternative to fossil fuels.
[bookmark: _Toc206141763]5. Pharmaceutical and Nutraceutical Applications: Sorghum is rich in phenolic compounds, tannins, and antioxidants, which have been associated with health benefits such as anti-inflammatory, anti-cancer, and anti-diabetic properties. Sorghum bran is being researched and utilized in the development of functional foods and dietary supplements aimed at managing chronic health conditions.
[bookmark: _Toc206141764]6. Soil and Environmental Management: Sorghum is used in crop rotation and cover cropping due to its extensive root system and allelopathic properties, which help suppress weeds and improve soil structure. It is also effective in phytoremediation to absorb heavy metals from polluted soils, contributing to environmental cleanup (Izah & Odubo, 2023).



[bookmark: _Toc206141765]1.1.15 Wet milled Soghurm(Ogi)
Wet milled sorghum, commonly known as Ogi, is a traditional fermented cereal pudding widely consumed in many parts of West Africa, especially Nigeria. Though traditionally made from maize, sorghum and millet are also widely used as base ingredients, particularly in communities where sorghum is the staple crop. Ogi made from sorghum has a reddish-brown hue (depending on the variety), and it is rich in carbohydrates, vitamins, and minerals. It serves as an important weaning food for infants and a staple breakfast meal for adults due to its smooth texture and mild sour taste that improves digestibility (Izah & Odubo, 2023).
In a controlled environment, the preparation of ogi from sorghum follows a more standardized process to ensure better hygiene, consistency, and nutritional quality. The procedure begins with cleaning and washing the sorghum grains to remove dirt, stones, and chaff. The grains are then steeped in clean water under controlled temperature (about 27–30°C) for 48–72 hours to allow for fermentation. After fermentation, the grains are wet-milled using hygienic stainless-steel grinders, and the slurry is sieved to remove the bran and germ. The filtrate is then allowed to sediment, and the supernatant is decanted. The sediment, which is the ogi paste, is packaged under clean conditions or dried for later use (Obadina et al., 2020).


[bookmark: _Toc206141766]Fig. 4 Preparation of Ogi in a Controlled Environment
[image: ]
Source: (Obadina et al., 2020).
In contrast, the traditional method of preparing ogi is typically carried out in home or village settings using basic tools and less standardized processes. Farmers or household members start by soaking cleaned sorghum grains in water (often at ambient temperature) in clay pots or plastic buckets for about 2–3 days (Obadina et al., 2020). Fermentation occurs naturally, aided by indigenous microorganisms. The soaked grains are manually ground using stone mills or local grinding machines. The resulting mash is sieved through a muslin cloth or fine mesh to separate the chaff. The filtrate is left to settle in open containers, and the clear water above is poured off, leaving the ogi paste for consumption or cooking 
[bookmark: _Toc206141767]Fig. 5
[bookmark: _Toc206141768]Traditional preparation of Ogi
[image: ]
Source: (Obadina et al., 2020).
While both methods yield a similar end product, the controlled environment offers better hygiene, microbial safety, and shelf stability. Additionally, processing parameters such as temperature, pH, and fermentation duration can be monitored, which enhances the functional and nutritional properties of the ogi. On the other hand, the traditional process is cost-effective, culturally rooted, and widely accepted, especially in rural areas. However, it poses higher risks of contamination and inconsistency in quality.
Overall, both the traditional and controlled preparations of sorghum ogi play essential roles in food security and nutrition, especially in low-income regions. The advancement of controlled processing methods offers a way to commercialize and scale up production while still preserving the cultural significance and nutritional value of this important food product.
[bookmark: _Toc206141769]1.1.16 Grains that can be used for ogi
Ogi, a popular fermented cereal pudding in West Africa, can be prepared from a variety of grains depending on regional availability and dietary preferences. Maize (Zea mays) is the most commonly used grain for ogi production. Yellow and white maize varieties are frequently utilized, with yellow maize offering higher provitamin A content due to its carotenoid pigments. Maize-based ogi has a smooth texture and a slightly sweet taste after fermentation, making it highly suitable for infants and adults alike. It also provides a rich source of carbohydrates and serves as a good energy food.
Sorghum (Sorghum bicolor) is another important grain used in ogi production, especially in the northern and central parts of Nigeria and other parts of Africa where sorghum is widely cultivated. Sorghum-based ogi has a reddish or brownish color depending on the variety used and often contains more dietary fiber and polyphenols than maize ogi. These compounds have antioxidant properties, which may offer added health benefits. Additionally, sorghum ogi is commonly used in areas with gluten intolerance due to its gluten-free nature, making it a valuable alternative in therapeutic nutrition.
Millet, particularly pearl millet (Pennisetum glaucum), is also commonly used for making ogi. Millet ogi is typically lighter in color and has a more earthy flavor. It is rich in minerals such as iron, magnesium, and phosphorus, and has a high content of essential amino acids like methionine. Millet ogi is often recommended for diabetic and elderly patients due to its low glycemic index and better blood sugar control. In some regions, millet, maize, and sorghum may be combined in varying proportions to produce a nutritionally enhanced blend of ogi that benefits from the strengths of each grain (Obadina et al., 2020).
[bookmark: _Toc206141770]1.1.17 Microbial Load in Ogi
Bitter leaf (Vernonia amygdalina) has been recognized for its potent antimicrobial activity, and its incorporation into ogi (a fermented cereal paste) has shown promising effects on microbial load. The bioactive compounds in bitter leaf, such as flavonoids, tannins, alkaloids, and saponins, exhibit inhibitory effects on a wide range of pathogenic and spoilage microorganisms. When added to ogi during or after fermentation, these phytochemicals help reduce the presence of harmful bacteria like Escherichia coli, Staphylococcus aureus, and coliforms (Obadina et al., 2020). This natural antimicrobial property contributes to improved microbiological safety of the product. In addition to reducing harmful microorganisms, bitter leaf extract has also been found to maintain a favorable environment for beneficial lactic acid bacteria (LAB), which are responsible for the fermentation and preservation of ogi. According to Adegunwa et al. (2020), moderate concentrations of V. amygdalina did not significantly interfere with the growth of LAB such as Lactobacillus plantarum and L. fermentum. This allows fermentation to proceed effectively while simultaneously limiting contamination by spoilage organisms, thus extending shelf life.
Furthermore, the inclusion of bitter leaf has been reported to lower the total microbial count of ogi during ambient storage, making it a useful natural preservative in settings where refrigeration is unavailable. However, care must be taken in dosage; excessive amounts may overly suppress fermentation or alter the product's taste and acceptability. Overall, bitter leaf demonstrates strong potential as a natural antimicrobial agent that enhances the microbiological quality of ogi while supporting safer and longer-lasting traditional food processing (Egharevba & Kunle, 2020).
[bookmark: _Toc206141771]1.1.17 Sensory properties
The incorporation of Vernonia amygdalina (bitter leaf) into ogi has notable effects on its sensory properties, which include
· Taste – Should be mildly sour but not unpleasantly bitter or bland.
· Aroma – Should retain a clean, slightly fermented smell.
· Texture – Should be smooth and lump-free, with no sliminess.
· Color – Should remain uniform and free from discoloration.
Bitter leaf is naturally characterized by a strong bitter taste and distinct herbal aroma due to the presence of phytochemicals such as alkaloids and tannins. When added to ogi, especially in unblanched or unwashed forms, it often introduces a noticeable bitterness that can reduce consumer acceptability, particularly among children or individuals unaccustomed to such flavors (Ezeonu et al., 2020).
In terms of appearance, bitter leaf can also cause a darker or greenish coloration in ogi, depending on the quantity and processing method used. This change in color can affect the visual appeal of the product, which is a critical factor in consumer preference. Texture may remain largely unchanged unless the leaf is added in coarse or fibrous forms, but the overall aroma of ogi may acquire a slightly pungent or leafy note, which some consumers may find unpleasant or medicinal (Obadina et al., 2020).
Despite these challenges, the sensory impact of bitter leaf on ogi can be mitigated through proper pre-processing techniques, such as blanching, multiple washing, or extracting and drying the leaf before addition. These methods can reduce the intensity of bitterness and improve flavor without eliminating the antimicrobial benefits. In controlled studies, ogi samples enriched with low concentrations of bitter leaf extract have been rated moderately acceptable by adult panels, indicating potential for functional product development if sensory properties are carefully balanced (Ezeonu et al., 2020). Thus, while bitter leaf enhances microbial safety, its effect on sensory quality requires thoughtful formulation.
[bookmark: _Toc206141772] 1.1.18 Procedure for preservation of ogi
Preserving ogi effectively is crucial to maintaining its microbial safety, quality, and shelf-life, especially since it is a perishable, fermented product. One of the most widely adopted procedures is drying. After the fermentation and sedimentation process, the ogi paste is subjected to sun drying, oven drying, or freeze-drying to reduce its moisture content. Dry ogi can be packaged and stored for extended periods without spoilage. According to Olukomaiya et al. (2020), drying not only inhibits microbial growth but also retains essential nutrients and improves product portability.
Another important preservation technique is packaging in airtight, moisture-resistant materials. Proper packaging materials, such as polyethylene or vacuum-sealed pouches, are used to prevent moisture reabsorption and microbial contamination. Studies have shown that when ogi is stored in such materials at cool temperatures (below 25°C), its shelf life can be extended up to several months without significant changes in its organoleptic or nutritional properties (Olukomaiya et al., 2020).
Additionally, pasteurization of the ogi slurry before drying or packaging has been explored. This involves heating the ogi to a specific temperature to inactivate spoilage organisms without destroying its beneficial microbes and flavor. The combination of pasteurization and drying, followed by storage in controlled environments, has been reported to yield ogi with improved microbial safety and stability over time (Olukomaiya et al., 2020).


[bookmark: _Toc206141773]1.1.19 Problems Associated with Conventional and Traditional Methods of Ogi Preservation
Preservation of ogi through both conventional and traditional methods faces a number of challenges, especially in relation to safety, quality, and shelf-life. Traditional preservation methods such as sun drying and storage in open containers expose ogi to environmental contaminants, including dust, insects, and airborne microbes. These conditions can lead to microbial contamination, spoilage, and potential health hazards. Moreover, traditional methods often lack temperature control, which increases the risk of rapid deterioration in hot and humid climates.
Conventional preservation methods such as oven drying, refrigeration, and vacuum packaging offer better control but are not without their drawbacks. High energy costs, limited access to modern equipment, and lack of technical know-how in rural or low-income communities restrict the widespread application of these methods. For instance, while refrigeration extends shelf-life, it is not always feasible in areas with irregular electricity supply. Additionally, improper drying or inadequate sealing during vacuum packaging may still allow for moisture ingress and mold growth.
Both traditional and conventional methods can also lead to nutrient loss or alteration in sensory properties. For example, high-temperature drying may degrade heat-sensitive vitamins, while prolonged fermentation during traditional storage can cause excessive sourness, making the ogi less palatable. Thus, to ensure effective preservation of ogi, it is crucial to develop affordable, culturally acceptable, and nutritionally safe preservation techniques that combine the strengths of both traditional knowledge and modern technology (Ikechi et al., 2025).
1.1.20 Effect of bitter leaf on milled sorghum
Incorporating bitter leaf (Vernonia amygdalina) into milled sorghum during ogi production has both nutritional and functional implications. Bitter leaf is known for its rich phytochemical content, including flavonoids, saponins, alkaloids, tannins, and essential vitamins. When added to sorghum ogi, these bioactive compounds can enhance the nutritional profile of the product by increasing its antioxidant activity, micronutrient levels (such as iron, calcium, and vitamin A), and potential anti-inflammatory effects. This makes the ogi more suitable for people with nutritional deficiencies or those needing functional foods with health-promoting benefits.
However, the addition of bitter leaf also affects the sensory characteristics of sorghum ogi. The natural bitterness and strong aroma of Vernonia amygdalina can influence the taste, smell, and color of the final product. If not carefully balanced or properly processed (e.g., through repeated washing and blanching to reduce bitterness), consumer acceptance may decline. The resulting ogi may have a darker color and a slightly bitter taste, which may be undesirable to some, especially children or those unfamiliar with bitter leaf-based foods.
Furthermore, bitter leaf has been reported to have antimicrobial properties, which can influence the fermentation process of sorghum ogi. It may either inhibit or modify the activity of lactic acid bacteria responsible for fermentation. This could potentially extend the shelf life by reducing the rate of spoilage, but it might also alter the texture, acidity, or fermentation speed of the ogi. Therefore, while the inclusion of bitter leaf in milled sorghum for ogi has potential functional food applications, it requires careful formulation and standardization to maintain product quality, palatability, and consumer acceptability (Izah et al., 2024).
[bookmark: _Toc206141774]1.2 Literature review on related research
According to Owolabi et al. (2014), Vernonia amygdalina (bitter leaf) is rich in phytochemicals such as flavonoids, alkaloids, tannins, and saponins, which exhibit significant antimicrobial and antioxidant activities. These bioactive compounds can enhance the functional and nutritional quality of foods like ogi when incorporated during processing. The study highlights the potential of bitter leaf to serve as a natural additive in cereal-based fermented products, improving their medicinal and health-promoting properties while also contributing to dietary diversity in developing countries.
According to Nwachukwu et al. (2016), the addition of bitter leaf extract to sorghum ogi significantly reduced microbial load, particularly pathogenic bacteria such as coliforms and Staphylococcus aureus. The study revealed that the antimicrobial properties of bitter leaf are effective in suppressing undesirable microorganisms during fermentation, leading to improved safety and shelf stability. This result supports the traditional use of bitter leaf in herbal medicine and suggests its beneficial application in enhancing food safety in fermented products like ogi.
According to Akinyosoye et al. (2019), while bitter leaf exhibits antimicrobial effects, it does not severely inhibit the growth of beneficial lactic acid bacteria (LAB) involved in ogi fermentation at moderate concentrations. LAB play a critical role in acidifying the substrate and enhancing both preservation and taste. Their study found that while high concentrations of bitter leaf may delay acidification, low concentrations maintain a balance between safety and fermentation activity, allowing ogi to ferment properly with reduced pathogenic risk.’
According to Ezeonu et al. (2020), the sensory properties of ogi were negatively affected by the inclusion of bitter leaf, especially in terms of taste and aroma. Panelists in a sensory evaluation reported increased bitterness and off-flavors, which reduced overall acceptability. The color of the ogi also became darker, which might affect market perception. However, the study suggests that techniques like pre-treatment of the leaves (e.g., blanching or multiple washing) could help reduce bitterness and improve sensory outcomes while retaining the antimicrobial benefit.
According to Adewale and Akinyele (2018), ogi samples supplemented with bitter leaf extract showed significantly extended shelf life compared to the control. The study observed a slower rate of microbial growth and spoilage in the treated samples over five days of ambient storage. This finding suggests that bitter leaf can serve as a natural and accessible preservative in rural communities with limited access to refrigeration, thus reducing food waste and post-processing contamination risks.
According to Owolabi et al. (2014) and supported by other studies, incorporating bitter leaf into ogi not only reduces microbial contamination but also offers additional health benefits due to its phytochemical richness. However, research gaps remain in understanding the full interaction between bitter leaf compounds and fermentation microbiota, especially in large-scale production. Future studies should also focus on improving sensory acceptability through processing modifications and investigating the long-term nutritional impacts of regularly consuming bitter leaf-fortified ogi.
[bookmark: _Toc206141775]1.3 Statement of Problem
Despite the increasing interest in using natural plant-based additives in traditional foods, limited research exists on the effect of Vernonia amygdalina (bitter leaf) on fermented cereal products such as ogi. While bitter leaf is known for its potent antimicrobial and antioxidant properties (Owolabi et al., 2014), its addition to ogi may influence the fermentation dynamics by inhibiting both spoilage organisms and beneficial lactic acid bacteria essential for flavor and preservation (Akinyosoye et al., 2019). Additionally, the strong bitter taste and greenish coloration of V. amygdalina may adversely affect the sensory appeal of ogi, potentially reducing consumer acceptability (Ezeonu et al., 2020). These concerns highlight the need for comprehensive studies to evaluate the impact of bitter leaf on the microbial load and organoleptic quality of ogi to ensure both food safety and product palatability.
[bookmark: _Toc206141776]1.4 Aim
The aim of this study is to evaluate the effect of Vernonia amygdalina (bitter leaf) on the microbial load and sensory properties of ogi produced from milled sorghum, with a view to determining its potential as a natural preservative and functional ingredient that enhances food safety, shelf life, and consumer acceptability
[bookmark: _Toc206141777]1.5 Objectives
· To determine the effect of Vernonia amygdalina (bitter leaf) extract on the microbial load of sorghum-based ogi during fermentation and storage.
·  To assess the impact of bitter leaf inclusion on the sensory properties (taste, color, aroma, texture, and overall acceptability) of ogi.
· To evaluate the optimal concentration of bitter leaf extract that balances antimicrobial effectiveness with acceptable sensory quality in ogi production.
[bookmark: _Toc206141778]1.6 Justification of Study 
The increasing demand for safe, nutritious, and naturally preserved foods has prompted interest in the use of plant-based additives in traditional food products. Vernonia amygdalina (bitter leaf) is widely known for its antimicrobial and medicinal properties, yet its application in fermented foods like ogi remains underexplored. Ogi, a staple in many West African diets, is highly susceptible to microbial contamination and spoilage due to its high moisture content and natural fermentation process. Incorporating bitter leaf into ogi production could serve as a cost-effective and accessible method to enhance food safety, prolong shelf life, and improve nutritional content, especially in rural communities with limited access to refrigeration or synthetic preservatives. Moreover, understanding its impact on sensory qualities is crucial for consumer acceptance. This study is therefore justified as it seeks to provide scientific insight into the functional use of bitter leaf in improving the microbiological and sensory quality of sorghum-based ogi, contributing to both food security and public health.


[bookmark: _Toc206141779]CHAPTER TWO
[bookmark: _Toc206141780]2.0 Material and Method
[bookmark: _Toc206141781]2.1 Study Area
This study was conducted using raw white sorghum purchased from local market at oke oyi Kwara state while fresh bitter leaf obtained was obtained from odo ota in Ilorin. Microbiological analysis were conducted at microbiology laboratory of Kwara state polytechnic.
[bookmark: _Toc206141782]2.2 Materials used
[bookmark: _Toc206141783]2.2.1 Sample collection
· Sorghum grain(Sorghum bicolor) was purchased from a local market, Oke oyi kwara state
· Fresh bitter leaves (Vernonia amygdalina) was sourced from Odo ota in Ilorin
[bookmark: _Toc206141784]2.2.2 Chemical Reagents
The chemical reagents used in this study included deionized water and 70% ethanol. Deionized water was used for all washing, soaking, and preparation processes to ensure sterility and prevent contamination. Ethanol (70%) was employed to disinfect laboratory surfaces and instruments before and after each procedure.


[bookmark: _Toc206141785]2.2.3 Equipment
The equipment and materials employed during the research comprised an electrical blender, conical flasks, beakers, Petri dishes, sterile test tubes, sterile syringes, foil paper, a steerer, weighing balance, Bunsen burner, autoclave, heat lamp, and sample containers. These tools were used for processing, mixing, culturing, and analyzing the ogi samples under hygienic and controlled laboratory conditions. 
[bookmark: _Toc206141786]2.2.4 Media
Five types of microbiological media were used for the cultivation and enumeration of microbial organisms during the study. These included MRS agar for lactic acid bacteria, MacConkey agar for coliforms, Sabouraud Dextrose Agar (SDA) for fungi, Yeast extract for yeast growth and Nutrient agar for general bacterial growth. All media were prepared according to the manufacturer's specifications and prepared under sterile conditions.
[bookmark: _Toc206141787]2.3 SAMPLE PREPARATION
The sorghum sample was manually sorted to remove dirt and unwanted particles, while the bitter leaf was thoroughly washed with clean water to eliminate surface contaminants.
The sorghum was then divided into three different containers with the following the compositions:
· BLC1-: 308.5 g of sorghum + 0.7g ofbitter leaf
· BLC2-: 308.0 g of sorghum + 1.0g of bitter leaf
· BLC3-: 307.5 g of sorghum + 1.25 gof bitter leaf
Control setup
Two additional control samples were prepared
· Control 1: 310g of sorghum soaked in deionized water 
· Control 2: 310g of sorghum soaked in distilled water 
Each sample was soaked in 400ml of sterilized deionized water and allowed to ferment for 48hours under ambient condition.
[bookmark: _Toc206141788]2.4 MILLING OF SAMPLES
After 48hours of fermentation, the steeping water was decanted from each sample. Additional bitter leaf was added in the same proportion as the initial setup:
· BLC1-: 1.5g of bitter leaf
· BLC2-: 2.0g of bitter leaf
· BLC3-: 2.5g of bitter leaf
[bookmark: _Toc206141789]2.5   STERILIZATION OF GLASSWARES
All glassware were washed with soap and rinsed with distilled water and sterilized using hot air oven at 450C for 15minutes. Inoculating loop was heated to redness with spirit lamp and workbench was wiped with 70% ethanol.
[bookmark: _Toc206141790]2.6 PREPARATION OF MEDIA
Five different media were prepared for microbial analysis: MRS agar (33.6g/L), MacConkey agar (23.5g/L), SDA (32.5g/L) Yeast Extract (11.5g/L), and Nutrient agar (14g/L). Each agar type was accurately weighed into separate conical flasks and reconstituted with 500ml of distilled water. The solutions were stirred thoroughly and gently heated to ensure full dissolution. The media were sterilized using an autoclave set at 120⁰C for 15 minutes at 15 psi. After sterilization, the media were cooled slightly before being poured into labeled Petri dishes for inoculation.
[bookmark: _Toc206141791]2.7 MICROBIOLOGICAL ANALYSIS
[bookmark: _Toc206141792]2.7.1 Serial Dilution and Inoculation
Serial dilution was carried out weekly to assess microbial load in each sample during storage. Initially, 9ml of sterilized distilled water was introduced into each of the 16 test tubes placed in racks and autoclaved. 1ml of blended sample was added to the first test tube, mixed thoroughly, and 1ml was transferred to the next tube. This process continued serially until a dilution gradient was achieved. From each dilution, 0.5ml was aseptically inoculated into sterile Petri dishes containing prepared agar (MRS, MacConkey, SDA, Yeast Extract and Nutrient agar) using the pour plate technique. The media were swirled gently to evenly distribute the inoculum, covered, and incubated for 24 hours at room temperature. This process was repeated weekly for four weeks to observe microbial changes over time.
[bookmark: _Toc206141793]2.7.1.1 Decanting 
50ml was decanted from each sample every 2 days and 30ml of distilled water was added including the control sample throughout whole period of the practical.
[bookmark: _Toc206141794]2.7.2 Observation, Identification and Subculture of Microbial Isolates (Bacteria and Fungi)
After incubation of the inoculated plates, microbial growth was carefully observed and documented based on visible colony characteristics such as shape, size, color, texture, and elevation. Distinct colonies exhibiting unique morphological features were selected and subcultured to obtain pure isolates. The bacterial and fungal isolates, grown on their respective media, were then subjected to microscopic examination and a series of biochemical tests. These analyses facilitated the accurate identification and classification of the microbial species present in the wet mixed sorghum samples.


[bookmark: _Toc206141795]2.7.3 Sensory Evaluation
To evaluate the palatability and consumer acceptability of the ogi samples, 150ml of distilled water was boiled on a gas cooker, and a tablespoon of each fermented paste (BLC1-, BLC2-, BLC3-, and control) was added. The mixture was stirred continuously until it formed a consistent porridge. Cooked samples were evaluated based on sensory characteristics such as taste, color, appearance, odour, and Overall acceptability. This was done by a panel of tasters under hygienic conditions.


[bookmark: _Toc206141796]CHAPTER THREE
[bookmark: _Toc206141797]3.0 RESULT
[bookmark: _Toc203047699][bookmark: _Toc206141798]3.1 SENSORY EVALUATION 
[bookmark: _Toc206141799]TABLE 1: Day 7, 14 & 28 Sensory evaluation
	Time (Days)
	Sample
	Tasting
	Odour
	Appearance
	General
	Colour

	7
	BLC1-
	6
	4
	5
	7
	Off white

	
	BLC2-
	7
	4
	5
	8
	Off white

	
	BLC3-
	8
	4
	5
	9
	Off white

	
	C. Nw
	5

	3

	3

	4
	White

	
	C. Dw
	6
	7
	6

	7
	Off white

	14
	BLC1-
	7
	8
	8
	8
	Off white

	
	BLC2-
	6
	6
	5
	6
	Off white

	
	BLC3-
	7
	6
	7
	7
	Off white

	
	C. Nw
	3
	7
	5
	6
	Off white

	
	C. Dw
	7
	7
	8
	8
	Off white

	28
	BLC1-
	7
	7
	8
	7
	off white

	
	BLC2-
	5
	2
	8
	6
	off white

	
	BLC3-
	6
	5
	9
	7
	off white

	
	C. Nw
	5
	5
	4
	5
	 off white

	
	C. Dw
	6
	5
	6
	6
	White



KEYWORDS:
BLC1- = Sample 1
BLC2- = Sample 2
BLC3- = Sample 3
C. Dw = Control Distilled Water
C. Nw = Control Normal Water
9 = like extremely
8 = Like very much
7= Like moderately
6 = like slightly 
5 = I neither like nor dislike
4 = Dislike slightly
3 = Dislike moderately
2 = Dislike very much
[bookmark: _Toc206141800]
CHAPTER FOUR
[bookmark: _Toc206141801]4.0 DISCUSSION AND CONCLUSION 
[bookmark: _Toc206141802]4.1 Discussion
The sensory evaluation of ogi samples supplemented with bitter leaf extract (BLC1, BLC2, BLC3) and controls (C. Dw and C. Nw) was carried out over a 28-day storage period, focusing on taste, odour, appearance, general acceptability, and colour.
On Day 7, BLC3 (containing the highest concentration of bitter leaf) recorded the highest acceptability score across all parameters, with a general acceptability rating of 9, indicating “like extremely.” This was followed by BLC2 and BLC1, showing a dose-dependent increase in preference. The control with distilled water (C. Dw) had moderate acceptability, whereas the control with normal water (C. Nw) recorded the lowest ratings for taste (5), odour (3), and general appearance (3), indicating early sensory deterioration. According to Olukemi et al. (2022), Vernonia amygdalina has strong antimicrobial and antioxidant properties that can slow down sensory spoilage in perishable foods, which agrees with the superior early-stage quality observed in the bitter leaf-treated samples.
By Day 14, BLC1 displayed improved ratings in all sensory aspects, notably scoring 8 in taste, odour, and general acceptability, indicating sustained freshness and consumer appeal. Interestingly, C. Dw also performed well, with scores between 7–8, while C. Nw showed inconsistent results, including low taste and appearance scores. This agrees with Adekunle and Okonkwo (2021), who reported that the absence of plant-based preservatives in fermented products can lead to faster microbial growth and flavour deterioration. The continued performance of BLC1 and BLC3 highlights the potential of bitter leaf in slowing down sensory degradation, possibly due to its phytochemical constituents such as flavonoids and terpenoids, which have been linked to antimicrobial and antioxidant effects (Oladipo et al., 2023).
By Day 28, most samples showed a decline in sensory scores, as expected with extended storage. However, BLC3 and BLC1 still maintained relatively good general acceptability scores of 7 each, and appearance scores of 8–9, indicating that bitter leaf may have a stabilizing effect on the visual quality of ogi. In contrast, BLC2 recorded the lowest odour score (2), suggesting a possible imbalance in its formulation that might have contributed to off-flavours. These findings align with Ezeanya et al. (2021), who observed that certain concentrations of herbal extracts can lead to undesirable sensory changes if not properly optimized. The C. Nw consistently showed poor sensory scores across all parameters, confirming that water without antimicrobial additives cannot effectively preserve ogi over long storage.
In terms of colour, all the bitter leaf-treated samples maintained a consistent “off-white” appearance, indicating minimal browning or discoloration. This finding agrees with Ibrahim et al. (2020), who reported that herbal extracts do not necessarily alter the natural colour of cereal-based fermented products. However, C. Dw and C. Nw, although retaining acceptable colour, experienced significant declines in taste and odour, demonstrating that colour stability alone does not guarantee overall product acceptability.
Overall, the sensory data from this study confirm that bitter leaf extract, particularly at higher concentrations (as in BLC3), positively influences the preservation and consumer acceptability of ogi during storage. According to Uzor et al. (2021) and Adebayo & Ogunbanwo (2022), the use of plant-based preservatives in traditional fermented foods can enhance both safety and sensory quality. The present findings therefore support the growing interest in natural food preservation strategies.
[bookmark: _Toc206141803]4.1 Conclusion
The study demonstrates that the incorporation of bitter leaf extract in ogi significantly enhances its sensory quality and shelf-life, particularly in terms of taste, appearance, and overall acceptability. The sensory evaluation aligns with existing findings on the preservative and antimicrobial efficacy of Vernonia amygdalina. This suggests that bitter leaf can be a promising natural additive in traditional fermented foods like ogi for improved consumer preference and extended freshness.
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