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CHAPTER ONE
1.0 INTRODUCTION
Sweet potato (Ipomoea batatas L.) is a highly resilient crop that originated in Central America. China, the leading producer of sweet potatoes, recorded an annual production of 75,567,929 tons in 2011, accounting for 76.07% of the world’s production (FAO, 2011).
In Japan, sweet potato is regarded as a hardy plant, and both its roots and leaves are consumed (Ishida et al., 2000). However, in China, sweet potato leaves are primarily used as livestock feed. Sweet potato leaves can be harvested multiple times throughout the year, and their yield is significantly higher than that of other green leafy vegetables (Frankow-Lindberg et al., 2003). 
Several studies have reported that antioxidants play important roles in the prevention of aging and age-related diseases. Due to safety concerns associated with synthetic antioxidant supplements, consumers are increasingly turning to fruits and vegetables as natural sources of antioxidants.
Vinegar is a condiment derived from alcoholic fermentation followed by the acetification of glucose present in carbohydrate-rich foods such as apples, pears, grapes, molasses, berries, honey, and others (Budak et al., 2014). This process involves two steps: the first is the transformation of sugar into ethanol by yeast, and the second is the oxidation of ethanol into acetic acid under aerobic conditions
(Hutchinson et al., 2019). Acetobacter aceti cultures, under aerobic conditions, incompletely oxidize the alcohol produced from fermented sugars into acetic acid, thereby producing vinegar.
Historically, vinegar has been used as a therapeutic agent since the 18th century for managing obesity, laryngitis, fever, swelling, and stomach aches (Bray, 2014). In the food industry, vinegar is widely used for pickling vegetables and fruits, as an ingredient in condiments such as mayonnaise, ketchup, and salad dressings, and traditionally as a seasoning and preservation agent (Saha and Banerjee, 2013).
According to the Malaysian Food Act 1983, vinegar must contain no less than 4% (w/v) acetic acid and must not contain any mineral acids (Ishamet al., 2019). Furthermore, as per the Food Regulation 1985, vinegar is permitted to contain approved preservatives, spices as flavouring agents, and caramel as a colouring substance (Ho et al., 2017)




















CHAPTER TWO
2.1 Sweet Potato Cultivation and Utilization	
2.1.1 Cultivation
Sweet potato (Ipomoea batatas L.), a trailing crop of the Convolvulaceae family, likely originated in Central and parts of South America, and was introduced into Africa—specifically Nigeria—between the late 17th and 19th centuries by Portuguese traders (Orji& Ikeokwu,2022). It is a short-duration crop, maturing within 3 to 5 months under ideal conditions of 20–28 °C and 500–1,250 mm of annual rainfall (Udemezue, 2019). The crop thrives in well-prepared, ridged soils and responds well to land preparation techniques such as ploughing, harrowing, and ridging (Ibirogba, 2018)
Sweet potato cultivation in Nigeria remains predominantly small-scale and manual, with over 85% of production carried out by farmers using traditional tools rainfall (Udemezue, 2019).Despite challenges—including low funding and disease pressure such as sweet potato virus disease—its high yield, early maturity, and adaptive potential make it a strategic crop for food and income security (Orji&Ikeokwu,2022). Farmers increasingly adopt improved production technologies—such as the use of improved varieties, optimized planting spacing, fertilizer application, pest management, and better harvesting and storage practices—with adoption rates ranging from ~51% to ~79% in various regions (Orji&Ikeokwu,2022).
2.1.2 Uses
2.1.2.1 Human Nutrition and Culinary Use
Sweet potato is nutritionally rich—particularly orange- and purple-fleshed varieties—providing vitamins A, C, B6, and minerals such as potassium, along with dietary fiber and antioxidants like beta-carotene (Ibirogba, 2018)Its leaves and shoots, consumed as vegetables in many West African countries (e.g., Guinea, Sierra Leone, Liberia), are excellent sources of vitamins A, C, and riboflavin (B₂) (Olorunnisomo,2007). Culinary uses are diverse: in Uganda, dried slices (“amukeke”) or crushed root (“inginyo”) are common breakfast staples; in Kenya, flour from dried sweet potato is used in cakes, chapatis, and bread; in Egypt, roasted tubers are popular street food and snacks (Olorunnisomo,2007).
2.1.2.2 Industrial and Processing Applications
Sweet potato has significant industrial potential. It can be processed into flour, starch, purees, and flakes which are then used in bakery products, noodles, and gluten-free formulations (Olorunnisomo,2007).. In Asia, especially China, sweet potato starch is used extensively in noodles, vermicelli, glucose syrups, and even for thermoplastics, pharmaceuticals (tablet binders, drug release systems), and bioprocess production such as bioethanol and lactic acid (Ibirogba, 2018)
2.1.2.3 Animal Feed and Agricultural Byproducts
Sweet potato foliage and culls are valuable as livestock feed. The leaves of many varieties have 18–30% crude protein (dry matter basis) and are highly digestible (~70% DM digestibility), making them excellent for ruminants (Olorunnisomo,2007). For small ruminants such as West African Dwarf sheep, mixing forage and roots yields cost-effective feeding strategies and maximizes economic returns (Olorunnisomo,2007). The plant residues—vines, peels, and sub-standard tubers—are used in aquaculture feeds, composting systems, and even in bioprocesses for producing microbial enzymes (Ibirogba, 2018). Peels, rich in proteins (largely sporamin) and phenolic antioxidants, offer potential for value-added extraction (Ibirogba, 2018)
2.2 Health Benefit of Vinegar
Vinegars are among the few acidic condiments used worldwide. Based on their raw materials, vinegars can generally be categorized as grain vinegars, which use sorghum, rice, wheat, or other grains as base ingredients, or fruit vinegars, which are derived from fruits such as grapes or apples. Additionally, vinegars can be fermented from sugar and alcohol.
The four major traditional vinegars in China—Shanxi aged vinegar, Zhenjiang aromatic vinegar, Sichuan Baoning bran vinegar, and Fujian YongchunMonascus vinegarare common examples of grainvinegars. Another example is Kurosu, a Japanese grain vinegar. In contrast, Italian balsamic vinegar, Spanish sherry vinegar, and American apple vinegar are classified as fruit vinegars (Solieriet al., 2009).
Regardless of the raw materials used, vinegars—especially those produced using traditional techniques—are known to possess various physiological benefits (Budak et al., 2014). As early as 400 BC, the ancient Greek physician Hippocrates used fruit vinegars to treat wound inflammation, coughs, ulcers, and infectious diseases.One of the earliest written records, found in the Chinese text Fifty-Two Diseases (300 BC), contains 17 prescriptions involving grain vinegar for treating burns, hernias, cellulitis, and psoriasis. Throughout successive Chinese dynasties, many traditional medical texts have also documented the use of grain vinegars in various remedies (Xu et al., 2003). Since the 18th century, fruit vinegars have been recommended in the United States for treating laryngitis, fever, swelling, stomachaches, and skin rashes caused by poison ivy exposure (Budak et al., 2014).
2.3 Functional Properties of Vinegars
2.3.1Antibacteria and anti-infection
Prior to the work of Pasteur and Koch on bacteria in the19 centuries, vinegars were often employed in antibacterial and anti-infection applications. In approximately 400 BC, the ancient Greek medical expert Hippocrates used fruit vinegars to heal wounds, inflammations, coughs, and infections (Bu-dakel al.,2014). The Chinese medical book Compendium of MateriaMedicall, which was authored in the Ming dynasty (16 century), also shows records of the use of grain vinegars for Ascaris infection treatment, birth room disinfection, meat preservation, and others (Xu el al.,2003). Modern research studies (Table 2.1) have shown that fruit vinegars containing 0.1% acetic acid effectively inhibit the growth of food-borne pathogens in vitro, including those by Escherichia coli O157:H7, Salmonella enteritidis, S. typhimurium, Vibriopara-haemolyticus, Staphylococcus aureus, Aeromonas hydrophila, and Bacilluscereus (Entaniet al., 1998).
In addition, by soaking in either grain or fruit vinegars for a short time, pathogenic bacteria were successfully eradicated from vegetables (Sengunel al.,2004; Chang el al.,2007). Grain vinegars can effectively destroy respiratory pathogens such as Micrococcus catarrhalis, Staphylococcus albus, Diplococcus pneumonia, and Alpha streptococcus, whereas apple vinegar strongly inhibits the growth of pathogenic bacteria such as Staphylococcus epidermidis, Pseudomonas aeruginosa, Proteus mirabilis, and Klebsiella pneumoniae (Hindi 2013). Moreover, irrigation of the ear canal with diluted vinegar has positive effects on otitis and myringitis 
(Aminifarshidmehr 1996; Jung el al.,2002).
2.3.2Antioxidative effects
Vinegars contain large amounts of antioxidants. In vitro studies have shown that the antioxidant capacities of Shanxi aged vinegarand Italian balsamic vinegar (Tagliazucchiel al.,2007; Bertelliel al., 2015) were equal to those of 0.1% and 0.2% vitamin C solutions, respectively. Animal and cell experiments have also indicated that both grain vinegars and fruit vinegars can improve antioxidant capacities and reduce oxidative damage in vivo (Nishidaiel al., 2000; Xu el al.,2005; Schaefer el al.,2006; Tagliazucchiel al., 2007;Verzelloniel al.,2007; lizukael al.,2010; Verzelloniel al.,2010; Bertelliel al., 2015; Liu el al.,2015).
2.3.3 Blood glucose control
The effect of vinegar on blood glucose levels was first reported by Ebihara and Nakajima in 1988, who found that 2% of acetic acid in diet significantly reduced the blood glucose concentration of rats after starch intake (Ebihara and Nakajima 1988). Subsequently, a large number of human dietary studies also found that the intake of fruit vinegars significantly reduced blood glucose levels after the intake of starchy foods (specific dose effects were observed) (Ebihara and Nakajima 1988; Johnston and Buller 2005;Leeman el al., 2005; Ostmanel al., 2005, however, monosaccharide-induced blood glucose levels remained unchanged Johnston el al., 2010). 
Additionally, grape vinegars neutralized by alkali or consumed 5h before a meal did not affect the postprandial blood glucose concentration and insulin response, indicating that vinegarplays a role in food digestion, which may be related to its acidity (Brighentiel al., 1995).
In diets with high-glycemic indices, apple vinegars significantly reduce the postprandial blood glucose concentration and insulin response and increase satiety.
 However, in low-glycemic diets, vinegars can only reduce the postprandial insulin response and do not significantly influence the blood glucose concentration, which may be due to the fact that a lower blood glucose level cannot be achieved by the addition of vinegar after the consumption of a diet with a low-glycemic index( Johnston and Buller 2005).
Compared to healthy people, the intake of apple vinegar also increases the insulin sensitivity of patients with type 2 diabetes (Ebihara and Nakajima 1988), and the intake of apple vinegar at bedtime can help patients with type 2 diabetes to control their fasting blood glucose concentration and prevent "diabetes mellitus dawn phenomenon" in the next morning (White and Johnston 2007). In a 12-week experiment, the dietary intake of 1.4 g of acetic acid (2 meals per day) significantly reduced the level of glycated hemoglobin (0.16%) in patients with type 2 diabetes (Johnston and others 2009). The consumption of apple vinegar over an extended period of time (99 - 110 d) can also improve the insulin resistance of patients with polycystic ovary syndrome and improve ovulation function (Wu and others 2013).
Although studies on the use of vinegars to control blood glucose levels primarily focused on fruit vinegars, the long-term intake of grain vinegars may also have a positive effect on the blood glucose levels of humans, because acetic acid is able to reduce the postprandial blood glucose concentration (Ebihara and Nakajima 1988; Ostmanel al.,2005). Moreover, grain vinegars have been shown to lower the blood glucose concentration of mice with diabetes (Ma el al., 2010; Gu elal.,2012)
2.3.4. Lipid metabolism regulation
Compared to investigations on the effects of vinegars on blood glucose contents, studies on the regulation of blood lipid levels were performed later and were primarily concentrated on animal experiments. Many animal experiments have shown that the long-term consumption of a specific amount of acetic acid (Fushimi el al., 2006), grain vinegars (Fan el al.,2009; Li el al.,2009; Liu el al.,2015; Liu and Yang2015), and fruit vinegars (Moon and Cha 2008; Setorkiel al ., 2010; Soltan and Shehata 2012) can significantly reduce the concentration of total cholesterol, triglycerides, and low-density lipoprotein (LDL) cholesterol and increase the concentration of high-density lipoprotein (HDL) cholesterol. Moreover, the regulation of lipid metabolism by vinegars was also observed in mice with type 2 diabetes and obese mice (Shishehborel al., 2008; Kondo el al.,2009a; De Dios Lozano and others2012; Soltan and Shehata 2012; Liu and Yang 2015).
2.3.5 Weight Loss
Vinegar alters the regulation of lipids, the long-term intake of vinegars also have an effect on weight loss. Obese animal model experiments have proven that the long-term consumption of a specific amount of acetic acid (Kondo el al.,2009), grain vinegars (Li el al.,2009; Liu el al.,2015), or fruit vinegars (Wei el al.,2005; De Dios Lozano el al.,2012) can significantly reduce thebody weight, lipid content, and total cholesterol and triglyceride contents of animals. Human experiments have proven that the long-term intake of fruit vinegars can also significantly reduce the body weight, body mass index, and total cholesterol and triglyceride levels of healthy people with obesity (Kondo el al.,2009) and obese people with high blood pressure (Kadasel al, 2014). Although the effects of grain vinegars on human weight loss have not yet been researched, previous animal experiments (Fan elal.,2009; Li el al.,2009; Liu el al.,2015; Liu el al.,2015). suggest that the long-term intake of grain vinegars may help weight loss in obese people.
2.3.6 Anticancer
Until now, only a few studies on the anticancer activities of vinegars have been published, most of which focused on grain vinegars. Cell-based experiments indicated that the ethyl acetate extracts of Shanxi aged vinegar and Japanese black vinegar significantly inhibited the proliferation of many types of cancer cells in vitro, but the corresponding active ingredients have not been identified (Nanda el al.,2004; Seki el al.,2004;Baba el al.,2013; Chen and Gullo 2015). Meanwhile, the ethyl acetate extracts of Japanese black vinegar increased the expression of p21 genes, allowing human colon cancer cells in the GO/ G1 phase to undergo apoptosis, and enabling the apoptosis of oral cancer cells through receptor binding with serine threonine kinase 3 (Nanda elal.,2004; Baba el al.,2013). Rat experiments have proven that the ethyl acetate extracts of Japanese black vinegars can inhibit azoxymethane-induced colon cancer by increasing glutathione sulfur enzymes and quinone reductase in the liver and extend the life of these rats (Shimojiel al., 2003,2004).
2.3.7 Active Ingredients and Their Functions mechanisms
Many investigations on the active ingredients of vinegars and their corresponding functional mechanisms have been performedto date, the active compounds identified in vinegars mainly include organic acids, polyphenols, melanoidins, ligustrazine, caffeoylsophorose, and tryptophol. In the following sections, these compounds and their functional mechanisms will be reviewed.
2.3.8 Functional Ingredients from Microbial Fermentation of Vinegar
 Organic acids in vinegars are mainly produced by microorganisms during the fermentation stage (Solieri and Giu-dici 2009). Organic acids in vinegars can be considered volatile (organic acids without hydroxyl groups, such as acetic acid and propionic acid) or nonvolatile (organic acids with hydroxyl groups such as lactic acid and tartaric acid) acids, according to their chemical properties (Xu 2008). Among them, acetic acid is the main organic acid present in vinegars and is one of the most important functional ingredients. Acetic acid is mainly produced by acetic acid bacteria during the fermentation stage (Xu 2008).
Lactic acid, which shows the highest content among nonvolatile organic acids in vinegars, is mainly produced during the alcoholic fermentation stage (Xu 2008). Propionic acid, tartaric acid, malic acid, citric acid, and other organic acids in vinegars are produced throughout the whole fermentation stage (Xu 2008). Moreover, the fermentation conditions also influence the contents of organic acids. Heating, steaming, and fermenting techniques used during the fermentation process reduce the contents of volatile organic acids and water, which increases the contents of nonvolatile organic acids, and thereby the ratios of non-volatile organic acids to volatile organic acids (Xu 2008).Ligustrazine, which is also called tetramethyl pyrazine, can inhibit platelet aggregation, expand blood vessels, and promote blood circulation (Cauvinel al.,1983; Zhou el al.,1985; Wang el al.,2009).
Therefore, ligustrazine is often used in the treatment of ischemic cerebrovascular disease (Zhou and others 1985). Initially, ligustrazine was obtained from natto, a fermented food, and was used as a flavouring composition by Kosuge and Kamiya (1962), who thought that it might be a secondary metabolite of Bacillus subtilis. Ligustrazine was identified in vinegar by Kosuge and others (1971), and its corresponding content reached 1.5 g/kg. The ability of ligus-trazine to improve blood circulation was discovered by Beijing Pharmaceutical Research Institute in 1977, based on the traditional Chinese medicine "Guanxin Prescription 2" and "Little Guanxin Prescription 2" (Ligusticumwallichi and Carthamustinctorius.
Many studies have indicated that the production of ligustrazine by microorganisms is due to the transformation of acetoin (3-hydroxy-2-butanone) (Dickschatelal.,2010). Dihydroferulic acid and dihydrosinapic acid. Dihydroferulic acid and dihydrosinapic acid were isolated from Kurosu, a Japanese vinegar, by Shimoji and others (2002). These two compounds were the main radical-scavenging components in Kurosu, but were not present in the primary raw material, unpolished rice (Shimojiel al.,2002). Based on the compositional analysis of Kurosu and its raw materials as well as the results of previous studies, dihydroferulic acid and dihydrosinapic acid were likely produced through the reduction of ferulic acid and sinapic acid in unpolished rice by microorganisms during the fermentation process, respectively (Shimojiel al.,2002).
2.4 Types of vinegar
Vinegar can be made from any aqueousmediumcontaining a sufficient amount offermentable sugars under the right conditions. The result will be some type of vinegar with an acetic acid content that will meet the standards. Thus, different types of fruits, vegetables, and animal-based products like whey and honey are being used as the major raw materials in vinegar production. Depending on the raw materials used in the fermentation, differentvarieties of vinegar can be produced. The type of materials used vary from region to region.
2.4.1 Apple vinegar
Apple cider vinegar is one of the best-known types of fruit vinegar in the world. The production of cider vinegar involves alcoholic and acetous fermentation of apple juice to convert the sugars in the apple juice into alcohol first, and subsequently to acetic acid (Lea, 1989). The microflora used in apple cider vinegar production includes yeasts such as Kloeckeraapiculata, Metschnikowiapulcherrima,Candida spp., and Pichia spp.; lactic acid bacteria including Lactobacillus, Pediococcus, Leuconostoc, Oenococcus spp., and acetic acid bacteria such as Acetobacter and Gluconobacter (Fleet, 1998).
Apple cider vinegar contains many nutrients including vitamins, minerals, and dietary fibres. It is a well-known type of vinegar used to treat many conditions including obesity, skin and hair problems, asthma, diarrhoea, and many other maladies (Kausar et al.,2019). Traditionally, apple cider vinegar has been used as a flavouring agent and preservative. Other than that, currently it is being used in salad dressings, marinades, and chutneys. It is famous around the world by the name cider vinegar', and geographically distributed mostly in countries like the USA and Canada (Joshi and Sharma, 2009)
2.4.2 Balsamic vinegar
Balsamic vinegar is a type of vinegar produced with the cooked and concentrated must of red/white grapes, which is dark brown in colour, and has a sweet and sour taste (Masinoet al., 2008). It is traditionally produced in Italian households using locally available grape varieties. The production of balsamic vinegar as described by Giudicietal. (2009) involves the conversion of sugar into ethanol, followed by oxidation of the ethanol to acetic acid, and finally aging for 12 years. The aging process uses a special technology called 'ricalzo'. It involves a series of barrels of different capacities. Each barrel contains cooked grape must which is fermented and oxidised.
Every year, small amount of vinegar is drawn from the smallest barrel, and it is then refilled with vinegar from the next bigger barrel. First barrel is refilled with freshly cooked must. Each barrel therefore contains a blend of vinegar of different ages, and this age increases from the first barrel to the last barrel (Solieriet al., 2006). The main components of balsamic vinegar besides acetic acid are sugars like glucose and fructose, and organic acids such as gluconic, tartaric, malic, and succinic acids (Masinoet al., 2008). These organic acids play an important role in modifying the sensory properties of vinegar due to their own characteristic flavours which are mellower than that of acetic acid. Balsamic vinegar is used as a salad dressing and as a topping in many cooked dishes of meat, poultry, and fish, as well as fruits.
2.4.3 Sherry vinegar
Sherry vinegar is of Spanish origin, and made from Sherry wine (Palacios et al., 2002). It takes at least six months of fermentation to generate Sherry vinegar with the 'right' taste. The process of Sherry vinegar production is known as "soleras''criaderas'and, which is a traditional method involving slow acetification over a long aging period (Budak et al., 2014). The system involves stacking casks made from American oak, one on top of the other, according to the age of the product; the oldest vinegar called solera is found at the bottom of the stack (Alonso et al., 2004).
In the production of Sherry vinegar, the bacterial culture is placed on the surface of the substrate, thus limiting the oxygen available for the bacteria; hence, a long period is required for acetification (Tesfaye et al., 2002). Studies of Castrejónet al. (2003) has reported the presence of Saccharomyces cerevisiae "races', such as S. cerevisiae var. beticus, S. cerevisiae var.Also, Sherry vinegar is famous around the world for its nutty flavour. Sherry vinegar is extensively used in French and Spanish cuisines. It is popular as a salad dressing in making marinades, pan sauces, glaze, and as a drizzle over fruits and vegetables. It is also used as a digestive after a meal, and often sprinkled over desserts such as ice creams and strawberries to temper their sweetness and add a little tartness.
2.4.4 Rice vinegar
Rice vinegar is made using rice as the substrate. It is a widely used condiment in many Asian food preparations including pickled vegetables, salad dressings, and sushi rice. Traditional rice vinegar production involves conversion of rice starch into acetic acid (Harutaet al., 2006). Initially, rice is soaked in water followed by heating and cooling, and then saccharification of rice starch will be performed using koji mould. Incidentally, rice sake is produced by using sake yeast, while acetic acid is produced bymeans of bacteria named moromi through a static surface fermentation (Budak et al., 2014). Different types of rice vinegar are found according to their origin. The Chinese vinegar zhenjiang is considered as the most commonly known traditional vinegar; it uses sticky rice as the raw material (Xu et al., 2007).In Japan, there are two major varieties of rice vinegar, of which komes is a colourless type produced with polished japonica rice or the imported indica rice. The other is kurosu, a black colour vinegar produced from unpolished rice (Nanda et al., 2001). Kurosu contains appreciable amounts of amino acids, vitamins, and soluble metal ions that can provide many health benefits. Kurosu vinegar is rich in substances that can reduce hypertension, and also contains cancer-prevention substances (Murookaet al.,2009)
2.4.5 Malt vinegar
Malt vinegar originated in Britain several hundred years ago. The production involves double fermentation, with the beer subjected to complete acidification until the final output becomes a vinegar.Malt vinegar production uses malted barley, in which the starch has already been converted to sugars due to the presence of natural enzymes in it (Grierson,2009). Raw barley is mostly made up of starches and proteins. Since the barley cannot be used directly in the fermentation as yeast cannot metabolise these substances properly, certain preliminary treatments are carried out so that proper fermentation can take place. Therefore, the production of malt vinegar requires several stages including brewing (milling, mashing, alcoholic fermentation), separation, acetification, storage, clarification, making up, filtration, and packaging (Grierson, 2009).
Moreover, there are several varieties of malt vinegar such as distilled, dark, and light malt vinegar. Distilled malt vinegar is a colourless liquid produced by malt vinegar distillation under reduced pressure (Grierson,2009). In the production of distilled vinegar, vinegar is passed directly to the distillation unit at the end of acetification of the usual vinegar production. Usually, malt vinegar is a pale-straw colour liquid, while the dark malt vinegar is dark brown in colour. The addition of caramel or barley extract into the malt vinegar makes it darker in colour (Grierson, 2009).
2.4.6 Coconut Vinegar
Coconut vinegar is made from the sap of coconut flower or from coconut water. It is widely as a food preservative and flavouring agent in salads, pickles, sauces, and many other traditional dishes. The production of vinegar using static fermentation takes a period of one month, and yields acloudy white liquid with a sharp and acidic taste combined with slight yeasty flavour (Gonzalez and De Vuys, 2009). Southeast Asian countries are the major producers and consumers of coconut vinegar (Budak et al., 2014).
2.4.7 Cane vinegar
Cane vinegar is a type of vinegar from the Philippines which is made from the syrup of the sugar cane. It is known by different names in different countries. It is used in many cuisines as a salad dressing, sauce, and for glazing or marinating. Its sweetness and slight acidic taste make it ideal for chutneys and pickles as well. In France and USA, sugarcane vinegar is called as 'cane vinegar'; in the Philippines it is known as sukangiloko; and in Japan it is called kibizu (Nanda et al., 2001). The production after harvesting involves crushing the stems to extract the juice, simmering it down to a syrup, and finally fermenting it to a vinegar. High quality sugar cane vinegar could be prepared from fresh cane juice using wine yeast and acetate bacteria (Chen et al., 2015).The colour of cane vinegar ranges from deep yellow to golden brown (Nanda et al., 2001).
2.4.8 Honey vinegar
Honey is regarded as a valuable medicine as it has a dense nutrient composition (Cianciosiet al.,2018). The study of Ilhaet al. (2000) has shown that honey vinegar could be made by the acetification ofhoney wine with acetic acid bacteria. Sensory evaluation results of the same study showed that all the sensory attributes of honey vinegar were highly appreciated. However, alcoholic fermentation of honey wine will take months or even years due to the high sugar concentration in honey. Consequently, the production of honey vinegar will also take a long time, and therefore it is hardly economically feasible to produce it. Honey vinegar microflora mainly contains acetic acid bacteria and yeasts (Alak, 2015).
2.4.9 Fruit vinegars
Tropical fruits have been used for fruit vinegar production recently. The production of vinegar from fruits such as mango and papaya have been studied by Bouateninet al. (2020). Mango vinegar is prepared by fermenting mango juice, and the production is geographically concentrated around East and Southeast Asia (Gonzalez and De Vuys, 2009). The production involves alcoholic fermentation of mango pulp over 14 days followed by acetification. Studies conducted by Adebayo-Oyetoroet al. (2017) reports that mango vinegar is a very effective and popular type of vinegar available in the Nigerian food market.Another fruit vinegar type found in several local markets is pineapple vinegar. 
Starfruit has also been identified by Minh (2014) as a potential raw material for fruit vinegar production. A study by Chen and Huang (2008) suggests the possibility of producing fruit vinegar using strawberry as the raw material by subjecting the fruits to leaning up, squeezing, and alcoholic fermentation followed by acetification. The development of strawberry vinegar using alcoholic fermentation and acetification has also been reported in the studies of Hidalgo et al. (2010).
2.3.10 Vegetable Vinegar
Tomato vinegar is a type of vegetable vinegar which is mostly used in East Asian countries including Japan (Solieri and Giudici, 2009). It is produced by fermenting tomato paste using the submerged culture method (Cejudo-Bastanteet al.,2017). Onion vinegar is a vegetable vinegar produced from onion juice. It is considered as a condiment with a range of beneficial physiological characteristics (Horiuchi et al., 1999). The process involves the production of vinegar from the juice of red onions using yeast and Acetobacter aceti. Same study by Horiuchi et al. (1999) has elaborated on the nutritional composition of onion vinegar by observing that the potassium, amino acid, and total organic acid contents of onion vinegar are greater than that of conventional vinegar, while its sodium content is comparatively lower. Purple sweet potato vinegar is another type of vinegar developed in China using the mashed tuber as the substrate (Wu etal.,2017). It is widely used for sauces, salad dressings, and stews. A similar study by Chun et al. (2014) has also reported the potential for development of a sweet potato makgeolli vinegar using a two-stage fermentation process.
2.5 Health Benefits of Vinegar
Vinegar and cardiovascular healthCardiovascular diseases (CVDs) are identified as a major cause of mortalities among the population.Among the significant risk factors for CVDs are cholesterol, physical inactivity, high blood pressure, and smoking (Beaglehole, 2001). The ability of polyphenol-rich foods like vinegar to reduce mortality and enhance protection against CVDs has been clinically identified in different previous studies (Tangney and Rasmussen, 2013).
The reduction of CVD-related mortalities with polyphenol-like flavonoids has been studied by Peterson et al. (2012).Coronary diseases are closely associated with oxidised low-density lipoproteins (LDL) in the bloodstream (Berliner and Heinecke,1996).According to Sugiyama et al. (2007), ingesting natural antioxidants like polyphenols will reduce the LDL levels in the bloodstream; similarly vinegar has higher levels of polyphenols like chlorogenic acid which inhibits the LDL oxidation, thus it can help to prevent the incidence of CVDs (Laranjinhaetal.,1994)
2.6 Anticancer Effect of Vinegar
Anticancer effects of vinegar are associated with its polyphenol content, especially with polyphenols like resveratrol (Shukla and Singh,2011). This study identifies resveratrol as a dietary polyphenol that interferes with all three stages of carcinogenesis, and inhibits the proliferation of cancer cells. Wan et al. (2019) have stated that weak acids such as acetic acid have been proven for their anticancer effect. Epidemiological data on anticancer effects are scarce, and research is ongoing to identify the anticancer elements present in vinegar. Based on the colonic tests done on humans by Fu et al. (2004), acetate treatments have had a significant impact on inhibiting tumour growth and metastasis.
Vinegar is a rich source of acetate and polyphenols which enhance antioxidant protection while weakening the cancer-causing effects. The effect of grain vinegar on oesophageal cancer has been studied by Xibibet al.(2003), and the results are negatively correlated. Cell-based experiments of Baba et al. (2013) has also shown that the acetate in vinegar has the ability to inhibit proliferation of colon tumour cells. Moreover, the risk of oesophageal cancer is reduced with dietary consumption of vinegar than the consumption of pickled or salted vegetables (Xibibet al., 2003). Leukaemia is a cancer of the blood which leads to an abnormal rise of white blood cells in the body. Studies of Mimura et al. (2004) have shown that the apoptosis of human leukaemia cells is promoted by vinegar, thus leading to a reduction in the incidence of leukaemia. As claimed by the Vinegar Institute in 2005, the inhibition of glycolysis causes starvation of the existing cancer cells responsible for the progression of cancer within the human body, and reduces the formation of new cancer cells. Protection provided by the oxidative stress of polyphenol contents, action of acetate in controlling cancer cell proliferation, and the apoptosis of cancer cells are identified as the proven causes affecting the anticancer activity of vinegar in the human body.

















CHAPTER THREE
3.0 Materials and Methods
3.1 Materials
Sweet potato was obtained from Ipata market in Ilorin while commercial vinegar used as control was obtained at a supermarket in Ilorin.

Harvest Fresh Sweet Potatoes
↓
Wash, Peel, and Slice Tubers
↓
Cook or Steam (Optional)
↓
Mash or Juice the Sweet Potatoes
↓
Adjust Sugar Concentration (if needed)
↓
Alcoholic Fermentation (Anaerobic)
- Add Yeast (Saccharomyces cerevisiae)
- Incubate at 25–30°C for 5–7 days
↓
Sweet Potato Wine (Ethanol Formed)
Fig 1.1 production of Sweet Potato Vinegar
3.1 Determination of Brix Content
The percent brix (% Brix) content of each wine juice was determined with the aid of a handheld refractometer. The value for each sample was read directly from the instruments after placing tow drops of the each sample on the viewing window.
3.2 Measurement of Total Dissolved Solid (Tds)
About 100ml of the filtrate from each of the samples were measured into aclean 150ml glass beaker. A handheld TDS meter (HANNAH Instruments) wascarefully inserted, ensuring that the probe was completely submerged in the liquid.The instrument was left in the sample until a stable reading is obtained in part-per-Nmillion (ppm). The reading was taken in triplicate and recorder for each sample.
3.3 pH Measurement
The acidity or alkalinity of each juice sample was established using the tabletop pH meter (Search tech instrument model pH5-3C). The values were taken afterallowing the probe to equilibrate, giving a stable value.The instrument was initially calibrated with pH buffers 4.0, 7.0 and 9.0. Themeasurement was done in duplicate for each sample. The pH value of each samplewas read directly using the pH meter. The pH value was recorded as the longeststable reading on the pH Scale.
3.4 Determination of Total Titratable Acidity
The TTA was determined based on acetic acid which is the most abundant acid invinegar. 10ml of the filtrate from each tomato sample were diluted with another10ml of distilled water in a 250 ml capacity Erlenmeyer flask to make thephenolphthalein endpoint readily visible. To the mixture was added 2-3 drops ofphenolphthalein indicator and was titrated against a 0.112M sodium hydroxide(NaOH) solution to a permanent faint pink endpoint. Replicate measurements werecarried out. The TTA% was calculated as follows.
The equivalent weight of acetic acid is calculated by dividing its molecular weight(60.05g/mol) by the number of titratable hydrogen ions (in this case 1 according to the chemical structure). Therefore, the equivalent weight of citric acid is still 60.05g/equivalent.
3.5 Test for steroids
i. Salkowski Test: chloroform solution was mixed with the extract of thesample and concentrated sulphuric acid and on standing yield rod colour.
ii. Lieberman Burchadt test: chloroform solution of the extract was mixed withfew drops of acetic anhydride and 1ml of concentrated sulphuric acid from thesides gives reddish ring at the junction of 2 layers.
3.6 Test of Triterpenes
i. Salkowski Test: chloroform solution of the extract when shaken with conc,sulphuric acid, lower layer turns to yellow on standing.
ii. Lieberman test: chloroform solution of the extract with few drops of aceticacid and 1ml concentrated sulphuric acid gives deep red at the junction of the 2layers.
3.7 Test of alkaloids
The extracts were mixed with ammonia and the extracted with chloroformsolution. To this dilute hydrochloride acid was added. The acid layer was used foralkaloids.
i. Mayer’s test (potassium mesuric iodide): the acid layer with few drops ofmayer’s reagent gives a creamy while precipitate.
ii. Wagners test (solution of lodine in potassium iodide): the acid layer withfew drops of Wagner’s reagent gives reddish brown coloured precipitate.
iii. Hager’s test (saturated solution of picric acid): the acid layer with Hager’sreagent gives yellow precipitate.
iv. Dragerdroff’s test (solution of potassium bismuth iodide): acid layer withfew drops of dragendroff’s reagent gives reddish brown precipitate.
3.8 Test of Tannins
Ferric chloride test: extracts mixed with 1% ferric chloride solution gives blue,green or brownish green colour
3.9 Test for flavonords
i. Ferric chloride test: Alcoholic solution of the extracts mixed with few dropsof neutral ferric chloride solution gives green colour.
ii. Lead acetate test: alcoholic solution of the extracts mixed with few drops of10% lead acetate gives yellow precipitate.
3.10 Test of Lactones
Legals test: the extracts mixed with mixture of sodium nitroprusside and pyrtaineand treatment with methanol alkali gives deep red colour.
 3.11 Test for Diterpenes
Copper acetate test: the extracts, mixed with solution of copper acetate gives greencolour.
3.12 Test of glycosides
Sodium hydroxide reagent: dissolve a small amount of alcoholic extract in 1mlwater and sodium hydroxide solution was added. A yellow colour indicates thepresence of glycosides.

3.13 Test of Saponins
Foam test: a small amount of extract is shaken with little quantity of water. Thefoam produces persists for 10mins. It confirms the presence of saponins.
3.14  Test for Phenol
i. Ferric chloride test: Add a few drops of neutral FeCl₃ solution to the vinegar sample.A violet, blue, green, or red coloration indicates the presence of phenols.
ii. Liebermann’s test (Confirmation): Mix vinegar with sodium nitrite and concentrated H₂SO₄.A deep blue/green color that changes to red on dilution and back to blue/green with alkali confirms phenols.
3.15 Quantitative Determination of Saponins
Total saponins in vinegar were quantified using the vanillin–sulfuric acid colorimetric method with quillaja saponin as standard. Samples (50 mL) were extracted with n-butanol, evaporated, and reconstituted in methanol. Aliquots were reacted with vanillin (8% in ethanol) and 72% H₂SO₄, incubated at 60 °C for 10 min, cooled, and read at 546 nm. Calibration was performed with 10–200 µg/mL quillaja saponin solutions, and results expressed as mg quillaja saponin equivalents per liter of vinegar (mg QSE/L).







CHAPTER FOUR
4.0 Results and Discussion
Table 4.1 Qualitative Phytochemicals and physicochemical properties of vinegar produced from sweet potato vinegar
	S/N
	ANALYSIS
	SAMPLE AMPLE A
	COCONTROLNTROL

	1
	Steroid
	―
	 ―

	2
	Alkaloid
	 ―
	 ―

	3
	Terpenes
	 ―
	 ―

	4
	Alkaloids
	 ―
	 ―

	5
	Tannins
	 ―
	 ―

	6
	Diterpenes
	 ―
	 ++++++++++

	7
	Glycoside
	 ―
	―

	8
	Flavonoid 
	―
	 ++++++++++

	9
	Phenol
	―
	―

	10
	Saponin
	++++++++++
	 ++++++++++

	11
	Ph
	3.26
	2.90

	12
	TTA
	2.5
	3.8

	13
	TDS
	1539
	1430.5

	14
	Vitamin C
	0.20
	0.25


	15
	Saponin (Quantitative)
	0.0493.5
	0.0467.5



4.1 Saponin Content of Vinegar Produced from Sweet Potato
Saponins are naturally occurring surface-active glycosides that exhibit antimicrobial,anti-inflammatory, antioxidant, and cholesterol-lowering properties. Their presence in both vinegar types is significant, suggesting a potential health-promoting value of potato vinegar comparable to that of commercial apple cider vinegar.
Saponins are linked to hypocholesterolemic effects and immune-boosting activity (Oleszek et al., 2002; Sparg et al., 2004). The fermentation process used in vinegar production may enhance the release of bound saponins from plant materials (Adeyeye et al., 2014).  Therefore, the strong saponin presence in the sample indicates that potato tubers, though not commonly used for vinegar, could yield a functional, health-promoting vinegar alternative.
4.2. DiterpenesContent of Vinegar Produced from Sweet Potato
Diterpenes are a classs of terpenoids known for their anti-inflammatory, antioxidant, and anticancer properties (Paduchet al., 2007). Their presence in only the control may reflect the botanical origin of apple cider vinegar, where fruit peels and skins are rich sources of such compounds (Lu & Foo, 2000).
Apples, particularly their skins, contain phytochemicals like lupeol and ursolic acid (triterpenes and diterpenes), which may not be abundant in potatoes.
Absence of diterpenes in Sample A may suggest the need for either longerfermentation, use of different starter cultures, or enrichment strategies to enhance bioactive compound release in potato vinegar.
4.3 Flavonoids Content of Vinegar Produced from Sweet Potato
Flavonoids were present in the control sample but absent in Sample A. Flavonoids are polyphenolic compounds known for their antioxidant, anti-inflammatory, and antimicrobial activities (Panche et al., 2016). Their presence in the control sample suggests better radical-scavenging ability compared to Sample A. Flavonoids are also reported to enhance vitamin C activity and contribute to overall phytochemical synergy (Kumar & Pandey, 2013). The absence of flavonoids in Sample A may reduce its nutraceutical potential.

4.4. Absence of other phytochemicals
The absence of alkaloids, tannins, terpenes, steroids, and glycosides in both samples could be attributed to a low inherent content in the starting materials (apple vs. potato), processing loss during fermentation, pH sensitivity and volatility of some phytochemicals under acidic and oxidative fermentation conditions (Kaur & Kapoor, 2001).
4.5 Saponins Content of Vinegar Produced from Sweet Potato
 (Quantitative Phytochemicals)
Saponins were quantitatively present in both samples, with slightly higher levels in Sample A (0.0493.5) compared to the control (0.0467.5). Saponins exhibit cholesterol-lowering, immune-boosting, and antimicrobial effects (Francis et al., 2002). The positive test for saponins in both samples, supported by strong qualitative reactions, shows that they are the dominant bioactive compounds in these vinegars. This suggests potential nutraceutical applications, particularly in cardiovascular health
4.4 pH Content of Vinegar Produced from Sweet Potato
Both samples had acidic pH values within the acceptable range for vinegar (2.4 – 3.4), which supports microbial safety and product stability (FAO/WHO, 2000). Sample A had a slightly higher pH (3.26) compared to the control (2.90), suggesting milder acidity. This could make the product more palatable for individuals with acid sensitivity or digestive conditions.
Acetic acid bacteria (AAB) ferment ethanol into acetic acid, lowering the pH. The milder pH in potato vinegar may reflect a lower ethanol content, less fermentable sugar, or shorter fermentation time (Solieri & Giudici, 2009).
4.5 Total Titratable Acidity (TTA) Content of Vinegar Produced from Sweet Potato
TTA quantifies the total acid content (primarily acetic acid). Sample A recorded 2.5%, while the control had 3.8%, which is within the typical ACV range (3.5–5%) (Adams & Hall, 2002).Low TTA in Sample A may require process optimization (e.g., longer fermentation, improved inoculum) to meet standard commercial vinegar thresholds(≥4%) (US FDA).
4.6 Total Dissolved Solids (TDS) Content of Vinegar Produced from Sweet Potato
TDS values reflect the overall concentration of soluble solids such as minerals, organic acids, and unfermented carbohydrates. The higher TDS in Sample A (1539 mg/L) compared to the control suggests greater nutrient density and organic load, potentially from potato starches, proteins, and micronutrients not fully broken down during fermentation.High TDS may enhance the functional value but also affect clarity and shelf life, requiring filtration or sedimentation if a clear vinegar is desired (Alozie et al., 2015).
4.7 Vitamin CContent of Vinegar Produced from Sweet Potato
Vitamin C is a water-soluble antioxidant important for collagen synthesis, ironabsorption, and immune function. Sample A had 0.20 mg/mL, slightly less than the control (0.25 mg/mL), yet still notable considering that potatoes typically lose vitamin C through cooking.The fermentation process may have preserved or stabilizedvitaminC through microbial synthesis or reduction in oxidative degradation (Stefanello et al., 2015).This supports the classification of potato vinegar as a functional food with antioxidant benefits.






CHAPTER FIVE
5.0 Conclusion
The potato-based vinegar demonstrates promisingbioactivity, particularly due toits strong saponin content, making it a potential alternative to apple cider vinegar in health and culinary applications. However, the absence ofditerpenessuggests anopportunity tooptimize fermentation parameters(e.g., duration, microbial strains, co-fermentation with peel-rich plant sources) to enhance the therapeutic potential of your product.
Despite being anunconventional substrate, potatoes have shown great promise invinegar production with a High TDS and presence of Vitamin C suggest anutrient-rich profile, Strong saponin content impliestherapeutic potential.
Though less acidic, the vinegar approaches the standard profile ofcommercial ACV.
It can be suggested that with a slightprocess modification, potato vinegar can bepositioned as a cost-effective alternativeto commercial vinegar, A nutraceutical product with immune-boosting and hypocholesterolemia benefits, and sustainable innovationin postharvest utilization of local tubers.
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