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Abstract

:

Sorghum beer (pito) is an indigenous alcoholic beverage peculiar to northern Ghana and parts of other West African countries. It is overwhelmed with calories, essential amino acids (such as lysine, etc.), B-group vitamins, and minerals. In recent years, there has been a growing demand for highly flavoured yet functional pito in Ghana; however, the local producers lack the prerequisite scientific expertise in designing such products. We propose the utilization of Tetrapleura tetraptera (TT) and Hibiscus sabdariffa (HS) as cheap and readily available materials in designing functional flavoured pito. The addition of TT and HS would not alter the fermentation profile but rather augment the starter with nutrients, thus improving the fermentation performance and shelf life of the final pito. In vitro and in vivo studies provide substantive evidence of antioxidant, nephro- and hepato-protective, renal/diuretic effect, anticholesterol, antidiabetic, and antihypertensive effects among others of the TT and HS, hence enriching the pito with health-promoting factors and consequently boosting the health of the consumer. Herein, we summarise the phytochemical, biological, pharmacological, and toxicological aspects of TT and HS as well as the technology involved in brewing the novel bioactive-flavoured pito. In addition, we also report the incidence of heavy metal in conventional pito.
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1. Introduction


Sorghum beer, traditionally known as pito, is an alcoholic beverage native to northern Ghana and parts of other West African countries. It is largely brewed at households in Ghana, mainly from malted sorghum, water, ‘yolga’ (mostly crushed stem bark of Grewia mollis or Anogeissus leiocarpa or crushed okra stalk), and yeast (generally mixed culture obtained as a slurry from previous fermentation; referred to locally as ‘dembila’, ‘dambeli’, ‘dabeli’, or ‘sabouli’ in different parts of northern Ghana). It is worth knowing that other producers use millet as sole grain or mixed with the former grain during malting. In Ghana, pito is widely patronised within the Upper East and Upper West regions due to the thriving cultivation of sorghum [1]; nevertheless, there is a growing demand in the rest of the regions in Ghana. The art of brewing this sort of beverage is not consistent compared to western lager beer because it is brewed by indigenous folks who have little to no idea about the scientific processes involved. Therefore, the same batch of beer could have a different colour, flavour, and taste (from sweet to sour). Moreover, pito is a product of spontaneous fermentation, and evidently, different microorganisms have been isolated [2,3,4,5]. As reported in the literature, the hue varies from one producer to the other, ranging from golden yellow to dark brown [6]. This could be ascribed to the colour of the sorghum grains utilized during malting. Grains from different sorghum cultivars exhibit a wide myriad of colours, thus giving the final product its characteristic colour. Pito is enriched with carbohydrates, proteins, some vitamins, as well as lactic acids [6]; therefore, moderate consumption may have positive health benefits. Sefa-Dedeh et al. [7] documented four types of pito in Ghana, namely Nandom, Kokomba, Togo, and Dagarti. Basically, the same raw materials are utilized in brewing them. However, the uniqueness of each type could be associated to the methods of wort production, degree of malting and post-treatment of malts, temperatures under which the fermentation was carried out, and yeast strains utilized.



Tetrapleura tetraptera (TT) is a deciduous flowering plant from the family of the Fabaceae Mimosoideae and grows well in the rainforest zones of Africa [8]. The matured fruits are known as prekesse in Ghana and usually fall off the tree when matured. It is usually dried further before utilization (i.e., as herbal medicine, an ingredient for flavouring soup and stews, among others) [9]. A popular drink in Ghana called natu prekese drink is produced from TT (Figure 1). Nutritional and potential benefits of prekese have been highlighted by earlier researchers. It is documented to have flavonoids, phenols, cardiac glycosides, terpenoids, saponins, and phlorotannins, among others, thus exhibiting varying pharmacological effects. Moreover, it is utilized as a herbal medicine to cure numerous health conditions (i.e., jaundice, inflammation, convulsion, fever, epilepsy, and leprosy) [10,11,12,13,14]. Over 40 volatile compounds have been identified and quantified in prekese, which includes esters, aldehydes, alkenoates, higher alcohols, and carbonyl compounds [15,16], thus making it an ideal material for flavouring and fortifying pito.



Hibiscus sabdariffa (HS) is an annual, bristling, bushy, herbaceous shrub that can grow up to 8 ft (2.4 m) tall, with smooth or nearly smooth, cylindrical, and typically red stems. It grows in well-drained soils; however, it can tolerate poor soils as well and hence thrives in soils across Ghana. The petioles are short, having alternate leaves, 7.5–12.5 cm long, and exhibiting a vine hue ranging from green to reddish [18,19]. A red calyx is developed from the stalking point (base) where the leave erects, consisting of five large sepals with a collar (epicalyx) and pointed bracts (or bracteoles) at the base, which enlarges, becomes fleshy, and crispy but juicy, enclosing light-brown seeds. When HS is matured, the capsule (housing) dries, turns brown, and splits open, displacing the seed [20,21]. The indigenes of northern Ghana utilise whole parts of HS. The leaves are used as vegetables when fresh; however, they can be dried and used during the dry season. The fresh or dried calyces are used in producing beverages popularly known as sobolobo (Figure 2) across Ghana. The stalks are usually dried, and the fibre extracted. The indigenes use fibres for roofing detached mud houses and gardening. The seeds are roasted and eaten as an appetizer. Many studies have also documented some potential uses of calyces in fermented drinks, wine, jam, jellied confectionaries, ice cream, chocolates, puddings, and cakes [18,22,23,24,25,26,27]. Earlier studies have utilized extracts of HS (must) in producing wine [25,28,29]. The calyces are reported to contain potent bioactive ingredients, such as organic acids (citric, malic acids, etc.), anthocyanins, polysaccharides, and flavonoids [19,30,31,32,33].



Recently, there is a growing demand for highly flavoured yet functional pito in Ghana; however, local producers lack the prerequisite technical (scientific) know-how in designing such products. Therefore, one potential possibility is to utilise TT (source of bioflavour and bioactive ingredients) and HS (bioactive ingredients) as inexpensive and readily accessible materials in designing functional flavoured pito. A recent report of the higher patronage of traditional gin ‘akpeteshie’ flavoured with prekese [9] further buttresses the feasibility of such a product. The development of products that confer beneficial effects on the health of the consumers is the theme of 21st century food research [34]. Other researchers have also utilised various fruits during brewing, with the aim of improving/increasing flavour and the bioactive/antioxidant potentials of beers [35,36,37]. However, a literature search on databases (Web of Science, PubMed, and Scopus) revealed that prekese and HS have not been utilized in designing beer of any sort, therefore, making the findings compounded in this manuscript a promising study. Moreover, the technological production of this novel pito is straightforward, hence local producers may adopt it to improve their profit.



Therefore, the present paper aims to report the potential application of local materials to design bioactive-flavoured pito with health-promoting benefits. Methods of designing the product with TT and HS are outlined. The phytochemical, biological, pharmacological, and toxicological aspects of TT and HS are elaborated as well as characterization of the final bioactive-flavoured pito.




2. Proximate Composition of Pito


The essence of consuming food and drinks is to provide necessary carbohydrates, proteins, lipids, dietary fibres, essential minerals, and vitamins required for the normal physiological functioning of the human system. Adazabra et al. [38] stated that the elemental composition of pito is of great importance for its nutritional value due to its involvement in various important physiological and metabolic processes of the body. According to [38,39], pito is overwhelmed with calories, essential amino acids (such as lysine, etc.), B-group vitamins (i.e., thiamine, folic acid, riboflavin, and nicotinic acid), as well as minerals (Table 1). A recent study [40] revealed that pito brewed using different raw materials (sorghum, millet, and corn) contained a vast myriad of nutrients. The authors reported that the proximate composition of the cereal-based alcoholic drinks (sorghum, millet and corn) were significantly different (p < 0.05) except for vitamin B2 (see Table 1). Different brands of pito (n = 8) were screened for 13 different elements (aluminium (Al), arsenic (As), barium (Ba), chlorine (Cl), cobalt (Co), copper (Cu), iron (Fe), potassium (K), magnesium (Mg), manganese (Mn), sodium (Na), silicon (Si), and zinc (Zn)), and the results revealed that all brands were particularly rich in K > Cl > Mg. However, the rest were generally detected in varying concentrations. As reported by [41], the major elements detected in pito are present in bioavailable forms, thus they can easily be digested and assimilated by our body. Similarly, pito samples sourced from Bolgatanga, Tamale, Wa, and Accra, Ghana were analysed for their mineral composition. Essential minerals, such as Na, K, Fe, Zn, Mn, Cu, and Ni (nickel), were detected at higher concentrations, suggesting that pito is an excellent source of these minerals and could aid curb macronutrient deficiencies. The mean concentrations of K and Na in pito from Bolgatanga, Tamale, Wa, and Accra were 750.50 ± 90.25, 942.67 ± 176.97, 694.75 ± 117.50, and 790.00 ± 9.19 mg/L and 21.75 ± 12.20, 28.33 ± 9.71, 60.25 ± 4.19, and 25.50 ± 3.54 mg/L, respectively [42]. The crude protein (%), ash content (%), and dry matter of pito were found to be 2.5, 4.0, and 3.5, respectively. Additionally, [4] reported the concentrations (in ppm) of minerals (Mn, Ca, and Fe) in pito to be 110, 1.11, and 5.30, respectively. From the evidence above, it can be concluded that pito is a good source of nutrients, especially the essential micronutrients; thus, moderate drinking might impact positively on the health of consumers. It is reported that pito is usually consumed by the poorest folks within society [43], who happen to be vulnerable to most micronutrient deficiencies; hence, drinking pito may help supplement their daily nutritional requirements.




3. Tetrapleura Tetraptera


3.1. Nutritional Profile


The proximate composition of prekese is well elucidated, and [47] reported the ash (3.17–3.48), crude protein (5.13–8.65), sugar (3.29–39.63), and starch (7.56–29.10) content of prekese based on the percentage dry weight. The mineral content (mg/kg), including iron (Fe; 29.69–65.06), zinc (Zn; 5.35–25.16), copper (Cu; 4.00–12.54), magnesium (Mg; 392.35–2951.28), manganese (Mn; 16.23–178.91), sodium (Na; 119.48–2364.93), calcium (Ca; 1348.63–13839.86), potassium (K; 8631.09–14881.00), and boron (B; 1.14–6.23), were also quantified. In a similar study, [14] quantified, in percentage (%), the protein (5.61–6.69), moisture (5.06–8.22), fats (11.19–24.71), carbohydrates (58.48–63.86), ash (2.65–4.02), and fibre (3.14–4.11) contents. In addition, various minerals (mg/100 g) were also detected: Mn (322.00–342.00), K (251.22–288.62), Ca (182.11–200.02), Mg (92.56–98.66), Na (19.95–26.80), P (36.22–43.11), Fe (16.11–18.22), Zn (10.75–16.24), and Cu(8.22–10.11) along with vitamin A (3.22–4.69), vitamin E (2.66–3.69), vitamin C (0.88–1.20), niacin (0.11–0.12), thiamine (0.01–0.04), and riboflavin (0.01–0.03).



The seeds contain chlorophyll a, chlorophyll b, β-carotene, and xanthophyll in the following concentrations (μg/100 mL): 470.25 ± 74.58, 225.50 ± 30.13, 0.35 ± 0.03, and 180.90 ± 16.22, respectively [48]. With reference to the above data, it can be said that the nutritional composition of prekese varies, which could be associated to differences in the location where the samples were sourced coupled with the soil and weather under which they were cultivated. Essential and non-essential amino acids were also quantified in prekese. The results revealed that prekese contains a total of 17 amino acids [49]. The predominant essential oil and fatty acids in prekese according to [16] are acetic acid (34.59%), 2-hydroxy-3-butanone (18.25%), butanoic acid (8.35%), 2-methyl butanoic acid (7.58%), 2-methyl butanol (7.45%), butanol (4.30%), 2-methyl butenoic acid (3.65%), and nerol (3.25%). The nutritional profiles stated above show that prekese could be utilized in intervention studies to curb the malnutrition menace plaguing the African continent.




3.2. Phytochemical Composition


Phytochemicals (phytonutrients) could be described as bioactive compounds found in plants with distinct activity toward the biochemistry and metabolism of consumers. Although, some phytochemicals are antinutritive. Originally, these vital compounds are synthesised by plants to help them thrive, thus killing competitors and pathogens. According to [50], phytochemicals are natural substances and are synthesised by plants neither via energy metabolism nor in anabolic or catabolic metabolism but only in specific cell types. In a quantitative analysis, [51] indicated (%) that prekese had saponin (5.670 ± 0.294), tannin (3.194 ± 0.323), flavonoid (0.073 ± 0.002), alkaloids (0.633 ± 0.057), phenol (0.373 ± 0.013), and glycosides (0.0072 ± 0.0002). Similarly, [13] reported that the seeds of prekese contained phenols (0.34 ± 0.10), flavonoids (0.91 ± 0.12), alkaloids (0.52 ± 0.08), tannins (0.23 ± 0.02), and saponins (0.51 ± 0.01). The phytochemical contents of prekese were reported to be high in the pulp and woody shell compared to the seeds. Table 2 shows a summary of the phytochemicals in prekese [47]. In addition, Irondi et al. [52] reported the concentration of various phenolics in the composition (Table 3) of prekese.



Tannins are generally regarded as anti-nutrients because they interact with proteins and form insoluble complexes, thereby reducing their bioavailability. Their potential health benefits cannot be overlooked as it is widely accepted and known that tannins confer anti-tumour as well as biocidal activities and are utilized in ulcer management, wound healing, and the control of bleeding and burns [54,55,56,57,58]. They are also implicated in the astringent and poor taste of food and drink. Nonetheless, they may be drastically reduced due to thermal treatments (i.e., mashing, wort boiling) in the final pito. According to [59], the concentration of tannins in thermally treated corn kernel (8.55%) was lower than the control (11.69%).



Rausch et al. [60] highlighted that saponins exhibit antioxidant, anticancer, anti-inflammatory, hyperglycaemic, and antifungal potentials, thus positively contributing to the healthy life of consumers. It has also been documented that saponins may have the potential to combine with cholesterol, impart a bitter taste, and cause haemolytic activity in water-based solutions [61]. However, in the case of pito, this phenomenon may be rare since pito has a negligible amount of cholesterol.



Akin-Idowu et al. [47] detected phytate in prekese, which ranged from 135.5 to 1097.50 mg/100 g. Phytate is known to inhibit the bioavailability of essential minerals. However, cooking/boiling could significantly reduce their concentration to levels insufficient to exhibit antinutritional potential.



There is a positive correlation between the total phenol and flavonoid contents and their antioxidant activities in prekese [62,63]. Plant phenols have gained increasing attention due to their potent action on oxidative stress-associated diseases, such as cancer, etc. Hydroxylated phenolic substances (flavonoids) may have potential in the management of patients suffering from coronary heart disease. Its biocidal activities against clinical viruses are well elucidated [64]. It is also effective against a wide array of inflammatory responses via many routes and the blockage of molecules like cyclooxygenase (COX), nitric oxide synthases (iNOS), cytokines, nuclear factor-κB, and matrix [65].




3.3. Biological Activities


3.3.1. Cytotoxic and Anti-Proliferative Activities


An in vivo study revealed that the extract of prekese is toxic to Ehrlich–Lettre ascites carcinoma (EAC cells), with a positive correlation between the extract concentration and nonviable cells. The authors ascribed the mechanism underlying the cytotoxic activity to direct cytolytic effects, including tumour cell lysis. It was also observed that as tumour cells increase, so does the ascitic fluid, because ascitic fluid is the source of nutrition for tumour cells. An amount of 80 mg/kg prekese treatment had increased the rate of the life span of EAC-bearing mice by 22% by reducing the number of viable EAC cells [66,67].




3.3.2. Hepatoprotective Activities


Okolie et al. [62] revealed that the treatment of laboratory mice with extracts of T. tetraptera and vitamin E significantly reduced the levels of liver function biomarkers, including alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP), and bilirubin, as well as the antioxidant parameter (MDA) in carbon tetrachloride (CCl4)-induced liver injury. In a similar study, the levels of AST and ALT activity were significantly (p < 0.05) reduced when alloxan-diabetic rats were treated with extracts of prekese as compared to the untreated groups [68].




3.3.3. Anti-Inflammatory Effects


Ojewole and Adewunmi [10] investigated the anti-inflammatory activity of aqueous extracts of prekese by using fresh egg albumin to induce pedal oedema in rats. Diclofenac (DIC, 100 mg/kg p.o.) was used as the reference anti-inflammatory agent. The results showed rats treated with prekese (50–800 mg/kg p.o.) produced dose-related significant reductions (p < 0.05) of the fresh egg albumin-induced acute inflammation. However, the effects of the aqueous extract were found to be less than that of the reference drug (diclofenac). Additionally, orally administering prekese extracts at a dose of 100, 200, and 400 mg/kg resulted in a reduction of knee swelling by 1.54 ± 0.27, 0.67 ± 0.14, and 0.35 ± 0.13 mm (corresponding to inhibition by 46.0%, 76.5%, and 87.7%), respectively, when compared to the arthritic control (2.85 ± 0.09) [69].




3.3.4. Antidiabetic Activity


In an in vivo study using a streptozotocin (STZ)-induced diabetes animal model and chlorpropamide (250 mg/kg p.o.) as the reference drug, [10] showed that prekese extract (TTE, 50–800 mg/kg p.o.) significantly reduced (p < 0.05) blood glucose concentrations of both fasted normal and fasted diabetic rats. It is believed that the mechanistic action exerted by the extract may be similar to that of the reference drug, chlorpropamide. Similarly, in a study with alloxan-induced diabetic male albino rats, it was observed that the activities of liver enzymes (AST and ALT), as well as bilirubin, were significantly increased in the control group compared to groups treated with either methanolic extracts or a standard antidiabetic drug (glibenclamide). At the experimental dose of 1 mg/kg, prekese leave extract was effective in managing some biomarkers (total and direct bilirubin) compared to glibenclamide. Notably, the extract exhibited a significant percentage change in the fasting blood sugar of normal (non-diabetic) rats compared to diabetic rats [68]. Komlaga [70] also reported the positives effect of ethanolic extract of prekese in lowering blood glucose compared to glibenclamide. The hypoglycaemic potential of prekese is well documented [71].




3.3.5. Antioxidant Activity (AOA)


1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging and ferric-reducing antioxidant property (FRAP) assays were employed in screening the antioxidant activity (AOA) of fresh fruits and the stem bark of prekese extracts. The results revealed the DPPH radical inhibition (%) ability of the stem bark and fruit ranged from 28.74–85.26% and 10.56% to 66.01%, respectively. With respect to the FRAP, the reductive ability ranged from 0.393 to 1.641 mg ascorbic acid equivalent/mL and 0.342 to 1.325 mg ascorbic acid equivalent/mL for the stem bark and fruit extract, respectively. It was concluded that the stem bark performed better as an antioxidant agent than the fruit [72]. In a collaborative study, [73] used various assays, namely DPPH, FRAP, 2, 2′- azino- bis (3-ethylbenzothiazoline-6-sulfonic acid) (ABTS), hydroxyl radical, nitric oxide radical, metal chelating, and total antioxidant capacity (TAC), in evaluating the AOA of ethanolic and aqueous extracts of prekese. Both extracts exhibited free radical scavenging and AOA; nevertheless, the aqueous extract has comparatively more potent in vitro free radical scavenging activity and AOA than ethanolic extract. It was also revealed that the antioxidant potency was positively correlated with the total phenolic content. Furthermore, [74] stated that all extracts (CEH: T. tetraptera hydroethanolic bark extract; CFH: T. tetraptera hydroethanolic fruit extract; CEE: T. tetraptera ethanolic bark extract; CFE: T. tetraptera ethanolic fruit extract) assessed exhibited various and diversified phenolics with free radical scavenging activities, antioxidant properties, and a high protective potential against oxidative-mediated ion toxicity. This was confirmed when the treated subjects showed an increase in the enzyme activities of superoxide dismutase (SOD), catalase (CAT), and glutathione peroxidase compared to the positive control. Numerous other researchers have also assayed the AOA of various extracts of prekese [53,69,75,76,77,78].




3.3.6. Biocidal Activities


Gberikon et al. [79] reported that the sensitivity pattern of test organisms (Streptococcus mutans and Streptococcus salivarius) to fruit extracts (aqueous and ethanol) of prekese was higher than the stem bark extract. The findings also revealed that ethanol extract produced clear zones of inhibition on the tested organisms than the aqueous extract. In addition, it was observed that for ethanolic extracts, while the stem bark extract at a concentration of 100 mg/mL inhibited the growth of Streptococcus mutans, a higher concentration (400 mg/mL) of the fruit extract was needed to inhibit the growth of Streptococcus mutans. It could therefore be presumed that the ethanol in pito would result in higher extraction of these compounds responsible for this biocidal activity in pito, which might ultimately lessen microbial contamination in the final product. Achi [80] correspondingly documented a high sensitivity after screening the extract of prekese against important foodborne bacteria. Among the test organisms, Escherichia coli (ATCC11775), Pseudomonas aerugionsa (ATCC10145), and S. aureus (ATCC12600) showed higher sensitivity than Bacillus. subtilis (ATCC6051). According to the author, the minimum inhibitory concentration (MIC) of the extract was 250 μg/mL against E. coli, P. aeruginosa, and Staphylococcus aureus. However, for B. substilis, the MIC of the plant extract (500 μg/mL) was found to be higher than those of the control (sorbic acid (250 μg/mL or benzoic) acid. The fungicidal activity of prekese seed extract against important fungi, such as Aspergillus niger, Penicillium notatum, and Candida albican, has also been reported [13].





3.4. Toxicological Aspect


Noamesi et al. [81] reported that acute cytotoxic concentrations of prekese (438 μg/mL) extracts killed 50% (LC50) of brine shrimp within 24 h. The extract was still effective when applied in conjunction with other extracts Guibourtia ehie and Taverniera abyssinica; however, G. ehie alone did not kill the shrimps even at 2 mg/mL, indicating that prekese contributed significantly to the potent bioactivity. When two species of fish, Tilapia nilotica and T. galilaea, were treated with prekese, both fishes died after 24 h; however, the former showed an LC50 at 0.35 whereas the latter was 0.44 ppm, indicating differences in the susceptibility to the extract among the fish species [82]. Ethanol extract of prekese was also reported to elicit selective toxicity at various concentration. The extracts did not induce pathological lesion in the liver; however, they resulted in an elevation of AST and other metabolic biomarkers. The authors recommended a minimum oral intake of 50 mg/kg bodyweight [83]. In addition, aqueous extract of TT (8000–12,000 mg/kg) manifested signs and symptoms of toxicity ranging from weakness, reduced respiration, and locomotor activity to death. However, the authors concluded that the extract was practically non-toxic, hence it could be classified as non-toxic since the LD50 value was found to be 10.0 g/kg [84].





4. Hibiscus Sabdariffa (Malvaceae)


4.1. Nutritional Profile


Various laboratories across the globe have contributed to the determination of proteins, fatty acid profile, essential oil composition, carbohydrates, crude fibre, total phenolic content, flavonoids, and minerals of HS in order to understand and utilise HS or its components in intervention studies. Juhari and Petersen [85] screened the seeds of HS and found them to contains moisture (8.4 ± 0.10%), protein (21.3 ± 0.9%), total dietary fibre (47.3 ± 1.4%), carbohydrate (0.3 ± 0.1%), lipids (16.2 ± 0.5%), and ash (6.5 ± 0.0%). Salah and Hayat [86] investigated HS seed flour and defatted flour for their proximate composition, nitrogen solubility, and functional properties of protein isolates. They reported (in%) the moisture content, crude protein, crude fibre, ash, fat, and nitrogen-free extract for the former to be 4.95 ± 0.6, 32.46 ± 3.4, 13.90 ± 1.6, 9.40 ± 1.2, 22.43 ± 2.1, and 16.86 ± 1.7 whereas these values were 7.05 ± 0.8, 46.46 ± 4.3, 9.65 ± 1.3, 12.45 ± 1.4, 4.34 ± 0.6, and 20.05 ± 2.2 for the defatted flour. The major fatty acids in HS seed are palmitic (9.2%), oleic acid (33.5%), and linoleic acid (44.2%) [26]. Various classes of vitamins (mg/100 g) were also reported in HS: Folate (6.26 ± 0.03), β-carotene (8.96 ± 0.01), vitamin B2 (0.27 ± 0.03), vitamin B3 (0.05 ± 0.00), vitamin B6 (0.80 ± 0.01), vitamin C (13.07 ± 0.01), and vitamin E (0.07 ± 0.01) [87].



Adanlawo and Ajibade [88] evaluated the red and green variety of HS, with each divided into two treatment groups. One group was soaked in wood ash overnight while the other was not. The red calyces of HS with and without soaking in wood were labelled R2 and R1, respectively, whereas the green calyces of HS with and without soaking in wood were labelled G2 and G1, respectively. The minerals (g/100 g) reported for the red variety included: Na (R1: 96.66, R2: 87.43), K (R1: 49.35, R2: 118.30), Ca (R1: 12.65, R2: 16.12), Mg (R1: 38.65, R2: 47.54), Fe (R1: 3.22, R2: 2.41), Zn (R1: 12.22, R2: 16.61), Mn (R1: 2.39, R2: 2.86), Ni (R1: 1.78, R2: 2.09), and P (R1: 36.30, R2: ND). On the other hand, the green variety contained Na (G1: 48.19, G2: 32.70), K (G1: 49.59, G2: 77.78), Ca (G1: 21.58, G2: 49.54), Mg (G1: 47.54, G2: 71.76), Fe (G1: 3.37, G2: 1.94), Zn (G1: 16.28, G2: 26.76), Mn (G1: 5.61, G2: 9.86), Ni (G1: 3.57, G2: 28.33), and P (G1: 15.05, G2: ND). The K levels, reported to aid in the physiological balance of the body, in both varieties were augmented by the soaking of samples in wood ash. Likewise, two varieties (red and yellow) of HS and drinks produced from them were analysed for various nutrients, with both varieties and their drinks found to contain appreciable quantities of nutrients. The authors resolved that HS could be a promising source of iron (800.67–833.00 mg/100 g) and β carotene (281.28–285.29 RE/100 g) [89].



It is worth mentioning that, due to the nutritive value of HS, [90] utilised it in a community-based feeding intervention programme in some districts of the Upper East Region of Ghana. The authors concluded that HS feeding (1.9 kg/day) improved iron levels of women of childbearing age, and protected against stunting among toddlers during the dry/lean season. Therefore, employing it in pito fortification would go a long way to curbing some of the mineral deficiency menaces in the general public.




4.2. Phytochemical Composition


Recently, [32] assessed HS calyx and its by-products for bioactive compounds and detected phenolic compounds (14.24 ± 0.77 GAE mg/g), flavonoids (10.37 ± 0.67 CE mg/g), and anthocyanins (5.76 ± 0.43 mg C3 G/g); however, the concentration in the calyx by-product were lower (p < 0.05) by 52.0%, 45.7%, and 57.1%, respectively. Further analysis with ultra-performance liquid chromatograph (UPLC) coupled to a quadrupole time-of-flight (QTOF) mass spectrometer (MSE) identified 34 extractable polyphenols, 3 non-extractable polyphenols, and 2 organic acids in calyx and its by-product. Table 4 shows the concentrations of individual phenolics obtained by different extraction assays. Nguyen et al. [91] extracted anthocyanins from HS. In fact, its rich content of anthocyanins (e.g., delphinidin-3-glucoside, delphinidin-3-sambubioside, cyanidin-3-glucoside, and cyanidin-3-sambubioside), which is responsible for its reddish colouration, has placed it in the spotlight as an alternative source of an edible colouring agent to replace the synthetic colouring additives currently being used [92]. β-sitosterol, ergosterol [93,94], quercetin, luteolin, and its glycoside [95] were also detected in separate studies of HS extracts. Similarly, [96] found an appreciable concentration of quercetin and rutin: 3.2 mg/g and 2.1 mg/g, respectively. Some important compounds in different HS species have been extensively reviewed [97].




4.3. Biological Activities


4.3.1. Anti-Inflammatory Effects


Meraiyebu et al. [100] observed a significant reduction (p < 0.05) in paw (carrageenan-induced inflammation) diameter in the group that received a high dose (500 mg/kg b.w) of methanolic extract of HS from 0.566 ± 0.023 to 0.414 ± 0.009 compared with the control group. Likewise, Obouayeba et al. [101], in a recent study, also showed that 200 mg/kg body weight of HS aqueous extract significantly inhibited carrageenan-induced paw inflammation in rats compared to the control. The inflammatory activities were ascribed to the phenolic compounds, especially the flavonoids (gossypetin, hibiscetin, quercetin, and sabdaretin), in the extract. Similarly, [102] ascribed the potent anti-inflammatory effects of HS extracts to the phenolic acids, especially trans 3-O-caffeoylquinic acid. However, in an earlier study, [103] documented that HS extract performed poorly when compared to aqueous extracts of Acacia nilotica in the inhibiting (reduction of paw oedema) effect on a carrageenan-induced paw.




4.3.2. Antioxidant Activities (AOA)


Using the 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical-scavenging activity, Nguyen et al. [104] reported higher antioxidant activities of cookies supplemented with HS seed powder (73.98 ± 1.11%) compared to the control (54.04 ± 0.97%). In addition, the total phenolics (one of the major groups of compounds responsible for AOA) was found to be high in HS-supplemented cookies (1.91 ± 0.07 mgGAE/g) compared to the control (1.25 ± 0.07 mgGAE/g). The antioxidant activity of HS is reported to be concentration dependent. Comparing various concentrations of HS extract, the authors documented the following % inhibition/scavenging activity of 89.70 ± 0.639, 63.56 ± 2.132, 60.69 ± 1.350, 58.38 ± 2.286, and 57.01 ± 4.045 for the concentration (mg/mL) of 100, 50, 25, 12.6, and 6.25, respectively. Though at higher concentrations, the AOA of HS was comparable to that of the standard, it was nonetheless lower compared to the standard. Furthermore, [105] isolated protocatechuic acid (PCA), a simple phenolic compound, from Hibiscus and assessed its protective effects against oxidative damage induced by tertbutylhydroperoxide (t-BHP) in rat hepatocytes. The results revealed that PCA was effective in suppressing indicators of hepatic damage, such as lactate dehydrogenase (LDH) and ALT, at a concentration of 0.05 mg/mL (p < 0.01 for LDH; p < 0.05 for ALT) and 0.10 mg/mL (p < 0.01 for LDH and ALT). In addition, PCA significantly inhibited the synthesis of malondialdehyde (p < 0.05 and p < 0.01), a biomarker of cell injury. The authors concluded that the main mechanism of the AOA is its ability to quench free radicals. The addition of HS extracts to palm wine increased the antioxidant activity of the final products after fermentation [106]. Several other studies have been published on the AOA of various parts of HS [107,108,109,110,111,112,113].




4.3.3. Antidiabetic and Anti-Hypertensive Effects


With regards to the antidiabetic activity, streptozotocin-induced diabetic mice (55 mg/kg) showed a significant decline in blood glucose after the administration of ethanolic extract of HS (600 or 400 mg/kg). The reference drug glibenclamide (0.65 mg/kg) showed a similar trend in lowering the blood glucose levels in diabetic mice [114]. A significant diminution in blood glucose (41–46%) and insulin levels (14%) after the oral administration of ethanolic extract of flowers of HS for 21 days on streptozotocin-induced (60 mg/kg) diabetic Charles Foster strain male albino rats has been reported. In addition, the total serum cholesterol decreased significantly (p < 0.05; p < 0.001) whereas high density lipoprotein (HDL)-cholesterol increased by 12.54 ± 5.98% [115]. Similar findings have been reported by [116]. Mozaffari-Khosravi et al. [117] carried out a randomised double-blind controlled trial to compare the potential anti-hypertensive efficacy of sour HS (ST) and black tea (BT) on 60 diabetic patients with mild hypertension not taking antihypertensive or antihyperlipidemic medicines. The findings revealed that the mean pulse pressure (PP) of the patients in the ST group decreased from 52.2 ± 12.2 to 34.5 ± 9.3 mmHg (p < 0.001), whereas an increase from 41.9 ± 11.7 to 47.3 ± 9.6 mmHg (p < 0.01) was observed in the BT group. With respect to the systolic BP (SBP), the ST group showed a decrease from 134.4 ± 11.8 to 112.7 ± 5.7 mmHg after 1 month (p-value of 0.001); however, an elevation (from 118.6 ± 14.9 to 127.3 ± 8.7 mmHg) was observed in the BT-treated group. In this regard, ST had positive effects on blood pressure in type II diabetic patients with mild hypertension. Likewise, McKay and colleagues conducted a randomized double-blind placebo-controlled clinical trial on 65 pre- and mildly hypertensive adults aged 30–70 years not taking blood pressure (BP)-lowering medications with brewed HS tea and a placebo beverage for 6 weeks. The results demonstrated that daily intake of HS teas lowered the BP of pre- and mildly hypertensive adults [118]; thus, it could be used in an intervention for folks with these conditions. According to the literature, the anti-hypertensive activity of HS extracts could be attributed to the inhibition of angiotensin-converting enzymes (ACEs), acetylcholine-like and histamine-like mechanisms, diuretic effect, reduction in the diffusion distance between capillaries and myocytes, as well as new vessel formation and direct vaso-relaxant effects [19,119,120,121,122,123,124].



In addition, Huang et al. [125] showed that herbal extracts of HS were effective in reducing high-glucose-stimulated cell proliferation and migration in a dose- and time-dependent manner. The proliferating cell nuclear antigen (PCNA) and matrix metalloproteinase (MMP)-2 activation were roundly suppressed by the extracts. Conclusively, the authors suggested that the extracts of HS may potentially be used as adjuvant herbal therapy for managing diabetic patients.




4.3.4. Biocidal Activities


The biocidal activities of HS extracts have widely been acclaimed by several researchers. Puro et al. [126] found that aqueous extract of HS at a concentration (mg/mL) of 100, 50, and 25 was able to inhibit the growth of S. aureus, E. coli, and Klebsiella pneumoniae. In a similar study, [127] demonstrated the antimicrobial action of HS extracts on E. coli strain O157:H7, a major bacterial foodborne pathogen isolated from food, veterinary, and clinical samples. The authors concluded that extracts of HS were effective at all tested concentrations in inhibiting the growth of bacteria, and thus could be used as a source of bioactive compounds as well as a biocidal agent. Recently, [102] showed the biocidal activities of HS extracts (hydroethanolic and infusion extracts) on various important bacterial and fungal species. They found a higher minimum inhibitory concentration (MICs) against Micrococcus flavus, S. aureus, Listeria monocytogenes, P. aeruginosa, and Salmonella typhimirium in both extracts. Nevertheless, Bacillus cereus, Trichoderma viride, and Aspergillus ochraceus showed lower MIC values for both extracts. Conclusively, both extracts exhibited good antibacterial and antifungal activity in comparison with a control.



A recent study revealed that hydroethanolic extract of HS was effective against all test fungi (Aspergillus fumigatus, Aspergillus versicolor, Aspergillus ochraceus, Aspergillus niger, Trichoderma viride, Penicillium funiculosum, Penicillium ochrochloron, Penicillium verrucosum var. cyclopium) compared to an infusion extract. In addition, T. viride showed resistance to the extracts (MIC = 0.075 and minimal fungicidal concentration (MFC) = 0.15 mg/mL). The authors ascribed the fungicidal activity to the different concentrations of phenolic compounds identified in the extracts [92].





4.4. Toxicological Aspect


Fakeye and co-workers orally administered an extract of HS obtained by different solvents (water, 50% ethanol, or ethanol) to male Charles Foster rats in the quest to elucidate their toxicity levels. They reported that rats fed with a lower dose of 300 mg/kg of aqueous or 50% ethanol extracts exhibited a loss of fur in the first 3 days after treatment. The groups administered with 50% ethanol and aqueous extracts died by 40 and 60 days, respectively. In contrast, all of the group fed with 100% ethanol extract survived. Additionally, a significant reduction in the erythrocyte count in all groups was observed. The results revealed that while higher doses of aqueous and 50% ethanol extracts significantly increased the level of AST, all extracts increased (significantly) ALT and creatinine levels, with a more prominent increase in the creatinine level observed in aqueous extracts. The authors concluded that aqueous extracts caused an increase in serum creatinine whereas 50% ethanol had profound effects on liver function enzymes (biomarkers for liver damage) and creatinine levels [128]. In a recent study, [102] observed that hydroethanolic extract of HS had a significant toxicity effect on cervical carcinoma cells (HeLa; 250 ± 13 GI50) compared to an infusion extract (321 ± 9 GI50). Moreover, the hydroethanolic extract also showed substantial activity (321 ± 9 GI50) against hepatocellular carcinoma (HepG2) compared to an infusion extract (>400 GI50). However, none of the extracts were harmful to the non-tumour cell line (PLP2, porcine liver cells), even with the maximal tested concentration (400 μg/mL). Liver and kidney indices (AST, ALT, ALP, and direct bilirubin) significantly increased, indicating organ dysfunction, when 1–5 g/kg of calyx extracts of HS was fed to rats. Furthermore, at dose levels of 2, 3, 4, and 5 g/kg, the levels of creatinine, urea, and uric acid increased significantly compared to the control group [129]. Conversely, [130] reported that extracts of HS did not manifest acute toxicity in Sprague-Dawley (SD) rats even at an amount of 5000 mg/kg body weight. This study showed the potential safety (virtually non-toxic) of HS, hence it could be utilized in the food industry. Similar results were reported by [131]. Gaya et al. [132], after orally administering varying doses of HS seed extract for six days, observed acute toxicity (LD50) only above 5000 mg/kg. Additionally, the average intake of 150–180 mg/kg/day of an aqueous-ethanol extract of HS calyces appeared to be safe, but higher doses may result in liver damage [133]. Obouayeba and colleagues [101] found no LD50 nor death of rats after 24 h of administration of HS extracts ranging from 250 to 2000 mg/kg of body weight.



From the above literature, it can be concluded that depending on the dose and specific parts of HS consumed, toxicity may result; however, in general, HS is safe for consumption and the fortification of food.





5. Brewing Processes with Tetrapleura tetraptera and Hibiscus sabdariffa (Malvaceae)


5.1. Indigenous Malting, Wort Production, and Fermentation


The entire process of brewing bioactive pito is summarised in Figure 3. Sorghum or millet could be sourced from the local market or from a farmer. Broken kernels and debris (unwanted materials) would then be removed manually by winnowing. The clean grains could then be steeped in water (10 L) at 25 °C for 24 h. The water of steeped grains would be drained off, and the soaked grain spread in a jute sack while another is used to cover it. Water is then sprinkled on the sack to provide enough moisture for germination of the grains. This is vital for enzyme synthesis (amylases, proteases, etc.), which are necessary for starch conversion during mashing. The grains could be germinated at 30 °C for 4 days, followed by kilning (sun drying for 3 days). The shoots and rootlets could be removed manually; however, this step is usually not carried out by indigenous brewers. The dried malt would then be milled into flour. An amount of 6.9 kg of milled malt (70% sorghum and 30% millet) could be mixed with hot water (about 53 °C) and allowed to rest for 30 min in order to gelatinize malt starch. The timing at this stage would vary depending on the brewer/producer. In the traditional setting, the milled malt is usually mixed with warm water on a fire and stirred for about 30 min. Other cereal grains could be utilized as alternative malts sources. It is worth mentioning that these local producers do not consider the size of the milled malt as in western brewer practice. Therefore, there are always issues with the filtration process. To curb the menace of filtration, the brewers employ ‘yolga’ (Figure 4) during the mashing to produce less viscous wort, thus it flows easily through the more compacted mash bed (Figure 5). Indigenous brewers always leave the mash overnight to enhance gelatinization and cooling. After cooling (the next day), the mash would be brewed according to the following mashing program: 63 °C for 60 min, 75 °C for 90 min, and cooled to 30 °C [1,35,134,135]. The mash could then be poured in a millet stalk woven basket for filtration (Figure 5). Rice husk could be added to enhance filtration. The obtained wort (hazy due to insufficient filtration) is then boiled for several hours. Ten minutes before the end of boiling, an amount of 10 g each of HS and prekese could be added to the boiled wort. This would aid extraction of the bioactive as well as the aroma compounds, thus bolstering the nutritional profile and aroma of the final pito (Figure 6). Another option would be to extract the bioactive and aroma compound via infusion, with water as the solvent. The solution could then be added to the boiling wort. In this case, ethanolic extraction is not recommended because ethanol could inhibit the growth and acclimatization of the yeast, thus causing stuck fermentation. The physicochemical properties of HS extract, must, and wine are reported in Table 5.



According to [137], the leaves of Vernonia amygdalina (2 g/L) could be added 10 min before the end of boiling. V. amygdalina, also known as bitter leaf, is a woody shrub known in the northern part of Ghana as ‘swaka’. Aside from being consumed as a leafy vegetable, it has been used therapeutically in several countries in Africa to treat gastrointestinal problems, microbial and parasitic infections, as well as diabetes [138]. Since indigenous brewers do not usually add hops (Humulus lupulus) during wort boiling, V. amygdalina could serve as hops, providing a tint of bitterness to the brewed pito. Extracts of V. amygdalina have been found to exhibit potent antimicrobial and antioxidant activities due to its low pH and higher phenolic compounds, respectively [139,140,141,142]. Gas chromatography-mass spectroscopy (GC-MS) analysis of V. amygdalina ethanolic leaf extract revealed overwhelming evidence of flavour compounds, such as 4-methyl-vinyl butyrate, 2,3-pentanedione, ethyl ester-9,12- octadecadienoic acid [142], etc.; therefore, it could enhance the flavour of the pito. The high concentration of phenolics in V. amygdalina could also enhance the antioxidant activities of the brewed pito in addition to other bioactive ingredients originating from the other raw materials (i.e., T. tetraptera and H. sabdariffa, sorghum, or millet). Since hops are expensive and not easily available for local pito brewers in Africa, replacing it with V. amygdalina could be a cheaper alternative, though hops would be superior to V. amygdalina. Consequently, the contribution of V. amygdalina in terms of antimicrobial activities, bitterness, antioxidant activities, etc. to brewed pito would impart good taste and make it safe for consumption.



The boiled wort is usually left to cool overnight, followed by pitching with yeast slurry or the dried form obtained from a previous batch of spontaneous fermentation. In some cases, the wort is pitched with yeast from a previous fermentation (backslopping) somehow entrapped on the jute sack. It usually takes 24 h or less for the fermentation to complete. It is worth mentioning that the concentration of biocidal compounds resulting from the addition of plants (HS and TT) before fermentation would not be enough to hinder the fermentation by the yeast; nonetheless, further research into it is required. The functional pito could then be served. Secondary fermentation/carbonation is not practiced by traditional/indigenous brewers. Due to the spontaneous fermentation involved in pito production, [5] isolated 70 yeast species belonging to either Saccharomyces cerevisae, Candida inconspicua, Issatchenkia orientalis, as well as Lactobacillus fermentum, Lactobacillus buchneri, and Lactobacillus sp. Extracts of HS, prekese, and V. amygdalina could augment the yeast nutrition in the wort for rapid and smooth fermentation. This may improve and give the final pito consistent flavour because of sufficient nutrients in the wort, and thus better synthesis of the flavour compounds. In western brewing, brewers always add calcium chloride and gypsum, among other minerals, to improve the nutrition, thus providing the yeast with all the minerals required for ideal fermentation; however, this is not practiced by local brewers of pito. Proximate analysis of the HS, V. amygdalina, and prekese revealed that these materials contain substantial amounts of these minerals, and thus could indirectly provide the yeast with the necessary nutrition [142]. Concentrated extracts could be incorporated after fermentation to enhance the biocidal activity of the suspending yeast, which later causes sourness and spoilage of the beer (for more details, see Section 8).




5.2. The Fate of Bioactive Compounds during Brewing


Brewing processes (mashing, wort filtration, fermentation) affect the concentration of bioactive compounds in the final beer. The polyphenol (flavonoids, non-flavonoids, tannins, and nontannins) content was significantly high in all malt worts compared to adjunct worts (malt and maize) after mashing, and decline during lautering. Interestingly, the concentration starts to increase during wort boiling and drops significantly during fermentation [143]. It was speculated that the yeast absorbed any phenols released, and hence a decrease in concentration is observed during and after fermentation [144]. Similarly, Pascoe and colleagues [145] observed a significant increase in some phenolics (i.e., catechin, ferulic, vanillic, chlorogenic, and p-coumaric acid) from mashing to wort boiling. Processes, such as wort dilution, fermentation, and warm rest, had no effect on most phenolics; however, they resulted in a significant decrease of ferulic acid after warm rest. Using the ABTS●+ scavenging activity and FRAP assay, the authors reported a significant increase in the antioxidant activity of samples at various stage of brewing. Precisely, ABTS●+ scavenging activity showed that fermentation had increased the AOA and later declined during warm rest. Recently, Koren et al. [146] reported that fermentation had no significant effects on the evolution of antioxidant activity. However, other brewing activities considerably increased AOA.



Fermentation was found to increase the concentration of some free phenolic acids (protocatechuic acid, 3-OH-benzoic acid, vanillic, caffeic, p-coumaric, sinapic) in perła beer. A decrease in other phenolics (ferulic, 4-OH-benzoic, chlorogenic, syringic, o-coumaric) due to fermentation was also observed, and their concentration was less in final beer compared to the wort [147]. Solid-state fermentation of kidney beans by B. subtilis CECT 39T (ATCC 6051) enhanced the concentration of phenolic compounds (31–36 mg/g) and the antioxidant activity (508–541 µg trolox equivalents/g) of the extract. Similarly, the liquid-state fermentation of the same subtract by L. plantarum CECT 748T (ATCC 14917) revealed that the extract possesses potential antihypertensive activity due to its overwhelming concentration of γ-aminobutyric acid (GABA) (6.8–10.6 mg/g) and angiotensin-converting enzyme inhibitory (ACEI) activity (>90%) [148]. The interactions between starter enzymes and the bioactive compound during fermentation led to an increase in phenolics and AOA of fermented kombucha tea extracts. Interestingly, fermented extracts exhibited increased anti-inflammatory potential as well as antiproliferative activity against human breast cancer (MCF-7) and human colon cancer (HCT-116) cells compared to the control (non-fermented tea) [149]. Lastly, [150] reported that the fermentation of vegetables as well as cereal and legumes enhanced the bioaccessibility of other compounds (i.e., vitamins and exopolysaccharides), with a concomitant elevation of AOA in vivo and in vitro. From the literature, it can be concluded that fermentation may enhance the bioavailability of bioactive compounds as well as the other biological functions of TT and HS. However, research ought to be carried out to ascertain the exact effects of fermentation on extracts of HS and TT.




5.3. Encapsulation of Bioactive Compounds for Brewing Bioactive Pito (Scientific Outlook)


Recently, [91] evaluated the feasibility of encapsulating anthocyanins from Hibiscus sabdariffa in active yeasts. After optimization, promising results were obtained: An encapsulation efficiency (EE) and yield of 27% and 208 μg/100 mg of cells, respectively, were reported. The percentage loss of colour was lower in conditions of low enzymatic activity: 3.1% at 5 °C for non-heat-treated cells in water. The pH of the buffer influenced the degradation of encapsulated anthocyanin. The degradation of non-heat-treated cells decreased strongly to 9.4% compared to 36.5% in water. Their findings prove that yeast cells are ideal capsules for encapsulating bioactive substances, which could be incorporated during the brewing of bioactive high-flavour pito. Moreover, it has been reported previously [9,151,152] that yeast possess the ability to bioaccumulate and biotransform materials into a bioavailable form in beverages.



Surface response methodology was applied to optimize conditions for the encapsulation of bioactive compounds extracted from Yanang (Tiliacora triandra). Depending on the ratio of the core material, the bioactive compounds were altered; thus, an ideal core shell is required to protect bioactive ingredients adequately. The encapsulation process did not cause a loss of active ingredients [153]. Edible coatings could be utilized as encapsulating matrices for bioactive and aroma compounds, which may improve the functionality and high sensory performance of the product (pito) [154].



From the above studies, there is a possibility of encapsulating bioactive and flavour compounds extracted from HS and prekese, which would be incorporated in the final pito. However, this strategy would never be feasible for indigenous brewers. Encapsulated bioactive and flavour compounds could be added to the pitched wort before or after primary fermentation. Fermentation could enhance the bioavailability of the ingredients; however, research ought to be conducted in order to verify this hypothesis.




5.4. Pito Characterization


5.4.1. Colour


According to [6], the colour of brewed pito ranges from golden yellow to dark brown, which depends on the sorghum, millet, or maize used. Different cultivars of cereals show different grain colours, which will later alter the hue of the final beer. The incorporation of HS and prekese would change the hue of the final beer to either light red or deep red owing to the extract of HS. As reported earlier, the hue of locally produced gin infused with prekese ranged from light green to deep brown, which seems to enjoy a higher patronage [34]; therefore, brewed pito could take a similar hue. However, the colour of HS could mask it, hence the colour of the HS would be reflected in the final product instead. In addition, the colour of wine produced from HS calyx extract was brilliant red [25,29].



During the fermentation of pito with single starter culture (SSC) and mixed starter culture (MSC), it was discovered that after 48 h of fermentation, wort pitched with MSC registered higher European Brewery Convention (EBC) units compared to SSC fermentation. A decrease was observed at 72 h from 50 ± 3 to 42.3 ± 3.78 and 50 ± 3 to 34 ± 3.60 EBC units for SSC and MSC, respectively, followed by a sharp decline. The increase in EBC units was ascribed to the rapid fermentation occurring after 48 h, resulting in the accumulation of yeast metabolites [1]. However, when fermentation was completed, the yeast flocculate left a clearer beer. Recently, [155] reported the colour (EBC) of pito obtained from pure cultures (Lactobacillus delbrueckii and S. cerevisiae) and a traditional mixed starter to be 45.6 ± 0.9 and 50.7 ± 0.2, respectively. The uncontrolled fermentation due to the mixed population of inoculum pitched could be attributed to the higher colour. However, the grit size, filtration bed, and efficiency of mashing could also affect the colour of the wort, and subsequently, the final beer. Currently, the reliable and most used method in quantifying beer colour is proposed by the European brewery convention, which basically involves degassing the beer and filtering it through a membrane filter (Milipore HA 0.45 µM). The filtrate is then measured at an absorbance of 430 nm with a spectrophotometer whilst using distilled water as the blank. The colour is then estimated using Equation (1):


  C = 25 × F ×  A  430   ,  



(1)




where C = colour, in EBC units; F—dilution factor; A430 = absorbance at 430; and 25 = is the multiplication facto.



The colour units of EBC could be converted to the standard reference method (SRM) using the equation below:


SRM = EBC × 0.508.



(2)








5.4.2. Alcohol Content (ABV)


The ethanol concentration is very important for the mouth feel and flavour of alcoholic beverages [156]. According to [157], the rate of ethanol synthesis depends on the type of sorghum utilised in the production of wort. They reported a rapid production of ethanol in wort produced from white sorghum compared to red sorghum. A positive correlation was also established between the yeast growth and ethanol production; consequently, rapid cell growth in white sorghum wort led to a faster ethanol production rate compared to red sorghum wort. The varying concentration of the ethanol content of pito, as reported in Table 6, could be attributed to the above theory; nonetheless, other factors, such as the concentration (number) of yeast pitched, initial Plato, aeration, nutritional composition, fermentation temperature, etc., are partly linked to the difference in ethanol as reported by the authors. The addition of T. tetraptera and H. sabdariffa (either extracts or whole) may increase the degree Plato of the wort, consequently increasing the ethanol content of the final beer. Yeboah-Awudzi [158] reported oBrix that ranged from 7.60 ± 0.01 to 14.7 ± 0.20 in various sobolobo samples sourced from Kumasi, Ghana; hence, the addition of infusion extracts of HS and TT would elevate the wort oBrix. It is worth mentioning that the amount of sugar in a natural beverage of HS is less than what is reported in the above study ([158]); however, different producers add sugars to sobolobo, accounting for the higher oBrix documented. Surprisingly, higher oBrix (22.00 ± 0.20, 16.00 ± 0.02) was reported in various must samples (extracted from HS to produce local red wine) [25,29]. A handheld density meter is the cheapest and easiest method that indigenous brewers could adopt to quantify alcohol in pito since it does not require any technical know-how as compared to complex methods like gas chromatography, high performance liquid chromatography (HPLC), potentiometry, etc. The percentage of ethanol could be estimated (from the equation below) when the initial and final gravity of the wort/ferment is known:


  Alcohol   by   volume   ( ABV   ( % ) = ( Initial   gravity − Final   gravity ) × 131.25 .  



(3)







For instance, if the initial and final gravity of the wort/ferments are 1.104 and 1.041, respectively, the pito is approximately 8.27% alcohol by volume.




5.4.3. pH


Adjusting the mash pH is critical for enzymatic bioconversion of sorghum carbohydrate in to simple/fermentable sugars for yeast to consume and produce ethanol in the final pito. Unlike in western brewing, where calcium carbonate (to raise pH) or calcium sulfate/calcium chloride (to lower pH) are utilised, this is not practiced by local brewers during the mashing of sorghum grains, resulting in worts with a lower pH. Bamforth [162] reported the pH optima for malt enzymes and its impact in the mashing and mouth feel of the final beverage. The pH of wort and pito was documented as 3.62 ± 0.01 (0 h) and 3.43 ± 0.01 (72 h for single starter) and 3.50 ± 0.01 (72 h for mixed starter), at the start and end of fermentation [160]. A decrease in pH from 5.8 ± 0.1 to 4.6 ± 0.1 was observed by [162] before adding sea buckthorn into the green beer for further fermentation. As reported [162], the drop in pH is a result of the release of acids by the yeast coupled with the utilisation of buffering materials (free amino nitrogen) in the wort. The wort pH can influence yeast growth, flocculation, flavour production, etc. The final pH of pito (untreated) used by [159] in their experiment was 3.2, which is lower than most western beers with the exception of Weisse Beer. The lower pH of pito could be ascribed to spontaneous fermentation, leading to the rapid release of hydrogen ions by the yeast. Attchelouwa et al. [163] documented 3.2 ± 0.1 as the final pH of Ivorian Sorghum Beer. The inclusion of extracts or whole prekese and HS (boiled in wort) could lead to a drop in the pH of wort due to the overwhelming phytochemicals present, hence it should be adjusted with buffers, such as calcium carbonate and calcium sulfate/calcium chloride, before pitching. The pH of the final pito documented by [164] is similar to the values reported earlier. A pocket-sized handheld pH meter is the ultimate easier method that local brewers could adopt in measuring the pH of the mash, wort, and final beer.




5.4.4. Volatile Compounds


The flavour of pito is one of the many factors influencing consumers’ acceptance and patronage; therefore, it is essential to detect and quantify the aroma and flavour compounds in pito before putting it out for sale. This is critical when it comes to western beer; nevertheless, it is also vital with indigenous products as well, although traditionally, these compounds are not measured. Thirty volatiles were detected and quantified in pito using solid-phase microextraction (SPME) and gas chromatography-mass spectrometry (GC–MS), including 14 esters, 6 alcohols, 3 acids, 3 aldehydes, 2 phenols, and 2 alkanones/ketones [165]. Similarly, [137] identified a total of 55 volatile compounds in pito brewed by Rwandese peasants and a laboratory-brewed pito with and without the addition of V. amygdalina. Among the volatiles detected, 28 were esters, 12 alcohols, 9 carbonyls, and 6 acids. The authors concluded that V. amygdalina contributed significantly to the overall flavour and aroma of beer, hence it could be a substituent of hops in tropical countries. When the unorthodox method was used to brew pito, a total of 22 volatiles were detected and quantified, which included 11 esters, 3 alcohols, and 8 acids. The study revealed that more volatiles were detected after the secondary fermentation [1]. In another study, 4 esters, 3 aldehydes, 2 fatty acids, and 3 alcohols and diacetyls were identified [160]. Sensory evaluation of pito brewed with a pure yeast culture and dembila revealed that the panellists found no difference in their overall liking between the two products; however, the pure culture enhanced the flavour. The authors concluded that the pure starter culture could be utilized to facilitate scaled-up pito production [164]. Lyumugabe et al. [166] reported that hopping wort with V. amygdalina leaves resulted in the synthesis of polyfunctional thiols; however, it inhibited the production of 2-sulfanylethanol and 2-sulfanylethyl acetate. The authors suggested a further study to elucidate the impact of V. amygdalina on the Ehrlich pathway, which leads to the synthesis of cysteine and cysteine-derived thiols. The addition of preseke may contribute fatty acids to the wort, which the yeast could assimilate and store in specialized organelles, the so-called lipid droplets (LD), though fatty acids could also be obtained from different routes as well as de novo synthesis, and the turnover of lipids [167]. It was documented that the rate of acetate ester synthesis depends on the concentration of acetyl coenzyme A (acetyl-CoA) and a fusel alcohol, and the total activity of enzymes involved in the formation and breakdown of the respective ester [168]. Moreover, [169] clearly explained the biosynthesis of fatty acids and their relationship with medium-chain fatty acid ester formation. In a nutshell, the extracts would enhance the flavour generation by supplementing yeast with more/sufficient acetyl-CoA. It is obvious that the present study may present a highly flavoured beer due to the potent volatiles originating from the V. amygdalina, prekese, and HS, coupled with other fermentable metabolites. Therefore, the product would be acceptable to traditional folks.




5.4.5. Antioxidant Activity


The AOA of prekese and HS is well discussed above, hence presenting the crystal-clear evidence of potential enhancement of the final products with potent bioactive ingredients. According to the literature, different classes of food antioxidants (i.e., α-tocopherol, ascorbic acid, carotenoids, amino acids, peptides, proteins, flavonoids, and other phenolic compounds) may contribute significantly to the physiological and dietary antioxidant requirements of the consumer, which complements the body’s natural resistance to oxidative damage [170,171]. Additionally, it has been reported that methanolic extract of V. amygdalina at a concentration of 0.01, 0.02, 0.05, and 0.1 mg/mL exhibited high AOA, with 75.9%, 93.9%, 97.1%, and 99.3% of the DPPH radicals scavenged, respectively [139]. Therefore, it could supplement the wort and final pito with antioxidant compounds, such as proanthocyanidine, phenol, flavonoids, anthocyanin, and tannins. Antioxidants originating from malted and unmalted cereal grains as well as hops (in this case, V. amygdalina), are reported to not only confer bioactive and pro-health properties but also play a crucial role in the foam maintenance, physicochemical stability, and shelf life of pito [143,172]. Considering the AOA of all the materials that are utilized in brewing, the final pito would be overwhelmed with putative AOA. Nonetheless, the AOA of various products was found to be affected by heat treatment [76,173], hence mashing and wort boiling would reduce the concentration of the compounds linked to AOA in the final pito, thus resulting in a highly flavoured beer with moderate AOA.






6. Shelf Life of Bioactive Pito


Pito is characterized by a limited shelf life (stability) due to the presence of yeast and lactic acid bacteria (LAB), hence it is utilized/sold within a few days [174,175]. The spoilage of pito is attributed to the continuous fermentation of pito by yeast and LAB in the suspension. In addition, autolysis of yeast results in the leaking of undesirable substances and off-flavours into pito, thus altering the flavour and aroma and, consequently, the drinkability of the product. Though LAB is generally considered as beneficial microorganisms in promoting good health (probiotic) in pito and other food products, their continuous growth (due to their fastidious nature) [176] in pito results in the synthesis of lactic acid, which lowers the pH of pito. Continuous acidification of pito by LAB results in a sour taste and the alteration of volatiles. Sanni and colleagues [175] reported 3.4 × 105, 1.2 × 102, and 4.1 × 103 of LAB, acetic acid bacteria, and yeast in green pito, respectively. Their presence decreases the shelf life of pito.



Many researchers have proposed methods to improve the shelf life of pito. For instance, [177] proposed filtration of green pito followed by pasteurization (60 to 70 °C for 15 min) and the addition of sodium metabisulphite. The method was not 100% efficient; however, it helped to extend the shelf life to eight weeks. Nevertheless, the addition of chemicals could alter the aroma, mouth feel, and texture of pito and hence result in low patronage of the product. Pasteurisation could aid to stabilise pito to some extent. However, the chemical method is not ideal due to flavour alteration, toxicity, cost, and availability of these chemicals to local brewers. Djameh et al. [164] recently reported that brewing pito with pure culture (L. delbrueckii and S. cerevisiae) extended the shelf life up to 3 days compared to pito brewed with dembila. However, due to the rapid synthesis of lactic acid, the product became undrinkable after 5 days of production. The authors also found a positive correlation between the concentration of lactic acid and consumer preference of pito. Conclusively, the spoilage of pito on the account of over-sourness is perceived at a lactic acid level of 0.86 (%, w/v). Coupling pasteurization and phytogenic-based extracts (HS and TT) may address the limitations of the above method. Ayirezang and colleagues [159] found that pasteurization and/or the addition of Moringa oleifera leaf extract improved the shelf life of pito for an additional four weeks; however, sensory evaluation of the product revealed that consumers preferred untreated samples to treated ones. The biocidal activities of T. tetraptera and H. sabdariffa (Malvaceae) have been extensively reviewed, and the results have revealed promising and potent activities of the extracts against important microorganisms causing the spoilage of pito. Therefore, the addition of concentrated extracts after fermentation may inhibit the growth of microorganisms responsible for spoilage, thus preventing pito from becoming soured, and consequently extending the shelf life. Jabeur and colleagues reported that the amount/concentration of HS extract is essential to achieve a productive biocidal activity, especially when incorporating it in food products or beverages [92]. The application of these two essential plants to brew pito may extend the shelf life, provide bioactive ingredients to promote the health of consumers, and result in economic benefits for brewers (high profits). Moreover, [43,178] proposed the addition of plant extracts to improve the stabilization (shelf life) of pito. However, they generalized the kind of plants employed but, in this paper, pondered on specific plants (prekese and HS) due to their potent bioactive/flavouring properties.




7. Incidence of Heavy Metals in Pito Samples


According to [179], heavy metals are environmental contaminants capable of altering the physiological function of humans if present in foods at high concentrations. Generally, the concentration of heavy metals in food products is associated with the material (steel, Al, etc.) from which cooking utensils are made from, cooking process, storage, and type of sponge used to clean pots (i.e., wire scourer cleaning tool, kitchen nano emery magic clean, etc.) [180,181]. The degree leaching of heavy metals and their concentration in food was found to correlate with the type of cooking utensil [182]. Duodu et al. [40] reported that the concentration of Ni (0.040–0.176), lead (Pb) (0.056–0.272), and cadmium (Cd) (0.011–0.048) in pito samples sourced across Ghana were above the respective maximum WHO guideline. The highest concentration of Ni (0.176 mg/L) was detected in a sample sourced from Wa with the lowest, 0.040 mg/L, from Tamale. Similarly, [183] found that the Al concentration in rice cooked in a traditional aluminium pot increased from 1.6 ± 0.4 (raw rice) to 18.1 ± 1.4 mg/g, compared to 1.7 ± 0.3 in rice cooked with a modern rice cooker. Interestingly, the presence of Al in raw rice could be associated with the soils where it was cultivated. In this regard, sorghum and other raw materials used in brewing pito could also be contaminated with heavy metals from the soil where they were cultivated. However, the risk of contamination from Al is further compounded since traditional brewers utilise pots made from aluminium in brewing pito coupled with repeated cleaning (scratching) with a steel wire scourer, consequently leaching these heavy metals into pito. These pots do not possess a protective coating, such as in modern cooking utensils.



Oz et al. [184] reported heavy metals (i.e., (chromium) Cr, Fe, Ni, Cu, Zn, Cd, (tin) Sn, and Pb) in beers (n = 25) sourced across Ankara, Turkey; the results were below the legislative limits. Similarly, all heavy metals detected in Ethiopian traditional fermented alcoholic beverages were below the safe limits set by the World Health Organization (WHO); nevertheless, the concentration of Cd and Pb in some samples was higher than the limit set by WHO [185]. Traditional brewers should be informed or educated about the wear of the pots they utilise for brewing and the need to change them periodically. Additionally, the type of sponge used to clean these pots is critical, hence it should be chosen carefully to avoid increasing the rate of leaching of heavy metals into pito. Preferably, they could use pots coated with an inert material though such pots might be comparably expensive and perhaps difficult to find in the local setting.




8. Conclusions


The potential application of Tetrapleura tetraptera and Hibiscus sabdariffa to brew highly flavoured and bioactive pito was demonstrated in this review accompanied with sufficient data from research works to buttress the novelty and feasibility. Most of the bioactive ingredients from prekese and HS have been proven to be promising in the prevention and treatment of diseases, mainly due to their antioxidant, hepatoprotective, immune-modulating, and antitumor activities. Experimental works have provided enough evidence backing the nutritional, phytochemical, and biological activities of prekese and HS, thus they may positively improve the health of consumers. Pito is widely consumed in Ghana, hence supplementing it with bioactive ingredients would serve as a vehicle to curb the numerous nutritional deficiencies that rural folks are battling. Moreover, the nutritional profile of pito has been extensively elucidated. The antioxidant and physiochemical parameters of the proposed beer may be high compared to traditional counterparts. Furthermore, the biocidal activities of prekese and HS could contribute to extending the shelf life of pito as it contains appreciable amounts of bioactive substances that can suppress LAB, the predominant microorganism associated with pito spoilage. The new and enriched pito would be accepted by consumers since the materials utilised are well known by the local folks and generally considered as safe among them. The degree of leaching of heavy metals from brewing pots into pito depends on the material that it is made from and the type of sponge used in cleaning; hence, traditional brewers should carefully choose the pot utilised in brewing.
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Figure 1. Local drink produced from Tetrapleura tetraptera [17]. 






Figure 1. Local drink produced from Tetrapleura tetraptera [17].



[image: Beverages 06 00022 g001]







[image: Beverages 06 00022 g002 550] 





Figure 2. Locally produced sobolobo. 
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Figure 3. Flow chart of bioactive pito production. 
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Figure 4. A typical Ghanaian ‘yolga’ used in brewing pito. 
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Figure 5. Indigenous method of lautering [136]. 
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Figure 6. Pito served in calabash. 
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Table 1. Nutritional composition of pito according to the literature.
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	Nutrients
	[40]
	[44] c
	[45] c
	[46] c





	Crude protein
	1.47 ± 0.01 a%

1.95 ± 0.01 b%

2.74 ± 0.01 c%
	3.70 ± 0.02%
	8.7 g
	3.9 g



	Dry matter
	×
	×
	×
	7.9 g



	Crude fat
	0.52 ± 0.01 a%

0.80 ± 0.01 b%

1.07 ± 0.01 c%
	0.31 ± 0.01%
	0.3 g
	×



	Ash
	0.92 ± 0.01 a%

1.25 ± 0.01 b%

1.74 ± 0.01 c%
	1.50 ± 0.01%
	4.1 g
	×



	Available carbohydrate
	×
	5.60 ± 0.31 g
	×
	4.8



	Crude fibre
	×
	0.20 ± 0.01%
	×
	



	Moisture
	91.05 ± 0.00 a%

90.41 ± 0.01 b%

89.71 ± 0.01 c%
	88.69 ± 0.48
	×
	×



	Vitamin B1
	0.0515 ± 0.0005 a IU/mL

0.0575 ± 0.0005 b IU/mL

0.0645 ± 0.0005 c IU/mL
	×
	×
	0.11 mg



	Vitamin B2
	0.0420 ± 0.0010 a mg/100 mL

0.0515 ± 0.0005 b mg/100 mL

0.0625 ± 0.0005 c mg/100 mL
	×
	×
	0.05



	Vitamin B6
	0.035 ± 0.0005 a mg/100 mL

0.046 ± 0.0010 b mg/100 mL

0.052 ± 0.0010 c mg/100 mL
	×
	×
	×



	Vitamin C
	×
	×
	×
	0.04



	Calcium
	24.625 ± 0.005 a mg

29.80 ± 0.010 b mg

31.57 ± 0.010 c mg
	×
	20.7 mg
	2.2 mg



	Iron
	1.865 ± 0.005 a mg

2.055 ± 0.015 b mg

2.460 ± 0.010 c mg
	×
	×
	2.55 mg



	Zinc
	1.040 ± 0.010 a mg

1.680 ± 0.010 b mg

2.485 ± 0.015 c mg
	×
	×
	×



	Magnesium
	48.675 ± 0.015 a mg

61.965 ± 0.015 b mg

68.350 ± 0.010 c mg
	×
	×
	×



	Potassium
	×
	×
	1101 mg
	84 mg



	Sodium
	×
	×
	26.9 mg
	1.1



	Niacin
	×
	×
	8 µg
	0.43



	Riboflavine
	×
	×
	760 µg
	



	Thiamine
	×
	×
	3441 µg
	



	Phosphorus
	×
	×
	×
	39



	Pantothenic acid
	×
	×
	×
	0.09



	Energy value (kJ/g)
	×
	164.00 ± 3.12
	394
	164







×—not reported; a,b,c samples brewed from corn, millet, and sorghum, respectively.
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Table 2. Phytochemical composition (mg/100 g) of dry fruit of prekese [47].
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	Fruit Part
	Total Polyphenols
	Flavonoids
	Saponins
	Tannin
	Phytate





	Seeds
	38.05 ± 0.21 C
	10.30 ± 0.42 C
	60.80 ± 11.88 C
	675.50 ± 152.03 B
	3545.00 ± 77.78 B



	Pulp
	1866.88 ± 1.02 B
	410.75 ± 1.06 A
	953.40 ± 9.33 A
	1097.50 ± 26.16 A
	5170.00 ± 42.43 A



	Woody shell
	2907.15 ± 2.19 A
	354.60 ± 0.85 B
	641.50 ± 18.81 B
	135.50 ± 20.51 C
	1021.00 ± 15.56 C



	Mean
	1604.03
	258.55
	551.90
	636.17
	3245.33







Results presented as mean (n = 3) ± standard deviation. Different capital letters (A to C) denote significant differences (p < 0.05) in the same column.
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Table 3. Phenolics constituent of prekese fruits.
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	Phenolics
	Concentration (mg/g)





	Gallic acid 1
	2.95 ± 0.01



	Catechin 1
	0.43 ± 0.03



	Chlorogenic acid 1
	0.21 ± 0.01



	Caffeic acid 1
	3.72 ± 0.02



	Ellagic acid 1
	3.69 ± 0.04



	Epicatechin 1
	1.38 ± 0.01



	Rutin 1
	1.74 ± 0.01



	Quercitin 1
	3.65 ± 0.03



	Luteolin 1
	0.45 ± 0.02



	Apigenin 1
	3.73 ± 0.01



	Total phenol 2
	27.48 ± 0.16 α 42.18 ± 0.16 β



	Tannin 2
	32.54 ± 0.22 α 46.99 ± 0.17 β



	Total flavonoid 2
	0.18 ± 0.01 α

0.44 ± 0.02 β







1 [52];2 [53]; α—the mature green fruit; β—ripe brown fruit; Results are expressed as mean ± standard deviations (SD) of triplicate determinations.
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Table 4. Polyphenolics detected in Hisbus sabdariffa.
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	Phenolics
	Concentration (ppm)





	Hydroxycitric acid 1
	8288.03 ± 397.63



	Hibiscicus acid 1
	31122.02 ± 1128.39



	Chlorogenic acid isomer I 1
	2755.15 ± 62.42



	Chlorogenic acid 1
	1923.72 ± 38.69



	Chlorogenic acid isomer II 1
	1041.19 ± 16.96



	Myricetin 3-arabinogalactose 1
	57.32 ± 2.51



	Quercetin 3-sambubioside 1
	304.02 ± 5.90



	5-O-Caffeoylshikimic acid 1
	171.47 ± 6.92



	Quercetin 3-rutinoside 1
	495.70 ± 4.34



	Quercetin 3-glucoside 1
	143.74 ± 2.16



	Kaempferol 3-O-rutinoside 1
	91.86 ± 2.28



	N-Feruloyltyramine 1
	98.97 ± 1.80



	Kaempferol 3-(p-coumarylglucoside) 1
	28.37 ± 0.48



	Quercetin 1
	121.24 ± 2.01



	7-Hydroxycoumarin 1
	1839.20 ± 25.34



	Delphinidin 3-sambubioside 1
	2701.21 ± 165.55



	Cyanidin 3-sambubioside 1
	1939.15 ± 39.27



	Hisbiscus acid hydroxyethylesther 2
	235.05



	Hisbiscus acid dimethylesther 2
	217.04



	2-O-trans-cafeoyl-hydroxicitric acid 2
	369.05



	Methylepigallocatechin 2
	319.08



	Ethylchlorogenate 2
	381.12



	2-O-trans-feruloyl-hydroxicitric acid 2
	263.08



	Hibiscus acid hydroxyethyldimethylesther 2
	263.08



	Coumaroylquinic acid 2
	337.09



	Cryptochlorogenic acid 2
	353.09



	Methyl digallate 2
	335.04







1 [98]; 2 [99].
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Table 5. Physico-chemical parameters of different Hibiscus sabdariffa extracts, must, and wine according to the literature.
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	Parameters
	Extract
	Must
	HS wine





	oBrix
	2.00 ± 0.02 a

2.50 ± 0.02 b
	1600 ± 0.02 a

22.00 ± 0.20 b
	4.90 ± 0.02 a

5.10 ± 0.01 b



	pH
	3.78 ± 0.03 a

2.34 ± 0.14 b
	3.72 ± 0.04 a

3.76 ± 0.08 b
	3.43 ± 0.04 a

3.57 ± 0.02 b



	Colour (visual)
	Deep red a,b
	Deep red a

Dull red b
	Brilliant rose a,b



	Alcohol (% w/v)
	0.00 a,b
	0.00 a,b
	10.80 ± 0.08 a

10.50 ± 0.01 b



	Ash (%)
	0.70 ± 0.05 a
	0.68 ± 0.02 a
	0.43 ± 0.04 a



	Total anthocyanins (abs/mL)
	28.43 ± 0.04 a
	28.30 ± 0.10 a
	22.65 ± 0.08 a



	Crude protein (%)
	2.63 ± 0.23 a
	4.21 ± 0.26 a
	1.75 ± 0.09 a



	Ascorbic acid (mg/100 mL)
	1.12 ± 0.06 a
	1.06 ± 0.14 a
	0.6 ± 90.13 a



	Sulphur dioxide (%)
	0.00 a
	13.40 ± 0.12 a
	10.50 ± 0.06 a







a [29]; b [25].
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Table 6. Alcohol concentration of various pito obtained from the literature.
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	Ethanol Content
	Author





	4.54 ± 0.04 £%ABV (SSC)

4.5 ± 0.03 †%ABV (MSC)
	[1]



	3.93%ABV
	[159]



	2.2 ± 0.46% (v/v)
	[5]



	2.78 ± 0.02%ABV (SSC)

2.73 ± 0.01%ABV (MSC)
	[160]



	2.30 ×% (v/v)

3.10 α% (v/v)
	[161]



	4.2 ± 0.3 †%, v/v

3.6 ± 0.1 £
	[155]







× obtained from 100% sorghum; α obtained from 70% sorghum and 30% finger millet; † obtained from mixed culture; £ obtained from Pure culture.
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