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Assessment of the Nutritional Value of Scolopia mundii Fruits, A Southern African Edible Wild Fruit
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	ABSTRACT
Introduction: In many rural communities across Southern Africa, wild edible fruits play a critical role in supplementing diets and enhancing food and nutrition security. Despite their potential, several indigenous species remain underutilised and undervalued in formal nutrition programmes. Scolopia mundii (S. mundii), is one such wild fruit widely consumed inrural communities in Lesotho where it grows, however, very little is known about its nutritional value.
Aim: The aim of the study was to determine the nutrient and phytochemical composition S. mundii fruits so as to assess their potential as a supplementary nutritional source that could alleviate micronutrient deficiencies and food insecurity, which are prevalent among children in rural communities in Lesotho.
Methodology: Fresh ripe fruits of S. mundii were collected and subjected to qualitative and quantitative phytochemical screening, proximate nutritional analysis, mineral profiling, and selected anti-nutrient analysis. Standard methods were used for nutrients content (e.g., AOAC for proximate composition), phytochemical quantification (e.g.,Harborne, Folin-Ciocalteu), and mineral analysis using ICP-AES
Results and Discussion: The fruits were found to contain significant amounts of macronutrients and micronutrients. Some notable values included vitamin C (1.21 ± 0.43 g/100g), carbohydrates (3.14 ± 0.30 g/100g), protein (2.10 ± 0.02 g/100g), dietary fibre (3.54 ± 0.25 g/100g), and fat (0.50 ± 0.02 g/100g). The mineral analysis revealed high levels of essential elements; calcium (4.295 g/kg), magnesium (6.042 g/kg), and manganese (2.228 mg/kg). Phytochemicals such as phenolics (92.36 ± 5.42 mg/kg), saponins (178.13 ±  4.52  mg/kg), tannins (58.60 ± 8.21 mg/kg), and alkaloids (17.70 ±  1.50  mg/kg  were present. Some anti-nutritional components, such as oxalates (138.90 ± 15.03 mg/kg) and phytates (5.64 ± 1.74 mg/kg) were also detected, but were within acceptable levels.
Conclusion: S. mundii fruits contain a range of essential nutrients and phytochemicals, which make them potentially valuable nutritional resource. These fruits could add to dietary diversity and act as a food security coping strategy in poor rural communities of the nation. The promotion of their consumption may also help address the negative perceptions about wild foods and improve health outcomes among poor rural populations.
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1. INTRODUCTION
Wild edible fruit and vegetables are an important source of nutrition for many rural communities in most developing countries. Many people in rural communities worldwide still depend on indigenous wild edible fruits and vegetables for food and income (Cavender, 2006, Nxusani, et al., 2023). 
In many indigenous rural communities of sub-Saharan Africa, wild edible fruits and vegetables are an important source of nutrition, food security and economic livelihood and have cultural significance as well (Omotayo & Aremu, 2020; Lyamuya et al, 2023, Gumoshabe et al, 2023). According to the United Nations, (FAO, 2003) fruits and vegetables are important components of a balanced, healthy diet, because they generally contain high amounts of vitamins, minerals, micronutrients, fibre, and important phytochemicals that are essential in maintaining good health, while being low in carbohydrates, hence the United Nations has long recognised the contribution of edible wild fruits and vegetables to food and nutritional security of indigenous peoples throughout the world (FAO, 2016).
Lesotho, like many countries in sub-Saharan Africa, has an abundance of wild edible fruit and vegetable species (Bvenura & Sivakumar, 2017), yet the region has the lowest consumption of fruits and vegetables; below the WHO recommended daily average (Sarfo et al, 2023; Stadlmayr et al, 2023), because of the lukewarm attitude towards consumption of indigenous edible wild fruits and vegetables among communities, especially in urban areas. The consumption of edible wild fruits and vegetables is usually very low in urban communities due to their non-availability, non-accessibility, and non-desirability (Harris et al, 2021). Furthermore, in some urban communities, wild fruits and vegetables are considered as poverty foods and therefore, their consumption is often associated with rural life (Mbenyane, 2017; Ntlanga et al, 2023). Due to these perceptions, edible wild fruits and vegetables, are hardly considered in national and international food security policy discussions (Shaheen et al, 2017) and their nutritional benefits remain underutilised or untapped (Moteetee, et al, 2019). The fruits of S. mundii are one of these wild edible fruits whose nutritional value remains untapped. 
S. mundii is a wild berry fruit tree of the Salicaceae, and is widely distributed in the southern African sub-region (Burring, 2005). The local (Sesotho) name is qhoqolosi and some of its other common English names include mountain saffron, and red pear (Roux, 2003). The fruits of S. mundii are smooth, globose and contain an average of two seeds. Maturation of the fruits takes three to four months; during this time, they turn from green to orange yellow and to reddish orange when ripe (Sun Trees, 2018). On harvesting, the fruits become reddish-brown and are said to be ready for consumption (Fig.1).
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Fig. 1 Fruits of S. mundii at different stages of development
Source: Jan Burring, SANBI Scolopiamundii, (Eckl. &Zeyh.) Warb. SA Tree No. 496, Kirstenbosch National Botanical Garden, August 2005. PlantZAfrica.com

As an edible wild fruit in rural Lesotho, S. mundii could play a role in alleviating micronutrient deficiency in rural households, especially among children under five years (WHO, 2020, Gaston et al, 2022). However, in order for these edible wild fruits to be recognised as valuable sources of nutrients and hence promote their consumption and incorporation in the diet of rural households, adequate scientific information on their nutritional value is essential.  During this study, our search did not yield any literature on the nutrient content of S. mundii fruits. The available literature was on its taxonomy, ecology, habitat, distribution, morphology, and ethnobotany (Burring, 2005; Germishuizen et al, 2006). The aim of this current study was to determine the nutrient composition of S. mundii fruit and their potential as a cheap nutritious food supplement.
2. Materials and Methods

2.1 Sample collection and preparation

Ripe fruits of S. mundii were collected near Ha Mamathe village, which is about 40 km north of the capital Maseru, with the geographical coordinates, latitude -29.13 S and longitude 27.84 E, at an elevation of 1,683 metres above sea level. The fruits were collected in April when they were in season and transported to the laboratory on the same day of collection and stored at 4oC to prevent loss of moisture. The plant species was authenticated at the National University of Lesotho Herbarium. The fruits were washed clean with tap water, rinsed with distilled water, and air dried at room temperature.  A 10 g portion of the dried fruits was weighed out for the determination of moisture content. A second 10 g portion of the dried fruits was ground to into and used to prepare an aqueous extract by infusion at room temperature in 200 mL distilled water for 24 hours with continuous shaking using a on a benchtop shaker (Labotec, Model No. 202) and filtered through Whatmann filter paper No. 50 (24.0 cm). The mixture was centrifuged at 4500 rpm for 15 min (Sorescu, et al, 2017). The crude aqueous extract was then filtered under vacuum and stored at 4oC until needed for the various tests and analyses. 

2.2 Qualitative screening for phytochemicals 
The preliminary qualitative screening of the phytochemicals was carried out using standard methods as described in the literature (Nortjie et al, 2022, Trease & Evans, 1989).

2.2.1 Detection of alkaloids 
The aqueous extract was mixed with dilute HCl and filtered, and the filtrate used in the following tests).
Mayer’s Test: The filtrate was treated with Mayer’s reagent (potassium mercuric iodide, HgI2). The formation of a yellow-coloured precipitate indicates the presence of alkaloids.
[bookmark: _Hlk157074242]Wagner’s Test: The filtrate was treated with Wagner’s reagent (iodine in potassium iodide). The formation of a brown/reddish precipitate indicates the presence of alkaloids
Dragendorff’s test: 1 mL of Dragendorff”s reagent (a mixture of basic bismuth nitrate, 4BiNO3(OH)2, BiO(OH) and potassium iodide, KI dissolved in diluted acid acetic or tartaric acid) is added to 2 mL of extract, an orange red precipitate was formed, indicating the presence of alkaloids.

2.2.2 Detection of flavonoids
Lead acetate test: A few drops of lead acetate solution is added to 0.5 mL of extracts. The formation of a yellow-colour precipitate indicates the presence of flavonoids.
Sulphuric acid test: A few drops of dilute sulphuric acid are added to the extracts, and the formation of orange colour indicates the presence of flavonoids.
Sodium hydroxide test:5 mL of 10% sodium hydroxide solution was added to an equal volume of the aqueous extracts of S. mundii fruit. A yellow solution indicates the presence of flavonoids.
Ferric chloride test: 2 mL portion of the fruit extract was diluted with distilled water in the ratio of 4:1 and a few drops of a 10-percent solution of iron (III) chloride, FeCl3 was added. A green or blue solution indicates the presence of flavonoids.

2.2.3 Detection of phenolic compounds 
Ferric chloride test: A few drops of ferric chloride are added to 10 mL of fruit extract. A bluish-black colour indicates the presence of phenolic compounds.
Lead acetate test: A few drops of lead acetate solution is mixed with 10 mg fruit extract. A  brown precipitate indicates the presence of phenolic compounds.

2.2.4 Detection of saponins
In the qualitative screening for saponins 5.0 mL of distilled water was mixed with 1.0 mL aqueous crude fruit extract in a test tube and it was shaken vigorously. The froth formed was mixed with few drops of olive oil and again shaken vigorously and a foamy appearance indicated the presence of saponins (Soforowa, 2005).  

2.2.5 Detection of tannins
To 2 ml of the extract is mixed with 1mL of distilled water and heated., The mixture is filtered and 2 mL of 5% iron (III) chloride, FeCl3 was added to the filtrate. The appearance of a dark-blue or dark-green colour indicated the presence of tannins.

2.2.6 Detection of terpenoids 
Salkowski’s Test: 5 mL of the aqueous fruit extract was mixed with 2 ml chloroform and 3 ml concentrated H2SO4 was carefully added to form a layer. A reddish-brown coloration of the interface was formed indicating the presence of terpenoids.

2.2.7 Detection of proteins
Biuret test. Two drops of 3% copper sulphate and few drops of 10% sodium hydroxide were added to 1 mL of the aqueous fruit extract, a violet or red colour formation indicated the presence of proteins.
Ninhydrin test. Two drops of 0.2% freshly prepared ninhydrin solution added to 1 mL of fruit extract. The formation of a purple colour indicates the presence of proteins.

2.2.8 Test for carbohydrates
Molish test: A few drops of a-naphthol prepared in ethanol solution were added to 2 mL of fruit extract, followed by addition of a few drops of concentrated H2SO4 along the walls of test tube. At the junction of two liquids, a violet-coloured ring appeared, indicating that carbohydrates were present.
Benedict’s test: To 5 mL of Benedict’s reagent, 8-10 drops fruit extract were added, the mixture was then heated for five minutes; the resulting dark red precipitate indicated the presence of carbohydrates.
Fehling’s test: To 2 mL of extract, an equal volume of Fehling’s (A & B) solution was added and the mixture heated for five minutes. The resulting red/dark red precipitate indicated the presence of carbohydrates.

2.2.9 Detection of oxalates
2.0 mL of the extract was treated with a few drops of glacial acetic and a dark green colouration indicated the presence of oxalates.

2.2.10 Detection of phytates
1 mL of aqueous fruit extract was transferred into a clean test tube 1 mL of Wade’s reagent was added and mixed. A reddish pink colour is formed, which fades with time indicates the presence of phytates, If the colour persists it indicates the absence or very low levels of phytates (Fruhbeck, et al. 1995)..

2.3 Quantitative determination of phytochemicals
2.3.1 Proximate analysis
For the quantitative determination of proximate composition of S. mundii fruits, moisture was determined by air oven drying (AOAC, 2016) at 105oC to a constant weight, ash was determined by the gravimetric method. The samples were ignited at 550-600 oC to oxidise all organic materials without flaming until a constant weight was obtained (AOAC, 2016). The crude protein content was calculated from the total nitrogen determined by the Kjeldahl method (AOAC, 2016) using the conversion factor of 6.25. Crude dietary fibre was determined by the Wende method and crude fat contents in the fruit samples were analysed using standard methods (AOAC, 2016). Carbohydrates were determined using the method by Ammar (Ammar et al, 2013) and Vitamin C was determined by AOAC method 967.21 (AOAC, 2016).The energy content of the samples was calculated in kilocalories (kcal) based on the Atwater specific factor system, which is a refinement of the Atwater system, food composition factors (4, 9, 4 for protein, fat, carbohydrates) (Merrill & Watts, 1973). The percentage crude protein, crude fat, and crude carbohydrates of the fruits were multiplied by these factors respectively (USDA, 2016, FAO, 2003).

2.3.2 Determination of alkaloids
The determination of alkaloids in the S. mundii fruit extract was carried out using the method of Harborne (1973).  A sample of 1. 5 g of the fresh fruit sample was weighed into a 250 mL beaker and 200 mL of 10% acetic acid in ethanol added. The beaker was covered and allowed to stand for 4 hours. The mixture was then filtered and the extract concentrated on a water-bath to one-quarter of the original volume. Concentrated ammonium hydroxide was added dropwise to the extract until the precipitation was complete. The whole solution was allowed to settle and the precipitate was collected and washed with dilute ammonium hydroxide (2M) and then filtered. The residue (if available), is the alkaloid precipitate which is then dried and weighed.

2.3.2 Determination of flavonoids
Flavonoids were determined by the method described by Chang et al (2002). An air-dried fruit sample weighing 10 g was extracted with 100 mL of 80% aqueous ethanol at room for 24 hours. The crude extract was recovered by centrifugation at 27000xg for 20 minutes. The solvent was evaporated off in a vacuum oven at a temperature of 60 ᵒC to obtain dry ethanolic extract. 

2.3.3 Determination of total phenolics
The total phenolics content of the fruit extract was determined by using a Spectrophotometric method. The reaction mixture was prepared by mixing 0.5 mL of ethanol extract, 2.5 ml of 10% Folin-Ciocalteu’s reagent dissolved in water and 2.5 mL 7.5% NaHCO3. The blank was concomitantly prepared, containing 0.5 mL ethanol, 2.5 mL 10% Folin-Ciocalteu’s reagent dissolved in distilled water and 2.5 mL of 7.5% of NaHCO3. The samples were thereafter incubated in a water bath with a thermostat set at 45oC for 45 min. The absorbance of the incubation mixture was determined using spectrophotometer at λmax = 765 nm. The test samples were prepared in triplicate for each analysis and the mean value of absorbance was obtained. The same procedure was repeated in triplicate for the standard solution of Gallic acid and the calibration line was construed. Based on the measured absorbance, the concentration of phenolics was read (mg/ml) from the calibration line; then the total phenolics content of the fruit extract was expressed in terms of  milligrams (mg) of gallic acid equivalents per gram of dry extract  (mg of GA/g of dry extract).

2.3.4 Determination of saponins
The saponin content of S. mundii fruits was determined using the method described by Obadoni and Ochuko (2001). A portion of the air-dried fruit was ground into powder and 20g was put into a conical flask followed by the addition of 100 ml of 20% (v/v) aqueous ethanol. The contents were then heated over a hot water bath for 4 hours with continuous stirring at about 55oC. The mixture was filtered and the residue re – extracted with another 200 mL of 20% (v/v) aqueous ethanol. The combined extracts were reduced to 40 mL over a water bath set at 90ºC. The concentrate was transferred into a 250 mL separatory funnel and 20 mL of diethyl ether added and the mixture shaken vigorously. The aqueous layer was recovered while the ether layer was discarded. The purification process was repeated three times  and then 60 mL of n-butanol was added to the combined aqueous layer. The combined n–butanol extracts were washed twice with 10 mL of 5% (w/v) aqueous sodium chloride, NaCl. The extract was the evaporated under vacuum. The remaining solution was heated in a water bath. After evaporation, the samples were dried in the oven (Memmert GmbH UN30) at 30oC to a constant weight. The saponin content was calculated as percentage.

2.3.5 Determination of tannins
The tannin content of the S. mundii fresh fruit was determined using the method described by Van-Burden and Robinson (1981). A 500 mg portion of the sample was weighed into a 50 ml plastic bottle. 50 mL of distilled water was added and the mixture shaken for 1 hour on a mechanical shaker. The mixture was filtered into a 50 mL volumetric flask and made up to the mark. After that, 5 mL of the filtrate was pipetted out into a test tube and mixed with 2 mL of 0.1M iron (III) chloride, (FeCl3) in 0.1N hydrochloric acid, HCl and 0.008M potassium ferrocyanide, K4[Fe(CN)6]. The absorbance of this mixture was measured at 120nm within 10 minutes using a UV/Vis spectrophotometer (Infitek SP-LUV759).

2.3.6 Determination of total terpenoid content 
The total terpenoid content of the S. mundii fresh fruit was added to 1.0 mL of the aqueous extract of the fruit. The mixture was centrifuged at 5000 rpm for 10 min and left to stand for 3 min, followed by addition of 200 μL of concentrated H2SO4 and incubation of the mixture at room temperature in the dark for 2 hours. After the 2 hour incubation, and a reddish-brown precipitate was had formed. The precipitate was filtered out and 3.0 mL 95% (v/v) methanol was added to the precipitate and the flask shaken vigorously until the precipitate had completely dissolved. The absorbance of the resulting solution was measured at 538 nm using a UV/Vis spectrophotometer. A calibration curve was generated using 10–100 μg/mL of linalool standard solution (R2 = 0.995). The calibration curve was then used to calculate the dry extract (mg LE/g dried extract).

2.3.7 Determination of oxalates

The quantitative determination of the oxalate content of the S. mundii fresh fruit was carried out using the precipitation method reported by Ejikeme et al. (2014) and Munro & Bassir (1969). A 2.50 g of the air-dried sample was ground into powder and extracted three times each with 20 mL of 0.3 M HCl by warming heating at 50oC for an hour with constant stirring using a magnetic stirrer. The fruit extract was made alkaline by adding 1.0 mL of 5.0 M (NH4)2OH to 5.0 mL of the extract. This was followed by the addition of 2 drops of phenolphthalein indicator, 3 drops of glacial acetic acid and 1.0 ml of 5% calcium chloride to make the mixture acidic and allowing it to stand for 3 hours and then centrifuged at 3000 rpm for 15 minutes. After discarding the supernatant, the precipitate was washed three times using hot distilled water and mixing thoroughly each time before centrifugation. Then, to each tube, 2.0 mL of 3.0 M H2SO4 was added and the precipitate dissolved by warming in a water bath at 70oC. The solution was titrated with freshly prepared 0.01 M KMnO4, at room temperature until the first pink colour appeared throughout the solution. The solution was allowed to stand until it returned to colourless, after which it was warmed on an electric hot F (Bioevopeak HPS-280) at 70oC for 3 minutes, and re-titrated until a pink colour appeared and persisted for at least 30 seconds.

2.3.8 Determination of phytates

The fruits were analysed for their phytate content using  the method described by Agostinho et al (2016). Phytic acid (PA) is extracted from grain-based food samples by mixing 0.5 grams of ground material with 20 mL of 0.5 M hydrochloric acid under constant agitation for one hour. The mixture is then centrifuged, and the supernatant filtered. This extract is passed through an anion-exchange resin column to separate PA from inorganic phosphates. Phosphates are eluted with 0.1 M NaCl, while PA is recovered using 10 mL of 0.75 M NaCl.The method relies on the inhibition of a coloured Ca(II)-GBHA complex by PA, providing a simple, sensitive, and selective means of quantification.

2.3.9 Determination of minerals 

Fresh S. mundii fruit samples were prepared for minerals analysis by wet digestion using a mixture of acids; nitric acid, (HNO3), perchloric acid and hydrochloric acid, (HCl), in the ratio of 7:1:4 to completely digest the samples. Quantification was done by Induced Couple Plasma-Atomic Emission Spectrophotometer (Varian ICP-AES Liberty AX model) using a multiple element standard solution.

3. results and discussion

The qualitative analyses the of S. mundii fruit extracts yielded positive results in terms of the selected phytochemicals; alkaloids, flavonoids, phenols, saponins, and tannins, terpenoids as well as the antinutrients phytates and oxalates. The results of the qualitative screening of the fruits extract are shown in Table 1.
Table 1. Qualitative phytochemical profile of S. mundii fruit extract
	Phytochemicals
	Results

	Flavonoids
	

	· Alkaline test
	+++

	· Ferric chloride test
	++

	Saponins
	+

	Alkaloids
	

	· Mayer’s test
	+

	· Wagner’s test
	+

	· Dragendorf’s test
	+

	Tannins
	+

	Total phenolic compounds
	

	· Ferric chloride test
	++

	· Lead acetate test
	+

	Total terpenoids
	

	· Ferric chloride test
	+

	· Lead acetate test
	+

	Oxalates
	+

	Phytates
	+

	Proteins
	

	· Biuret’s test
	+

	· Ninhydrin test
	+

	Carbohydrates
	

	· Molish’s test
	+

	· Benedict’s test
	+

	· Fehling’s test
	+


Legend: (+ = present, - = absent)
Plant secondary metabolites are non-nutritive bioactive phytochemical compounds that are produced by plants as a protective mechanism against viruses, bacteria, fungi and parasites. Though they are non-essential nutrients, these dietary phytochemicals, protect humans against diseases. These biologically active compounds have attracted much interest because of the wide versatility of their applications (Thakuret al, 2020) and have been shown to be beneficial to human health too (Santhi and Sengottuvel, 2016, Jaeger and Cuny, 2016).
Phytochemicals provide notable nutritional benefits and considerable economic significance when used in functional foods, non-alcoholic beverages, and various other food products (Srivastavaa et al, 2025). Phenolic compounds are secondary metabolites reported to exhibit anti-inflammatory activity (Biluca et al, 2020), oestrogenic activity, enzyme inhibition, and antimicrobial activity (Moo-Huchin et al, 2015) partly due to their antioxidant capacity (Skrypnik et al, 2019). Phenolic compounds have demonstrated antioxidant activities that are essential for optimal cellular functions (Nemzer et al, 2020; Akter et al, 2021). Alkaloids possess potent medicinal qualities such as anti-inflammatory, antimalarial, antimicrobial, and alleviation of spasms (Thakur et al, 2021). The medicinal properties of flavonoids include anti-cancer, antioxidant, antiviral and anti-inflammatory (Zhaoet al, 2019, Ullah et al, 2020). 
The results of proximate analysis of the S. mundii fruit samples are shown in Table 2. In preliminary assessment of the nutritional quality of foods, proximate analysis is usually sufficient to establish the general category of foodstuff to which a particular sample belongs. The determined concentration values of the macronutrients in S. mundii fruit samples in this study were  within the range reported for other wild edible fruits growing in the Southern African sub-region (Sibiya, 2012). 

[bookmark: _Hlk173145039]Table 2. Mean (± SD) proximate composition of S. mundii fruits (n=3)
	[bookmark: _Hlk173143992]Nutrient
	Content

	Moisture
	7.95±0.85 g/100g

	Crude protein
	2.1±0.02 g/100g

	Total carbohydrates
	3.14±0.30 g/100g

	Crude fat
	0.5±0.02 g/100g

	Crude fibre
	3.54±0.25 g/100g

	Vitamin C
	1.21±0.43 g/100g

	Energy
	1585±36 kcal/100g

	Ash
	5.15±1g/100g



The moisture content, which is the amount of water that plant tissues can hold, is essential for many vital physiological processes and is involved in keeping the plant from dehydration (Lalika et al, 2013). High moisture content in fruits increases in the rate of microbial growth, which can greatly reduce the shelf life of the fruit. The moisture content of the fruits was very low at 7.95 g/100g, which means that the fresh fruits would have a longer shelf life. The fibre content of the fruits was 3.14 g/100g, which indicates that the fruits have a high fibre content. Dietary fibre in whole fruits has many beneficial health effects, which includes promotion of a healthy microbiota ecosystem (Klinder et al, 2016), reducing the risk of obesity, improving gut health, decreasing cardiovascular diseases, reducing the risk of cancers, stroke and type II diabetes (Miller et al, 2017; Dreher, 2018; Veronese et al, 2018). Studies have also linked the intake of fibre-rich foods to the decrease in some diseases like hypertension, coronary heart disease, diabetes, stroke, and some forms of cancer (Ma et al, 2019; Soliman, 2019). Generally, fruits are not considered as good a source of dietary protein. The crude protein content of the fruits was 2.10 g/100g which is within the range for many fruits (USDA, 2016). Proteins not only support growth, but also play important role in the maintenance and repair of body tissues, and in maintaining a healthy immune system (Wolfe, 2012).

Even though dietary fats, have generally received negative publicity, they are essential as part of a balanced diet for overall good health and wellbeing as they give the body energy, cushion organs, give structure to cells and support their growth, assist in the absorption of fat-soluble nutrients (EUFIC, 2015; Yan et al, 2024). The fats in fruits and nuts are also used as an energy source and for the many processes in vivo (Cena & Calder, 2020; Zheng et al, 2019). The crude fat content of the S. mundii fruits was found to be 0.50 g/100g. 

The carbohydrate content of the S. mundii fruits was 3.14 g/100g which is comparable with that of many other fruits (Achaglinkame et al, 2019, Singh et al, 2023). Dietary carbohydrates serve as the main source of human energy needs, therefore an intake of foods rich in carbohydrates is a necessity for a balanced diet. However, an excessive consumption of low-quality and refined simple carbohydrates has a direct negative impact on health (Clemente-Suarez, et al, 2022).
The vitamin C content of the S. mundii fruits was 1.21 g/110g. Vitamin C is a vital water-soluble nutrient that cannot be biosynthesised in humans (Qaderi et al, 2023, Gonzalez et al, 2023), therefore, the only source is from food. Fruits and vegetables are the richest natural sources of vitamin C and provide more than 90% of the vitamin requirement in the human diet (Johnson et al, 2013), a well-balanced diet can provide the required mount of vitamin C (Godek et al, 2020).
The ash content of the fruits was 5.15 g/100g, which is an indication of an appreciable content of minerals. The results of the mineral analysis of the fruits of S. mundii are shown in Table 2. The mineral analysis revealed that the fruits significant amounts of many of the essential minerals; both macro-minerals and micro-minerals. The concentrations of major minerals on a wet weight basis were as follows: calcium, Ca (4.295 g/kg), magnesium, Mg (6.042 g/kg), potassium, K (1.735 g/kg) and sodium, Na (0.395 g/kg). The ratio of sodium to potassium was 0.227, which was less than 1.0, the maximum level content of the minerals on wet weight basis were as follows: zinc, Zn (0.753 mg/kg), molybdenum, Mo (0.457 mg/kg), iron, Fe (0.406 mg/kg), manganese, Mn (2.228 mg/kg), nickel, Ni (0.067 mg/kg), copper, Cu (0.034 mg/kg) and cobalt, Co (0.056 mg/kg). 

Table 3. Mean (content of selected minerals and heavy metals in S. mundii fruits
	Mineral
	Content, mg/kg
(± SD; n=3)

	Ca
	4.295±0.540

	Mg
	6.042± 1.250

	K
	1.735±0.255

	Na
	0.395±0.145

	P
	0.09± 0.030

	Co
	0.056±0.015

	Cu
	0.034±0.008

	Cr 
	0.088±0.046

	Fe
	0.406±0.158

	Mn
	2.228±0.095

	Mo
	0.457±0.125

	Ni
	0.067±0.025

	Zn
	0.753±0.252



Zinc plays a critical role in the human body as it is a cofactor of many enzymes (Osredkar & Sustar, 2011). Copper is also an essential micromineral that regulates the functioning of enzymes, stabilising the walls of blood vessels, and connective tissues (Osredkar & Sustar, 2011). Chromium as an essential micromineral is required for sugar and fat metabolism, digestion and absorption of proteins, and fats (Ferit, 2023). There is not enough data to establish Recommended Dietary Allowance (RDA) for chromium, however, an estimated adequate and safe daily dietary intake of 35 μg is recommended (FDA, 2023). The total content of chromium was determined, cognisant of the fact that, chromium (III) is an essential micro-nutrient while chromium (VI) is toxic. The content of heavy metals found in S. mundii should, therefore, not be interpreted in isolation, but should be compared to the type of environment in which the tree is growing, and more importantly the concentration of these metals in the soil.
The results of the quantitative analysis of the phytochemicals are shown in Table 4. The knowledge of the phytochemistry of fruits and vegetables is essential for evaluating their health-promoting properties. The fruits of S. mundii had a relatively high amount of saponins, 138.9012.03 mg/kg and moderate amounts of total phenolic compounds, 92.36 mg/kg. The flavonoid content was very low at 1.45 mg/kg. The fruits contained significant amounts of total phenols, 92.36±5.42 mg/kg.
[bookmark: _Hlk173144998]Table 4. Mean (± SD) Selected phytochemical content of S. mundii fruits (n=3)
	[bookmark: _Hlk173144984]Phytochemicals 
	mg/100g

	Flavonoids
	0.15

	Saponins
	1.78

	Alkaloids
	1.77

	Total phenolic compounds
	9.24

	Tannins
	5.86

	Phytates
	0.56

	Oxalate
	13.89



Foods that are rich in phenolic compounds are potential functional foods due to their various bioactivities, which include antioxidant, anti-inflammatory, antimicrobial, anticancer, immunomodulatory, and vasodilatory properties (Sing & Yadav, 2022). The most common secondary metabolites in foods are said to be polyphenols and have become a subject of interest within the scientific community and research laboratories due to their bioactive properties, bioavailability, and bio-accessibility and their ability to prevent some chronic diseases, such as obesity and type-2 diabetes, which have become prevalent in many populations of the world (Del Rio et al, 2013; Zamora-Ros et al, 2014). The reduced risk of diabetes is linked to flavonoids while some studies have reported that consumption of some particular polyphenols may enable weight loss and avert weight gain due to changes in lipid and energy metabolism (Zamora-Ros et al, 2014; Aloo et al, 2023). The fruits of S. mundii may be a potential source of dietary polyphenols and other constituent phytochemicals.
The S. mundii fruits contained 178.13±4.52 mg/kg of saponins, which is significantly high relative to the amounts found in some edible wild fruits. (Nyero et al, 2023). Due to their amphiphilic property, saponins exhibit diverse health-promoting biological activities, including antioxidant, antitumor, anti-inflammatory, anti-cancer, lowering of blood cholesterol levels, and are being used for the treatment of obesity, osteoporosis, and sugar diabetes, although their mode of action is not clearly understood (Oleszek & Oleszek, 2021, Timilsena et al, 2023, Zhong et al, 2022). However, a high dietary intake of saponins has been reported to inhibit the absorption of minerals such as iron, zinc, and calcium by forming insoluble saponin-mineral complexes. (Samtiyaet al., 2020).The content of tannins was found to be 58.60 mg/kg in S. mundii fruits. Tannins have a long rich history of use in traditional herbal medicine due to antioxidant properties (Sharma et al. 2019).  Tannins have also been shown to exhibit antimutagenic activity and antimicrobial activity.  The antimutagenic activity of tannins may be attributed to their antioxidative properties while the presence of tannins in fruits thus serves as a natural defence mechanism against microbial infections in fruits (Chung et al, 1998). Tannins exhibit anti-hypertensive and vasodilatory effects, implying that consuming foods rich in tannins could improve the cardiovascular system’s health (Turgut et al, 2015).
The alkaloid content of the S. mundii fruits was very low at 17.70 mg/kg. Alkaloids are important compounds in human life as they exhibit a wide variety of medicinal properties, however their practical clinical use is limited because of their addictive properties. There is no general health-based guidance limit for pyrrolizidine alkaloids. However, researchers at the European Food Safety Authority (EFSA) have established a reference value of 237 μg/kg body weight per day to assess the carcinogenic risks posed by pyrrolizidine alkaloids (EFSA, 2017). This value was considered low enough for public health safety (FAO/WHO, 2015) and is generally considered protective enough for humans. Plant alkaloids   have been used by man for centuries as for example, remedies, human organs stimulants, potions. Presently some plant alkaloids are used as anticancer agents, cardioprotective agents, antidiabetic agents, immune stimulants, anti-inflammatory agents, and as antivirals (Watson et al, 2001). There are a few reports on alkaloids in fruits, because most researchers focus on alkaloids and other secondary metabolites in medicinal plant species but not in foodstuffs (Arbo et al, 2008). Therefore, since this study indicated significant content of alkaloids in S. mundii fruits, it will be worthwhile to do a more comprehensive study of the nutritional value of the fruits. 

The high content of oxalates, 138.9012.03 mg/kg in the S. mundii fruits may have some adverse effects as oxalates bind calcium and to a lesser extent, other minerals in the stomach and thus reduce their absorption. High dietary oxalate intake has traditionally been linked with the formation of kidney stones in humans (Crivelli et al, 2021). However, the dietary approaches to stop hypertension (DASH diet) with a high consumption of vegetables generally high in oxalates, have been reported to reduce the risk of kidney stone formation (Mitchel et al, 2019). The S. mundii fruits were found to contain a low amount of phytates, 5.64±0.74 mg/kg in this study. Dietary phytates have long been reported as anti-nutrients that reduce the absorption of minerals, such as calcium, iron, and zinc  from the diet (Petroski & Minich, 2020), but they are also known to exhibit antioxidant and antidiabetic properties with the ability to lower blood glucose levels (Sanchis et al, 2018). The disproportionate consumption of phytates may also lower utilisation of dietary protein (Bora, 2014). On the other hand, some studies have suggested that an intake of phytate-rich foods may be beneficial as phytates exhibit antioxidant property (Goufo & Trindade, 2014)   and inhibit the formation of calcium oxalate kidney stones (Grases et al, 2000). The phytates content of the fruits is low to be of any health concern. The fruit juice of S. mundii was compared with some major brands of fruit juices on the market. Considering its very good nutritional profile, especially of vitamin C, fibre and microminerals, the S. mundii puree has a great potential as a product in the beverages segment. 

4. Conclusion
This study shows that the fruits of S. mundii contain significant amounts of essential nutrients such as protein, carbohydrates, lipids, both macrominerals and microminerals, vitamin C, and phytochemicals. Wild edible fruits and vegetables have often been regarded as poverty foods within the Southern African sub-region. However, the results of this study have shown the potential of the fruits from S. mundii, a wild tree, to provide humans with most of the necessary nutrients. Fruits of S. mundii are nutritious, and may serve as a cheaper source of nutritious food, and with health benefits. The results suggest that consuming S. mundii fruits may address rural household dietary diversity and food insecurity, and that the fruits could be used as a food security coping strategy at household level and among shepherd boys who are the major consumers. Furthermore, the results may be used to dispel the negative perceptions towards the consumption of wild edible fruits. Thus, the need to include wild edible fruits such as those of S. mundii in efforts to alleviate food insecurity and micronutrient malnutrition among rural communities cannot be ignored. Knowledge and awareness of the health benefits of the S mundii fruits could positively influence choices and preferences towards the consumption of these wild edible fruits and dispel the negative perception towards consumption of wild fruits and vegetables by the urban population. A series of more detailed analyses of fresh S. mundii fruits should be explored and the potential for making and packing the juice explored. 
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