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The fruit of Sclerocarya birrea (A. Rich.) Hochst., commonly known as the marula, is widely appreciated for its nutritious pulp and edible nuts. The pulp has a higher vitamin C than those of other fruits, including pineapple, guava, and oranges. In addition, fresh marula fruits are often used to produce delicious sweets, wine and flavorings: it is perhaps best known as the flavor of Amarula liqueur. In vitro and in vivo studies indicate that the various parts of marula have pro-health properties, such as antioxidant, antibacterial, antifungal, antidiabetic activities. This paper reviews the current state of knowledge regarding the marula fruit and its products, with a special emphasis on their chemical composition, biological activity and pro-health potential.
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INTRODUCTION
While Sclerocarya birrea (A. Rich.) Hochst. has many common names, such as morula, jelly plum, cat thorn, cider tree, maroola plum, maroola nut, moroela, elephant tree, mafula, and nkanyi, it is best known as the marula. The species belongs to Anacardiaceae, alongside the sumac, cashew, mango and pistachio. S. birrea is divided into three subspecies differentiated by leaf shape and size: subsp. birrea, subsp. afra and subsp. multifoliolata. Subsp. birrea is found in northern Africa and subsp. afra in southern Africa, while subsp. multifoliolata is only found in Tanzania. The generic name Sclerocarya is derived from the Ancient Greek words skleros meaning hard, and karyon meaning nut, i.e., the hard pit of the fruit. The specific epithet birrea comes from the common name birr, for this type of tree in Senegal (Masarirambi and Nxumalo, 2012; Nyoko et al., 2015; Mashau et al., 2022; Abdelwahab et al., 2025).
The single-stemmed marula tree is found in 29 countries. Female trees bear up to 500 kg of fruit each year, while the male tree puts on a delicate floral display instead. Marula fruit are cylinder-like plum-sized drupes, and may range from 3 to 4 cm in thickness. They ripen between December and March, and have a light yellow skin with white flesh. Marula fruit is especially appreciated for its nutritious pulp and edible nuts. The pulp has a higher vitamin C (67–403 mg/100 g fresh weight) than the that of other fruits, including pineapples, guava, and oranges (Hiwilepo-van Hal, 2013). The ripe fruit is aromatic with a turpentine taste and the white succulent pulp sticks tightly to the nut (2–3 cm in diameter). The nut itself is divided into three or four hollows, each with one seed. The fruit has a single seed, which has a delicate nutty flavor (Mashau et al., 2022).
The marula tree is also regarded as the “king of African trees”. It is a green, leafy plant standing between 9 and 18 m tall and demonstrates considerable drought resistance, with each tree still managing to produce large amounts of fruit during dry seasons. All of its parts, viz. the fruits, bark, leaves, stem, and nuts, are used extensively, with their precise use varying with location and tribe. The parts used for food are summarized in Figure 1. The fresh fruits can also be incorporated in various other products including wine, known locally as mokhope, omagongo or ubuganu, and flavorings, most famously Amarula liqueur. It is also used to produce delicious sweets similar to fruit rolls (Van Wyk, 2011; Pfukwa et al., 2020; Mashau et al., 2022).
[image: Figure 1]FIGURE 1 | Bioactive ingredients of various parts of marula used as food.
Marula fruits have demonstrated various antioxidant, antibacterial, antifungal and antidiabetic activities, as noted in in vitro and few in vivo studies (Pfukwa et al., 2020; Mashau et al., 2022; Fakudze et al., 2023; Abdelwahab et al., 2025); as such, they are often used in folk medicine (Figure 2). Although relatively few review papers have explored the medicinal potential of marula fruits (Mashau et al., 2022; Fakudze et al., 2023; Abdelwahab et al., 2025), their findings generally suggest the fruits have little medicinal value; however, these papers generally do not include the other parts of the marula plant and their products (Mashau et al., 2022; Lekhulenie et al., 2024). For example, a review by Mashau et al. (2022) only describes the biological activities of marula fruits.
[image: Figure 2]FIGURE 2 | Marula parts (fruits, bark, roots, and leaves) used for treatment of pathology in folk medicine.
The aim of the present mini-review is to provide an overview of the beneficial potential of marula fruits, and to highlight that other parts of the marula tree, and their products, also have beneficial potential.
RESEARCH METHODS
ScienceDirect, Web of Science, SCOPUS, Web of Knowledge, PubMed, and Sci Finder were searched for papers examining potentially beneficial functional components of the various parts of the marula plant. The search terms comprised the terms “marula”; “S. birrea”, “marula tree”, “marula seed”, and “marula fruit” and their combinations. No time criteria were applied to the search, but recent papers were evaluated first. The last search was run on 15 December 2024. Papers were first selected based on the relevance to the title of the present manuscript, and the identified articles were screened by reading the abstract. Any relevant identified articles were summarized. About 88 articles were obtained from the searches, and only 43 were included in this review. The molecular mechanisms underpinning the biological action of various parts of marula were also analyzed and discussed as part of the search.
Bioactive compounds of various parts of marula and marula products
Marula fruits contain considerable amounts of protein, dietary fiber, fatty acids, amino acids (threonine, tyrosine, methionine, valine, phenylalanine, isoleucine, leucine, lysis, and histidine), minerals (sodium, potassium, calcium, magnesium, copper, manganese, iron, and other), and vitamins (A, B3, C, E, and carotene) (Sibiya et al., 2020; Lekhulenie et al., 2024). The fruits also contain various other bioactive compounds, including phenolic compounds, phytosterols and triterpenoids, which determine their various biological properties (Mawoza et al., 2010; Hiwilepo-van Hal, 2013; Mashau et al., 2022; Lekhuleni et al., 2024).
Marula fruits may be eaten fresh or fermented into beer. The preparation of marula beer does not require additional substances such as sorghum, maize, yeast, and sugar (Molelekoa et al., 2018). The alcoholic concentration increases from 0.9% v/v, in the initial stage of fermentation, to 5.5% v/v in the final stage (Hiwilepo-van Hal, 2013). The fruit is also used to make a popular wine with high vitamin C and alcohol content, with the latter reaching strengths of 15%, depending on the tree and the length of fermentation (Hailwa, 1998; Hillman et al., 2008). The marula fruit is also, most famously, the base of the alcoholic Amarula cream liqueur, and milk chocolate with amarula syrup filling (Mashau et al., 2022; Lekhuleni et al., 2024). Marula fruits may be used to produce vinegar, which is often added to salad dressing and mayonnaise (Mashau et al., 2022).
Marula jams and jellies with an attractive natural waxy yellow color are also popular with consumers (Hiwilepo-van Hal, 2013; Mashau et al., 2022; Lekhuleni et al., 2024). Marula jam and ice cream manufactured according to industrial protocols were found to be rich in ascorbic acid 45 days post-production (Hillman et al., 2008). Various other marula products also exist, such as chutneys and pie fillings, fruit teas and supplements, i.e., powder capsules, as well as coffee substitute made from the burnt skin (Mawoza et al., 2010; Hiwilepo-van Hal, 2013; Mashau et al., 2022).
Marula juice prepared from fresh and fully-ripe pulp has high levels of vitamin C and various minerals, including manganese, potassium, zinc, calcium, and magnesium. Its sugar content is 22 mg/mL fructose, 4.9 mg/mL sucrose, and 4.9 g/mL glucose (Eromosesle et al., 1991; Hillman et al., 2008; Mashau et al., 2022). Hiwilepo-van Hal et al. (2013) report that the vitamin C in marula fruit pulp demonstrated considerably low thermal degradation. It was found to be 15 times more stable compared to guava and mango pulp.
Marula juice is also a good source of phenolic compounds including tannins, hydroxycinnamic acid derivatives and catechins (Borochov-Neori et al., 2008).
Marula seeds may be eaten dried, fresh or milled. In addition, they may be also incorporated to soups, boiled meat, and vegetables to enhance the flavor. Fresh marula seeds are also often mixed with porridge. De-kernelled marula seeds, including the shells, can be served as a tea or extract as a nutritional supplement (Pfukwa et al., 2020).
Importantly, marula seeds also contain various vitamins and minerals. They also contain oil which is a rich source of protein and mono-unsaturated fatty acids, especially oleic acid (Mariod et al., 2008; Mariod and Abdelwahab, 2012; Sybille et al., 2012; Mashau et al., 2022). However, Eromosele and Paschal (2003) indicate that marula oil has low concentration of vitamin E compared to other nut oils. A recent study comparing the effects of decoction and maceration on the phytochemical content and antioxidant properties of de-kernelled marula seeds by Rama et al. (2023) found decoction to achieve the highest concentrations of chemical compounds.
The varied uses of marula in food are presented in more detail in Figure 1. Table 1 also compared the nutritional content of edible marula fruit (pulp) and its products (nuts, jam and alcohol). It can be seen that pulp has higher fiber content (4.25–10.5 g/100 g) than the nut (2.47 g/100 g), lipids and protein levels are lower in the pulp than the nut. Again, it is important to note that marula pulp has a high concentration of vitamin C (0.062–0.179 g/100 g). In addition, marula pulp and nut are rich in various saturated fatty acids, such as tetradecanoic and hexadecanoic acid, and unsaturated fatty acids, such as oleic acid, linoleic acid, α-linolenic acid, and eicosanoid acid; the latter have pro-health properties, such as cardioprotective potential (Mariod and Abdelwahab, 2012; Sybille et al., 2012; Mashau et al., 2022).
TABLE 1 | Concentrations of chemical compounds in marula fruit (pulp) and its products; and concentrations of phenolic compounds in various parts of marula (based on (Mashau et al., 2022); modified).
[image: Table 1]The phenolic profile of marula varies with the part of the plant. For example, higher levels of flavonoids are noted in marula pulp than the leaves, bark, and roots (Table 1). The polyphenolic content of marula fruit is described in more detail by Mashau et al. (2022) and Lekhuleni et al. (2024).
Chemical anti-oxidant assays for marula products
Hillman et al. (2008) noted that fresh marula fruit juice has antioxidant capacity ranging from 141–440 mg/100 mL ascorbic acid equivalent (in vitro model). The total antioxidant and polyphenol content of the juice varied among clones and with time post-abscission, as did the activity of superoxide dismutase. In addition, ascorbic acid content was found to be high in all the clones with significant differences among clones and time post-abscission. Clone no 12 at 1 week post-abscission had the higher ascorbic acid content, 21.177 mg/g dry weight and clone no four at the abscission day had the lower ascorbic acid content, 7.142 mg ascorbic acid/g dry weight. It also has around four times more antioxidant potential than the juice of either orange or pomegranate. In addition, marula ice cream and jam manufactured according to industrial protocols were rich in ascorbic acid 45 days post-production.
Mariod et al. (2008) studied radical scavenging capacities and antioxidant properties of various methanolic extracts from S. birrea leaves, roots, barks, and kernel oil cake in vitro. The total phenolic compounds were found as 304.5 mg/g of dry product (for the extract from leaves), 367.5 mg/g of dry product (for the extract from roots), 593.0 mg/g of dry product (for the extract from barks), and 258.0 mg/g of dry product (for the extract from kernel oil cake). All tested extracts were markedly effective in inhibiting the oxidation of linoleic acid and subsequent bleaching of β-carotene in comparison with the control. However, based on oxidation of β-carotene ⁄ linoleic acid, the extract from kernel oil cake was the most effective followed by extracts from roots, leaves, and barks. The antioxidant properties determined by the DPPH (1,1-diphenyl-b-picrylhydrazyl) method also revealed that the extract from kernel oil cake had the highest antioxidant activity on DPPH free radicals followed by extracts from barks, roots, and leaves.
Other research found young stem extract of marula to contain the highest levels of total phenolic compounds (14.15 ± 0.03 mg gallic acid equivalent (GAE)/g), flavonoids (1.21 ± 0.01 mg catechin equivalent (CE)/g) and gallotannins (0.24 ± 0.00 mg GAE/g) compared to other parts. The EC50 value of the stem extract was found to be 5.02 μg/mL (6.86 μg/mL for ascorbic acid) in the DPPH free radical test (Moyo et al., 2010). Also, the antioxidant properties of extracts from marula leaves, bark and roots have been associated with their phenolic compound content (Mariod et al., 2008; Moyo et al., 2010; Misihairabgwi and Cheikhyoussef, 2017).
In addition, Ndhlala et al. (2006a) and Ndhlala et al. (2006b) report that marula juice has antioxidant potential associated with its phenolic compounds (total phenolics: 2262 µg GAE/g, flavonoids: 202 µg catechin/g, and 6.0% condensed tannins). Other studies attribute the antioxidant properties of marula juice to the degree of polymerization (DP) of phenolic compounds, when DP is less than 10 (Zhou et al., 2014).
A recent study of the effect of freezing on the chemical content (total phenolic compounds: 196.42 mg catechin equivalent/mL; 0 weeks) and antioxidant properties of marula fruit juice by Nthabising et al. (2023) found an approximate 37% decrease in total phenolic compounds, and 36% decrease in vitamin C compared to fresh, unfrozen controls as a result of the freezing process; this data indicates that freezing is not a good method of preservation. Freezing also reduced the antioxidant properties of the fruit juice, measured by various methods.
Biological activity of marula
Marula products and supplements have commercial, cultural and ethnomedicinal value in Africa and in other parts of the world. However, studies indicate that the different parts of the plant have different biological properties.
Antioxidant potential (in vitro and in vivo models)
Borochov-Neori et al. (2008) indicate that marula juice (1 and 2 μg/mL) showed radical scavenging capacity by causing a 32% and 62% reduction, in optical density of DPPH solution. In a model of oxidative stress caused by copper ions, marula juice also decreased the production of lipid peroxide (IC50–0.055 μg/mL) and thiobarbituric acid reactive substances (TBARS) (IC50–0.050 μg/mL) caused by LDL oxidation. Moreover, supplementation of this juice (100 and 200 mL/kg b.w./day; for 3 weeks) significantly reduced the level of triglyceride (7%), LDL (17%), and total cholesterol (8%), and increased the level of high-density lipoprotein (HDL) by 10% in healthy individuals. The juice contained a significant amount of phenolic compounds (56 mg of pyrogallol equivalence) and its antioxidant capacity was found to be high (382 mg of ascorbic acid equivalent). Most importantly, its antioxidant activity was not destroyed by pasteurization; however, after 4 weeks of low temperature storage (at – 18 °C), the antioxidant potential was reduced by 14%. In addition, tested marula juice was found to contain high vitamin C and potassium levels and low sugar concentration (267 mg/dL, 328 mg/dL, and 7.3 g/dL, respectively).
Antidiabetic potential (in vivo models)
Various studies have reported that marula bark extract has antidiabetic activity in animal models. For example, Gondwe et al. (2008) observed that 5-week supplementation modulates blood glucose and glomerular filtration rate in diabetic rats. The extract was found to have the same effects as methormin treatment. The action of used extract (120 mg/kg p.o., daily) was monitored for 5 weeks in animals. This extract exhibited dose-dependent reduction in blood glucose concentration. In addition, the hypoglycemic effect of this extract treatment was associated with increased hepatic glycogen synthesis. Moreover, the extract treatment reduced blood pressure in animals.
Dimo et al. (2007) also noted that administration of marula bark extract reduces the level of blood glucose in diabetic rats. Experimental animals using by Dimo et al. (2007), were treated by oral administration of plant extract (150 and 300 mg/kg body weight) and metformin (500 mg/kg; control - reference drug) for 21 days. They observed that marula stem bark extract exhibited a significant reduction in blood glucose and increased plasma insulin levels in diabetic rats. Moreover, used extract also prevented body weight loss in diabetic rats. The effective dose of this extract (300 mg/kg) tended to reduce plasma cholesterol, triglyceride and urea levels toward the normal levels.
Antibacterial and antifungal potential (in vitro models)
Eloff (2001) report that marula bark and leaf extracts have antibacterial properties against Staphylococcus aureus, Pseudomonas aeruginosa, Escherichia faecais, and Escherichia cola. The minimum inhibitory concentration (MIC) values ranged from 0.15 to 3 mg/mL.
Interestingly, various parts of the marula also have antifungal activity. For example, Masoko et al. (2008) found acetone, ethanol, and methanol marula bar extracts to have antifungal properties against Candida parapsilosis, Cryptococcus albidus, and Rhodotorula mucilaginosa. Of the tested extracts, the greatest activity was found for methanol. Hamza et al. (2006) also found marula root methanolic extract to have antifungal activity against Cryptococcus neoformans, Candida albicans, Candida kruseii, Candida glabrata, Candida tropicalis, and Candida parapsilosis with a MIC value of 0.5 mg/mL. However, authors (Eloff, 2001; Hamza et al., 2006; Masoko et al., 2008) did not describe the phytochemical profile of used extracts.
Other biological potential (in vitro and in vivo models)
The anti-inflammatory effects of aqueous and methanolic stem-bark extracts of S. birrea (500 mg/kg p.o.) were also examined on rat paw oedema induced by subplantar injections of fresh egg albumin (0.5 mL/kg). The typical anti-inflammatory agent - acetylsalicylic acid (100 mg/kg p.o.) was used for comparison. Both, the aqueous and methanolic extracts progressively and time-dependently reduced rat paw oedema induced by subplantar injections of fresh egg albumin. But, the methanolic extract produced relatively greater and more pronounced anti-inflammatory effect than its aqueous extract counterpart in the experimental animal model (Ojewole, 2003).
A combination of marula stem bark extract and those of other medicinal trees was tested against Plasmodium falciparum and Plasmodium berghei. The extracts demonstrated both anti-plasmodial activity in vitro and anti-malarial potential in vivo. However, phytochemical profile of the tested extract was not described (Gathirwa et al., 2008).
A recent study found marula oil nanoemulsion to have neuroprotective potential in a mouse model of experimental Parkinson’s disease induced by rotenone (Alshaman et al., 2023). Treatment with marula oil or marula nanoemulsion improved poor motor performance; it also downregulated the elevated expression of protein inflammatory parameters, such as tumor necrosis factor-α (TNF-α) and interleukin-1β (IL-1β) in the mice, as well as biomarkers of oxidative stress (e.g., TBARS).
Recently, Tientcheu et al. (2023a) and Tientcheu et al. (2023b) also investigated the neuroprotective and antidiabetic properties of a mixture of Piper longum, Nauclea latifolia, and S. birrea (75, 150, and 300 mg/kg) in a rat model of type 2 diabetes and memory impairment. The tested mixture (150 and 300 mg/kg) showed neuroprotective and memory-strengthening potential by protecting the hippocampus neurons and normalized blood glucose levels. Other studies by these authors indicate that this mixture may protect the striatal neurons and movement-associated functionalities in a rat model of locomotion dysfunction caused by diabetes. However, authors only describe that tested mixture contains active metabolites, mainly flavonoids, and fatty acids.
Wide spectrum of active components, especially phenolic compounds of various parts of marula and its products have been found to demonstrate different biological properties and these are summarized in Figure 3 together with their potential molecular mechanisms. For example, marula juice and extracts from various parts of marula have been noted to effectively inhibit generation of non-radical and radical reactive oxygen species and lipid peroxidation. In addition, marula oil demonstrates neuroprotective activity, which may be associated with its anti-inflammatory effect by regulating signaling pathways such as TNF-α and IL-1β.
[image: Figure 3]FIGURE 3 | Main biological properties of various parts of marula and its products; their potential molecular mechanims
The safety of marula extracts
Some in vitro and animal studies have examined the safety of marula extracts, but with varying results. For example, Muhammad et al. (2014) report in in vivo model that marula fruit peel extract (oral administration: 3000 and 4,000 mg/kg body weight) has a toxic effect on kidneys and liver in rats, manifested in significantly higher uric acid, urea, serum total protein, creatinine, transaminase, bilirubin, and albumin content.
An in vitro study found that exposure to high concentrations (600–1000 μg/mL) of bark-stem extract decreases the viability of kidney cell lines (distal and proximal tubules) (Gondwe et al., 2008), but the same extract (120 mg/kg) has no effect on renal fluid in nondiabetic and diabetic rats.
The cytotoxicity of marula was tested against VERO cells (in vitro), evaluated as the concentration required to cause visible alterations in 50% of intact cells (CC50). The analysis found the methanolic extract to have a CC50 of 361.2 μg/mL and the aqueous extract 3375.2 μg/mL. However, the authors did not write which part of marula was used (Gathirwa et al., 2008).
It has also been found in vivo that aqueous, methanolic, and hexane extracts from marula bark and stem (10–1000 mg/mL) did not demonstrate toxic potential against brine shrimp (McGaw et al., 2007). However, Ojewole (2023) report that methanolic and aqueous marula bark-stem extracts (500 mg/kg) are safe in rats. Unfortunately as there is not yet any unequivocal clinical evidence for the safety of marula products and supplements, further research is needed to confirm this. More details about the toxicity of marula extracts are described by Fakudze et al. (2023). However, this review paper only reports research data in vitro models.
CONCLUSION
Marula is consumed in a variety of forms, including raw fruits, alcohol-based products, jams and jellies. Marula seeds are surrounded by a delicate white kernel high in arginine and glutamic acid, as well as myristic, oleic, and palmitic acids. Marula preparations (especially extracts) have high levels of total phenolic compounds, with various biological properties (Table 2). However, many of these studies are limited to in vitro and animal models, and demonstrate considerable heterogeneity, making it difficult to compare results. In addition, authors often do not describe the phytochemical profile of used preparations, including extracts. Often biological activities of marula preparations reported very naively. Moreover, such papers about biological properties of marula products are sometimes common in journals with no or poor peer-review. In addition, full taxonomic validity of the plant material under investigation was not always ascertained.
TABLE 2 | Biological properties of various marula products.
[image: Table 2]Although the food products derived from marula fruits and seeds may be valuable sources of bioactive compounds, further in vivo studies are needed to clarify their exact mechanism (Hiwilepo-van Hal et al., 2012; Hiwilepo-van Hal et al., 2014; Sibiya et al., 2020; Mashau et al., 2022; Lekhuleni et al., 2024). Such studies should also examine the health potential of fresh marula fruits, and their food products and supplements, as well as their long-term effects. Moreover, only few papers (Ojewole, 2003; Gathirwa et al., 2008; Gondwe et al., 2008; Muhammad et al., 2014; McGaw et al., 2007) describe safety of extracts from various parts of marula in in vitro and animal models. There are no information about the safety of food products derived from marula fruits and seeds in animal and human models. Such studies should examine the safety of these food products, as well as their long-term safety.
The biological activity of marula fruits and their products is doubtlessly influenced by their chemical composition, with vitamin C, phenolic compounds, and unsaturated fatty acids playing key roles. However, again, their mechanisms of action are unclear and require further study.
AUTHOR CONTRIBUTIONS
BO: Conceptualization, Supervision, Writing–review and editing.
FUNDING
The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.
GENERATIVE AI STATEMENT
The author(s) declare that no Generative AI was used in the creation of this manuscript.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
ABBREVIATIONS
CE, catechin equivalent; DP, degree of polymerization; DPPH, 2,2-diphenyl-1-picrlhydrazyl; GAE, gallic acid equivalent; HDL, high-density lipoprotein; Il, interleukin; LDL, low-density lipoprotein; MIC, minimum inhibitory concentration; TBARS, thiobarbituric acid reactive substances; TNF-α, tumor necrosis factor-α.
REFERENCES
 Abdelwahab, S. I., Taha, M. M. E., and Mariod, A. A. (2025). Bibliometric analysis of scientific research on Sclerocarya birrea (A. Rich.) Hoshst. Foods Raw. Mat. 13, 128–143. 
 Alshaman, R., Qushawy, M., Mokhtar, H. I., Ameen, A. M., El-Sayed, R. M., Alamri, E. S., et al. (2023). Marula oil nanoemulsion improves motor function in experimental parkinsonism via mitigation of inflammation and oxidative stress. Front. Pharmacol. 1, 1293306–1293314. doi:10.3389/fphar.2023.1293306
 Attiogbe, F. K., and Abdul-Rozak, T. (2016). Evaluation of the physiochemical properties of Northern Ghana Sclerocarya birrea seed oil and proximate analysis of the process waste. Afr. J. Food Sci. 10, 48–53. doi:10.5897/ajfs2016.1425
 Borochov-Neori, H., Judeinstein, S., Greenberg, A., Fuhrman, B., Attias, J., Volkova, N., et al. (2008). Phenolic antioxidants and antiatherogenetic effects of marula (Sclerocarrya birrea subsp. caffra) fruit juice in healthy humans. J. Agric. Food Chem. 56, 9884–9891. doi:10.1021/jf801467m
 Chiesa, G., Kiriakov, S., and Khalil, A. S. (2020). Protein assembly system in natural and synthetic biology. BMC Biol. 18, 1–33.
 Dimo, T., Rakotonirina, S. V., V. Tan, J. A., Dongo, E., Kamtchouing, P., Cros, G., et al. (2007). Effect of Sclerocarya birrea (Anacardiaceae) stem bark methylent chloride/methanol extract on streptozotocin-diabetic rats. J. Ethnopharmacol. 110, 434–438. doi:10.1016/j.jep.2006.10.020
 Eloff, J. N. (2001). Antibacterial activity of marula (Sclerocarya birrea (A. Rich.) hochst. subsp. caffra (sond) kokwaro) (Anacardiaceae) bark and leaves. J. Ethnopharmacol. 76, 305–308. doi:10.1016/s0378-8741(01)00260-4
 Eromosele, C. O., and Paschal, N. H. (2003). Characterization and viscosity parameters of seed oils from wild plants. Bioresour. Technol. 86, 203–205. doi:10.1016/s0960-8524(02)00147-5
 Eromosele, I. C., Eromosele, C. O., and Kuzhkuzha, D. M. (1991). Evaluation of mineral elements and ascorbic acid contents in fruits of some wild plants. Plant Foods Hum. Nutri 41, 151–154. doi:10.1007/BF02194083
 Fakudze, N. T., Sarbadhikary, P., George, B. P., and Abrahamse, H. (2023). Ethnomedicinal uses, phytochemistry, and anticancer potentials of African medicinal fruits: a comprehensive review. Pharmaceuticals 16, 1117–1149. doi:10.3390/ph16081117
 Gathirwa, J. W., Rukunga, G. M., Njorgi, E. N. M., Omar, S. A., Mwitari, P. G., Guantai, A. N., et al. (2008). The in vitro anti-plasmodial and in vivo anti-malarial efficacy of combinations of some medicinal plants used traditionally for treatment of malaria by the Meru community in Kenya. J. Ethnopharmacol. 115, 223–231. doi:10.1016/j.jep.2007.09.021
 Gondwe, M., Kamadyaapa, D. R., Tufts, M., Chuturgoon, A. A., and Musabayane, C. T. (2008). Sclerocarya birrea [(A.Rich) Hochst] [Anacardiaceae] stem-bark ethanolic extract (SBE) modulates blood glucose, glomerular filtration rate (GFR) and mean arterial blood pressure (MAP) of STZ-induced diabetic rats. Phytomed 15, 699–709. doi:10.1016/j.phymed.2008.02.004
 Hailwa, J. (1998). Non-wood forest products in Namibia. Dir. For. Ministry Environ. Tour. Rep. Wind. Namib. Ministry Environnment Tour.
 Hamza, O. J. M., van den Bout-van den Beukel, C. J. P., Matee, M. I. N., Moshi, M. J., Mikx, F. H. M., Selemani, H. O., et al. (2006). Antifungal activity of some Tanzanian plants used traditionally for the treatment of fungal infections. J. Ethnopharmacol. 108, 124–132. doi:10.1016/j.jep.2006.04.026
 Hillman, Z., Mizrahi, Y., and Beit-Yannai, E. (2008). Evaluation of valuable nutrients in selected genotypes of marula (Sclerocarya birrea ssp caffra). Sci. Hortic. 117, 321–328. doi:10.1016/j.scienta.2008.05.008
 Hiwilepo-van Hal, P. (2013). Processing of marula (Sclerocarya birrea subsp. caffra) fruits: a case study on health-promoting compounds in marula pulp. Wageningen, Netherlands: Wageningen University. PhD thesis. 
 Hiwilepo-van Hal, P., Bille, P. G., Verkerk, R., van Boekel, M. A. J. S., and Dekker, M. (2014). A review of the proximate composition and nutritional value of marula (Sclerocarya birrea subsp caffra). Phytochem. Rev. 13, 881–892. doi:10.1007/s11101-014-9352-6
 Hiwilepo-van Hal, P., Bosschaart, C., van Twisk, C., and Verkerk, R. (2012). Kinetics of thermal degradation of vitamin C in marula fruit (Sclerocarya birrea subsp. caffra) as compared to other selected tropical fruits. LWT – Food Sci. Technol. 49, 188–191. 
 Lekhuleni, I. L., Shabalala, A., and Maleuleke, M. K. (2024). Quality aspects of marula (Sclerocarya birrea) fruit, nutritional composition, and the formation of value-added products from human nutrition: a review. Disc. Food 35, 1–12. 
 Mariod, A. A., and Abdelwahab, S. I. (2012). Sclerocarya birrea (Marula), an African tree of nutritional and medicinal uses: a review. Food Rev. Int. 28, 375–388. doi:10.1080/87559129.2012.660716
 Mariod, A. A., Matthaus, B., and Hussein, I. H. (2008). Antioxidant properties of methanolic extracts from different parts of Sclerocaryna birrea. Int. J. Food Sci. Technol. 43, 921–926. doi:10.1111/j.1365-2621.2007.01543.x
 Masarirambi, M. T., and Nxumalo, K. A. (2012). Post – harvest physiological indicators on the phenotypic variation of marula fruits (Sclerocarya birrea subspp. Caffra) in Swaziland. Int. J. Biol. Pharm. Allied. Sci. 1, 1–12. 
 Mashau, M. E., Kgata, T. E., Makhado, M. V., Mikasi, M. S., and Ramashia, S. E. (2022). Nutritional composition, polyphenolic compounds and biological activities of marula fruit (Scerocarya birrea) with its potential food applications: a review. Inter. J. Food Prop. 25, 1549–1575. 
 Masoko, P., Mmushi, T. J., Mogashoa, M. M., Mokgotho, M. P., Mampuru, L. J., and Howard, R. L. (2008). In vitro evaluation of the antifungal activity of Sclerocarya bireea extracts against pathogenic yeasts. Afr. J. Biotechnol. 7, 3521–3526. 
 Mawoza, T., Ojewole, J. A., Chiwororo, W. D., and Owira, P. M. (2010). Sclerocarya birrea (A. Rich.) hochst Marula (Anacardiaceae): a review of its phytochemistry, pharmacology and toxicology and its ethnomedicinal uses. Phytother. Res. 24, 633–639. doi:10.1002/ptr.3080
 McGaw, L. J., Van der Merwe, D., and Eloff, J. N. (2007). In vitro anthelmintic, antibacterial and cytotoxic effects of extracts from plants used in South African ethnoveterinary medicine. Vet. J. 173, 366–372. doi:10.1016/j.tvjl.2005.09.004
 Misihairabgwi, J., and Cheikhyoussef, A. (2017). Traditional fermented foods and beverages of Namibia. J. Ethn. Foods 4, 145–153. doi:10.1016/j.jef.2017.08.001
 Molelekoa, T. B. J., Regnier, T., da Silva, L. S., and Augustyn, W. A. (2018). Potential of marula (Sclerocarya birrea subsp.) waste for the production of vinegar through surface and submerged fermentation. S. Afr. J. Sci. 114, 1–11. doi:10.17159/sajs.2018/4874
 Moyo, M., Ndhlala, A. R., Finnie, J. F., and Van Staden, J. (2010). Phenolic composition, antioxidant and acetylocholinesterase inhibitory activities of Sclerocarya birrea and Harpephyllum caffrum (Anacardiaceaea) extracts. Food Chem. 123, 69–76. doi:10.1016/j.foodchem.2010.03.130
 Muhammad, S., Hassan, L. G., Dangoggo, S. M., Hassan, S. W., Umar, R. A., and Umar, K. J. (2014). Acute and subchronic toxicity studies of Sclerocarya birrea peels extract in rats. Int. J. Sci. Basic Appl. Res. IJSBAR 13, 111–118. 
 Ndhlala, A. R., Kasiyamhuru, A., Mupure, C., Chitindingu, K., Benhura, M. A., and Muchuweti, M. (2006a). Phenolic composition of Flacourtica indica, Opuntia megacantha and Sclerocarya birrea. Food Chem. 103, 82–87. doi:10.1016/j.foodchem.2006.06.066
 Ndhlala, A. R., Mupure, C. H., Benhura, C. K., and Muchuweti, M. A. N. (2006b). Antioxidant potentials and degrees of polymerization of six wild fruits. Sci. Res. Essay 1, 87–92. 
 Nthabisng, L. K., Adeyanju, A. A., and Banidele, O. P. (2023). Effects of frozen of marula fruits (Sclerocarya birrea) on chemical, antioxidant activities, and sensory properties of marula fruit juice. Heliyon 9, 1–10. 
 Nyoka, B. I. T. C., Mng’omba, S. A., Akinnifesi, F. K., and Sagona, W. (2015). Variation in growth and fruit yield of populations of Sclerocarya birrea (A. Rich.) hochst. Agrofor. Sys. 89, 397–407. 
 Ojewole, J. A. O. (2003). Evaluation of the anti-inflammatory properties of Sclerocarya birrea (A. Rich.) Hochst. (Family: Anacardiaceae) stem-bark extracts in rats. J. Ethnopharmacol. 85, 217–220. doi:10.1016/s0378-8741(03)00019-9
 Pfukwa, T. M., Chikwanha, O. C., Katiyatiya, C. L. F., Fawole, O. A., Manley, M., and Mapiye, C. (2020). Southern African indigenous fruits and their byproducts: prospects as food antioxidants. J. Fun. Foods 75, 104220. doi:10.1016/j.jff.2020.104220
 Rama, H., Ndaba, B., Maaza, M., Dhlamini, M. S., Cochrane, N., and Roopnarain, A. (2023). Effect of extraction methods on phytochemical constituents and antioxidant activity of de-kernelled Sclerocarya birrea seeds. SCI 103, 7757–7763. doi:10.1002/jsfa.12865
 Sibiya, N. P., Kayitesi, E., and Moteetee, A. (2020). Mineral composition of selected indigenous wild southern African fruits. South Afr. J. Bot. 132, 87–94. doi:10.1016/j.sajb.2020.04.014
 Sybille, B., Suarez, C., and Beckett, K. (2012). Marula fruit: the next beverage innovation. Nutr. Bus. Technol. 8, 34–37. 
 Tientcheu, J. P. D., Tsofack, F. N., Gounoue, G. K., Mbock, M. A., Kavaye, A. K., and Dimo, T. (2023a). The extract of Sclerocarya birrea, Nauclea latifolia, Piper longum mixture ameliorates diabetes-associated cognitive dysfunction. Metab. Brain Dis. 38, 2773–2796.
 Tientcheu, J. P. D., Tsofack, F. N., Gounoue, R. K., Fifen, R. N., Dzeufiet, P. D. D., and Dimo, T. (2023b). The aqueous extract of Sclerocarya bireea, Nauclea latifolia, and Piper longum mixture protects striatal neurons and movement-associated functionalities in a rat model of diabetes-induced locomotion dysfunction. Evid-based Comp. Alter. Med. 1, 1–11. 
 Van Wyk, B. E. (2011). The potential of South African plants in the development of new food and beverage products. South Afr. 77, 857–868. doi:10.1016/j.sajb.2011.08.003
 Zhou, H. C., Fung-Yee Tam, N., Lin, Y. M., Ding, Z. H., Chai, W. M., and Wei, S. D. (2014). Relationships between degree of polymerization and antioxidant activities: a study on proanthocyanidins from the leaves of a medicinal mangrove plant Ceriops tagal. Plos One 9, e107606–e107611. doi:10.1371/journal.pone.0107606
Conflict of interest: The author declares that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2025 Olas. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/fphar-16-1552355-t002.jpg
Marula product

Fruit juice (100 and 200 mL/kg b.w., for 3 weeks; amount of
phenolic compounds - 56 mg of pyrogallol equivalent)

Extract from stem bark (500 mg/kg p.o; non data - chemical
content)

Extract from roots (0.5 mg/mL; non data - chemical content)

logical activity

Hypolipidemic activity (in vivo - healthy humans)
Anti-inflammatory activity (in vivo - rat paw oedema induced by
subplantar injections of fresh egg albumin (0.5 mL/kg))

Antifungal activity (in vitro)

ferences

Borochov-Neori et al. (2008)

Ojewole (2003)

Hamza et al. (2006)

Extract from bark (120 mg kg(-1) p.o., daily), for 5 weeks, non
data - chemical content)

Antidiabetic activity (in vivo - diabetic rats)

Gondwe et al. (2008)

Extract from bark (150 and 300 mg/kg body weight, daily, for
21 days); non data - chemical content)

Extract from bark (0.15-3 mg/mL; non data - chemical content)

Antidiabetic activity (in vivo - diabetic rats)

Antibacterial activity (in vitro)

Dimo et al. (2007)

Eloff (2001)






OPS/images/fphar-16-1552355-g003.gif
Oncessing e productonot pid paroride 3nd
ToARS stmutsedy Lot cidotion.
A

Anioidantacity 1 viroandin vivo;
reh i, eracts rom mara eoves,
ot stam, s e o el

e

Hypolipidemicactiy n v resh uce) | Reducin thelevel of L0, and cresin he vl of HOU)

iy n v st Reducing el f bod e, s g
i oy omendae oston o)

( mpingpoo mtorpearmencs, decesingthe

et gt v o .

| ‘and interleukin- 1) and oxidative stress biomarkers

[ ety oot
e






OPS/images/fphar-16-1552355-t001.jpg
Chemical Concentration of chemical compound (g/100 g) References
compound
Marula Marula [EIIE] Marula
pulp nut alcohol jam
Proteins 125-30.1 26.5-28.4 — - Attiogbe and Abdul-Rozak (2016), Mashau et al. (2022),
Chiesa et al. (2020)
Lipids 9.7-25.3 28.4-57.2 — — Attiogbe and Abdul-Rozak (2016), Mashau et al. (2022)
Carbohydrates 253-617 64-7.3 - - Hillman et al. (2008), Attiogbe and Abdul-Rozak (2016),
Mashau et al. (2022)
Fiber 42-105 0-25 - - Eromosele et al. (1991), Lekhuleni et al. (2024)
B- caroten 0-0.1 - — — Lekhuleni et al. (2024)
Vitamin C 0.062-0.179 - - - Lekhuleni et al. (2024)
Calcium 0.006-0.052 0.106-0.156 — - Lekhuleni et al. (2024)
Magnesium 0010-0.167 0.193-0.467 - - Lekhulen et al. (2024)
Potassium 0.044-0.133 0-0.677 - - Lekhuleni et al. (2024)
Sodium 0.003-0015 - - - Lekhulen et al. (2024)
Copper 0-0.001 0-0.002 - - Lekhuleni et al. (2024)
Tron 0-0.009 0264-0.677 - - Lekhuleni et al. (2024)
Zinc 0-0.003 0.003-0.006 - - Lekhuleni et al. (2024)

Part of marula

Concentration of phenolic

Total phenolic compounds (mg gallic acid equivalent

compounds

Flavonoids (mg quercetin equivalent (QE)/

(GAE)/100 g) 100 g)
Pulp 25-8723 20-339
Leaves 13.9-304.5 047
Bark 23.0-593.0 No data
Roots 26.5-78.6 No data
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