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Abstract

The review aimed to explore the reported biochemical, nutritional, and quality aspects of marula fruit and its value-added
products for enhancement of human nutrition. Marula (Sclerocarya birrea) fruit is one of the underutilised indigenous
fruits that grows naturally across the northern and eastern regions of Southern Africa. A search on Google Scholar, Scopus,
Science Direct, and Web of Science databases was conducted in September and November of 2023. Use the following
search “terms” to find relevant literature: “Marula fruit, underutilised African fruit crops, “Nutritional composition of marula
fruit’,"biochemical constituents of marula fruit,"marula fruit value-added products, function in human health and nutrition”.
Available literature shows that almost every part of a tree, namely the leaves, bark, roots, and fruit, have known nutritional
benefits for human health and nutrition. The fruit contains valuable biochemical constituents such as vitamin C, carotene,
flavonoids, phenols, calcium, magnesium, iron, and zinc. Its value-added products, such as alcoholic beverages, juice,
jam, and nuts, contain biochemical constituents with potential enrichment of human health and nutrition, endorsing a
compelling case for potential commercialisation globally. The different nutritional and biochemical properties were com-
pared against the human recommended daily intake to determine their potential role in human health and nutrition. The
study reveals that the marula fruit and its value-added products may be vital in providing the required nutrients to meet
human nutritional daily needs and could play a pivotal role in accelerating the Sustainable Development Goals 1 and 2
(no poverty and zero hunger). Therefore, there is a need for more research on agroprocessing of marula fruit to create
nutritious value-added products, for potential commercialisation. As a result, the objective of the study was to examine
the literature on the biochemical components of marula fruit and its value-added products, comparing them to the daily
recommended intake, while assessing their possible significance in human nutrition for possible commercialisation.
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1 Introduction

Marula (Sclerocarya birrea) is one of the underutilised indigenous fruits with potential to contribute to food and nutrition
[1-3]. The fruit is appreciated mainly for its nutritious pulp with high vitamin C content and edible nuts [4, 5]. According
to [6], marula fruit contains a high amount of vitamin C, claimed to be at the same level as that of well-known commercial
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fruits such as orange and mango [5]. Considering its nutritional composition, marula fruit makes a valuable contribution
to nutrient intake and fulfilment of the recommended daily intake (RDI) in disadvantaged communities, thus playing
a paramount role in the diet due to its nutritional value [7]. By 2030, the Sustainable Development Goals (SDGs) hope
to eradicate all types of hunger and malnutrition and guarantee that everyone has access to enough wholesome food
throughout the year (SDG 2, zero hunger). According to the Food and Agricultural Organisation [8, 9], availability and
access to nutritionally balanced foods are a fundamental principle for human life. Marula fruit is freely available for harvest
during summer to autumn in Southern Africa and meets the nutritional needs of rural to semi-urban communities due
to its high nutrient content, subsequently contributing to nutritional security in most developing countries [9]. However,
malnutrition typified by deficiency in either essential nutrients (carbohydrates, proteins and fats) or mineral elements
(vitamins, magnesium, phosphorus, zinc and iron) is still prevalent in these areas [10, 11]. In addition, it is claimed that
micronutrient deficiencies affect over two billion people globally and their effects can lead to poor health or even
death due to chronic diseases [12, 13]. The role of micronutrients in the body is to facilitate physiological reactions as
co-enzymes and contribute to the natural antioxidant pool [14]. Antioxidants help the body to increase its resistance
to infections [14]. In addition, micronutrient deficiencies can hold back socioeconomic development, particularly in
rural communities where access to commercial food seems to be a challenge [10]. Consumption of marula fruit and its
value-added products could be beneficial for human health and can aid in mitigating malnutrition, thus meeting the
RDI requirements (Fig. 1) [13]. In this review the biochemical properties of marula fruit and its value-added products
(alcohol, jam, juice, and nuts) and their potential contribution to human health and nutrition in the fulfilment of RDI
were compared for possible commercialisation.

2 Materials and methods

Databases searched between September and November of 2023 were Google Scholar, Scopus, Science Direct and Web of
Science, as adopted by [15]. Key phrases used were marula fruit, underutilised African fruit crops, nutritional composition
of marula fruit, biochemical components of marula fruit, marula fruit value-added products, function in human health
and nutrition. Works released between 1982 and 2023 were selected for this review. About 38 articles that were found
through the search engines were cited in this review. Information was selected based on its relevance to the manuscript’s
title, literature, and discussion. The following research questions were formulated to assist with the manuscript formu-
lation: (i) What body of knowledge is available regarding the biochemical components and nutritional composition of
marula fruit? (ii) What are the botanical characteristics of the marula fruit tree? (iii) What are the biochemical, nutritional
composition and health benefits of marula fruit and its value-added products such as alcoholic beverages, jam, juice
and nuts? (iv) How is marula fruit used in the biotechnology and food industry? The review was prepared strictly in
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value-added products (jam,
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compliance with Unisa’s College of Agriculture and Environmental Sciences Research and Higher Degree Committee,
and other relevant local and global regulations.

3 Results and discussion

3.1 Biochemical constituents of marula fruit, its value-added products, and their significant role in human
nutrition

Table 1 illustrates the proximate composition (carbohydrates, protein, fibre, and lipids) of marula fruit and its value-
added products. Published literature found that marula fruit pulp has a carbohydrate content ranging from 25,300 to
61,700 mg/100 g. For marula nuts, the carbohydrate content ranges from 6400 to 7300 mg/100 g. Additionally, the results
show that the fruit pulp (61,700 mg/100 g) has the highest carbohydrate content compared to the nuts (7300 mg/100 g).
The difference between the highest marula fruit pulp carbohydrate content (61,700 mg) and average recommended
daily intake (130,000 mg) is 68,300 mg. Regarding marula nuts, the difference between marula nut carbohydrate content
(7300 mg/100 g) and average recommended daily intake (130,000) is 122.700 mg. The body uses carbohydrates as an
energy source Fig. 2, which helps with the fermentation process, participates in the metabolism of triglycerides and cho-
lesterol and aids in the metabolism of insulin and blood sugar [16]. According to the values from the published literature,
marula pulp (61,700 mg), contributes roughly about 47% of the total amount of carbohydrates in human nutrition, and
marula nuts roughly (7300 mg), is approximately 5.6%. Additionally, the study’s findings may suggest that consuming
61,700 mg of marula fruit pulp and its value-added products, which contribute about 47% and marula nuts (7300 mg),
which is 5.6% contribution, may potentially assist in preventing illnesses or ailments such as constipation, nausea, and
persistent fatigue, which are linked to low carbohydrate intake in the human diet [17, 18].

Concerning protein, published literature results reflect the range of 12,500 to 30,100 mg/100 g in all value-added
products. Furthermore, the results show that the highest protein content (30,100 mg/100 g) was reported in marula pulp,
followed by marula nuts at 28,400 m/100 g. The difference between marula fruit pulp protein content (30,100 mg) and
average recommended daily intake (51,000 mg) is 20,900 mg, and the difference between marula nut protein content
(28,400 mg) and average recommended daily intake (51,000 mg) is 24,500 mg. Protein forms a very important part of a
healthy diet since it is responsible for building and repairing muscles and bones and making hormones and enzymes,
Fig. 3 [19-21]. Values from the published literature indicate that marula fruit pulp could contribute about 59% protein,
and marula nuts about 55% of the average recommended daily intake of protein in the human diet. The study findings
could mean that consumption of 28,100 mg fresh weigh (FW) of marula fruit pulp and its value-added products, which
contribute about 59% and marula nuts (28,400 mg dry weight-DW), which accounts to 55% protein, may play a pivotal
role in the development and repair of body cells, while preventing conditions such as weak muscles and poor hair and
nail growth, which are linked with low protein content in the human diet [20].

For fibre content, published literature results show a range of 2470 to 10,500 mg/100 g in both marula fruit pulp and
nuts. Additionally, results demonstrate that marula fruit pulp has a high fibre content (10,500 mg/100 g) compared to that
of the marula nut (2470 mg/100 g), whereas the average recommended daily intake is 28,000 mg/100 g. The difference
between the highest marula pulp fibre content (10,500 mg) and fibre average recommended daily intake (28,000 mg)
is 17,500 mg. The difference between the marula nut fibre content (2470 mg) and the fibre recommended daily intake
(28,000 mq) is 25,530 mg. These values imply that marula fruit pulp could contribute about 36% and marula nuts about
9% of the recommended daily intake of fibre in the human diet. Fibre is important for human health and nutrition
because it controls the functions of the digestive system and lowers the total blood cholesterol, Fig. 4 [21]. Additionally,

Table 1 Proximate

o . Carbohydrates Protein Fibre Lipids Literature

composition of marula fruit

and value-added products Alcohol nr nr nr nr

(mg/100 g) .
Fruit pulp 25,300-61,700 12,500-30,100 4250-10,500 9700-25,300 [13,14]
Jam nr nr nr Nr nr
Nuts 6400-7300 26,500-28,400 0-2470 28,400-53,000 [15,16]
ARDI 130,000 51,000 28,000 4500 [19,27]

ARDI Average recommended daily intake, Nr not reported
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dietary fibre helps to solidify the food that has been broken down, which makes it easier for the material to flow through
the body and reduces the chance of constipation [22]. Even though values reported from published literature are lower in
terms of percentage contribution to recommended daily intake, consumption 10.500 mg FW of marula fruit pulp, which
contribute about 36% and marula nuts (2470 mg DW), which contribute about 9% of dietary fibre has the potential to
curb or prevent symptom conditions such as constipation, haemorrhoids, obesity, heart-related diseases, diabetes, and
bowel cancer, which are associated with low fibre intake, [22-24].

Published literature show that marula fruit contains lipid content ranging from 9700-25,300 mg/100 g, and marula nut
lipid content ranges from 28,400-53,000 mg/100 g, with the average recommended daily intake being 4500 mg/100 g.
The difference between the highest marula fruit pulp fibre content (25,300 mg) and the recommended daily intake
(4,500 mg) is 20,800 mg, and that between marula nut fibre content (53,000 mg) and the average recommended daily
intake (4500 mg/100 g) is 48,500 mg. These values mean that the marula fruit pulp and the nuts exceed the average
recommended daily intake could contribute by 20,800 mg and 48,300 mg, respectively, of the recommended daily intake
of lipids required by humans daily. The role of lipids in humans includes absorption of vitamins A, D and E, Fig. 5 [17,
18]. Moreover, due to their fat-soluble nature, these vitamins can only be absorbed in the presence of lipids [17]. Even
though the values obtained from the published literature exceeds the average recommended daily intake, consump-
tion of 100 mg FW of marula fruit pulp and nuts may potentially assist in the prevention of conditions such as alopecia,
dermatitis, and intellectual disability, which are associated a low-fat diet in humans. However, optimum amount needs
to be determined to avoid health related risk associated with excess lipids in human health and nutrition [17, 18, 25, 28].

Proximate of marula value-added products (fruit pulp, alcohol, jam, and nuts) are shown in Table 2. Published literature
show that beta carotene was only reported in fruit pulp, ranging from 0 to 111 mg/100 g, and the difference between beta
carotene in marula fruit pulp (111 mg) and the average recommended daily intake (127.5 mg) is 16 mg. These values mean
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Fig. 3 Various proteins of marula fruit and its value-added products

that marula fruit pulp could contribute about 87% of the beta carotene required by humans daily. Due to its antioxidant
properties, beta carotene shields the body from harmful chemicals known as free radicals [13]. Free radicals are known
for causing oxidative stress to cells, which can result in a variety of chronic diseases such as cancer [25]. Furthermore,
humans transform beta carotene into vitamin A, a strong antioxidant that may be advantageous to the health of the
brain, skin, lungs, and eyes [25]. Vitamin A is essential for healthy skin, mucous membranes, a robust immune system,
clear vision and eye health [26]. Therefore, findings from the published literature imply that the consumption of marula
fruit pulp (111 mg DW), which contribute about 87%, may help prevent conditions such as night blindness, dry skin, and
infections, which are related to inadequate beta carotene in the human diet [19, 27-29].

In terms of flavonoid concentration, as shown in Table 2, the fruit pulp ranges from 0 to 56 mg/100 g, and marula alco-
hol ranges from 0.13 to 2.63 mg/100 g. The recommended daily consumption is 325 mg/100 g. The difference between
the flavonoid content of marula fruit pulp (56 mg) and the recommended daily intake (325 mg) is 269 mg. These values
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suggest that marula fruit pulp may contribute approximately 17% of flavonoids required by humans daily. For marula
alcoholic beverages, flavonoid content ranges from 0.13 to 2.6 mg/100 g, while the recommended daily intake is 325 mg.
The difference between the flavonoid content of marula alcoholic beverage (2.6 mg) and recommended daily intake
(325 mg) is 322.4 mg, illustrating that marula alcoholic beverage could potentially contribute about 0.8% of flavonoids
required by humans daily. The health benefits of flavonoids are pivotal in humans, because of their anti-cancer capabilities
that suppress oxidation, lower inflammation, stop gene mutations and prevent the growth of cancer. Additionally, they
support the control of cellular enzyme activities, which involve proteins that activate chemical reactions in cells, Fig. 6
[19, 29]. Additionally, they offer cardio and neuroprotective benefits [27]. Even though study findings from the published
literature reveal low values of flavonoid contribution by marula value-added products (pulp and alcoholic beverages),
consumption of 2.6 mg FW of marula alcoholic beverage, which contribute about 0.8%, may potentially assist adults
in preventing conditions which include diabetes, heart-related disorders, inflammation, excessive bleeding, and nose
bleeds, all of which are linked to a low flavonoid diet in humans [17-19, 27].

Regarding phenols (Table 2), published literature results show that phenolic content was reported in marula value-
added products (alcoholic beverages and fruit pulp) and that phenolic content of marula alcohol beverage ranges from
1.14 t0 963.6 mg/100 g, while the average recommended daily intake is 28.6 mg/100 g. The difference between the high-
est phenolic content of marula alcoholic beverages (963.6 mg) and recommended daily intake (28.6 mg) is 934.4 mg.
This suggests that marula alcoholic beverages may have a phenolic content of roughly 30% more than what is needed
daily in the human diet. The study findings could suggest that consumption of 100 mg FW of marula fruit pulp and its
value-added products may assist in curbing of conditions such as hypertension, metabolomic challenges and incendiary
infections, which are conditions associated with low phenols in human body [19]. However, imbalanced thyroid hormones
and kidney damage could be experienced as a result of consuming dietary products with excessive phenol content [28].
In addition, human stroke and early mortality are increased by these situations. Therefore, findings from the published

@ Discover



Discover Food (2024) 4:35 | https://doi.org/10.1007/544187-024-00108-5 Review

Palmitic acid
Glvcerin
Oleic acid
OH
Stearic acid
NN NN TN NS NN TN ~ -
Linoleic acid
Erucic acid
A
ad OH
Gadoleic acid
Arachidonic acid
Fig.5 Various lipids of marula fruit and its value-added products
Table 2 Biochemical Beta carotene Flavonoids Phenols Vitamin C Literature

constituents of marula fruit

1 DwW CE/N DW GAE/1 DwW 1 DwW
and its value-added products (mg/100 g DW) (CE/100 g DW) (GAE/100 g DW)  (mg/100 g DW)

(mg/100 g) Alcohol nr 0.13-2.63 1.44-963.6 nr [29]
Fruit pulp 0-111 0-56 226-414 62-179 [13,30,31]
Jam nr nr nr nr
Nuts nr nr nr nr
ARDI 127.5 325 28.6 82.5 [17,18]

ARDI Average recommended daily intake, Nr not reported, CE means catechin equivalents, DW dry weight,
GAE garlic means acid equivalents

literature therefore suggest that to avoid the health hazards associated with excessive phenol consumption, it is crucial
to precisely determine the level of accepted phenols in marula alcoholic beverages, Fig. 7.
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Regarding vitamin C, only one value-added product (marula fruit pulp) was reported to contain the vitamin in the
literature, (Table 2). Vitamin C content ranges from 62 to 179 mg/100 g, while the average recommended daily intake is
82.5 mg/100 g. The difference between the highest vitamin C content of marula fruit pulp (179 mg) and average recom-
mended daily intake (82.5 mg) is 96.5 mg. These values indicate that marula fruit pulp as a value-added product contrib-
utes about 96.5 mg of vitamin C more than the average recommended daily intake. All tissues in the human body require
vitamin C to develop and repair, assisting in the formation of the crucial protein known as collagen, which is necessary
for the formation of the human body’s blood vessels, tendons, ligaments, and skin [32]. Additionally, it is an antioxidant
that shields the body from harm caused by free radicals [33]. Therefore, consumption of 100 mg FW of marula fruit pulp
and its value-added products could assist in strengthening immunity, reducing the intensity of allergic reactions and aid
in preventing infections. Furthermore, consumption of marula fruit pulp products may also assist in curbing symptoms
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Fig. 7 Various phenols of marula fruit and its value-added products

such as dry hair and skin, excessive bruising, and bleeding, which are indicators of a vitamin C deficiency in the human
diet [17-19, 27, 28].

3.2 Macro-minerals of marula fruit, its value-added products and their significant role in human health
and nutrition

The macro-minerals of marula fruit pulp and its value-added products (nuts) are shown in Table 3. Published literature
indicate that marula fruit pulp and nuts contain macronutrients such as calcium, magnesium, potassium, and sodium.
For fruit pulp, the results show that calcium content ranges from 6.2 to 51.7 mg/100 g, while the average recommended
daily intake is 1150 mg/100 g. The difference between the highest calcium content of marula fruit pulp (51.7 mg) and the
average recommended daily intake (1150 mg) is 1098.3 mg. These values suggest that marula fruit pulp contributes about
4.5% of the calcium required by humans daily. Results show that calcium concentration in marula nuts ranges from 106
to 165 mg/100 g, while the average recommended daily intake is 1150 mg/100 g. The difference between the maximum
calcium content of marula nuts (156 mg) and the daily recommended consumption is (1150 mg) is 994 mg. According to
the published literature, marula nuts may provide roughly 13.6% of the daily calcium intake advised for people.
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Table 3 Macro-minerals

: Calcium Magnesium Potassium Sodium Literature
content of marula fruit and
its value-added products Alcohol . nr nr nr
(mg/100 9) Fruit pulp 6.2-51.7 10.5-167.1 445-1334 2.6-14.9 [15,13]
Jam nr nr nr nr
Nuts 106-156 193-467 0-677 nr [15]
ARDI 1150 330 2450 2300 [17,18]

ARDI Average recommended daily intake, Nr not reported

Calcium is necessary for the human body’s muscles to contract and nerves to transmit signals from the brain to every
area of the body [27]. In addition, calcium aids in the release of hormones that have an impact on numerous bodily
activities and helps blood arteries carry blood throughout the body [17]. Although values obtained from the published
literature are low in terms of the percentage contribution to the nutritional daily recommendation for humans, consump-
tion of marula fruit pulp (51.37 mg FW), which contribute about 4.5%, and its value-added products such as nuts (156 mg
DW), which contribute about 13.6%, could potentially help prevent conditions such as fatigue and muscle aches, which
are linked to low calcium intake in the human diet.

Regarding the magnesium content of marula fruit and its value-added products, published literature results in Table 3
show that only fruit pulp and nuts are reported in the literature. Study results illustrate that the magnesium content
of marula fruit pulp ranges from 10.5 to 167.1 mg/100 g, while the magnesium average recommended daily intake is
330 mg/100 g. The difference between the highest magnesium content (167 mg) of marula fruit pulp and average recom-
mended daily intake (330 mg) is 163 mg. These values imply that marula fruit pulp and its value-added products could
contribute about 50.6% of magnesium required by humans daily.

The published literature findings presented in Table 3 indicate that the magnesium concentration of marula nuts
varies from 193 to 467 mg/100 g, while 330 mg/100 g is the average recommended daily intake. There is a discrepancy
of 137 mg between the maximum magnesium content of marula nuts (467 mg) and the recommended daily consump-
tion (330 mq). The published literature suggests that marula fruit nuts may provide an additional 137 mg than what is
normally advised for humans to consume daily. In human health and nutrition, magnesium is needed to sustain healthy
immune systems, maintain normal nerve, and muscle function, stabilise the heartbeat and maintain strong bones [34, 35].
Additionally, it assists in controlling blood sugar levels [27]. The values obtained from the published literature for marula
fruit pulp and nuts demonstrate that consumption of marula fruit pulp (167.1 mg FW) and nuts (100 mg DW), could
assist in curbing various conditions, for example poor appetite, nausea, constant fatigue, muscle cramps and unusual
heartbeat, which are symptoms linked to a diet low in magnesium. However, optimum magnesium amounts needed to
be consumed from marula nuts should be determined to avoid health risks associated with excessive magnesium, since
it could cause conditions, such as vomiting, diarrhoea and abdominal stomach cramps [17-19, 27].

Regarding potassium content, Table 3 shows that potassium content only for marula fruit pulp and nuts has been
reported in the literature. For marula fruit pulp, study results show a range of 44.5 to 133.4 mg/100 g, while the average
recommended daily intake is 2 450 mg/100 g. The difference between the highest potassium content (133.4 mg) of
marula fruit pulp and average recommended daily intake (2450 mq) is 2317 mg. These values could mean that marula
fruit pulp and its value-added products could contribute about (5.4%) of potassium required by humans daily. For marula
nuts, study results show a range of 0-667 mg/100 g, while the average recommended daily intake is 2450 mg/100 g.
The difference between the highest potassium content (677 mg) of marula nuts and average recommended daily intake
(2450) is 1 773 mg. These values suggest that marula nuts as a value-added product could contribute about 27.6% of the
potassium required by humans daily.

Potassium is necessary for the human body to maintain normal fluid levels inside cells [16]. In addition, it also helps
maintain a normal heartbeat and supports nerve and muscle function [19, 36]. Furthermore, food rich in potassium
could help to mitigate some of the adverse consequences of high blood pressure caused by salt [17, 18, 27]. Even though
the values obtained from the published literature are low, the consumption of marula fruit pulp (133.1 mg FW), which
contribute about (5.4%) and nuts (2450 DW), which contribute (27.6%), could potentially prevent several symptom
conditions such as weak muscles, paralysis, and abnormal heartbeat, which are symptoms related to low potassium
intake in the human diet.

Table 3 shows that only fruit pulp was reported to contain sodium content in the literature. Marula fruit pulp sodium
content ranges from 2.6 to 14.9 mg/100 g, while the average recommended daily intake is 2300 mg. The difference
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between the highest sodium content (14.9 mg) of marula fruit pulp and average recommended daily intake (2300 mq) is
2 250.1 mg. These values suggest that marula fruit pulp could contribute about 0.64% of the sodium required by humans
daily. To conduct nerve impulses, contract and relax muscles and maintain the ideal balance of water and minerals, the
human body needs a small amount of sodium [17]. Even though the values obtained from this published literature were
lower than the average recommended daily intake, consumption of marula fruit pulp (2.6 mg FW) and its value-added
products, which contribute about (0.64%), could assist in curbing symptom diseases such as loss of energy, low appetite,
fatigue, muscle cramps and headaches, which are linked with low sodium intake in the human diet [17-19].

3.3 Micro-minerals of marula fruit and its value-added products and their role in human nutrition

Table 4 presents the micro-minerals of marula fruit pulp and its value-added products. Published literature results show
that the micro-minerals content only of marula fruit pulp and nuts was reported in the literature. The results show
that marula pulp copper content ranges from 0.04 to 1.1 mg/100 g, while the average recommended daily intake is
1.3 mg/100 g. The difference between maximum copper content of marula pulp (1.1 mg) and average recommended
daily intake (1.3 mg) is 0.2 mg. These values could mean that marula fruit pulp contributes about 84.6% of the copper
required by humans. Copper is necessary for brain cell development in humans [18]. Moreover, the human body uses
copper for several essential functions, including the creation of energy, connective tissues, and blood vessels [19, 36].
The values obtained from the published literature indicate that the consumption of marula fruit pulp (1.1 mg FW), which
contribute about (84%), and its value-added products could assist in curbing symptoms such as anaemia, neutropenia,
irregular heartbeat, skin-related challenges, and thyroid problems, which are conditions associated with low copper
intake by humans. Regarding copper, data from published literature show that marula nuts ranges from 0 to 2 mg/100 g,
while the average recommended daily intake is 1.3 mg/100 g. The difference between the maximum copper content of
marula nuts (2 mg) and the average recommended daily intake (1.3 mg) is 0.7 mg. These values indicate that the value-
added products of marula nuts could exceed the average recommended daily intake for humans by 0.7 mg. However,
consumption of (1.3 mg DW) of marula nuts, may assist in curbing conditions such as anaemia, bone fractures, irregular
heartbeat, and thyroid problems, which are symptoms associated with low copper in human diet [19]. Furthermore, the
study found that the nutritional and health benefits of value-added products of marula nuts exceed the average recom-
mended daily intake by 54%, which suggests that the optimal consumption rate should be determined, as excessive
consumption of copper can be toxic to humans [27].

Only marula fruit pulp and nuts have been reported in the literature regarding iron content (Table 4). Published
literature show that marula fruit pulp iron content ranges from 0.1 to 8.8 mg/100 g, while the average recommended
daily intake is 11.5 mg/100 g. The difference between the highest marula fruit pulp iron content (8.8 mg) and the aver-
age recommended daily intake (11.5 mq) is 2.7 mg. This means that marula fruit pulp and its value-added products
could contribute about 76.5% of the average recommended daily intake of iron required by humans daily. According to
Achaglinkame et al. [17], the human body needs iron to grow and thrive, making it a vital mineral for the enhancement
of human health. Haemoglobin, a protein found in red blood cells that transports oxygen from the lungs to every area
of the body, and myoglobin, a protein found in muscles, depend on iron for optimisation [18]. According to the values
obtained from the published literature, consumption of marula fruit pulp (8.8 mg FW), which contribute about (76.5%),
and its value-added products could assist in curbing conditions such as constant fatigue, abnormal heartbeat, and res-
piratory challenges, which are symptoms linked to low iron in the human diet [19].

As per the published literature (Table 4), the iron content of marula nuts ranges from 264 to 677 mg/100 g, while
the average recommended daily intake is 11.5 mg/100 g. The difference between the highest marula nut iron content
(677 mg) and the average recommended daily intake (11.5 mq) is 665.5 mg. These values indicate that marula nuts exceed

Table 4 Micro-minerals

(mg/100 g) of marula fruit and Copper Iron Zinc Literature
its value-added products Alcohol nr nr nr
Fruit pulp 0.04-1.1 0.1-8.8 0.81-3 [15,13]
Jam nr nr nr
Nuts 0-2 264-677 2.7-6.2 [15]
ARDI 13 11.5 10 [17,18,19,27]

ARDI Average recommended daily intake, Nr not reported
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the average recommended daily intake by 665 mg in iron content, which might cause a health risk when consumed
excessively. Vital organs such as the liver are typically where extra iron is stored in the human body. The accumulated iron
in the body can cause significant harm in the future, potentially leading to conditions such as organ failure and chronic
ilinesses, e.g. diabetes, heart failure and liver disease. Therefore, consumption of 100 mg DW of marula nuts could assist in
curbing conditions such as excessive fatigue and poor respiratory system. However, determination of the optimal amount
of marula nut consumption might assist in preventing health-related risks associated with excess iron intake [17, 18].

The zinc content for only marula fruit pulp and nuts was reported in the literature, as shown in Table 4. Marula fruit pulp
zinc content ranges from 0.81 to 3 mg/100 g, while the average recommended daily intake is 10 mg/100 g. The difference
between the highest marula fruit pulp zinc content (3 mg) and the average recommended daily intake (10 mg) is 7 mg.
These values could mean that marula fruit pulp contributes about 43% of the zinc required by humans daily. The results
show that zinc content of marula nuts ranges from 2.7 to 6.2 mg/100 g, while the average recommended daily intake is
10 mg/100 g. The difference between the maximum marula nut zinc content (6.2 mg) and the average recommended
daily intake (10 mg) is 3.8 mg. This could mean that marula nuts contribute about 62% of the average recommended
daily intake of zinc required by humans. The human immune system depends on the element zinc to operate at its best
[20]. Zinc also has a major impact on wound healing, cell proliferation and division and the breakdown of carbohydrates
[18, 27, 37-39]. The values obtained from the published literature could mean that marula fruit pulp (3 mg), contributes
about 42% of the zinc required by humans daily, and marula nuts (6.2 mg), could contribute about 62% of the average
recommended daily intake of zinc required by humans. This could imply that consuming marula fruit pulp (3 mg FW),
its value-added products and nuts (6.2 mg DW), can potentially help prevent conditions such as weak central nervous
systems, poor reproductive systems, and gastrointestinal-related issues, all of which are associated with low zinc diets
in relation to human health and nutrition [17, 18, 40].

3.4 Future prospect of marula fruit and its value-added products
3.4.1 Postharvest practices of marula fruit

A method for handling, storing, and transporting agricultural products like fruits is known as post-harvest practice [41].
Environmental factors, such as temperature, humidity, preservatives, and atmospheric conditions, have a major impact
on fruit post-harvest quality [42]. Understanding effective storage techniques, processing facilities, and preservatives
in sufficient detail is necessary to obtain a greater understanding of the processes involved in storing marula fruits and
their value-added products, such as juice, jam, nuts, and alcoholic beverages.

3.5 Processing, storage and packaging of marula fruit and its value-added products

Food security is improved by agro processing since it lowers post-harvest losses and increases the supply of processed
and preserved foods according to [43]. Extended shelf life of value-added items, like jam, juice, nuts, and alcohol bever-
ages, provide a more consistent food supply in urban, semi-urban, and rural areas [44]. Therefore, to improve the quality
of marula value-added products and increase the availability of food and nutrition in both urban and rural communi-
ties, a deeper understanding of the efficient processing procedure, types of preservatives, and packaging materials is
needed [43].

3.6 Commercialisation of marula fruit and its value-added products

The process of introducing a new value-added products like alcohol beverages, jam, juice, and nuts to the wider market
is known as commercialization, and it typically involves several stages, starting with the product introduction, continuing
through to its mass production and acceptance [44, 45]. Most marula fruit’s value-added products are still underutilised
according [45, 46]. This is a significant obstacle that most value-added products from native fruits must overcome, and
it stems mostly from a general lack of interest because they cannot afford the capital expenditure necessary for process-
ing, preservation, and packaging [13, 45, 46]. Therefore, timely marketing campaigns, research, and development will
stimulate interest in investing in value-added marula products, thereby enhancing the rural economy through economic
emancipation—people will begin to produce and sell goods to earn a living and support their families.
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4 Conclusion

Marula fruit is one of the underutilised fruits in Southern Africa. It is appreciated by rural communities mainly for its
value-added products such as alcoholic beverages, nutritious pulp, nuts, and jam, which are beneficial to human health
and nutrition. It contains numerous biochemical components such as calcium, flavonoids, vitamin C, iron, and zinc,
which play a vital role in preventing most conditions such as poorimmune system, blindness, poor nervous system, and
heart-related challenges. There is still an opportunity for the fruit processing industry and rural communities to develop
and explore the utilisation of marula fruit for the development of different value-added products such as alcoholic
beverages, pulp, nuts, and jam. This could create business opportunities for rural and urban communities through the
sale of these products, helping to accelerating SDG 1 (no poverty) and SDG 2 (zero hunger). Consuming marula fruit
and its value-added products, which are rich in biochemical compounds, is linked to curbing various chronic diseases
such as heart diseases, diabetes, cancer and many more. The health benefits of marula fruit have been established, but
there is still limited knowledge on the nutritional benefits of processed marula products such as alcohol, jam, and juice.
Therefore, more research in this area is necessary to determine their role in human health and nutrition. Furthermore, it
would be important to extract biochemical components of marula fruit and utilise them as potential functional ingre-
dients in different food products. Promoting the commercialisation of marula fruit products will improve both human
health and create economic emancipation in rural and semi-urban communities, where food scarcity is still a challenge
due to factors such as affordability and accessibility. Lastly, since biochemical constituents such as phenols. Lastly, the
study revealed that marula fruit and its value-added products contained excessive amounts of vitamin C, lipids, and iron.
Therefore, it is crucial to carry out a toxicological investigation to ascertain the ideal quantity needed to prevent health
risks and hazards linked to the consumption of these products.
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