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Sclerocarya birrea (Marula), An African Tree of
Nutritional and Medicinal Uses: A Review

ABDALBASIT ADAM MARIOD! AND SIDDIG IBRAHIM
ABDELWAHAB?

'Department of Food Science and Technology, College of Agricultural Studies,
Sudan University of Science and Technology, Khartoum North, Sudan
?Department of Pharmacy, Faculty of Medicine, University of Malaya, Kuala
Lumpur, Malaysia

Sclerocarya birrea (Anacardiaceae) is a popular African wild tree distributed in many
African countries where the leaves, stem bark, root, and fruits are used in food
and traditional medicine; the fruit is rich in ascorbic acid. The fruit juice contains
sesquiterpene hydrocarbon, which are terpenes found in plants that are reported to
have bacteriostatic properties. The fruit contains a hard brown seed. The seed encloses
a soft white kernel rich in oil and protein. The oil contains oleic, palmitic, myristic,
and stearic acids; the kernel protein contains amino acids, with a predominance of glu-
tamic acid and arginine. The extracts from different parts showed high total phenolic
compounds and radical-scavenging capacities and antioxidant activities. Sclerocarya
birrea is widely studied with regard to its antidiabetic, anti-inflammatory, analgesic,
antiparasitic, antimicrobial, and antihypertenisve activities.

Keywords Antidiabetic, Anti-inflammatory, Antimicrobial, Antioxidant, Phenolic
compounds, Protein, Oil, Sclerocarya birrea

Introduction

Sclerocarya birrea (Anacardiaceae), English name Marula, is a savannah tree, belonging to
the family Anacardiaceae, with a plum-like pale yellow fruit of 34 cm in diameter with a
juicy mucilaginous flesh. Sclerocarya birrea is deciduous and mainly dioecious, although
there have been reports of monoecious trees. It is a medium-sized tree reaching heights
of between 7 and 17 m, with gray fissured bark, stout branchlets, and pale foliage." The
rough stem bark is flaky, with a mottled appearance due to contrasting gray and pale-brown
patches. The leaves are divided into 10 or more pairs of leaflets, each about 60 mm long,
dark-green above, and with sharp point. The flowers are borne in small, oblong clusters.
Male and female flowers occur separately, usually, but not always, on separate trees. The
flowers are small, with red sepals and yellow petals.”” The fruit is pale yellow when ripe,
approximately 15-25g in weight, about 30 mm in diameter, and borne in profusion in
late African summer to mid-winter.”> The outer skin of the fruit has a rather pungent,
apple-like odor, and its flavor has been described as resembling some other fruits, e.g.,
mango. The tree grows in a wide variety of soils but prefers well-drained soil. It exists
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at altitudes varying from sea level to 1800 m and in areas of an annual rainfall range of
200-1500 mm.®

The fruit of the Sclerocarya birrea tree has multiple uses.® The fruits are eaten fresh
or fermented to make a beer. The kernels are eaten or used to extract oil. The leaves are
consumed by livestock and also have medicinal uses, as does the bark.©®© Mizrahi and
Nerd” mentioned that an effort has been made to domesticate the Sclerocarya tree in
South Africa and Israel to establish orchards that will supply both fresh fruit and fruit for
the canning and beverage industry. From these efforts, 4-year-old trees have mean heights
of between 3 and 6 m, circumferences of 40-58 cm, and 25% of the planted trees produce
an average of 27 kg of fruit per year, whereas 12-year-old trees produce 500 kg of fruit per
year.D

Biochemical Composition and Proximate Analysis

The proximate analysis of Sclerocarya birrea fruit revealed that it is rich in ascorbic
acid and the fruit juice contains sesquiterpene hydrocarbons (including caryophyllene, o-
humulene, and copaene). Sesquiterpene is a member of the terpene group; it comprises
three units of isoprene. Its molecular formula is C;sHy4. The fruit kernels contain high
amount of oil and protein. The oil-rich seeds contain oleic, myristic, and stearic fatty acids
and different types of amino acids, with a predominance of glutamic acid and arginine. The
bark yields 3.5-20.5% tannin, 10.7% tanning matter, and traces of alkaloids.® Tannins
and flavonoids are present in leaves but no alkaloids, steroids, or triterpenoids have been
detected.®

In general, Sclerocarya birrea seed had adequate quantities of phosphorus, calcium,
magnesium, potassium, iron, and copper. The contents of sodium, manganese, and zinc
were below recommended levels required by ruminants for growth and productivity.!”
Glew et al.!D reported high protein content (36.4%) of the edible portion of Sclerocarya
birrea seed. However, when compared with the World Health Organization (WHO) protein
standard, the seeds were found to contain low proportions of several of the essential amino
acids, including leucine, lysine, the phenylalanine/tyrosine pair, and threonine (Table 1).

Table 1
The essential amino acid composition of Sclerocarya birrea kernel compared to the WHO
“ideal protein”'"

Sclerocarya birrea kernel

% of total % amino acid/ WHO ideal
Amino acid amino acids” ideal x 100 protein %“
Isoleucine 3.3 118 2.8
Leucine 4.8 73 6.6
Lysine 2.0 35 5.8
Methionine + cysteine 4.1 163 2.5
Phenylalanine + tyrosine 5.7 90 6.3
Threonine 2.4 70 3.4
Tryptophan 1.5 136 1.1
Valine 3.9 112 3.5

Note. n = 3. “WHO, 1985. "Total protein, 363.7 mg/g dry weight.
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The fruit is rich in ascorbic acid and juice extracts yield 33 sesquiterpene
hydrocarbons.(!? The fruit contains two to three edible kernels, which contain 53.0%,
28.0%, and 8.0% of oil, protein, and carbohydrates, respectively. The gum is rich in tannin
(0.4%). Tannins and flavonoids are present in leaves but no alkaloids, steroids, or triter-
penoids have been detected.”” Salama!> worked on Sudanese Sclerocarya, and reported
a fatty acid composition of the oil markedly different from that of Ogbobe'¥ who studied
Nigerian Sclerocarya seed oil and reported 50.7% stearic acid, 22.6% palmitic acid, 8.4%
arachidonic acid, with an iodine value of 102 and 3.1% unsaponifiable matter. The fruit
pulp contains citric and malic acids, ascorbic acid, and sugar. The gum from the tree is rich
in tannin, and is sometimes used in making an ink substitute.®

Sclerocarya birrea Tree: A Promising Source of Food and Energy

Sclerocarya birrea Proteins

In South Africa, the kernels are obtained from the seeds by cracking the nuts against a stone
slab, and then removing the kernels individually with a sharp needle-like tool. The kernel
from Nigerian Sclerocarya birrea was found to contain 36.7% crude protein,'” whereas
Sudanese Sclerocarya birrea contained only 28.0% of protein, with lysine as the limiting
amino acid. The protein contains a good level of sulfur-containing amino acids (methionine
and cysteine), when compared to that of four different food materials (Table 2). The in vitro
protein digestibility of Sclerocarya birrea was almost similar to that of soy bean protein
concentrate and less than that of lupine, where 79% of the Sclerocarya birrea seed pro-
tein was found digestible by pancreatic enzyme, which was similar to 79% of soybean
concentrate and less than 83.2% of lupine.('> With a chemical score of 33.0%, based on
the essential amino acids pattern requirements for children, the limiting amino acid in
Sclerocarya protein is lysine.!!> Glew et al.'" reported a protein content of 36.4% of
dry weight; however, the protein fraction contained relatively low proportions of leucine,
phenylalanine, lysine, and threonine. Because of the widespread occurrence, potentially
high fruit production, and use of Sclerocarya birrea, products have been produced from
seed kernels by adding them to Halva confectionary (a confectionary made of sesame
paste and mixed sugars) and biscuits. In the case of Halva confectionary, 10% unroasted,
blanched, and roasted kernels were added, whereas in biscuits Sclerocarya seed oil instead
of hydrogenated oils was used. The results showed a statistically significant difference
(P < 0.05) in texture, flavor, and overall preference between the Halva developed prod-
ucts. Biscuits processed by using the seed oil instead of hydrogenated oils were found to
be significantly (P < 0.05) less acceptable using sensory scores (1-9) than the conven-
tional biscuits.!!>) Sclerocarya birrea oil was used in blending, cosmetics, and biodeisel
production with for its high stability.

Sclerocarya birrea Kernel Oil

The Scleocarya birrea nut comprises an average 90% shell and 10% kernel, making kernel
and oil yields relatively low per fruit. However, the oil content of kernels from Sclerocarya
birrea amount to 53%,1>19 which is high compared to conventional oil seeds. Salama!®
found more oil in the kernels (63.3%), whereas seeds investigated by Ogbobe!!¥) contained
lower amounts (11.0%). Two to three kernels are found inside one seed and covered with
very thick woody hulls.
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Table 2
Amino acid composition of Sclerocarya birrea protein compared to levels in four
different foods (mg/g nitrogen)

Sclerocarya Broad Wheat Soy
Amino acid birrea™ bean™  Lentil”™  flour™ flour™
Ile 250 250 270 210 280
Leu 356 440 480 410 490
Lys 118 400 450 150 400
Met 100 40 50 100 80
Cys 137 50 60 160 100
Phe 250 270 330 280 310
Tyr 168 200 200 190 200
Thr 131 210 250 170 240
Trp ND* 60 60 70 80
Val 306 280 310 280 300
Arg 612 560 540 130 450
His 268 150 170 230 160
Ala 181 260 270 310 270
Asp 487 700 720 1710 730
Glu 1418 940 1040 250 1170
Gly 275 260 260 660 260
Pro 206 250 270 330 340
Ser 243 280 330 5930 320
TAA** 5512 5600 6060 1960 6180
TEAA*™** 2129 2510 2740 33 2630
EAA**** 38.4 44.8 45.2 4.3 29
% (Met + Cys) 43 16 18

Note. lle = isoleucine; Leu = leucine; Lys = lysine; Met = methionine; Cys = cysteine; Phe =
phenylalanine; Tyr = tyrosine; Thr = threonine; Trp = trptophan; Val = valine; Arg = arginine;
His = histidine; Ala = alanine; Asp = aspartic acid; Glu = glutamic acid; Gly = glycine; Pro =
prolamine; Ser = serine.

*ND = not determined; **TAA = total amino acid; ***TEAA = total essential amino acid;
*EAA = % essential amino acid.

Marula oil contains a large proportion of monounsaturated fatty acids and natural
antioxidants. It can be classified as a high—oleic acid (70-78%) with relatively low toco-
pherol content. The exceptional stability has, therefore, been suggested to be due to its
fatty acid composition.!’ However, recent studies have mentioned that some of the minor
components in the oil may also be contributing to this important antioxidant property.!”
Marula oil contains a similar fatty acid composition to olive oil; however, it is 10 times
more stable to oxidation.

The oil contains 67.2% oleic acid, 5.9% linoleic acid, 14.1% palmitic acid, and traces
of linolenic acid."® Glew et al.'" reported that the fatty acids of Sclerocarya birea oil
accounted for 47 mg/g dry weight of the seed, two-thirds of which was oleic acid. The
essential fatty acid linoleic acid was present (24.5 mg/g dry weight), but the other essen-
tial fatty acid, a-linolenic acid, was absent. These results were in contradiction with the
fatty acids reported by Ogbobe'* who reported stearic, palmitic and archidonic acids as
predominant, representing 50.7%, 22.5%, and 8.4%, respectively (Table 3).
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Table 3
Fatty acid composition (%) of Sclerocarya birrea kernel oil as reported in the literature

Fatty acid Mariod'® Salama?® Ogbobe!¥ Glew et al.('D
14:0 0.33 0.20 2.12 0.10
16:0 14.16 17.10 22.56 15.63
16:1 n-7 0.15 o o 0.23
18:0 8.84 10.90 50.76 11.10
18:1 n-9 67.25 67.00 04.13 63.19
18:1 n-11 0.84 i o 0.87
18:2 n-6 5.93 4.30 o 5.21
18:3 n-3 0.12 o o o
20:0 0.91 0.90 8.46 1.25
20:1 n-9 0.36 0.70 0.14 0.53
22:0 0.22 o o 0.38
24:0 0.31 o 4.13 0.82

Note. All determinations were carried out in triplicate and mean value =+ standard deviation (SD)
reported.

Sclerocarya birrea oil content and fatty acid composition is affected by harvesting
time, a quantitative increase in the oil content was observed to reach 63.0% at the end of
the last harvesting date (the last date of harvesting is last day of June). The percentage
of total fatty acids had altered and palmitic acid content was found to be 16.8% at the
first date of harvesting (first March) and dropping for the rest of the dates to reach 14.6%
by the end of the harvesting process. In the same manner, stearic acid was found to be
15.2% at the first date and this dropped dramatically to reach 8.8% by the end of the
harvesting, whereas oleic and linoleic acids increased from 58.9% and 4.3% to 67.3% and
5.9%, respectively.!”)

The major fraction in Sclerocarya birrea seed oil was triacyglycerol, representing
76.5% of the total lipid, followed by phospholipids 12.5% and diacyglyecrol 5.6%.1®
Unlike other nut oils, marula oil is a poor source of tocopherols. The tocopherol content
of Sclerocarya birrea oil amounted to 13.7 mg/100 g oil, with y-tocopherol predomi-
nant, amounting to 13.0 mg/100 g oil, followed by a-tocopherol at 0.4 mg/100 g oil, and
8-tocopherol at 0.3 mg/100 g 0il.?” During harvesting time of Sclerocarya birrea, the
a- and y-tocopherols decreased rapidly, whereas the 3-tocopherol and 3-tocotrienol were
4.8 and 4.9 mg/100 g, respectively, at the beginning and had disappeared completely by
the last harvesting date.(!”)

The sterol fraction in oils is analyzed for the identification of a fat or oil to distinguish
between oils of similar fatty acid composition, for the detection of the addition of non-
declared cheap oils to more expensive or to distinguish between different qualities of the
same.?!:?2) The total content of sterols in Sclerocarya birrea oil was 287 mg/100 g oil, with
pB-sitosterol as the main compound, with about 60% of the total sterols and a high amount
of A5-avenasterol, which was found at 16% of the total sterols; A5-avenasterol is known
to act as an antioxidant and as an antipolymerization agent in frying oils.?” Sclerocarya
birrea oil is believed to preserve meat depending on its high stability.?® When compared
with other oils, Sclerocarya birrea kernel oil could serve as a source of edible stable oil, and
of fatty acids of technical grade, such as conjugated linoleic acid, which represents 0.5%
of total fatty acids and serves as an antioxidant, anticarcinogenic, and antiatherogenic.®?)
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Oils containing fatty acids of low molecular weight are slightly less viscous than oils
of an equivalent degree of unsaturation containing only high-molecular-weight acids.¥
The viscosity of Sclerocarya birrea was measured by the viscotester between 25 and
125 °C. In general, the viscosity of the oil decreased slightly with increase in unsatura-
tion and it decreased with increase of temperature and Sclerocarya birrea oil was found to
be less viscous (37.6 mPas) compared with sesame (57.0 mPas), groundnut (65.7 mPas)
and sunflower (62.1 mPas) oils.(!®

Oxidative stability is an important parameter for evaluating the quality of oils and fats,
as it gives a good estimation of their susceptibility to oxidative deterioration, the main cause
of their alteration.® The oxidative stability of Sclerocarya birrea oil, as measured by the
Rancimat test at 120 °C, was 43 hours. This high oxidative stability may be due to a high
percentage of monosaturated fatty acids in addition to other minor bioactive components
such as sterols and phenolics.?? Mariod et al.?® investigated the oxidative stability of
marula oil and compared it with sesame, peanut, sunflower, and cottonseed oils, which are
conventional edible oils consumed in Sudan. They reported significantly (P < 0.05) higher
stability of marula oil over conventional oils.

The behavior of crude Sclerocarya birrea kernel oil during deep-frying of par-fried
potatoes was studied with regard to chemical, physical, and sensory parameters, such as
content of free fatty acids, tocopherols, polar compounds, oligomer triglycerides, volatile
compounds, oxidative stability, and totox value [2-(peroxide value) + anisidine value].
Potatoes fried in Sclerocarya birrea oil were found of good sensoric properties after
24 hours of deep-frying at 175 °C.%? Sclerocarya birrea oil, given its high stability, was
used in blending with sunflower oil to increase its stability as measured by Rancimat and
peroxide value. The blending resulted in a remarkable improvement of the oxidative sta-
bility by 147%. The results revealed a good correlation between the content of oleic acid
and the oxidative stability of o0ils.®® Another method to compare the oxidative stability of
oils is the storage under accelerated conditions at 70 °C and measurement of the peroxide
value at certain times. When Sclerocarya birreawas was stored at 30 &= 2 °C in the dark
for 24 months, the fatty acid composition in the oil remained almost unaltered with no
significant change in its oxidative stability.*?

Phenolic compounds from Sclerocarya birrea oil seed cake extracted by overnight
and ultrasound extraction resulted in a higher amount of total phenolic compounds. The
addition of the extracts obtained from sunflower oil showed an inhibition of oxidation
and a remarkable antioxidative activity, reducing oil deterioration.*” Crude oils obtained
by oilseed processing have to be refined before consumption in order to remove unde-
sirable accompanying substances, such as free fatty acids, phosphoacylglycerols, sterols,
pigments, glucosides, waxes, and hydrocarbons.®" In laboratory experiments, crude oil
from Sclerocarya birrea was processed by refining. Changes in composition and also
the stability against oxidation were determined. Phosphatides, peroxides, tocopherols,
sterols, as well as the oxidative stability were reduced during processing, whereas free
fatty acids were nearly totally removed (Table 4).? The total amounts of volatiles as
well as the amounts of hexanal were decreased during the different processing steps
as well.

Antioxidant activity and stability of oils may be related to their fatty acid, tocopherols,
and phenolic compounds. The antioxidant activity of 3,4-dihydroxyphenylethanoland and
phenyl acids (caffeic acid, p-coumaric acid, ferulic acid, syringic acid, and vanillic acid)
that are found in virgin olive oil has been studied, and their high antioxidant activity has
been demonstrated. ¥
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Pharmacology of Sclerocarya birrea

In view of its wide range of medicinal uses, Sclerocarya birrea has undergone exten-
sive biological studies (antioxidant activity, antidiabetic properties, antagonistic effect,
antiplasmodial and antimalarial activities, etc.) and many studies have been performed on
the basis of its chemical constituents and traditional uses. Important biological findings are
summarized in Table 5.

Antioxidant Activity

Research has pointed out that an effective method to reduce oxidative stress is antioxidant
supplementation. When added to foods, antioxidants minimize rancidity, retard the forma-
tion of toxic oxidation products, maintain nutritional quality, and increase shelf life.®** The
methanolic extracts from Sclerocarya birrea leaves, roots, barks, and kernel oil cake were
examined for radical-scavenging capacities and antioxidant activities. The extracts showed
high total phenolic compounds and they were markedly effective in inhibiting the oxida-
tion of linoleic acid and subsequent bleaching of f-carotene in comparison with the control
(Fig. 1). Based on these findings, the seedcake extract is the most effective, followed by
root, leaves, and bark extracts. Similarly, the antioxidant activity determined by the DPPH
(1,1-diphenyl-B-picrylhydrazyl) method revealed that the seedcake extract had the high-
est antioxidant activity.®® Sclerocarya birrea juice was found to be a potent antioxidant;
its effects were attributed to high contents of flavonoids and polyphenolic compounds.©>
These phenolic compounds, besides having high antioxidant and free radical-scavenging
activities, appear to regulate signaling pathways involved in cellular survival, growth,
and differentiation.*® Thus, diets with a high content of such phenolic-rich antioxidants
emerge as a promising approach to help strengthen the physiological antioxidant defense
system and to improve chronic diseases. The marula fruit juice, with its high antioxidative
capacity, is a potential candidate for this approach.

Antidiabetic Activity

Sclerocarya birrea is most widely studied with regard to its antidiabetic effect and the
plant has shown hypoglycemic activity.*’-4? The stem-bark ethanol extract was found to
be used as complementary remedy in diabetes.*" Sclerocarya birrea was evaluated for the
treatment of type II diabetes® using in vitro models. Complications are frequently encoun-
tered in diabetes and these are associated with irreversible functional and structural changes
in various organs, particularly the kidneys, eyes, nerves, heart, and blood vessels.®® The
extract caused significant reduction in blood pressure in anesthetized and conscious normal
and diabetic rats.!

Anti-inflammatory and Analgesic Properties

Sclerocarya birrea is used in folk medicine for the treatment of inflammatory
disorders.“>*» Ojewole™® evaluated the anti-inflammatory effect of stem-bark aqueous
and methanolic extracts of Sclerocarya birrea. Both the aqueous and methanolic extracts
(500 mg/kg per os [p.o.]) reduced rat paw edema induced by subplantar injections of fresh
egg albumin, due to the inhibition of histamine and prostaglandin pathways and to its
antioxidant activity, as indicated by the glutathione and malondialdehyde levels in rats.
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Figure 1. Effect of different Sclerocarya birrea methanolic extracts on oxidation of f-
carotene/linoleic acid at 50 °C.%?% SCB = Sclerocarya birrea bark; SCL = Sclerocarya birrea leaves;
SCR = Sclerocarya birrea root; SCK = Sclerocarya birrea seedcake. The extracts were prepared by
dissolving 2 mg of B-carotene in 10 mL chloroform and 40 mg of purified linoleic acid and 200 mg
of Tween 40, in 100 mL of aerated distilled water. Aliquots (5 mL) of the prepared emulsion were
transferred to a series of tubes containing 2 mg of each extract or 0.2 mg of butylated hydroxyanisole
(BHA). (color figure available online.)

Antiparasitic and Antimicrobial Activities

Several studies have shown the usability of medicinal plants in the treatment of trypanoso-
miasis, which causes economical and epidemiological hazards.*>-%” The methanolic
extract of Sclerocarya birrea leaves and stem bark showed complete mortality of
Trypanosoma brucei brucei in vitro.*” Although complete mortality of the organism was
observed, these studies did not provide a mechanism by which this extract exhibit its effect
nor was the active pure compound reported.#”-*® Ethanol and water extracts of marula,
which is used by South African traditionally to treat dysentery, also showed antiamebic
activity when tested using the microtiter plate and Entamoeba histolytica.“*® Sclerocarya
birrea was tested for in vitro antiplasmodial and in vivo antimalarial activities against
Plasmodium falciparum and Plasmodium berghei, respectively. P. falciparum was more
sensitive to the plant extracts than P. berghei. Sclerocarya birrea methanol extract is more
active than aqueous one.®?

Gastrointestinal and Antihypertenisve Activities

Sclerocarya birrea is one of plant species used widely in traditional medicine in Africa
against many diseases and affections, such as hypertension, dysentery, stomachache or
gastroenteritis.®" Studies have been carried out on the effect of this plant on smooth and
skeletal muscles.®'=>* The lyophilized decoction of this plant demonstrated antidiarrheic
activity in experimental models of diarrhea induced by magnesium sulfate and sodium
picosulfate.®® On the other hand, the antispasmodic effect of Sclerocarya birrea extract
was studied on isolated rat duodenum where the extract has exhibited an inhibitory effect
on the dose-response curves induced by acetylcholine (Ach) on rat duodenum and reduced
the maximal response of Ach in a concentration-dependent manner.®? On the other hand,
(—)-epicatechin-3-galloyl ester, which was isolated from the bark of Sclerocarya birrea,
has shown secretagogue activity.®>
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Ethnonutritional and Ethnomedicinal Uses

Dried seeds and nuts are widely consumed by local populations in Africa, especially
those who inhabit rural areas.®® In some African countries, the stem bark, roots, and
leaves of Sclerocarya birrea are used for an array of human ailments, including malaria
and fevers, diarrhea and dysentery, stomach ailments, headaches, sore eyes, toothache,
backache and body pains, infertility, schistosomiasis, constipation, abdominal cramps and
some other unspecified gastrointestinal problems, toothaches and swollen or infected gums,
cough, hypertension, arthritis, proctitis, epilepsy, diabetes mellitus, sores, boils, carbun-
cles, abscesses and certain other bacterial infections, etc.®43-37-3%) In East Africa, roots are
an ingredient in an alcoholic medicine taken to treat an internal ailment known as kati,
whereas the bark is used for stomach disorders.®%

Conclusions

Sclerocarya birrea has been part of a supplemental diet in many African countries.
Consumption of its leaves, fruits, and kernels is becoming increasingly popular. Many
products have been developed from different parts of Sclerocarya birrea for either nutri-
tional or medicinal uses. Crude fixed seed oil is a valuable source of essential fatty acids,
tocopherols, phytosterols, and phospholipids. The high levels of those bioactive lipids are
of importance in nutritional applications. On the contrary, different parts from Sclerocarya
birrea have significant effects on multiple biological systems. The pharmacological
activities are attributed to the presence of different active components.
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