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Introduction 

Sclerocarya birrea (A. Rich.) Hochst. (marula), is a freely and 
naturally growing deciduous plant which is native to many parts of 

sub-Saharan Africa. It favours savannah type of climate and is 
widely distributed from Senegal to Ethiopia in the northern part, 
further southward via central Africa to Kwazulu Natal in South 

Africa and to the southern west Africa in many other countries 
including Namibia and Botswana (1). Marula is a fast-growing 
deciduous plant with a single, circular cross-sectional trunk which, 

in mature plants can branch at about 3 to 4 m above the ground. 
The trunk will become thinner, finer branches and twigs which bear 
green, elliptically shaped and soft edged leaves (2) (Fig. 1). A fully 

grown marula plant height can have average height of 11 m or even 
up to  17 m and a stem diameter of 1 m depending on 
environmental factors  (1, 3).  The plant can grow from free falling 

seeds which can stay dormant in the soil for more than six months 
before they can germinate when there is sufficient rain (4). Fig. 1 
shows a mature marula tree inside Botswana International 

University of Science and Technology, (BIUST) next to block 125. 

 Sclerocarya birrea has attracted a lot of research attention 

from various dimensions ranging from natural ecosystems in game 
parks where it is food for many herbivores like elephants, (5, 6) and 

a habitat for many small animals, to commercialization of its 
products like marula wines and skin care products  (3, 7). In the 

history of southern African people, marula played an integral part 
of their culture, diet and tradition (8). The fruit has a sweet-sour 
juice and flesh that is often fermented to produce different forms of 

beverages. Extracts from other parts of the plant have 
antimicrobial, antioxidant, antidiarrheal, antidiabetic and anti-
inflammatory activities making them useful in herbal medicine (9).  

 Increased research and demand for marula-based 

products can lead to potential threats from overharvesting of plant 
parts, hence the need for proper and adequate conservation 
strategies (10). Most exploited marula parts include the fruit for its 

pulp which is a rich source of vitamin C when eaten fresh or when 
prepared into jams and alcoholic beverages, the kernels, which are 
eaten as snacks for their high protein, fat and minerals content, 

marula oil from the nuts, which is used in cosmetics, food 
preparations and biodiesel production, roots and barks for their 
medicinal phytochemical content  (11, 12). This review explores and 

compares the general applications of marula extracts, various 
methods of harvesting, sample treatment methods, extraction; 
characterization techniques and future prospects on the industrial 

and economic applications of S. birrea.  
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Abstract  

Sclerocarya birrea (A. Rich.) Hochst. (marula), with its rich phytochemical content, is highly regarded in southern African communities. 
Characterisation studies on fruit, bark and other parts of the plant identified valuable phytochemicals like tannins, terpenes, flavonoids, 

alkaloids, oils, vitamins and many others which calls for unlimited research on marula applications. Though not usually very efficient, use 
of hand tools in the sampling of roots, bark, leaves and fruits is the most practised method of harvesting due to affordability in 

communities. Marula roots, leaves and barks are exploited mostly for their medicinal phytochemical content, fruits for their beverage and 
nutritional benefits while seeds are a source of food and oils used for skin care. Biodiesel, skin care products and alcoholic beverages 

production have been reported among commercial opportunities for S. birrea. Community based commercial activities involve vending 
wine, oils, jam and butter as a source of income. Other potential areas of application including paint additives, green corrosion inhibitors 

and surfactant manufacture among others, need research attention to scale up on S. birrea economic value and commercialisation. More 
sector specific organisations are required to coordinate knowledge and operations in the marula economy to widen the applications and 

adoption of marula products into the global markets. Future demand and interest on S. birrea-based products calls for sustainable 
exploitation and domestication of the plant as alternative conservation measures. 
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An overview on tissue sampling techniques applicable 

to marula samples 

In most parts of Africa, S. birrea is referred to as the tree of life 

because of its food security and medicinal value. Harvesting 
marula fruits, leaves, bark or cutting down of marula trees is 

controlled by communal and traditional leadership as a 
conservation measure to protect the plant from over exploitation 
(2). In some countries like South Africa, the recommended surface 

area of a piece of bark harvested for immediate use should not 
exceed 20 × 20 cm so that the scars are small enough for the tree to 
recover easily (2). Traditional methods of bark and root sampling 

for domestic and commercial use, though not as reliable, 
reproducible or well documented as those used in modern herbal 
medicine, ecology, agronomy and forestry research, they are still 
being used in communities, hence the need to regulate the 
harvesting of marula fruits and tree part (1). Use of approved eco-
friendly sampling protocols when sampling marula roots, bark and 

any other parts should be enforced to minimise damage and 
improve plant population regeneration (13).  

 Destructive methods like targeting immature plants for 
harvesting, ring debarking and cutting the whole plant for the 

purpose of debarking or tissue sampling are not recommended 
(10). Ring barking is the complete removal of a wide circumference 
of the bark around the trunk of the tree which will disconnect its 

vascular system, resulting in the death of the stem and branches 
due to lack of water and nutrients (14). It can be done deliberately 
as a way of clearing land for other activities like farming or 

construction but is not suitable as a bark harvesting technique (15, 
16). The male S. birrea plant is the recommended target for people 
harvesting firewood, bark and other tissues to secure the female 

plants which bear fruits (17). However, it’s not always easy to 
distinguish between the males and female marula trees except 
during flowering and fruit bearing season, since they produce 

slightly different flowers.  

Bark sampling  

The bark which is the outer cover of the stems (Fig. 2), comprises of 

the inner bark which is living vascular tissue and the non-living 
outer bark. The inner bark transports nutrients from leaves and 

minerals in solution state along with water, while the outer bark 
prevents excessive water loss, protects the living tissues from 
insects, fungi and other microorganisms (18). Inner bark and outer 

bark are usually sampled together (Fig. 3). Harvesting methods are 
sometimes dependent on factors like sustainability, stem size and 

the after effects of the bark harvesting method (19). Post-harvest 
recovery and regeneration is affected by such factors like the 

amount of bark harvested, scar or wound depth, season of harvest, 
the amount of exudate released during sampling and the plant 
physiology (20). An investigation of the effect of wound size on the 

recovery of a plant from partial and total bark removal, showed 
that partial debarking up to 50 % circumference removal led to 
quick and successful recovery while 100 % bark removal caused 

larger wounds which took longer to recover (10). It is 
recommended to sample bark from a mature S. birrea stem (Fig. 2).  

Root sampling  

Roots serve key functional roles to plants including anchoring the 

plant as well as sequestering water and minerals from the soil. 
Biomass from roots is very difficult to generalise because its 
composition can be affected by many factors including spatial 

variability, accessibility, nature of soil, root morphology, anatomy 
and physiology (21, 22). All these factors contribute to root system 
and architectural heterogeneity resulting in variations in mineral 

and phytochemical composition (23). The most used method of 
root sampling is excavation and soil coring (21). Excavation 
involves using hand tools to dig pits to expose the roots. It can be 

ideal when sampling roots of very big plants like marula (Fig. 4), 

Fig. 1. Mature female Sclerocarya birrea tree. 

Fig. 2. Mature stem of Sclerocarya birrea.  

Fig. 3. Bark sample of Sclerocarya birrea. 
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which can have most of its large roots radiating in all directions and 
downwards. In some cases, pits of dimensions 0.5 m2 area to 1 m 

depth can be dug which can be a two-day labour for a single 
person, making it a laborious task (24).   

 On the other hand, soil coring method is done through 
forcibly driving a sharp polyvinyl chloride (PVC) or metal pipe of 5 
cm diameter, into the ground using a rubber mallet or a powering 
motor to take out soil with small, fine and fibrous roots from up to 
40 cm depth. Course, complex and larger root systems for bigger 

and mature trees like giant marula can be sampled using 
excavation (25) (Fig. 5). Coring bulky density soils and rocky soils, 
would require steel corers and motorised devices even to 1 m soil 

depths because PVC corers can break (24, 26). Unlike the manual 
type, the motorised power coring devise can cut through rock and 
larger roots, eliminating biases and challenges associated by 

compactness and presence of rocks in the soil during sampling 
(21). Fig. 4 shows excavated site under a marula tree and Fig. 5 
shows roots sampled from an excavated site.  

 Ground penetration radar (GPR) is another method which 
requires to be run prior to excavation. Ground penetration radar 
uses electromagnetic pulses, which are transmitted onto a surface 

and these pulses are reflected to the antenna which operates at a 
signal frequency of 450 MHz (25). Ground penetration radar obtains 
information on soil profiling and root architecture for plant root 

system as a computerised scan image (27). The technique has 
been applied in archaeology, civil engineering as a detection 

method for thick roots and buried services like cables and pipes, 
which may interfere with the construction processes or 

excavations currently under way (25, 28, 29). Ground penetration 
radar can show exactly where the roots are in the ground and 
excavation can be done precisely onto an area which has the root 

network (30). This can prevent unnecessary labour and damage to 
the root network.  

 Another excavation method involves a supersonic air 
stream (air spade) blown from a compressor at a pressure of 0.6 

MPa and a speed of 0.8 m3 s-1 into the soil to expose the root system 
of a plant without damaging the roots (31). Both fine, course and 
larger roots can be accessed easily. However, the method can have 

limitations in very compact and rocky soils (21). Choice of root 
sampling method remains limited by factors like cost and 
availability of suitable equipment, purpose, aims for collecting the 

roots, quantities or volumes required, season of sampling, soil type 
and plant response to various methods of sampling (21, 23, 32). 
Despite the governing boards and communal authorities’ 

recommendations on the use of eco-friendly and sustainable root 
harvesting methods, herbalists and researchers continue to use 
manual excavation as a more affordable method. However, use of 

hand tools in excavation may not allow plants to easily recover 
from resulting wounds and mechanical damage (33).  

Sampling of twigs and branches  

The most widely practised method of sampling twigs and fine 
branches is through pruning using hand tools like razor blades, 

pruning saws, pruning knives and pruning shears. Twigs of 
different sizes can be collected as illustrated in Fig. 6. Alternatively, 
drones called flying tree top samplers (FTTS) can be used to collect 
small diameter branches of range 0.8–1.6 cm. However, in dense 
canopy, it can be difficult for the drone to manoeuvre, set the 
gripper and the saw blade on position for sample collection (34). 

Use of hand tools like razor blades, knives and pruning shears 
remains the widely used twig sampling methods due to less costs. 
Fig. 6 shows S. birrea twigs sampled using pruning shears during 

midsummer time.  

 The best time to prune deciduous trees like marula is in late 
winter when branches will be bare. However, to avoid effects of 

bleeding which may complicate regeneration, early summer 
pruning can do (35). Late summer pruning is often discouraged 
since it may affect flowering and next year fruit yield (36). Unlike 

bark and root sampling, quality pruning can improve the health, 
strength and aesthetic value of a tree (37). The strengths and 

Fig. 4. Excavated site under Sclerocarya birrea tree.  

Fig. 5. Marula roots from an excavated site.  

Fig. 6. Twig samples collected from Sclerocarya birrea tree. 
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drawbacks of different root, bark and twig sampling methods are 
given in Table 1.  

Sample treatment and extraction methods 

Sample pre-treatment, purification and fractionation are common 
practices in laboratory-based research. Plant sample preparation 

processes for research involve several steps including prewashing, 
drying, grinding and sieving for homogenisation prior to extraction 
(41). After sample extraction and concentration of analytes, the 

ultimate processed sample is ready for an analytical step (42). 
Sampled raw plant material is often preserved under storage for 
several days and months during a chain of research activities to 

prevent depreciation of analyte content during storage and 
processing time (43). Measures should be taken during sample pre-
treatment and purification processes since all these activities can 

affect the final extraction yield (42). The matrices of plant matter 
are a complex mixture of thousands of different phytochemicals 
with varying levels of both concentration and polarity. It is 

therefore very difficult to consider one single extraction method as 
the best or most suitable method for the extraction of the 
generality of phytochemical (44). 

Sample storage and pre-treatment  

Storage and treatment methods are very important factors which 

affects the stability of phytochemicals in the samples. Depreciation 
of phytochemical content of bark extracts from Scots pine (Pinus 
sylvestris) and Norway spruce (Picea abies) after 8 weeks of storage 

has been reported (45). Some bark samples lose more water-
soluble components during summer storage than in winter 
possibly due to higher temperatures and ultra-violet (UV) radiation, 

alongside the decomposing action of microorganisms and insects 
(43). Polyphenols, flavonoids and carotenoids can be decomposed 
through hot temperature pretreatment, but in some instances, hot 

extraction methods have been found to labilize these compounds 

and make them more available for extraction (46, 47). For instance, 
hot deoxygenated water at 40 to 150 °C was reported to have 
extracted 90 % of all phenols and polyphenols, implying that the 

effect of high temperatures on some phytochemicals can be 
insignificant (48). Most phytochemicals can remain stable if the 
sample is either freeze dried or air dried prior to milling or grinding 

instead of oven drying (49). Freeze dried samples can have an 
increased storage life of up to 30 years (41). However, the technique 
is both time-consuming and expensive when compared to oven or 

sun drying. The machinery and its supplies like liquid nitrogen and 
dry ice are not easily available (49). 

Sample extraction methods and solvent effect 

Extraction method selection is a very important step in laboratory 
analytical research where successful and efficient extraction of 

bioactive compounds are a pre-requisite (41). Extraction efficiency 
of the method, cost of instruments, availability of equipment and 
accessories, thermal degradability of targeted phytochemicals and 

nature of solvents used are critical factors (50). Some solvents and 
methods of extraction make certain compounds more labile than 
others. Treatment of the same sample with different solvents can 

result in different yields on total phenols, flavonoids and 
condensed tannins extracted from different marula tissues (Table 
2). Methanol can extract more of total phenolic from the leaves 

when compared to hexane showing solvent effect on the success 
of extraction.  

 Different solvents can be used in extraction techniques like 
Soxhlet method, maceration, reflux, percolation, decoction and 
many others. Water, hexane, ethyl acetate, dichloromethane and 
methanol can be used together in Soxhlet extraction method (51). 
Soxhlet method has good percentage extract output and ability to 

extract phytochemicals of different polarity. However, when 
compared to maceration, it can give decreased yield of alkaloids 
and polyphenols and other thermally unstable bioactive 

Marula part Sampling methods Comment Advantages Disadvantages References 

Bark 

Use of pruning 
shears and razor 

blades 
Ideal for small stems 

Soft tender bark is harvested, less 
energy required 

Small immature stems have less 
phytochemicals, young stems are 

destroyed 
(19, 38) 

Use of a chisels and 
hammer Ideal for large stems 

Small pieces are removed giving 
smaller wounds, cheaper, good 

recovery rate 

Requires more energy, wounds can 
result lead to attack by ants and 

microorganisms 
(20, 35) 

Use of saws and axes 
Larger stems can be 

ring debarked or 
partial debarked 

Large sample size collected, fast 
sampling 

Debarking can damage plant 
leading to poor recovery, large 

scars remain leading to infections 
  (10, 35, 39) 

Roots 

Excavation 
Digging and removing 

soil to expose roots 

Roots of different sizes can be 
sampled, large volume of biomass 

can be collected, reduce uncertainty 
and bias cause by soil properties 

Laborious, root system is damaged  (21, 24) 

Soil coring 

Sharpened pipes are 
driven into the soil to 

bring out soil 
containing the roots 

Fine roots are sampled from small 
plants, less laborious 

Limited to fine roots from small 
plants, not applicable to larger 
plant roots, difficult to apply on 

rocky and compact soils 

   (21, 25) 

Ground penetrating 
radar (GPR) 

Scanned images of 
roots in ground prior 

to excavation 

Locates root systems with high 
precision, large and small roots can 
be sampled, prevent unnecessary 

labour and damage to the root 
system 

Very expensive to use, digging is 
still required 

 (25, 27, 28, 
30, 31) 

  Air spade 
Blowing of the soil 
using air to expose 

roots 

Less labour, fine, course and large 
roots can be accessed, less plant 

damage 

Limited application in compact and 
rocky soils, cost of creating high 

pressure air jet 
(21, 31) 

Twigs 

Flying tree top 
sampler (FTTS) /

drone 

Use of a drone to cut 
or collect branches 

and twigs 

Less laborious, sample can be 
collected from different heights, very 

fast 

Drones are expensive, small size of 
sample can be collected, it can be 

difficult to sample from dense 
canopy 

(34, 40) 
  

Pruning saws, shears 
knives, razor 

Use of cutting objects 
to collect twigs 

Hand tools can be used carefully 
with minimum damage to the plant, 

make the plant look beautiful 

More laborious, finer ends which 
bear fruits can be damaged, slow 

process 
(34) 

Table 1. Advantages and disadvantages of different methods of bark, root and twig sampling  
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compounds (52). In some extraction processes, fractionation can 

follow using different solvent extraction methods like liquid-liquid 
solvent extraction. A mixture of alcohols like methanol and 
ethanol in water is recommended for the extraction of a wide 

range of polar molecules when compared to non-polar ones (45, 
53). A mixture of these solvents prepared in different proportions 
proves to be more effective than either one alone (45). A mixture of 

water and the nonpolar organic solvent like ether, 
dichloromethane, hexane etc. can also be used in isolating 
analytes from mixtures where extracted compounds are more 

soluble in the organic solvent and not in water for easier 
separation leaving the more polar in water (54).  

 Normal fractionation procedure involves treatment of 
sample extract with selected sets of solvents ranging from the least 

polar like hexane and chloroform, to medium polarity like 
dichloromethane and n-butanol and lastly the one with highest 

polarity such as water (54). As illustrated in Table 3, a comparative 
analysis of different extraction methods, their limitations and 

strengths are necessary to assist in the selection of appropriate 
extraction solvents and methods (55).   

 When selecting an extraction technique, an analyst must 
strike a balance between the strengths of the selected method and 
the results the method would provide. Factors like heat, 
temperature and light require particular attention especially when 
extracting thermolabile compounds (55). However, the most 

crucial factor to be considered remains the solvent which can 
dissolve out as much phytochemicals as possible (56). 

Characterisation methods applicable to plant extracts 

The complexity of S. birrea plant extract matrix caused by the 
existence of a wide range of phytochemicals makes separation, 

identification and characterisation processes to be a challenge. 
Different separation techniques such as thin-layer chromatography 
(TLC), column chromatography, flash chromatography, sephadex 

chromatography and high-performance liquid chromatography 
(HPLC), gas chromatography (GC) when coupled with appropriate 
detectors, separate and identify different compounds from 

complex extract mixtures (61–63). Common detectors include 
ultraviolet-visible spectrometer (UV-VIS), mass spectroscopy (MS) 
and diode array detector (DAD) (64). They are a means of 

identification of the separated components. 

Thin layer chromatography analysis       

Thin layer chromatography is used to identify and separate 

compounds in non-volatile extracts from medicinal plants, plant 
pigments and food additives (65). Sample solution in a volatile 

solvent is placed as spot on one pencil marked edge of a silicate or 
alumina coated plate. The plate is then placed in a developing 
chamber containing enough eluting solvent at a level just below 

the spot on the plate. The eluting solvent front will migrate up the 
plate, dragging the components of the extract at different rates. 

Method Solvent Strengths Weaknesses References 

Maceration Water, aqueous and 
non-aqueous 

Heat-stable chemicals can be extracted, 
easy to perform, no need for a professional 

operator, cheap equipment 

Only highly soluble bioactive 
compounds can be extracted, takes a 

long time, more solvent used 
(53, 55–58)  

Percolation Water, aqueous and 
non-aqueous 

Process takes less time, thermolabile 
components can be extracted, more 

thorough extraction 

More solvent used, skilled person 
needed, process requires more 

attention 
(53, 55, 57) 

Reflux extraction Aqueous and non-
aqueous 

Conserve solvent, highly efficient, easy to 
use Not suitable for thermolabile bioactive (50, 53, 54) 

Decoction Water, aqueous and 
non-aqueous 

Easy to perform, no special skill needed, 
cheap equipment 

Not recommended for temperature 
sensitive bio actives (53, 57, 58) 

Soxhlet extraction Non aqueous 
organic solvents 

No need for filtration, moderate solvent 
volume, more thorough extraction 

Sample agitation impossible, high 
chances of exposure to toxic solvents, 

not suitable for thermolabile bio actives 
(53–55, 57) 

Microwave assisted 
extraction 

Water, aqueous and 
non-aqueous 

Less solvent, less time, high solvent 
recovery 

Non-polar solvents cannot be used, 
volatile solvents not permitted (53, 55, 58) 

Enzyme assisted 
extraction 
  

Water, aqueous and 
non-aqueous 

High extraction efficiency, wide range of 
phytochemicals can be extracted, nontoxic 

and non-flammable 

Requires optimisation, highly affected 
by external factors like pH, presence of 
inhibiting ions, temperature, enzyme 

concentration etc. 

(59, 60)  

Ultrasound assisted 
extraction 

Water, aqueous and 
non-aqueous 

Reduced extraction time and solvent, 
thorough extraction and purification of bio 

actives 

Ultrasonic radiation can affect 
phytochemical through creation of free 

radicals 
(1) 

Pulsed electric field 
extraction 

Water, aqueous and 
non-aqueous 

Thorough extraction in less time, non-
thermal and suitable even for thermolabile 

bio actives 

Cost and non-availability of equipment 
and accessories, bubbles produced 

cause nonuniformity and operational 
problems 

(54, 56) 

Supercritical fluid 
extraction Carbon dioxide Volatile components can be extracted and 

purified Equipment costs are very high (53–55)  

Pressurised liquid 
extraction 

Water, aqueous and 
non-aqueous 

Less time consuming when compared to 
Soxhlet 

Not suitable for thermolabile bio 
actives  (53, 54) 

Table 3. Different extraction methods, their strengths and weaknesses  

Extracting 
solvent Plant part 

Total phenolics 
(mg GAE/100 g) 

Flavonoids 
(mg QE/100 

g) 

Condensed 
tannins (%) 

Methanol Pulp 2.50 2.008 6.5 
Methanol Peel 2.20 0.90 4.9 
Methanol Pulp 505.83 33.90 NR 
Acetone Pulp 872.33 28.00 NR 
Methanol Leaves 304.50 NR NR 
Methanol Bark 593.0 NR NR 
Hexane Leaves 10.00 NR NR 
Ethyl acetate Leaves 18.29 NR NR 
Water Leaves 45.35 NR NR 
Hexane Bark 48.43 NR NR 
Ethyl acetate Bark 23.02 NR NR 
Water Bark 90.33 NR NR 
  Oil cake 148.00 NR NR 
Methanol Young stem 14.14 1.21 NR 
Methanol Leaves 13.95 0.47 NR 
Hexane Root 26.53 NR NR 

Table 2. Effect of solvent on the extraction of total phenols, 
flavonoids and condensed tannins in Sclerocarya birrea extracts (51, 
52) 

NR- Not reported, GAE- Gallic acid equivalence, QE- quercetin 
equivalence.  
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The components of the extract are then detected as separate spots 
on the plate. The retention factor (rf) of each spot can be calculated 

as a ratio of the distance moved by a component to the distance 
moved by the solvent as a means of detection (66).   

Column chromatography analysis 

Column chromatography is a quantitative method used to 
separate and purify individual bioactive compounds by allowing 

sample solutions to elute through the column packed with silica 
gel (67). Columns can be simple glass pipes stuffed with 
appropriate stationary phase making them easier to prepare when 

compared to other chromatographic columns. This allows 
separation of components of the mixture forming moving bands or 
zones which can elute separately at the bottom of the column (66). 

High performance liquid chromatography 

High performance liquid chromatography is one of the most 

preferred analytical techniques for the isolation of natural product 
mixtures due to its ability to fingerprint components (64). High 
performance liquid chromatography-mass spectroscopy (HPLC-

MS) was used to detect thirty-six compounds in the analysis of S. 
birrea bark, root and leaf extracts using HPLC as a separator and 
MS as a detector (68). The technique is the quickest and widely 

applied chromatographic technique for crude and complex plant 
extracts (69). High performance liquid chromatograph has been 
recommended by several researchers and authors as a suitable 

characterization tool for natural extracts because of its ability to 
give both quantitative and qualitative data about the sample 
which is a quality attribute of an analytical technique (69, 70). 

Fourier transform infrared spectroscopy (FTIR) 

Fourier transform infrared spectroscopy is a qualitative technique 

which provides specific information on the nature of chemical 
bonds and hence functional groups in the sample (71). Fourier 
transform infrared spectroscopy can analyse samples in gaseous, 

liquid and solid state (65). Gaining insight on the functional groups 
present in the sample can eventually lead to identification of the 
various categories of phytochemicals present and explanations of 

their observed properties (72).  

Gas chromatography-mass spectrometry (GC-MS) 

Gas chromatography - mass spectrometry uses GC as a separator 
and MS as a detector. It is a reliable means of analysis of complex 

extract mixtures using small volume of plant extracts per analysis  
(73, 74). Gas chromatography-mass spectrometry is an ideal 
technique for both qualitative and quantitative analysis for volatile 

and semi volatile components of mixtures (75). The technique was 
used to analyse S. birrea kernel oil (76). Identification of components 
of the mixture can be achieved through the interpretation of the 

retention indices and mass spectrum using the available database 
(77). Table 4 summarises some common analytical separation and 
identification techniques which are applicable to marula samples. 

 The choice of a characterisation technique remains guided 

by the availability of instruments, type of analytical data provided 
by the instrument, cost of instrument and accessories and sample 
preparation methods used. Most ideal practice is to use more than 

one technique in both qualitative and quantitative analysis so that 
the added strengths of the techniques can result in improved 
quality of results.  

Health, economic significance and applications of 

marula tissue extracts  

As highlighted earlier, nutritional, beverage and medicinal benefits 

of different parts of marula are well documented and their 
application is quite impressive. Other applications like biodiesel 

production, stock feed production, manufacture of jams and 
personal care products, though with less prominent research 
output, are gradually unveiling a wide range of consumer products 

from marula plant parts. Characterisation studies on S. birrea 
phytochemicals are in support of the breakthroughs made in 
several fields of application.  Fig. 7 shows a summary of marula 
parts and their applications.  

The future of Sclerocarya birrea plant and research 

focus  

A marula economy is a possible future prospect which requires 
scaling up on the nutritional, pharmaceutical, cosmetics and 

biodiesel manufacture as well as exploring a limitless range of 
other possible applications of phytochemicals. Value chains need 
to be established in different fields of applications as a push 

towards large scale commercialisation of marula products. 

Technique Sample separation and 
identification 

Sclerocarya 
birrea part Strengths Weaknesses References 

Thin layer 
chromatography (TLC) 

Different rate of migration an 
alumina or silica stationary phase, 

characteristic rf values used for 
identification 

Bark 
Small sample volume can be 
analysed, wide application, 

inexpensive 

Semi quantitative 
data obtained, 

mostly qualitative 
information obtained 

(65, 66) 
  

(78) 

Column 
chromatography 

Differences in interaction of 
components with the mobile phase 

and stationary phase, requires a 
suitable detecting technique 

Bark 

Quantitative data obtained, 
separates and purify 

components, inexpensive glass 
column, disposability of spent 

stationary phase 

Longer time of 
analysis, larger 

volume of solvent, 
low separation 

power 

(67, 78) 

High performance liquid 
chromatography (HPLC) 

Differences in interaction of 
components with the mobile phase 

and stationary phase to give a 
chromatogram, requires a suitable 

detecting technique 

Leaf 
Bark 
Root 

Quantitative and qualitative 
data obtained, separates and 

quantify components, very fast 
analysis, robust, ability to finger 
print, versatile, high resolution 

Expensive 
accessories 

(63, 64, 68, 
69) 

Fourier transform-
infrared spectroscopy 
(FTIR) 

Interaction of sample components 
with infra-red radiation resulting in a 
spectrum, absorption peaks detect 

functional groups 

Bark 
Simple, rapid, non-destructive, 

sample analysed in any physical 
state 

Not for quantitative 
analysis 

(65, 71, 72, 
78) 

Gas chromatography 
mass spectrometry                 
(GC -MS) 

Different solubilities of components 
in the mobile phase to give a 

chromatogram, MS used to identify 
each component 

Bark 
Kernel oil 

Small sample required, produce 
both qualitative and 

quantitative, fast analysis, 
robust, highly efficient, ideal for 
separating complex mixtures of 

phytochemicals 

Accessories can be 
expensive, sample 
preparation can be 

laborious 
  

(73–78) 

Table 4. Common analytical separation and identification techniques applicable to marula plant extracts 
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Manufacturing and processing industry is seriously affected by 
corrosion. Green corrosion inhibitors and paint additives 

manufacture using marula extracts, sounds like a worthwhile 
research endeavour, given the antioxidant properties of the 
extracts which can protect surfaces against degradation (80). An 

overview of the cost of corrosion and the use of other plant extracts 
as sources of green corrosion inhibitors can justify the application 
of marula in the field corrosion control and prevention.   

Cost of corrosion  

The approximate cost of corrosion worldwide, according to the 

National Association of Corrosion Engineers (NACE) increased to 
around USD 2.5 trillion in the year 2013 and is projected to keep on 
rising due to the current trends in industrial and technological 

advancements  (88, 89). This cost accounts for about 3.4 % of 
world’s Gross Domestic Product (GDP). Full implementation of the 
available corrosion remedies can significantly lower the costs by 

between 15 and 35 %, saving about US$375 and $875 billion 
annually (88). The current and ongoing industrial and technological 
advancements are being accompanied by the production of 

different types and concentrations of pollutants whose effects 
among others include corrosion and degradation of metallic 
structures (90).  

 Producing and designing corrosion resistant metal, alloy 

tools and structures is experiencing challenges due to the diversity 
and complexity of environmental conditions. For instance, 
stainless steel has been used in production of containers in the 

food industry due to its ability to maintain quality and purity of 
stored food. However, period of exposure to processing conditions 
in the food and beverage industry may compromise its immunity 
to the emergence of certain corrosion events. Exposure to 
pharmaceutical discharge effluents, fatty foods and chloride 
contamination may result in pitting corrosion on stainless steel 

surfaces (91). Other forms of steel and aluminium components 
which are part of the building materials for automobiles, piping, 
space craft and so forth, do corrode and lose value and strength. 

Since corrosion can be very difficult to design against or predict, it’s 
imperative to continue researching on other methods of 

controlling corrosion especially green inhibitors. Rich 
phytochemical content makes marula a good option for research.  

Sclerocarya birrea extracts and their potential 
applicability as green corrosion inhibitors  

The motivation behind the use of plant extracts as corrosion 

inhibitors is not to substitute the existing control methods but to 
add on to the fight against corrosion. Inhibitors from plant extracts, 
commonly referred to as green corrosion inhibitors, are 

biodegradable, less toxic to humans and ecosystems, highly 
renewable and relatively cheaper which makes them potential 
options for the future corrosion inhibitors (92). Given the high 

phytochemical content, S. birrea plant extracts can be an in situ 
means of protecting stainless steel and other metals from 
corrosion especially when using acids, bases, or chlorates during 

cleaning (91). Plant extracts containing compounds with alkene, 
nitrogen, oxygen and sulphur-based moieties have good 
adsorptive abilities on metal surfaces, giving them better anti-

corrosive properties (92). Examples include phenols, isoprene, 
limonene, alkaloids and many others. These compounds adhere 
using either chemisorption, physisorption or both on the metal 

surfaces to form a protective film which lowers the accessibility of 
corrosion active sites on the metal (89).  

 Substantial research work has been carried out on the 
efficacy of many plants as sources of green corrosion inhibitors 

(92). Characterization studies on Euphorbia neriifolia, a widely 
applied medicinal herb, showed the presence of saponins, 
terpenoids, flavonoids, tannins, alkaloids, among other 
phytochemicals during research on its corrosion inhibition ability 
(93). Same classes of compounds including flavonoids like rutin 
and apigenin, phenols like caffeic acid and p-coumaric acid were 

reported to be present in the extracts of Ruta graveolens which was 
used for corrosion inhibition experiments on stainless steel 304 
(94). Sclerocarya birrea leaf ethanolic extract was also characterised 

Fig. 7. Summary of Sclerocarya birrea (marula) tree parts, associated phytochemicals and their economic and medicinal benefits (11, 79, 80–
87) (Photography F (79)). A: Marula tree; B: stem bark; C: twigs and leaves; D: Marula fruits; E: Marula roots; F: pulp; G: Marula nuts. 
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using UV-VIS and GC-MS and a variety of phenols, flavonoids and 
alkaloids were found to be present (95). These findings are in 

support of marula extracts’ potential in corrosion inhibition. Focus 
can also be directed towards using plant extracts as paint additives 
to investigate on their applicability in paint industry. 

Prospects on increased marula product commercialisation 
and sustainable exploitation 

Most community-based marula commercial activities are still at 

artisanal level where vendors sell kernels, beverages, pulp and 
other products without prospects for mechanisation (96). 

Communities will not realise the full economic benefit of the 
products due to the small-scale nature of business. A survey 

conducted in Beitbridge District in Zimbabwe, showed a 
reasonable income generated at household level through selling S. 
birrea-based products. Marula beer costs USD 2.00 per litre while 

marula oil can cost USD 30.00 per litre (7) (Table 5). This shows a 
greater economic potential of S. birrea if production is shifted from 
artisanal to mechanised methods.  

 However, with the advent of current research focus, more 
mechanised production and large-scale economic activities will be 
realised soon and conservation of S. birrea becomes paramount. 
Surveys and research have been carried out and are still being 

carried out on strategies to establish and sustain marula-based 
agroforests through its domestication (97), mapping and 
predicting at a global scale, suitable areas where S. birrea can be 

cultivated, conserved and used to restore drylands (98). The 
success of dryland reclamation using marula trees is based on the 
tree’s ability to adapt well to semi-arid locations and drought-prone 

areas (7). Such land reclamation programs are highly 
recommended, in establishing an abundant source of marula-
based phytochemicals for the creation of large commercial 

investments and manufacturing applications. 

Sclerocarya birrea sectors and accessing of global markets 

A marula economy in which marula biomolecules are processed 

into commercial products for global markets, can be accelerated 
by establishing sectors which specialise in specific areas of 

application. Such sectors should include people and organisations 
in various marula value chains including harvesting communities, 
cooperatives, product developers, trade associations, funders, 

product exporters and retailers (99). These sectors give a 
coordinated support to local producers and product manufacturers 
with information on international market regulations and 
standards, production expansion opportunities and how to access 
international markets. One successful sector project, access and 
benefit sharing (ABS) compliant Biotrade in South(ern) Africa 

(ABioSA) project has been established in southern Africa and has 
done a lot on regularising nutritional ingredients and consumer 
products from S. birrea fruit pulp, seeds and oil for international 

markets including European Union (EU). The project was 
established to support the production and commercialisation of 

products from indigenous plants in a way which sustains livelihoods 
and the environment (99). More marula sector organisations should 
be established to coordinate other value chains, not limited to 

nutritional, skin care and medicinal products but also to 
engineering fields like biodiesel manufacturing and corrosion 
inhibition.  

 

Conclusion  

Marula tree has always been valued in many African societies for its 
uses and applications in food and beverages, pharmaceuticals and 

herbal medicine due to its rich phytochemical composition. Other 
topical research issue includes among others corrosion prevention, 
paint additive and industrial surfactants production with particular 

focus on compatibility with existing products. There is need for 
more cheaper, less toxic, locally available, renewable, eco-friendly 
methods and sustainable methods of managing corrosion. 

Sclerocarya birrea plant extracts are a plausible and promising 
option for these potential applications.  A marula economy is 
possible if sectors can be established for coordinating 

commercialisation and research activities across marula product 
value chains. The tree has been exploited largely at an artisanal 
level in the communities, which limits its economic potential. 

However reasonable household income is generated from vending 
of marula beer, oil, jams, kernels and other products. Mechanised 
exploitation of the plant and global marketing accessibility is being 

pushed forward through the establishment of proper value chains 
and marula sector organisations. Marula sampling, sample 
extraction, storage and analysis methods are dependent on cost 

and availability of resources. Marula domestication and land 
reclamation using S. birrea tree are a highly commendable 
initiative which ensures a stable renewable source for S. birrea 

phytochemicals and sustainability exploitation of the plant.  

 

Authors' contributions 

MM carried out conceptualisation, drafting, sequencing and 

alignment of the manuscript. BAO supervised the writing and 
compilation, reviewed and corrected the manuscript. VKM read, 
revised the manuscript and supervised the drafting of the 

manuscript. All authors read and approved the manuscript. 

 

Compliance with ethical standards 

Conflict of interest: Authors do not have any conflict of interest 

to declare. 

Ethical issues: None 

 

References 

1. Maroyi A. Local knowledge and use of marula [Sclerocarya birrea 
(A. Rich.) Hochst.] in south-central Zimbabwe. Indian J Tradit 
Knowl. 2013;12(3):398–403. 

2. Sinthumule NI, Mashau ML. Attitudes of local communities 
towards marula tree (Sclerocarya birrea subsp. caffra) 
conservation in Limpopo Province, South Africa. Resources. 
2019;8(1):1–9. https://doi.org/10.3390/resources8010022 

Marula product Quantity Cost price (USD) 

Marula oil 1 L 30 

Marula jam 1 kg 5 

Marula butter 1 kg 4 

Marula nuts 1 kg 3 

Marula beer 1 L 2 

Marula fresh fruits 1 kg 0.50 

Table 5. Average cost of Sclerocarya birrea-based products  

https://plantsciencetoday.online
https://doi.org/10.3390/resources8010022


9 

Plant Science Today, ISSN 2348-1900 (online) 

3. Cook RM, Henley MD. Complexities associated with elephant 
impact on Sclerocarya birrea subsp. caffra in the Greater Kruger 
National Park. S Afr J Bot. 2019;121:543–48. https://
doi.org/10.1016/j.sajb.2019.01.016 

4. Helm CV, Scott SL, Witkowski ETF. Reproductive potential and 
seed fate of Sclerocarya birrea subsp. caffra in low-altitude 
savannas of South Africa. S Afr J Bot. 2011;77(3):650–64. https://
doi.org/10.1016/j.sajb.2011.02.003 

5. Jacobs OS, Briggs R. Status and population structure of the marula 
in the Kruger National Park. S Afr J Wildl Res. 2002;32(1):1–12. 

6. Makopa TP, Modikwe G, Vrhovsek U, Lotti C, Sampaio JP, Zhou N. 

The marula and elephant intoxication myth: Biodiversity of 
fermenting yeasts associated with marula fruits (Sclerocarya 
birrea). FEMS Microbes. 2023;4:1–16. https://doi.org/10.1093/
femsmc/xtad018 

7. Mguni S, Chiwara P, Gwate O. Utilisation and management of 
Sclerocarya birrea (A. Rich.) Hochst. in southern Zimbabwe. 
Cogent Soc Sci. 2023;9(1):1–17. https://
doi.org/10.1080/23311886.2023.2208933 

8. Wynberg R, Laird S, Botha J, den Adel S, McHardy T. The 
management, use and commercialisation of marula: Policy 
issues; 2002. 

9. Schripsema J, Augustyn W, Viljoen A. Characterisation of 

Sclerocarya birrea seed oil and geographical origin assessment 
using NMR and cluster analysis. Phytochem Anal. 2023;34(8):959–
69. https://doi.org/10.1002/pca.3264 

10. Beltrán-Rodríguez L, Valdez-Hernández JI, Saynes-Vásqu8ez A, 

Blancas J, Sierra-Huelsz JA, Cristians S, et al. Sustaining medicinal 
barks: Survival and regeneration of Amphipterygium adstringens. 
Sustainability. 2021;13(5):1–19. https://doi.org/10.3390/su13052860 

11. Legodi LM, Lekganyane MA, Moganedi KLM. Morula tree: From 

fruit to wine through spontaneous fermentation. Processes. 
2022;10(9):1–21. https://doi.org/10.3390/pr10091706 

12. Chauke H, Silue Y, Aremu AO, Fawole OA. Nutritional value and 

bioactivities of Sclerocarya birrea seeds. S Afr J Bot. 2025;179:188–
97. https://doi.org/10.1016/j.sajb.2025.02.008 

13. Hall JB, O’Brien EM, Sinclair FL. Sclerocarya birrea: A monograph. 

Bangor: University of Wales; 2002. 

14. Chen JJ, Zhang J, He XQ. Tissue regeneration after bark girdling. 

Physiol Plant. 2014;151(2):147–55. https://doi.org/10.1111/
ppl.12112 

15. Gawanka MS, Haldankar PM, Salvi BR, Parulekar YR, Dalvi NV, 
Kulkarni MM, et al. Effect of girdling on flowering and fruit quality: 

A review. Adv Agric Res Technol J. 2019;3(2):201–14. 

16. Moore GM. Ring-barking and girdling: Vascular connections 
between roots and crown. Proc 14th Natl Street Tree Symp; 
Richmond; 2013. 

17. Helm CV. Investigating the life history strategy of Sclerocarya 
birrea subsp. caffra [thesis]. Johannesburg: University of the 
Witwatersrand; 2011. 

18. Eberhardt TL, So CL, Leduc DJ, Labbé N, Warren JM. Changes in 
bark composition under elevated CO₂. Trees. 2016;614. https://
doi.org/10.1007/s00468-015-1254-8 

19. Williams VL, Witkowski ETF, Balkwill K. Bark thickness–DBH 
relationships in medicinal trees. S Afr J Bot. 2007;73(3):449–65. 
https://doi.org/10.1016/j.sajb.2007.04.001 

20. Pandey S, Pant P. Tree bark extracts for green chemicals in 
Nepal. For Sci Technol. 2023;19(1):68–77. https://
doi.org/10.1080/21580103.2023.2175729 

21. Fahey TJ, Yanai RD, Gonzales KE, Lombardi JA. Sampling roots 
from rocky forest soils. Ecosphere. 2017;8(6):e01863. https://
doi.org/10.1002/ecs2.1863 

22. Freschet GT, Roumet C. Sampling roots to capture plant and soil 

functions. Funct Ecol. 2017;31(8):1506–18. https://

doi.org/10.1111/1365-2435.12883 

23. Koyama T, Murakami S, Karasawa T, Ejiri M, Shiono K. Complete 

root specimen sampling using root boxes. Plant Methods. 2021;17
(1): 97. https://doi.org/10.1186/s13007-021-200798-3 

24. Park BB, Yanai RD, Vadeboncoeur MA, Hamburg SP. Estimating 

root biomass in rocky soils. Soil Sci Soc Am J. 2007;71(1):206–13. 
https://doi.org/10.2136/sssaj2005.0329 

25. Hruska J, Čermák J, Sustek S. Mapping tree roots with ground-

penetrating radar. Tree Physiol. 1999;19(2):125–30. https://
doi.org/10.1093/treephys/19.2.125 

26. Rau BM, Melvin AM, Johnson DW, Goodale CL, Blank RR, Fredriksen 

G, et al. Revisiting soil C and N sampling. Soil Sci. 2011;176(6):273–
79. https://doi.org/10.1097/SS.0b013e31821d6d4a 

27. Willett DA, Kamyar M, Rister B. Accuracy of ground-penetrating 
radar for pavement analysis. J Transp Eng. 2006;132(1):96–103. 

https://doi.org/10.1061/(ASCE)0733-947X(2006)132:1(96) 

28. Bassuk N, Grabosky J, Mucciardi A, Raffel G. Ground-penetrating 
radar locates tree roots under pavement. Arboric Urban For. 
2011;37(4):160–66. https://doi.org/10.48044/jauf.2011.021 

29. Bachiri T, Alsharahi G, Khamlichi A, Bezzazi M, Faize A. GPR 
application in civil engineering. Int J Emerg Trends Eng Res. 
2020;8(5):1839–44. https://doi.org/10.30534/ijeter/2020/59852020 

30. Nadezhdina N, Čermák J. Instrumental methods for root system 
studies. J Exp Bot. 2003;54:1511–21. https://doi.org/10.1093/jxb/
erg154 

31. Stokes A, Fourcaud T, Hruska J, Čermák J, Nadyezdhina N, 
Nadyezdhin V, Praus L. Evaluating methods to study urban tree 
roots using GPR. J Arboric. 2002;28(1):2–10. https://
doi.org/10.48044/jauf.2002.001 

32. Barillot CDC, Sarde CO, Bert V, Tarnaud E, Cochet N. Sampling 
rhizosphere and rhizoplan bacteria. Ann Microbiol. 2013;63(2):471
–76. https://doi.org/10.1007/s13213-012-0491-y 

33. Paul-Victor C, Dalle Vacche S, Sordo F, Fink S, Speck T, Michaud V, et 
al. Mechanical damage and wound healing in flax stems. PLoS One. 
2017;12(10):1–23. https://doi.org/10.1371/journal.pone.0185958 

34. Perroy RL, Meier P, Collier E, Hughes MA, Brill E, Sullivan T, et al. 
Aerial branch sampling to detect forest pathogens. Drones. 2022;6
(10):1–14. https://doi.org/10.3390/drones6100275 

35. Ilek A, Kucza J, Morkisz K. Hydrological properties of bark: 

Interspecific variability. Folia For Pol Ser A. 2017;59(2):110–22. 
https://doi.org/10.1515/ffp-2017-0011 

36. Lyrene PM. Late pruning and flower bud formation in rabbiteye 

blueberry. HortScience. 1984;19(1):98–99. https://
doi.org/10.21273/HORTSCI.19.1.98 

37. Ryder CM, Moore GM. Arboricultural and economic benefits of 

formative pruning. Arboric Urban For. 2013;39(1):17–24. https://
doi.org/10.48044/jauf.2013.004 

38. Hahn C, Vospernik S. Sampling designs for bark stripping by red 

deer. Eur J For Res. 2024;143(4):1069–82. https://doi.org/10.1007/
s10342-024-01670-4 

39. Pandey AK, Yadav S, Sahu SK. Sustainable bark harvesting in 

Holarrhena antidysenterica. Int J Green Pharm. 2011;5(2):107–12. 
https://doi.org/10.4103/0973-8258.85166 

40. Käslin F, Baur T, Meier P, Koller P, Buchmann N, D’Odorico P, et al. 
Novel twig sampling method by unmanned aerial vehicle (UAV). 

Front For Glob Change. 2018;1:2. https://doi.org/10.3389/
ffgc.2018.00002 

41. Krakowska-Sieprawska A, Kiełbasa A, Rafińska K, Ligor M, 
Buszewski B. Modern pre-treatment of plant material. Molecules. 

2022;27. https://doi.org/10.3390/molecules27030730 

42. Moldoveanu SC. Sample preparation for chromatography. J 
Chromatogr Sci. 2004;42(1):1–14. https://doi.org/10.1093/
chromsci/42.1 

https://doi.org/10.1016/j.sajb.2019.01.016
https://doi.org/10.1016/j.sajb.2019.01.016
https://doi.org/10.1016/j.sajb.2011.02.003
https://doi.org/10.1016/j.sajb.2011.02.003
https://doi.org/10.1093/femsmc/xtad018
https://doi.org/10.1093/femsmc/xtad018
https://doi.org/10.1080/23311886.2023.2208933
https://doi.org/10.1080/23311886.2023.2208933
https://doi.org/10.1002/pca.3264
https://doi.org/10.3390/su13052860
https://doi.org/10.3390/pr10091706
https://doi.org/10.1016/j.sajb.2025.02.008
https://doi.org/10.1111/ppl.12112
https://doi.org/10.1111/ppl.12112
https://doi.org/10.1007/s00468-015-1254-8
https://doi.org/10.1007/s00468-015-1254-8
https://doi.org/10.1016/j.sajb.2007.04.001
https://doi.org/10.1080/21580103.2023.2175729
https://doi.org/10.1080/21580103.2023.2175729
https://doi.org/10.1002/ecs2.1863
https://doi.org/10.1002/ecs2.1863
https://doi.org/10.1111/1365-2435.12883
https://doi.org/10.1111/1365-2435.12883
https://doi.org/10.1186/s13007-021-200798-3
https://doi.org/10.2136/sssaj2005.0329
https://doi.org/10.1093/treephys/19.2.125
https://doi.org/10.1093/treephys/19.2.125
https://doi.org/10.1097/SS.0b013e31821d6d4a
https://doi.org/10.1061/(ASCE)0733-947X(2006)132:1(96)
https://doi.org/10.48044/jauf.2011.021
https://doi.org/10.30534/ijeter/2020/59852020
https://doi.org/10.1093/jxb/erg154
https://doi.org/10.1093/jxb/erg154
https://doi.org/10.48044/jauf.2002.001
https://doi.org/10.48044/jauf.2002.001
https://doi.org/10.1007/s13213-012-0491-y
https://doi.org/10.1371/journal.pone.0185958
https://doi.org/10.3390/drones6100275
https://doi.org/10.1515/ffp-2017-0011
https://doi.org/10.21273/HORTSCI.19.1.98
https://doi.org/10.21273/HORTSCI.19.1.98
https://doi.org/10.48044/jauf.2013.004
https://doi.org/10.48044/jauf.2013.004
https://doi.org/10.1007/s10342-024-01670-4
https://doi.org/10.1007/s10342-024-01670-4
https://doi.org/10.4103/0973-8258.85166
https://doi.org/10.3389/ffgc.2018.00002
https://doi.org/10.3389/ffgc.2018.00002
https://doi.org/10.3390/molecules27030730
https://doi.org/10.1093/chromsci/42.1
https://doi.org/10.1093/chromsci/42.1


MAPOSA ET AL  10     

https://plantsciencetoday.online 

43. Moomin A, Russell WR, Knott RM, Scobbie L, Mensah KB, Adu-
Gyamfi PKT, et al. Phytochemical profile of Terminalia ivorensis. 
BMC Plant Biol. 2023;23(1):162. https://doi.org/10.1186/s12870-
023-04144-8 

44. Cádiz-Gurrea ML, Lozano-Sánchez J, Fernández-Ochoa Á, Segura-
Carretero A. Green extraction of bioactives from Sclerocarya 
birrea bark. Molecules. 2019;24(5):1–15. https://doi.org/10.3390/
molecules24050966 

45. Szmechtyk T, Małecka M. Phytochemicals from bark extracts in 
thermosetting polymers. Materials. 2024;17:1–31. https://
doi.org/10.3390/ma17092123 

46. Chan EWC, Lim YY, Wong SK, Lim KK, Tan SP, Lianto FS, et al. 
Drying methods and antioxidant properties of ginger leaves. 
Food Chem. 2009;113(1):166–72. https://doi.org/10.1016/
j.foodchem.2008.07.090 

47. Putriani N, Perdana J, Meiliana, Nugrahedi PY. Thermal 
processing effects on phytochemicals. Food Rev Int. 2022; 38:783–
811. https://doi.org/10.1080/87559129.2020.1745826 

48. Antony A, Farid M. Temperature effects on polyphenols during 

extraction. Appl Sci. 2022;12:1-14. https://doi.org/10.3390/
app12042107 

49. Popp M, Lied W, Meyer AJ, Richter A, Schiller P, Schwitte H. 

Sample preservation for organic compound analysis. J Exp Bot. 
1996;47:1469–73. https://doi.org/10.1093/jxb/47.10.1469 

50. Luksta I, Spalvins K. Extraction of bioactive compounds: A review. 

Environ Clim Technol. 2023;27(1):422–37. https://doi.org/10.2478/
rtuect-2023-0031 

51. Autor E, Cornejo A, Bimbela F, Maisterra M, Gandía LM, Martínez-

Merino V. Phenolic extraction from Populus bark. Biomolecules. 
2022;12(4):1–22. https://doi.org/10.3390/biom12040539 

52. Bitwell C, Sen IS, Luke C, Kakoma MK. Extraction techniques for 

phytochemicals. Sci Afr. 2023;19:1-19. https://doi.org/10.1016/
j.sciaf.2023.e01585 

53. Abubakar AR, Haque M. Preparation of medicinal plants for 
experimental use. J Pharm Bioallied Sci. 2020;12:1–10. https://

doi.org/10.4103/jpbs.JPBS 175 19 

54. Jibhkate YJ, Awachat AP, Lohiya RT, Umekar MJ, Hemke AT, 
Gupta KR. Extraction in pharmaceutical research. Int J Sci Res 
Arch. 2023;10(1):555–68. https://doi.org/10.30574/

ijsra.2023.10.1.0768 

55. Kaur H. Extraction methods in medicinal plants. Int J Adv Manag 
Technol Eng Sci. 2018;8(3):1314-20. 

56. Chatzimitakos T, Athanasiadis V, Kalompatsios D, Mantiniotou M, 
Bozinou E, Lalas SI. Pulsed electric field extraction from food 
waste. Biomass. 2023;3:367–401. https://doi.org/10.3390/
biomass3040022 

57. Majekodunmi SO. Review of extraction in pharmaceutical 
research. Merit Res J Med Med Sci. 2015;3(11):521–27. 

58. Nortjie E, Basitere M, Moyo D, Nyamukamba P. Extraction 
methods for antimicrobial textiles. Plants. 2022;11(15):1–17. 
https://doi.org/10.3390/plants11152011 

59. Ghenabzia I, Hemmami H, Amor IB, Zeghoud S, Seghir BB, 
Hammoudi R. Extraction methods and biological activity. Int J 
Second Metab. 2023;10:469–94. https://doi.org/10.21448/
ijsm.1225936 

60. Łubek-Nguyen A, Ziemichód W, Olech M. Application of enzyme-
assisted extraction for the recovery of natural bioactive 
compounds for nutraceutical and pharmaceutical applications. 
Appl Sci. 2022;12(7):32. https://doi.org/10.3390/app12073232 

61. Fonmboh DJ, Abah ER, Fokunang TE, Herve B, Teke GN, Rose NM, 
et al. Methods for extraction and characterization of medicinal 
plants. Asian J Res Med Pharm Sci. 2020;9:31–57. https://
doi.org/10.9734/ajrimps/2020/v9i230152 

62. Sasidharan S, Chen Y, Saravanan D, Sundram KM, Latha LY. 
Extraction and characterization of bioactive compounds. Afr J 
Tradit Complement Altern Med. 2011;8(1):1–10. https://
doi.org/10.4314/ajtcam.v8i1.60483 

63. Ng KS, Mohd Zin Z, Mohdmaidin N, Mamat H, Juhari NH, Zainol 
MK. HPLC flavonoid profiling of napier grass tea. Food Res. 2021;5
(1):65–71. https://doi.org/10.26656/fr.2017.5(1).311 

64. Boligon AA, Athayde ML. Importance of HPLC in plant extract 
analysis. Austin Chromatogr. 2014;1(3):1-2. 

65. Pharmawati M, Wrasiati LP. Phytochemical screening of Enhalus 

acoroides leaves. Malays J Anal Sci. 2020;24(1):70–77. 

66. Jadhav D, Ghatage M. Secondary metabolites of Asplenium 

indicum by TLC. J Sci Res. 2021;65(6):137–41. https://
doi.org/10.37398/JSR.2021.650623 

67. Abdulhamid A, Fakai I, Ogwihi OJ. Phytochemical and 

antibacterial activity of Carica papaya leaves. Int J Med Plants 
Nat Prod. 2017;3(1):11–15. https://doi.org/10.20431/2454-
7999.0301002 

68. Russo D, Kenny O, Smyth TJ, Milella L, Hossain MB, Diop MS, et al. 

Phytochemical profiling of Sclerocarya birrea. ISRN Chromatogr. 
2013; 2013:1–11. https://doi.org/10.1155/2013/283462 

69. Oladimeji AV, Valan M. HPLC techniques for phytochemistry. Int J 
Chem Stud. 2020;8(6):2590–96. https://doi.org/10.22271/

chemi.2020.v8.i6ak.11174 

70. Thirumal Y, Laavu S. HPLC profile of medicinal plant extracts. J 
Aquac Res Dev. 2017;8(4):1-4. https://doi.org/10.4172/2155-
9546.1000484 

71. Dıblan S, Kadiroğlu P, Aydemir LY. FT-IR characterization of 
legumes. Food Health. 2018;80–88. https://doi.org/10.3153/
FH18008 

72. Ashokkumar R, Ramaswamy M. FTIR phytochemical screening of 
medicinal plants. Int J Curr Microbiol App Sci. 2014;3(1):395–406. 

73. Gomathi D, Kalaiselvi M, Ravikumar G, Devaki K, Uma C. GC-MS 
analysis of Evolvulus alsinoides. J Food Sci Technol. 2015;52
(2):1212–17. https://doi.org/10.1007/s13197-013-1105-9 

74. Konappa N, Udayashankar AC, Krishnamurthy S, Pradeep CK, 
Chowdappa S, Jogaiah S. GC-MS analysis of Amomum nilgiricum. 
Sci Rep. 2020;10:16438. https://doi.org/10.1038/s41598-020-73442
-0 

75. Iordache A, Culea M, Gherman C, Cozar O. Characterization of 
plant extracts by GC-MS. Nucl Instrum Methods Phys Res B. 
2009;267(2):338–42. https://doi.org/10.1016/j.nimb.2008.10.021 

76. Ibrahim MM, Adam GO, Saad Mokhtar M. Chemical 

characterization of Sclerocarya birrea seed oil. Sch Int J Chem 
Mater Sci. 2025;8(2):44–48. 

77. Njoku VO, Obi C, Onyema OM. Phytochemical constituents of 

selected medicinal plants. Afr J Biotechnol. 2011;10(66):15020–24. 
https://doi.org/10.5897/AJB11.1948 

78. Mohammed MM, Adamu HM, Magashi LA, Sarkinnoma A, Daniel S, 

Zakiyya RM, et al. Purification of Sclerocarya birrea bark extracts. 
Int J Modell Appl Sci Res. 2023;28(9):141–45. 

79. Marula company, the marula journey (n.d) https://

marulacompany.rdpress.com 

80. Dorothy MZ, Suinyuy TN, Lubaale J, Peter BO. Physicochemical 
properties of marula fruit juice. Food Sci Nutr. 2023;11(8):4607–

11. https://doi.org/10.1002/fsn3.3423 

81. Mashau ME, Kgatla TE, Makhado MV, Mikasi MS, Ramashia SE. 
Nutritional and biological properties of marula fruit. Int J Food Prop. 
2022;25(1):1549–75. https://doi.org/10.1080/10942912.2022.2064491 

82. Lekhuleni IL, Shabalala A, Maluleke MK. Quality and value-added 
products of marula fruit. Discov Food. 2024;4(1);35. https://
doi.org/10.1007/s44187-024-00108-5 

https://plantsciencetoday.online
https://doi.org/10.1186/s12870-023-04144-8
https://doi.org/10.1186/s12870-023-04144-8
https://doi.org/10.3390/molecules24050966
https://doi.org/10.3390/molecules24050966
https://doi.org/10.3390/ma17092123
https://doi.org/10.3390/ma17092123
https://doi.org/10.1016/j.foodchem.2008.07.090
https://doi.org/10.1016/j.foodchem.2008.07.090
https://doi.org/10.1080/87559129.2020.1745826
https://doi.org/10.3390/app12042107
https://doi.org/10.3390/app12042107
https://doi.org/10.1093/jxb/47.10.1469
https://doi.org/10.2478/rtuect-2023-0031
https://doi.org/10.2478/rtuect-2023-0031
https://doi.org/10.3390/biom12040539
https://doi.org/10.1016/j.sciaf.2023.e01585
https://doi.org/10.1016/j.sciaf.2023.e01585
https://doi.org/10.4103/jpbs.JPBS%20175%2019
https://doi.org/10.4103/jpbs.JPBS%20175%2019
https://doi.org/10.30574/ijsra.2023.10.1.0768
https://doi.org/10.30574/ijsra.2023.10.1.0768
https://doi.org/10.3390/biomass3040022
https://doi.org/10.3390/biomass3040022
https://doi.org/10.3390/plants11152011
https://doi.org/10.21448/ijsm.1225936
https://doi.org/10.21448/ijsm.1225936
https://doi.org/10.3390/app12073232
https://doi.org/10.9734/ajrimps/2020/v9i230152
https://doi.org/10.9734/ajrimps/2020/v9i230152
https://doi.org/10.4314/ajtcam.v8i1.60483
https://doi.org/10.4314/ajtcam.v8i1.60483
https://doi.org/10.26656/fr.2017.5(1).311
https://doi.org/10.37398/JSR.2021.650623
https://doi.org/10.37398/JSR.2021.650623
https://doi.org/10.20431/2454-7999.0301002
https://doi.org/10.20431/2454-7999.0301002
https://doi.org/10.1155/2013/283462
https://doi.org/10.22271/chemi.2020.v8.i6ak.11174
https://doi.org/10.22271/chemi.2020.v8.i6ak.11174
https://doi.org/10.4172/2155-9546.1000484
https://doi.org/10.4172/2155-9546.1000484
https://doi.org/10.3153/FH18008
https://doi.org/10.3153/FH18008
https://doi.org/10.1007/s13197-013-1105-9
https://doi.org/10.1038/s41598-020-73442-0
https://doi.org/10.1038/s41598-020-73442-0
https://doi.org/10.1016/j.nimb.2008.10.021
https://doi.org/10.5897/AJB11.1948
https://doi.org/10.1002/fsn3.3423
https://doi.org/10.1080/10942912.2022.2064491
https://doi.org/10.1007/s44187-024-00108-5
https://doi.org/10.1007/s44187-024-00108-5


11 

Plant Science Today, ISSN 2348-1900 (online) 

83. Manzo LM, Bako HD, Idrissa M. Antibacterial activity of Sclerocarya 
birrea extracts. Int J Enteric Pathog. 2017;5(4):127–31. https://
doi.org/10.15171/ijep.2017.29 

84. Mariod AA, Abdelwahab SI. Sclerocarya birrea: Nutritional and 
medicinal uses. Food Rev Int. 2012;28(4):375–88. https://
doi.org/10.1080/87559129.2012.6607 

85. Manyeula F, Loeto O, Phalaagae K, Baleseng L, Sebolai T, Molapisi 

M, et al. Marula kernel cake in broiler diets. S Afr J Anim Sci. 
2022;52(6):802–10. https://doi.org/10.4314/sajas.v52i6.06 

86. Robinson E, Lukman A, Bello A. Sclerocarya birrea seed oil as 

bioenergy. Int J Agric Biol Eng. 2012;5(3):59–67. 

87. Olas B. Marula [Sclerocarya birrea (A. Rich.) Hochst.] products as 

food and medicine. Front Pharmacol. 2025;16:1552355. https://
doi.org/10.3389/fphar.2025.1552355 

88. Zakeri A, Bahmani E, Aghdam ASR. Plant extracts as green 

corrosion inhibitors. Corros Commun. 2022;5:25–38. https://
doi.org/10.1016/j.corcom.2022.03.002 

89. Holla BR, Mahesh R, Manjunath HR, Anjanapura VR. Plant extracts 
as corrosion inhibitors for steel. Heliyon. 2024;10(14);e33748. 

https://doi.org/10.1016/j.heliyon.2024.e33748 

90. Sheydaei M. Plant extracts as green corrosion inhibitors. Surfaces. 
2024;7:380–403. https://doi.org/10.3390/surfaces7020024 

91. Hossain N, Aminul Islam M, Asaduzzaman Chowdhury M. Plant-
extracted inhibitors for corrosion reduction. Results Chem.2023;5
(7):1–14. https://doi.org/10.1016/j.rechem.2023.100883 

92. Bandeira RM, Lima FP, Nunes MS, dos Santos EC, dos Santos 
Júnior JR, de Matos JME, et al. Green plant-based corrosion 
inhibitors. Surf Sci Technol. 2025;3(19):1–28. https://
doi.org/10.1007/s44251-025-00084-7 

93. Meena O, Kaushal S, Kumar S, Dalal J. Euphorbia neriifolia extracts 
as corrosion inhibitors. Discov Mater. 2024;4(1):102. https://
doi.org/10.1007/s43939-024-00157-8  

94. Hernández-Sánchez SE, Flores-De los Rios JP, Monreal-Romero 
HA, Flores-Holguin NR, Rodríguez-Valdez LM, Sánchez-Carrillo M, 
et al. Ruta graveolens extract as corrosion inhibitor. Metals. 
2024;14(11):1267. https://doi.org/10.3390/met14111267 

95. Shathani P, Ogunmuyiwa E, Obadele B, Oladijo O. Phytochemical 
characterization of marula leaf extract. Sci Phytochem. 2025;4
(2):91–97. https://doi.org/10.58920/sciphy04023 

96. Hlangwani E, van Hal PH, Moganedi KLM, Dlamini BC. Responsible 
production and consumption of marula fruit. Front Sustain Food 
Syst. 2023;7:294437. https://doi.org/10.3389/fsufs.2023.1294437 

97. Mokgolodi NC, Ding YF, Setshogo MP, Ma C, Liu YJ. Domestication 

and commercialization of marula. For Stud China. 2011;13(1):36–
44. https://doi.org/10.1007/s11632-011-0110-1 

98. Munna AH, Amuri NA, Hieronimo P, Woiso DA. Global suitability 

mapping for Sclerocarya birrea. Front Biogeogr. 2023;15
(4):e60181. https://doi.org/10.21425/F5FBG60181 

99. ABioSA. Accessing international markets for marula fruit and oil. 

Pretoria: Environmental Affairs, Republic of South Africa; 2020. 

 

Additional information 

Peer review: Publisher  thanks Sectional Editor and the other anonymous 
reviewers for their contribution to the peer review of this work. 

Reprints & permissions information is available at https://
horizonepublishing.com/journals/index.php/PST/open_access_policy 

Publisher’s Note: Horizon e-Publishing Group remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations. 

Indexing: Plant Science Today, published by Horizon e-Publishing Group, is 
covered by Scopus, Web of Science, BIOSIS Previews, Clarivate Analytics, 
NAAS, UGC Care, etc 
See https://horizonepublishing.com/journals/index.php/PST/
indexing_abstracting 

Copyright: © The Author(s). This is an open-access article distributed under 
the terms of the Creative Commons Attribution License, which permits 
unrestricted use, distribution and reproduction in any medium, provided the 
original author and source are credited (https://creativecommons.org/
licenses/by/4.0/) 

Publisher information:  Plant Science Today is published by HORIZON e-
Publishing Group with support from Empirion Publishers Private Limited, 
Thiruvananthapuram, India. 

https://doi.org/10.15171/ijep.2017.29
https://doi.org/10.15171/ijep.2017.29
https://doi.org/10.1080/87559129.2012.6607
https://doi.org/10.1080/87559129.2012.6607
https://doi.org/10.4314/sajas.v52i6.06
https://doi.org/10.3389/fphar.2025.1552355
https://doi.org/10.3389/fphar.2025.1552355
https://doi.org/10.1016/j.corcom.2022.03.002
https://doi.org/10.1016/j.corcom.2022.03.002
https://doi.org/10.1016/j.heliyon.2024.e33748
https://doi.org/10.3390/surfaces7020024
https://doi.org/10.1016/j.rechem.2023.100883
https://doi.org/10.1007/s44251-025-00084-7
https://doi.org/10.1007/s44251-025-00084-7
https://doi.org/10.1007/s43939-024-00157-8
https://doi.org/10.1007/s43939-024-00157-8
https://doi.org/10.3390/met14111267
https://doi.org/10.58920/sciphy04023
https://doi.org/10.3389/fsufs.2023.1294437
https://doi.org/10.1007/s11632-011-0110-1
https://doi.org/10.21425/F5FBG60181
https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

