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Sclerocarya birrea (Marula) is an indigenous fruit tree that is revered for its numerous socioeconomic contributions to human
livelihood. Among others, the species is an important source of seed oil that is utilized in various domestic and industrial
applications. This study was carried out to assess the yield and physicochemical properties of seed oils among nine international
provenances of Sclerocarya birrea (subspecies caffra and birrea) planted in Malawi. Seed oils were obtained using the Soxhlet
extraction method while quality parameters were determined using procedures described by the Malawi Bureau of Standards. Oil
yield was highest (52.2%) in subspecies birrea (Missira provenance; Mali). Oil moisture content, free fatty acids, acid value, and
peroxide value ranged from 0.06 to 076%, 1.96 to 4.07%, 3.91 to 8.13 mg-KOH/g, and 1.84 to 5.15meq-KOH/g, respectively.
Variations in oil yield and physicochemical properties could be attributed to genetic differences and the origin of genotypes. The
selection of Sclerocarya birrea for oil production and use should be based on both provenance and subspecies levels. Further
studies should study the heritability of the oil content and its physicochemical properties before conclusive decisions on the use of

seed for propagation are carried out.

1. Introduction

Sclerocarya birrea commonly known as Marula is an in-
digenous fruit tree of the family Anacardiaceae [1]. The tree
is naturally present in Malawi, Namibia, Botswana, Zim-
babwe, Zambia, Mozambique, Swaziland, and South Africa
[2]. While being known as the Elephant tree in English, it is
known as Mfula in Malawi [3]. The female trees yield edible
[4] mango-like fruits which have oil bearing seeds [5].
Domestically, oil is used for cooking and meat preservation
[5], whereas the energy sector uses it as the main raw
material for the production of biofuels [6]. For many years,
S. birrea seed oil has also been used in cosmetic formulations
by the international beauty markets [2]. The oil is said to be
resistant to oxidation and it is easily absorbed by the skin [7].
Such quality attributes have made seed oil a commercial

ingredient for many cosmetic formulations. For example,
a 63 ml product from the seed oil fetches about $80 [2]. In
the year 2008, Namibia raised about $1,700,000 from
S. birrea seed oil [7]. With such economic potential and the
increase in global demand for oils [8], S. birrea seed oil could
improve the livelihood of many poor communities in de-
veloping countries once commercialized.

Sclerocarya birrea is one of the indigenous fruit species
that was selected for domestication in Malawi among others
such as Uapaca kirkiana, Strychnos cocculoides, Vangueria
infausta, Parinari curatellifiolia, Ziziphus mauritiana,
Adansonia digitata, Sizygium cordatum (Gaertner), and
Vitex species [9]. Tree domestication is described as an
adaptive process that transforms a wild plant for human use
[10]. The process is done to develop ideotypes that offer
a variety of human needs [9]. The selection of S. birrea for
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domestication led to the establishment of an international
provenance trial for the species in Malawi with support from
the World Agroforestry Center (WAC) and the Forest
Research Institute of Malawi (FRIM) in the year 1999 [11].
Previous research in the trial has shown variations among
provenances in terms of mating systems [12], pest suscep-
tibility [13], growth performance and fruit productivity [14],
fruit morphological traits [15] as well as nutritional and
phytochemical composition [16]. However, scientific in-
formation on the quantity and quality of seed oils among the
provenances is still scarce. The question is whether the
populations (provenances) collected from a far wide geo-
graphical distribution (Figure 1) are the same or different in
terms of oil quantity and quality. The information on oil
quantity and quality (physicochemical properties) is im-
portant in determining the oil’s specific use [17-19]. Fur-
thermore, the quality of oil provides scientific evidence of the
oil's mode of action when used in various industrial ap-
plications [2]. It is, therefore, necessary to assess S. birrea
provenances in terms of their seed oil quantity and quality
prior to domestication and commercialization. It has been
noted that most domestication programs rely on phenotypic
variations to select superior genotypes for fruit species [15].
However, when this method is used, a high proportion of the
selected genotypes may be of low quality with undesirable
characteristics for specific uses [20]. Thus, decisions on the
selection of genotypes for domestication need to be sup-
ported with concrete scientific evidence. Laboratory ex-
periments have been credited as a key tool in the selection of
breeding resources because they allow hypotheses of cause
and effect to be tested [20]. For instance, the objective of this
study was to investigate the effect of provenances and
subspecies on the quantity and quality of S. birrea seed oils.

2. Materials and Methods

2.1. Study Area and Experimental Design. Information on
the study area is thoroughly described by [11, 14]. The in-
ternational provenance trial was established in February
1999 in the Palm Forest Reserve in Mangochi district,
Malawi. The forest has an altitude of 200 m above sea level
with 800-1200mm and 23.9°C as mean annual rainfall
temperatures, respectively. The area has a flat terrain with
sandy soils and loamy sand with medium acidity. The seeds
used in the trial were collected from provenances within the
SADC region (subspecies caftfra) and Mali (subspecies bir-
rea) (Figure 1). The experimental treatments were laid out as
a randomized complete block design with 4 replicates. Each
treatment had a line plot with twenty trees that represented
the total possible number of families for each provenance.
Spacing was 5 meters between row plots and 4 meters be-
tween trees within a plot, translating to eighty trees per
population.

2.2. Collection of S. birrea (Subspecies caffra and birrea) Fruits.
Healthy, mature, and ripe fruits (Figure 2) from each
provenance were collected from the ground (underneath
trees) from January to December 2019.
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2.3. Processing of S. birrea (Subspecies caffra and birrea) Seed
Kernel. Sclerocarya birrea (subspecies caffra and birrea)
seeds were obtained after removing the fruit pulp. For 7 days,
they were dried under shade (room temperature) at Mzuzu
University Chemistry Laboratory. The endocarps of the
dried seeds were crushed manually with a hammer to obtain
the seed kernels. The obtained seed kernels were then dried
under shade for 5 to 7 days (room temperature) until
a constant weight was achieved before pounding them using
a wooden mortar and pestle. The pounded samples were
then placed on a clean white paper (Figure 3).

2.4. Extraction of S. birrea (Subspecies caffra and birrea) Seed
Oil. The oil was obtained using the Soxhlet extraction
method [21]. Exactly 15g of dried pounded sample of
S. birrea (seed kernel (Figure 3) was weighed on an analytical
balance (N17250, Asynt, China) before placing it in an
extraction thimble in triplicate with a piece of cotton wool to
prevent loss of the sample. The extraction thimble was
transferred into the Soxhlet extractor and 300mL of n-
hexane (analytical grade) was added. The Soxhlet appara-
tus was attached to a weighed round-bottomed flask which
was placed on a heating mantle. The set-up was timed to heat
up continuously for three hours at a temperature range of
40°C to 60°C after which the Soxhlet apparatus was allowed
to cool for twenty minutes. After extraction of the oil, the
solvent that remained in the flask was removed using a ro-
tary evaporator (RE 111, BUCHI, Switzerland). To eliminate
further traces of the solvent, the flasks were exposed to heat
in an electric oven at 50°C for five minutes. The flask
containing the oil was weighed on an analytical balance. The
weight of the oil was found by subtracting the weight of the
round-bottomed flask from the combined weight of the
round-bottomed flask + oil. The oil was then collected and
kept in tightened glass vials (Figure 4) which were kept at
room temperature and ready for physicochemical analyses.

2.5. Determination of Oil Yield. The yield of S. birrea
(subspecies caftra and birrea) seed oil was calculated using
a method described by [22]. Oil yield was calculated as
a percentage of total oil present in 15g of S. birrea (sub-
species caffra and birrea) seed kernel. For each provenance,
oil yield was determined in triplicate and was calculated
using the following:
Oilyield (%) = W2l * 100. (1)
W1 is the weight (g) of oil and W2 is the weight (g) of the
S. birrea seed kernel sample.

2.6. Determination of Physicochemical Properties of Oil.
While the physical property (moisture content) of S. birrea
(subspecies caffra and birrea) seed oil was determined by
using oven dry method [22], the chemical properties (free
fatty acids, acid value, and peroxide value) were determined
by titration methods as described by the Malawi Bureau of
Standards [23].
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FIGURE 1: Map of Africa showing countries where Sclerocarya birrea seed was collected.

FIGURE 2: Phenotype of mature Sclerocarya birrea fruit.

2.6.1. Moisture Content. A sample of oil (2g) was put in
a dry and weighed porcelain crucible and then placed in an
electric oven (Series 9000, Bosch Electric Hobs, German) set
at 105°C. It was heated for 2 hours before removing and
allowing it to cool in a desiccator. After cooling, it was
accurately weighed on an analytical balance and the mass
was recorded (N 17250, Asynt, China). This mass (g) was
then calculated by subtracting the mass of oil plus crucible

FIGURE 3: Pounded sample of Sclerocarya birrea seed kernel.

after heating from the mass of oil plus crucible before

heating. The procedure was carried out in triplicate. Oil

moisture content (%) was then calculated using the
following:

_ [M1-M2]
Moisture content (%) = ————— * 100. (2)
[M1]
M1 is the mass of the crucible (g) + oil (g) before heating
and M2 is the mass of the crucible (g) + oil (g) after heating.



FIGURE 4: Sclerocarya birrea seed oil in glass vials.

2.6.2. Free Fatty Acid (%). The oil sample (1 g) was weighed
in triplicate and placed into a 250 mL conical flask. A solvent
(1:1 diethyl ether and 95% ethanol) with three to four drops
of phenolphthalein indicator was added. The mixture was
allowed to heat and boil on a hot plate, after which it was
titrated with a standardized solution of 0.25N sodium hy-
droxide. A blank titration was also carried out using diethyl
ether and 95% ethanol (1:1) and 0.25N sodium hydroxide.
Free fatty acid (FFA) composition (% m/m oleic acid) was
then calculated using the following:
Free Fatty Acid (% ™ oleic acid) _T=Cx282] 5
m m
T is the titer volume of sodium hydroxide, C is the
actual concentration of the standard sodium hydroxide
solution, m is the mass (g) of the oil sample, and 28.2 is the
equivalent weight of oleic acid.

2.6.3. Acid Value. The acid value was calculated from the
volume of sodium hydroxide obtained from the de-
termination of free fatty acids as shown in the following
equation:
Acid value = M (4)
m
T'is the titer volume of sodium hydroxide, C is the actual
concentration of the sodium hydroxide solution, m is the
mass (g) of the oil sample, and 56.1 is the equivalent weight
of potassium hydroxide.

2.6.4. Peroxide Value. The oil sample (5 g) was weighed and
placed into a 250 mL glass stoppered conical flask and 30 mL
of 2:1 glacial acetic acid and chloroform was added while
swirling the conical flask until the sample had dissolved in
the solution. About 0.5 mL saturated potassium iodide so-
lution (4: 3 potassium iodide: distilled water) was added to
the oil and the mixture was allowed to stand with occasional
shaking for one minute after which 30 mL of distilled water
was added. The mixture was titrated with 0.1 N standard
sodium thiosulphate solution, adding it gradually and with
constant and vigorous shaking, until the yellow color had
almost disappeared. Starch indicator solution (1%) of 0.5 mL
was added as the titration continued with vigorous shaking
of the flask to liberate the iodine from the chloroform layer.
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Three to four drops of sodium thiosulphate solution were
added until the blue color had just disappeared, signaling the
endpoint. A blank titration was carried out in a similar
manner using the reagents only. The peroxide value was then
calculated using the following:
Peroxide value = m (5)
m
T'is the titer volume (mL), C is the concentration of the
standard sodium thiosulphate, and m is the mass (g) of the
oil sample.

2.7. Data Analysis. Values of oil yield (%), moisture content
(%), and free fatty acids (%) were subjected to arcsine
transformation using Microsoft Excel 2013. Measurements
of acid values and peroxide values were tested for normality
and homogeneity with Kolmogorov-Smirnov using Minitab
17. After meeting the above criteria, data were subjected to
a one-way analysis of variance using Minitab 17. Signifi-
cantly different means were separated using Fisher’s Least
Significant Difference (LSD).

3. Results

3.1. Yield of S. birrea (Subspecies caffra and birrea) Seed Oil.
Table 1 shows the yield (%) of S. birrea (subspecies caftra and
birrea) seed oil among the nine provenances. There were
significant differences (P <0.05) in the oil yield. The West
African provenance (Missira) from Mali, which contains
subspecies birrea, recorded the highest oil quantity
(52.2+0.3%) among the nine provenances. Moamba
(Mozambique), which contains subspecies caffra, followed
by 50 £ 0.2% while Matebeleland (Zimbabwe) had the lowest
oil yield of 41.1 +0.5%.

3.2. Physicochemical Properties of S. birrea (Subspecies caffra
and birrea) Seed Oil. Table 2 shows the results of the
physicochemical properties of S. birrea (subspecies caffra
and birrea) seed oils among nine provenances. Significant
differences (P <0.05) in moisture content, free fatty acid
composition, acid value, and peroxide value of the seed oils
were noted.

3.2.1. Moisture Content. The oil moisture content ranged
from 0.06% to 0.76%. The highest quantity was in Mate-
beleland provenance (0.76+0.01%) (subspecies caffra) of
Zimbabwe which was followed by Kalimbeza (0.65 + 0.03%)
(subspecies caffra) of Namibia. The lowest moisture content
was recorded in Ngundu (0.09 £ 0.01%) (subspecies caftra),
Missira (0.07 £0.01%) (subspecies birrea), and Chikhwawa
(0.06 +0.01%) (subspecies caftra).

3.2.2. Free Fatty Acid. Free fatty acid composition ranged
from 1.96 to 4.07%. The highest amount was in Missira
provenance (4.07 +0.02%) (subspecies birrea) which was
followed by Marracuene (3.24 +0.01%) (subspecies caffra),
Chikhwawa  (3.22+0.03%) (subspecies caffra) and
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TaBLE 1: Yield of Sclerocarya birrea (subspecies caffra and birrea) seed oil among nine provenances.

Country Provenance Subspecies Oil yield (%)
Malawi Chikhwawa caffra 47.5+0.2¢
Mozambique Marracuene caffra 48.4+0.1°
Magunde Magunde caffra 44.8+0.1°
Mozambique Moamba caffra 50.0+0.2°
Mali Missira birrea 52.2+0.3"
Zimbabwe Matebeleland caffra 411405
Zimbabwe Ngundu caffra 44.5+0.2°
Namibia Kalimbeza caffra 48.1+0.01°
Tanzania Magamba-Turiani caffra 45.3£0.02°

*Mean values with different superscripts within a column are statistically different (P <0.05). *Mean values are followed by the standard error.

TaBLE 2: Physicochemical properties of S. birrea (subspecies caffra and birrea) seed oil among nine provenances.

Provenance Subspecies MC (%) FFA (%) AV (mg-KOH/g) PV (meq-KOH/g)
Chikhwawa caffra 0.06 +0.01° 3.22+0.01° 6.44+0.03° 2.15+0.01%
Marracuene caffra 0.32+0.01¢ 3.24+0.01° 6.49 +0.03" 3.87+0.03¢
Magunde caffra 0.42+0.01° 3.16+0.01° 6.33+0.01° 3.93+0.02°
Moamba caffra 0.33+0.01¢ 3.11+0.01° 6.22+0.02> 3.19+0.01¢
Matebeleland caffra 0.76 +0.01* 2.15+0.01¢ 4.29+0.01¢ 2.05+0.01"
Ngundu caffra 0.09 +0.01° 2.13+0.01¢ 4.25+0.01¢ 1.84+0.01'
Magamba-Turiani caffra 0.45+0.01° 1.96 +0.01° 3.91+0.02° 5.15+0.02°
Kalimbeza caffra 0.65 +0.01° 3.19+0.01° 6.37 +0.02 3.11+0.01°
Missira birrea 0.07+0.01° 4.07+0.01* 8.13+0.02° 3.02+0.01°

*Means with different superscripts within a column are statistically different (P <0.05). *Mean values are followed by the standard error. *MC = moisture

content; FFA =free fatty acid; AV =acid value; PV = peroxide value.

Kalimbeza (3.19+0.02%) (subspecies caffra). The lowest
value (1.96 £0.02%) was in Magamba-Turiani (subspecies
caffra) the provenance of Tanzania.

3.23. Acid Value. The acid value was highest
(8.13+0.05mg-KOH/g) in Missira provenance (subspecies
birrea) followed by populations of subspecies caffra from

Marracuene (6.49 + 0.06 mg-KOH/g), Chikhwawa
(6.44 + 0.06 mg-KOH/g), Kalimbeza (6.37 +0.05mg-KOH/
g), Magunde (6.33+0.03mg-KOH/g), and Moamba

(6.22+0.05mg-KOH/g). The lowest acid value
(3.91 £0.02mg-KOH/g) was in Magamba-Turiani prove-
nance (subspecies caffra).

3.2.4. Peroxide Value. Peroxide values ranged from 1.84 to
5.15meq-KOH/g and nine categories were established (Ta-
ble 2). The highest peroxide value (5.15+ 0.03 meq-KOH/g)
was noted in Magamba-Turiani provenance (subspecies
caffra) which  was  followed by  Magunde
(3.93+0.04 meq-KOH/g) (subspecies caftra). The lowest
peroxide value (1.84+0.02meq-KOH/g) was recorded in
Ngundu provenance (subspecies caffra).

4. Discussion

4.1. Yield of S. birrea (Subspecies caffra and birrea) Seed Oil.
Results of the study (Table 1) have demonstrated significant
variations in the yield of S. birrea (subspecies caffra and
birrea) seed oil originating from different geographical areas.
The findings have further revealed that subspecies birrea

contains the highest amount of seed oil compared to sub-
species caffra despite the two being raised in a similar en-
vironment. The highest oil content (52.2%) in this study is
comparable to the one reported in the S. birrea subspecies
caffra (53%) from Sudan [24] but greater than that of
S. birrea subspecies caffra (46.4%) from Northern Ghana
[25]. It is reported that variations in oil content are influ-
enced by genetic factors [26], species origin [18], as well as
environmental factors [27]. Since all populations were raised
in the same environment, the variations observed in this
study could be attributed to adapted genetic factors asso-
ciated with the origin of genotypes (provenances), these
reflect climatic and geographic differences such as tem-
perature and rainfall [28]. Perhaps subspecies birrea from
Missira (Mali) has adapted to its natural ecological condi-
tions and has since evolved a high oil content. The quantity
of oil present in a raw material is an important factor that
determines its use. For instance, oil quantities in the range of
30 to 60% are suitable for the production of biodiesel
[29, 30]. The range of oil content in the present study (41.2 to
52.3%) therefore shows that the seed oils from all prove-
nances and subspecies have the potential for biodiesel
production.

4.2. Physicochemical Properties of S. birrea (Subspecies caffra
and birrea) Seed Oil. Results of the study have shown sig-
nificant variations in the physicochemical properties of
S. birrea (subspecies caffra and birrea) seed oils among
populations from various geographic localities (Table 2). It is
reported that differences in the physicochemical properties



of seed oils are influenced by species origin, environment
[31], and genetic variation [30]. Since the S. birrea pop-
ulations were grown in the same environment, the variations
in the physicochemical properties of the seed oils could
probably be attributed to the genetics and origin of the
genotypes. The variations in physicochemical properties
(quality parameters) indicate that the oils from different
provenances could be of multiple uses [18, 19].

4.2.1. Moisture Content. The oil moisture content ranged
from 0.06 to 0.76%, lower than the value (4.3%) reported in
the S. birrea subspecies caffra from Bauchi, Nigeria [32]. This
variation could be attributed to genetic differences, the
origin of genotypes as well as environmental factors [30, 31].
In addition, the values of oil moisture content in the present
study are lower than that of other conventional seed oils such
as Jathropha (2.39%) and Neem (2.53%) [18]. The amount of
water present in oil has a significant impact on both storage
and utilization. It is reported that a moisture content of less
than 4.6% increases the shelf life of oils [22]. The moisture
levels in this study, therefore, indicate that oils from all the
provenances and subspecies may have a long shelf life. Oils
with a moisture content of up to 0.1% have been reported to
decrease biodiesel yield during the transesterification pro-
cess due to the formation of soap [33]. Chikhwawa, Missira,
and Ngundu provenances with oil moisture contents of 0.06,
0.07, and 0.09%, respectively, could, therefore, yield more
biodiesel than the rest of the provenances. On the other
hand, oils with significantly higher moisture content pro-
duce more soap than those with lower moisture content [6].
Matebeleland provenance (subspecies caffra) with the
highest oil moisture content of 0.76% could therefore yield
more soap than the rest of the provenances.

4.2.2. Free Fatty Acid. Values of free fatty acid ranged from
1.96 to 4.07%, slightly comparable to the free fatty acid
composition (2.11%) of S. birrea subspecies caffra from
Northern Ghana [25] but lower than the free fatty acid
composition (20.7%) of S. birrea subspecies caffra seed oil
from Bauchi, Nigeria [34]. These variations could also be
attributed to the genetic makeup of populations, the origin
of populations, and environmental differences. Free fatty
acid composition is one of the considerations in feedstock
selection for biodiesel production [35]. Oils with high free
fatty acids yield a lesser amount of biodiesel and that
transesterification can only be achieved when the free fatty
acid value is 1% or 2% [18]. The results in Table 2 indicate
that all the provenances in the present study have higher free
fatty acid composition except for Magamba-Turiani (1.96%);
as such, the oils cannot be directly trans-esterified. However,
it is noted that acid esterification can be used to reduce the
high values to 2% in order to optimize the biodiesel yield
[18]. Unsaturated fatty acids such as oleic acid are essential
in human nutrition and help in reducing cholesterol levels
[36]. The oils from provenances such as Missira (subspecies
birrea) with a high proportion of oleic acid (4.07%) could
form highly nutritious edible oils. On the other hand, oils
with high content of oleic acid have been reported to
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improve lubrication properties [34]. Oils from Missira
provenance (subspecies birrea) with significant levels of oleic
acid could therefore synthesize the best lubricants than oils
from the rest of the provenances.

4.2.3. Acid Value. Results of the study (Table 2) show that
the acid value ranged from 3.91 to 8.13 mg-KOH/g. These
values are lower than the acid value (41.4 mg-KOH/g) of
S. birrea subspecies caffra seed oil from Bauchi, Nigeria [34]
but slightly higher than the acid value (2.52%) of S. birrea
subspecies caffra seed oil from Northern Ghana [25]. These
variations could be attributed to the genetic makeup and
origin of populations as well as environmental factors. The
edibility of the oil is determined by oil acidity and the
presence of free fatty acids and other nonlipid acids [22].
Oils with low acid values are stable over a longer period of
time than those with high acid values [36].

The maximum acid value suitable for consumption is
40mgKOH/g [37]. Magamba-Turiana  registering
a (3.91mgKOH/g) could be recommended for human
consumption and with its low acid value, could show sta-
bility over a period of time than oils from the other
provenances.

4.2.4. Peroxide Value. Peroxide values ranged from 1.84 to
5.5meq-KOH/g, higher than that of S. birrea subspecies
caffra seed oil (10.5 meq-KOH/g) from Bauchi, Nigeria [32]
but slightly comparable to peroxide value (4.58 meq-KOH/g)
of other S. birrea populations from the same area of Bauchi,
Nigeria [34]. This variation could be attributed to genetic
factors or genetic factors that are associated with the origin
of populations. Peroxide value measures the content of
hydroperoxides and is an indicator of oil’s resistance to
oxidation [38]. Lower values indicate high resistance to
oxidation and a longer storage period while exhibiting
minimum deterioration [39]. Ngundu provenance (sub-
species caffra) oils that have a low peroxide value of
(1.84 meq-KOH/g), could, therefore, exhibit high resistance
to oxidation and minimum deterioration.

On the other hand, the Standard Organization of Nigeria
[40] reported that oils with a maximum peroxide value of
10 meq-KOH/g are suitable for the production of hair
creams. This attests to all seed oils from all genotypes/
provenances and subspecies having a range of peroxide
values (1.84 to 5.5 meq-KOH/g) in the present study. Oils
with a maximum peroxide value of 10 meq-KOH/g also
qualify as edible oils due to their stability [37]; however, they
must be oxidatively stable to prevent food from becoming
rancid [41]. Results of peroxide values (Table 2) suggest that
oils from all provenances and subspecies qualify as
edible oils.

5. Conclusions and Recommendations

The present work aimed to assess the provenances of
S. birrea (subspecies caffra and birrea) in terms of yield and
physicochemical properties of their seed oils. The study has
shown that the yield and physicochemical properties of
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S. birrea seed oils from different geographic localities and
different subspecies vary significantly despite the genotypes
raised in a similar environment. Subspecies birrea origi-
nating from Missira (Mali) has been shown to contain the
highest quantity of seed oil. The variations observed could be
attributed to the genetic makeup and origin of the genotypes
(provenance). The different chemical characteristics of the
seed oils show the possibility of developing various products;
however, the selection of S. birrea for oil production should
consider the provenance/origin of genotypes and subspecies.
Further studies should study the heritability of the oil
content and quality properties prior to the use of seed for
propagation. Tree-to-tree variation in terms of oil quantity
and quality to fully utilize the variations that exist within the
species is also a gap that further studies can look at.

Data Availability

The data used to support the findings of this study are
available from the corresponding author upon request.

Conflicts of Interest

The authors declare that there are no conflicts of interest
regarding the publication of this paper.

Acknowledgments
This study was fully funded by Mzuzu University.

References

[1] A. A. Mariod and S. I. Abdelwahab, “Sclerocarya birrea

(Marula): an African tree of nutritional and medicinal uses:

a review,” Food Reviews International, vol. 28, no. 4,

pp. 375-388, 2012.

K. Beckett, Marula Oil Value Chain Analysis, Millennium

Challenge Corporation, Washington, DC, USA, 2012.

[3] L. M. Robison, D. Sclar, B. Pharm, and T. Skaer, “Medicinal
plant use by traditional healers in malawi: focus on neem,
tephrosia, moringa, jatropha, marula and natal mahogany,”
Malawi Agroforestry Extension Project, pp. 1-25, 2002.

[4] N.Muhammad, I. J. Omogbai, S. A. Maigandi, I. A. Abubakar,
and S. B. Shamaki, “Quantification of Sclerocarya birrea
(Marula) fruits as feed supplement for ruminants in dry sub-
humid zone of Nigeria,” World Scientific News, vol. 46,
pp. 88-99, 2016.

[5] K. F. Petje, Determination of Fruit Yield and Fruit Quality in
Marula (Sclerocarya Birrea Subsp. Caffra) Selections, MSc
Thesis, University of Pretoria, Pretoria, South Africa, 2008.

[6] B. R. Moser, “Comparative oxidative stability of fatty acid
alkyl esters by acceleratedmethods,” Journal of the American
Oil Chemists’ Society, vol. 86, no. 7, pp. 699-706, 2009.

[7] R. Layton, P. Tiffen, D. Layton et al., Distinctive Values In
African Exports: How Intellectual Property Can Raise Export
Income To Alleviate Poverty, Light Years Intellectual Property,
Washington, DC, USA, 2008.

[8] I. Vermaak, G. P. P. Kamatou, B. Komane-Mofokeng,
A. M. Viljoen, and K. Beckett, “African seed oils of com-
mercial importance — cosmetic applications,” South African
Journal of Botany, vol. 77, no. 4, pp. 920-933, 2011.

[2

[9] F. K. Akinnifesi, F. Kwesiga, ]. Mhango et al., “Towards the

development of miombo fruit trees as commercial tree crops

in southern africa,” Forest, trees and livelihoods, vol. 16, no. 1,

pp. 103-121, 2006.

M. G. Stetter, D. J. Gates, W. Mei, and J. Ross-Ibarra, “How to

make a domesticate,” Current Biology, vol. 27, no. 17,

pp. 896-900, 2017.

[11] P. W. Chirwa, R. J. Bwanali, G. Meke, W. Sagona,
C. R. Y. Munthali, and L. Mwabumba, “Growth and phe-
nology of a three to four-year-old Sclerocarya birrea in-
ternational provenance trial in Malawi,” Southern Hemisphere
Forestry Journal, vol. 69, no. 1, pp. 49-54, 2007.

[12] V.]J. Msukwa, C. R. Y. Munthali, B. I. Nyoka et al., “Mating
system among provenances of Sclerocarya birrea (A. Rich.)
hochst,” International Journal of Financial Research, vol. 2019,
Article ID 8681238, 10 pages, 2019.

[13] V. Msukwa, C. Munthali, B. Nyoka et al., “Foliage pests of
Marula (Sclerocarya birrea) in Malawi: susceptibility of dif-
ferent provenances,” Agroforestry Systems, vol. 95, no. 2,
pp. 383-393, 2021.

[14] V. Msukwa, C. R. Y. Munthali, E. Missanjo et al., “Growth

performance and fruit production of Sclerocarya birrea

(A. Rich.) Hochst. provenances in Malawi,” International

Journal of Scientific Research in Agricultural Sciences, vol. 3,

no. 2, pp. 42-49, 2016.

I. Mkwezalamba, C. R. Y. Munthali, and E. Missanjo, “Phe-

notypic variation in fruit morphology among provenances of

Sclerocarya birrea (A. Rich.) Hochst,” International Journal of

Financial Research, vol. 2015, Article ID 7354138, 8 pages, 2015.

[16] M. Kamanula, C. Y. Munthali, and J. F. Kamanula, “Nutri-
tional and phytochemical variation of Marula (Sclerocarya
birrea) (Subspecies caffra and birrea) fruit among nine in-
ternational provenances tested in Malawi,” International
Journal of Food Science, vol. 2022, Article ID 4686368,
12 pages, 2022.

[17] E. O. Aluyor and M. Ori-Jesu, “The use of antioxidants in
vegetable oils: a review,” African Journal of Biotechnology,
vol. 725, no. 25, pp. 4836-4842, 2008.

[18] S. G. Zaku, S. A. Emmanuel, A. H. Isa, and A. Kabir,

“Comparative studies on the functional properties of Neem,

Jatropha, Castor, and Moringa seed oil as potential feedstock

for biodiesel production in Nigeria,” Global Journal of Science

Frontier Research Chemistry, vol. 12, no. 7, pp. 2249-4626,

2012.

G. Aladekoyi, A. O. Karimu, and A. O. Jide, “Physico-

chemical and antibacteria evaluation of oil extracted from

ripe and unripe pawpaw seed (carica papaya),” Research

Journal of Food Science and Nutrition, vol. 1, no. 1, pp. 10-14,

2016.

1. Dawson, J. Russell, and J. C. Weber, “Field collection

strategies,” Agroforestry Tree Domestication: A Primer,

pp. 81-93, The World Agroforestry Centre, Nairobi, Kenya,

2012.

[21] A.O.AC, Association of Official Analytical Chemists: Official
Methods of Analysis of the A.O.AC, A.O.AC, Gaithersburg,
DC, USA, 15th edition, 1990.

[22] O. M. Abayeh, I. H. Garba, H. M. Adamu, and O. J. Abayeh,

“Quality characteristics of Luffa aegyptiaca seed oil,” In-

ternational Journal of Scientific Engineering and Research,

vol. 4, no. 4, pp. 11-16, 2013.

Malawi Bureau of Standards, Edible Oils and Fats: Methods of

Analysis, Malawi Bureau of Standards, Blantyre, Malawi,

1988.

(10

(15

[19

[20

[23



[24] A. A. Mariod, A. O. Alj, S. A. Elhussein, and 1. H. Hussien,
“Quality of proteins and products based on Sclerocarya birrea
(Marula) seed,” Sudan Journal of Science &Technology, vol. 2,
no. 6, pp. 184-192, 2005.

[25] K. A. Francis and A. R. Tahir, “Evaluation of the physico-
chemical properties of Northern Ghana Sclerocarya birrea
seed oil and proximate analysis of the process waste,” African
Journal of Food Science, vol. 10, no. 4, pp. 48-53, 2016.

[26] X. Y. Xu, H. K. Yang, S. P. Singh, P. J. Sharp, and Q. Liu,

“Genetic manipulation of non- classic oilseed plants for en-

hancement of their potential as a biofactory for triacylglycerol

production,” Engineering, vol. 4, no. 4, pp. 523-533, 2018.

N. Bellaloui, A. Mengistu, and M. A. Kassem, “Effects of

genetics and environment on fatty acid stability in soybean

seed,” Food and Nutrition Sciences, vol. 04, no. 09, pp. 165-

175, 2013.

[28] D. C. Wimalasiri, Genetic diversity, nutritional and biological

activity of Momordica cochinchinensis (Cucurbitaceae), PhD

Thesis, RMIT University, Melbourne, Australia, 2015.

K. Sneha, R. Athalye, A. Garcia, and W. Zhiyou, “Use of

biodiesel-derived crude glycerol for producing eicosate-

traenoic acid (EPA) by the fungus Pythium irregular,” Journal

of Agricultural and Food Chemistry, vol. 57, mno. 7,

pp. 2739-2744, 2009.

D. H. Hobbs, J. E. Flintham, and M. J. Hills, “Genetic control

of storage oil synthesis in seeds of Arabidopsis,” Plant

Physiology, vol. 136, no. 2, pp. 3341-3349, 2004.

S. Jessinta, H. N. Azhari, N. T. Saiful, and N. Abdurahman,

“Impact of geographic variation on physicochemical prop-

erties of Neem (Azadirachta indica) seed oil,” International

Journal of Pharmaceutical Sciences and Research, vol. 5, no. 10,

pp. 4406-4413, 2014.

J. S. Ibrahim, H. M. Adamu, and O. 1. Shakede, “Antibacterial

activity of Marula [Sclerocarya birrea] and brominated

Marula seed oil,” J Ethnopharmacol, vol. 5, no. 8, pp. 1120-

1124, 2020.

[33] M. Canakci and J. Van Gerpen, “Biodiesel production from
oils and fats with high free fatty acids,” Transactions of the
ASAE, vol. 44, no. 6, pp. 1429-1436, 2001.

[34] E. Robinson, A. Lukman, and A. Bello, “Investigation of
extracted Sclerocarya birrea seed oil as a bioenergy resource
for compression ignition engines,” International Journal of
Agricultural and Biological Engineering, vol. 5, no. 3,
pp. 59-67, 2012.

[35] A. A. Kakar and A. G. Soomro, “Effect of water stress on the
growth, oil content of sunflower,” Pakistan Journal of Agri-
cultural Sciences, vol. 38, pp. 73-74, 2001.

[36] M. O. Aremu, H. Ibrahim, and T. O. Bamidele, “Physico-

chemical characteristics of the oils extracted from some

Nigerian plant foods - a Review,” Chemical and Process

Engineering Research, vol. 32, pp. 36-52, 2015.

O.]. Abayeh, E. A. Aina, and C. O. Okuonghae, “Oil content

and oil quality characteristics of some Nigerian oil seeds,”

Journal of Pure and Applied Sciences, vol. 1, no. 1, pp. 17-23,

1998.

[38] G. S. Olasunkanmi and F. T. Omolayo, “Fatty acid profile,

physico-chemical and functional properties of oil and protein

isolate simultaneously extracted from sesame (sesamum

indicum) seed,” Annals Food Science and Technology, vol. 18,

no. 1, pp. 1-10, 2017.

T. F. Adepoju, O. Olawale, A. A. Okunola, and E. M. Olatunji,

“Solvent extraction of oil from soursop oilseeds and its quality

characterization,” International Journal of Sustainable Energy

and Environmental Research, vol. 2, no. 2, pp. 80-89, 2014.

[27

[29

(30

[31

[32

(37

[39

International Journal of Agronomy

[40] The Standard organization of Nigeria, “Standards for hair
cream: ics71.100.70. standards organization of nigeria,” 2004,
http://www.son.gov.ng/.

[41] F. D. Gunstone, Modifying Lipids for Use in Foods, Wood
Head Publishing Limited, Cambridge, MA, UK, 2006.


http://www.son.gov.ng/



