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In this study, proximate composition, physical characteristics and mineral content of fruit, pulp and
seeds of Parinari curatellifolia (Maula) fruits from Bunda forests in Central Malawi were determined.
Proximate composition included crude protein, crude fat and crude fiber, while physical characteristics
included mass, length, thickness of whole fruit and kernels and minerals included potassium,
magnesium, manganese, copper, zinc, iron and phosphorus. Total carbohydrate contents were also
determined. All the results have been presented on dry matter basis. Results on crude protein ranged
from 3.9+0.03 to 15.61+0.05% with pulp registering the lowest values (P<0.05) while the highest values
were registered in kernels. Results on crude fat revealed that kernels had the highest values
(46.05+£0.19%) compared to values obtained in pulp or a mixture of pulp and peels while for crude fiber,
the highest values (21.39+£0.28%) were obtained in whole fruit. Furthermore, results on ash content
showed that the highest values (5.71+0.25 %) were obtained in fruit peels while the lowest values
(1.58+0.15 %) were registered in whole fruit. Lastly, results on carbohydrate content revealed that the
highest values (84.95+0.14%) were obtained in the pulp while the lowest values (34.341+0.21%) were
registered in kernels. The findings from this study have shown that there are significant differences in
nutrient and mineral composition in the whole fruit, seeds and pulp of P. curatellifolia from Central
Malawi and therefore these findings can be useful in nutritional planning regarding consumption of the
P. curatellifolia fruit.

Key words: Maula (Parinari curatellifolia), indigenous fruits, kernels, minerals, crude protein, nutrition, Bunda
forest.

INTRODUCTION

Global human population is estimated to reach 9.6 billion other hand, it is expected that the population would rise
by 2050 and 10.9 billion by 2100 respectively. On the to 8.2 billion by 2050 reaching 9.6 billion by the 21%
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century in developing worlds with a 5 times increase in
the least developed countries like Malawi (UNPD, 2012).

Sub-Saharan Africa (SSA) population growth, Malawi
inclusive, is expected to increase by 1.2% annually by
2050 triggering urbanization and improved individual
income (UNPFA, 2008; Thornton, 2010; Théwis and
Galig, 2012). It has previously been reported that SSA
has the highest number of food insecure people where
214.1 million people have been reported to be chronically
undernourished in 2012 to 2014 with a prevalence of
23.8% (FAO et al., 2014).

Furthermore, it is widely acknowledged that global
climate is changing. Global surface temperature has
been estimated to increase between 1.8 and 4.08°C by
21st century (IPCC, 2007a, b). In lower latitudes, like in
SSA, temperature changes have been projected to be 1
to 2.8°C with crop productivity in tropics and subtropics
dropping by 10 to 20% by 2050 (Jones and Thornton,
2003) creating food insecurity because of dependence on
rain-fed agriculture (IPCC, 2007a).

Cereal production for a number of crops in SSA would
decline by 3.2% spiking prices by more than 4% in 2050
(Gachene et al., 2015; Ringler et al., 2010; Ringler et al.,
2011) culminating in declining of cereal demand by 3.6
MMT representing 1.5% decrease by 2050 (Ringler et al.,
2010). In SSA, 23.2% of the population, live on calorie-
deficient food (FAO et al., 2015) with about 600,000
children expected to suffer from malnutrition by 2050 as a
result of climate change (Ringler et al.,, 2010). Many
people in rural and peri-urban populations of southern
Africa, face food shortage (FAO, 2000), resulting in food
acute malnutrition (Akinnifesi et al., 2004).

In SSA, many authors have previously reported that 4
in 5 rural people are poverty stricken depending on wild
fruit harvesting to secure food supply during times of
hunger/famine (Loghrust, 1986; Lockett and Grivetti,
2000; Makonda and Gillah, 2007; Msuya et al., 2010).
Indigenous fruit trees (IFTs) are food and nutrient
sources for SSA people in the form of minerals and
vitamins from fruit consumption (Chirwa and Akinnifesi,
2008) while the surplus fruits have been used for sale
(Akinnifesi et al., 2004). With respect to Malawi, many
people experience severe food shortage in both dry and
rainy season (October to February) forcing them to
depend on wild products like indigenous fruits (Akinnifesi
et al., 2004; Mtupanyama et al., 2008).

These fruits are consumed in different forms and some
are used as medicines by the rural marginalized
communities (Benhura et al., 2012). Indigenous fruits, like
Parinari curatellifolia fruit extracts are used as cardiac
tonic and for the treatment of heart diseases like
hypertension whereas the leaf extracts treat body
inflammation and anemia (Peni et al., 2010). Despite
being significant in people lives, wild edible fruits have
been underutilized with little attention in investigating their
various potentials (Salih and Yahia, 2015). In view of
increasing food insecurity from the effects of growing
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human population and climate change, new and
nonconventional sources of food from indigenous fruit
trees (IFTs) should be explored. Therefore research
intensification in exploration of the significance of
underutilized crops like fruits from IFTs is of paramount
importance.

P. curatellifolia, locally known as Maula, is an IFT that
grows in Sub-Saharan Africa, Malawi inclusive. P.
curatellifolia grows naturally in Bunda forest and belongs
to the Chrysobalanceae family (Oladimeji and Bello,
2011). It bears greenish with grey spots (Benhura et al.,
2013) ovoid in shape fruits of 3-5 cm long and 2.4-4 cm in
diameter (FAO, 1982). The fruits contain woody seed
stones containing kernels which have high oil content and
the kernels are eaten raw in the form of nuts (Saka and
Msonthi, 1994; Katende et al., 1995; Benhura et al.,
2012). The kernels have been reported to contain high
levels of nutrients like crude protein, 33.1+0.12%,
carbohydrates, 52.38+0.01% (Oladimeji and Bello, 2011),
and crude fat, 37.75 % (Orwa et al., 2009).

Efforts have been made to explore the uses, growth,
domestication and commercialization of wild fruit trees
(IFTs) in SSA countries, Malawi inclusive, including that
of P. curatellifolia (Mtupanyama et al., 2008; Kwesiga et
al., 2000; Akinnifesi et al., 2004, 2006, and 2007).
However, limited information exists on the nutritional
value of these indigenous fruits in Malawi (Saka and
Msonthi, 1994). The significance of foods for human
consumption is based on their nutrients, energy and
mineral contents. Against this background of having
limited information on nutritional value of indigenous fruits
such as P. curatellifolia, this current study was carried out
with the aim of characterizing the physical properties and
nutritional value, in terms of proximate, mineral and
chemical composition of Maula fruits, with respect to the
fruit, pulp and seeds, from Bunda Forest in Central
Malawi.

MATERIALS AND METHODS

Sample collection and preparation

Ripe Maula (Parinari curatellifolia) fruits were collected from Bunda
Forest which is under Lilongwe University of Agriculture and Natural
Resources, Bunda campus, in Lilongwe district in Central Malawi in
the months of September and October. The fruits were washed
using distilled water and the peels and mixture of pulp and peels
and pulp were manually removed (Figure 1) from the woody seed
stone and were partially sundried for 24 h. The fruits were sundried
at 37°C on a stainless metal sheet which was placed on a concrete
floor to prevent dust accumulation (Brennand, 1994; Ahmed, 2013).
The fruits were finally dried in the forced air laboratory oven at 60°C
to avoid cooking them for 2 days (Wijewardana et al., 2016) (Figure
1). The woody seed stones were sundried for 5 weeks for seed
kernel collection. The seed kernels were removed from the woody
seed stone by crushing the stones with a hard stone as shown in
Figure 2. Some fruits were sundried for 14 days and crushed
together with kernels before finally being dried in the oven for 48 h
at 60°C (Ahmed, 2013) (Figure 2). The dried whole fruits, pulp,



240 Afr. J. Food Sci.

Figure 2. A: Removing kernels from the stones, B: kernels in the container, C: Kernels.

mixture of pulp and peels and peels were ground through a 1 mm
sieve using a Thomas-WILEY model 4 Laboratory Mill before
analyzing the chemical properties. The ground samples were used
in the analysis for proximate composition; dry matter (DM), ash,
crude protein (CP), crude fat and crude fiber (CF) using Association
of Official Analytical Chemists (AOAC, 1996) methods.

Physical characteristics determination

The fruits and kernels were evaluated for their physical
characteristics as described by Benhura et al. (2013) where 20
fruits and kernels were randomly selected, thoroughly cleaned and
weighed on JP-2000 electronic balance to the nearest 0.01 g. The
20 fruits and kernels were weighed each at a time with its stone and
peels weighed too. The physical characteristics of the seeds and
kernels in terms of length (long axis) and thickness (short axis)
were evaluated by using Mitutoyo vernier caliper.

Proximate composition

The analysis of dry matter, mineral ash, crude protein, crude fat,
crude fiber and calculation of carbohydrate content in the samples
were carried out using methods described in Association of Official
Methods of Chemical Analysts (AOAC 1990), AOAC, (1996) and
AOAC, (2005) respectively.

Dry matter using oven method

Dry matter (DM) was determined by drying the samples in a
laboratory drying oven at 105°C for 5 h. The crucibles were
thoroughly washed, dried in the oven, cooled in a desiccator and
weighed. 2.5 g of the sample was weighed into the crucible and
dried to constant weight. The sample dry matter in percentage was
calculated as the fraction of the dried weight to that of the original
one multiplied by 100 (AOAC, 1996; AOAC, 1990).

Ash using muffle furnace

Ash content was determined by igniting 2.5 g of the samples
weighed in a porcelain crucible in the muffle furnace at 550°C for 2
h. The amount of ash content in percentage was calculated as
shown below:

%ASh = [(W,-W)/ (Wo-W,)] x 100 (AOAC, 1990)

Where:

W, is weight of crucible and sample before igniting the sample, W,
is weight of crucible and ash and W, is weight of crucible only.

Crude fat

Crude fat was analyzed by extracting 2.5 g of the sample weighed
in the porous extraction thimble by using petroleum ether in a
soxhlet apparatus for 16 h. The soxhlet apparatus was equipped
with a water cooled condenser fitted on to the weighed 250 ml flat
bottomed quick fit flask containing petroleum ether as a fat solvent.
The solvent was boiled at 40°C continuously to extract the fat from
the sample. The mixture of fat and solvent was collected in the
flask and the solvent was evaporated at 40°C in a vacuum rotary
evaporator. Thereafter, the flask was dried and re-weighed and
crude fat content was calculated as a percentage of the dry weight
of the sample as shown below:

% Crude fat = [(A-B) / C] x 100 (AOAC, 1996).

Where A = weight of flask + oil, B = weight of flask only, C = weight
of dry sample.

Crude fiber

Crude fiber was determined by boiling 1.5 g of the samples in 200



ml of weak Sulphuric acid (1.25%) and Sodium Hydroxide (1.25%),
with few drops of anti-foaming agents being added, for 30 min
respectively. The residues were filtered and washed three times
with hot water and then washed with 95% ethanol and dried at
105°C for 5 h to constant weight. The dried residues were ignited in
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a muffle furnace at 550°C for 2 h. The crude fiber, in grams, was
calculated as the difference between the weight of the residues and
ash and converted as a fraction of the sample weight in
percentages as shown in the equation below:

% Crude fiber = [(Loss of weight on ignition / sample weight)] x 100 (AOAC, 1990)

Crude protein using Kjeldahl method

Crude protein (CP) content of the samples was analyzed by using
micro- Kjeldahl method, and the N content was converted to CP by
multiplying by 6.25. The method involves digestion of the samples
in concentrated (98 %) sulphuric acid with selenium tablet as a
catalyst, distillation of the digests into weak acids (4 % boric acid)
and titration of the distillates with 0.1 M Hydrochloric (HCI) acid
(AOAC, 1990).

Carbohydrates

Carbohydrates content was calculated by difference using the
following formula; 100 % - (CP % + CF % + crude fat % + Ash %)
as described in AOAC (2005).

Determination of mineral composition

1.0 g of each sample was weighed in porcelain crucibles which
were ignited in a muffle furnace at 550°C to constant weight. The
ash was dissolved in 3 ml of 3 M Hydrochloric (HCI) acid,
transferred to 100 ml volumetric flask and diluted to the 100 ml
mark (AOAC, 2005). 0.75 ml of the diluted digested samples were
placed in 20 to 25 ml glass vials and diluted with 9 ml of distilled
water. Standards were prepared by adding 0.0 ml, 0.1 ml, 0.2 ml,
0.3 ml, 0.4 ml and 0.5 ml into 20 to 25 ml vials and diluted with 9 ml
of distilled water. 2.0 ml of phosphovanadomolybdate /molybdate
reagent (solution) was added in each vial and absorbance was
measured after 1 h of color development (AOAC, 2005).
Phosphorus was determined by a DR 5000 WAGTECH projects
ultra-violet visible spectrophotometer at 860 nm wavelength.
Potassium (K) was analyzed using Flame Photometer while
magnesium, iron, manganese, copper and zinc were analyzed
using PG990 atomic absorption spectrophotometer (AAS) (AOAC,
2005).

Statistical analysis

Data from the laboratory chemical analyses were done in triplicates
and the mean value of each chemical parameter was calculated
using Microsoft excel. The data was statistically analyzed by using
analysis of variance (ANOVA) in Microsoft Excel ToolPak. T-test
two-sample with unequal variances was used to compare mean
values and significance was accepted at P< 0.05 level.

RESULTS AND DISCUSSION

Physical characteristics of P.curatellifolia seeds and
kernels

Results on the physical characteristics of P. curatellifolia
fruit are presented in Tables 1 and 2 respectively. The
ripe fresh fruit weighed on average 22.69+0.69 g and this

observation was in agreement with findings reported by
Benhura et al. (2013) in Zimbabwe who found an average
weight of 23.0£3.0 g for Waterfalls samples. The mean
proportions of pulp and pulp and stone as a fraction of
fruit were 46.75+0.9 and 90.09+0.50% respectively.
However, the pulp proportion obtained in this study was
lower than 51.1, 48.9 and 50.1% for P. curatellifolia fruit
obtained from Amby, Waterfalls and Acadia in Zimbabwe
respectively as reported by Benhura et al. (2013). P.
curatellifolia kernel from this study weighed 352.8+11.4
mg and was 6.38£0.16 mm long with a thickness of
3.66£0.13 mm. The kernels from this study weighed less
than 14000+3000, 21000+4000 and 23000+3000 mg for
P. curatellifolia kernels when compared with kernels from
Amby, Waterfalls and Acadia in Zimbabwe respectively
(Benhura et al.,, 2013). Similarly, the kernels from this
study were shorter than 22+3, 306 and 306 mm for P.
curatellifolia kernels from Amby, Waterfalls and Acadia in
Zimbabwe (Benhura et al.,, 2013). These differences
could probably be attributed to the differences in
ecological zones from where the fruit was grown (Tables
1 and 2).

Proximate composition

Results on proximate composition of P. curatellifolia fruits
and its different parts in percentages are shown in Table
3.

Dry matter composition

Results on dry matter composition revealed that there
were significant differences for the different fruit parts.
Dry matter composition ranged from 88.66+0.15 to
99.31+0.04% for pulp and peels, and fruit respectively.
Maula fruits registered higher dry matter values than
(P>0.05) kernels, peels, pulp and (P<0.05) pulp and
peels respectively.

Crude protein composition

Crude protein content ranged from 3.90+0.03 to
15.61+0.05% for pulp and kernel respectively. Crude
protein content in pulp was the lowest (P<0.05) compared
to the mixture of pulp and peels, kernels and (P>0.05)
peels. The high crude protein value in the mixture of pulp
and peels compared to that registered in the pulp could
be attributed to the peels which are known to contribute
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Table 1. Physical Characteristics of Parinari curatellifolia fruit.

Parameter

Value (Mean + SE)

Mass of fruit (g)

Pulp + stone fraction (as % of fruit)

Pulp fraction (as % of fruit)

Pulp + peel fraction (as % of fruit)

Mean peel fraction (as % of fruit ), n=20
Mean stone fraction (as % of fruit ), n=20
Mean fruit length (mm), n=20

Mean fruit thickness (mm), n=20

22.69+0.69
90.09 +0.50
46.75+0.90
56.67+0.77
9.91+0.50
43.33+£0.77
38.30+0.48
30.84+0.56

Mean + SE= mean * standard error, n=20.

Table 2. Physical characteristics of Parinari curatellifolia kernel.

Parameter

Value (Mean + SE)

Mass of kernel (mg)
Mean kernel fraction (as % of fruit), n=20

Mean kernel fraction (as % of stone), n=20

Mean kernel length (mm), n=20
Mean kernel width (mm) , n=20
Mean ernel thickness (mm), n=20

352.8+11.4
1.59+0.08
3.69+0.19
16.78+0.40
6.38+0.16
3.66+0.13

Mean + SE= mean * standard error, n=20.

the extra crude protein to the pulp (Benhura et al., 2012).
The crude protein content in pulp was higher than 3.4
and 3.0 respectively as compared to the values reported
by other researchers in Tanzania and Malawi
(Ndabikunze et al.,, 2006; Saka and Msothi, 1994). The
findings in this study have revealed that pulp, peels and
mixture of pulp and peels are poor sources of proteins for
humans. Crude protein content in the kernel was
15.61+0.05% which is lower than the value of
33.10+0.12% (Oladimeji and Bello, 2011) and 27.10
(Ndabikunze et al., 2006) for research conducted in
Nigeria and Tanzania. Crude protein value of
15.61+0.05% for the kernels was lower than 24.70% for
raw Arachis hypogeae seeds as reported by other
researchers for studies conducted in Nigeria (Ayoola et
al., 2012). These findings have shown that P.
curatellifolia kernels are good sources of proteins for
human nutrition.

Crude fat composition

Results on crude fat content showed that the range was
from 2.02+0.47 to 46.05+0.19% for pulp and kernels
respectively. Crude fat content in fruit was the lowest
(P<0.05) and kernels had the highest (P<0.05) crude fat
contents. Crude fat content in pulp was 3.99+0.08%
which  was higher (P<0.05) than 2.07+0.23 and
3.70+0.05% for the mixture of pulp and peels and peels
only respectively. The values for crude fat were 0.9 and

1.5 higher than the values previously reported by other
researchers (Ndabikunze et al., 2006; Saka and Msothi,
1994). Interestingly, crude fat values in kernels were high
by different values as compared to values reported by
other researchers: 1.77 (Ogungbenle and Atere, 2014)
and 5.11+0.10% (Oladimeji and Bello, 2011) but lower
than 47.00% (Ndabikunze et al., 2006) as reported for
studies conducted in Nigeria and Tanzania. Crude fat
value of 46.05+0.47 for P. curatellifolia kernel was higher
than 39.10% (Kumar et al., 2013) but similar to
47.00+0.03 (Atasie et al., 2009) for groundnuts (Arachis
hypogaea) as reported in other studies done in India and
Nigeria respectively. The high crude fat and crude protein
contents in kernels have shown that the kernels are
potential sources of energy and essential amino acids
and could therefore be used both as food for humans and
feed for animals. The P. curatellifolia kernels flour could
be used as an alternative of groundnut (Arachis
hypogaea) flour in preparation of traditional vegetable
soup by the less privileged rural communities.

Ash composition

Ash content was found to be the highest (P<0.05) in
peels compared to that of kernels, fruit, pulp, mixture of
pulp and peels respectively. However, ash content in pulp
was equal (P>0.05) to that of kernels and mixture of pulp
and peels. The ash content in the pulp was 2.46+0.09%
which was low compared to the value of 3.9% reported
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Ash % CP % Crude fat % CF % NFE %
Sample DM % (Mean+SE) (MeantSE) (Mean+SE) (MeantSE) (MeanzSE) (MeantSE)
P. Fruit 99.31+0.04% 1.58+0.15° ND 2.02+0.47% 21.39+0.28° ND
Pulp 90.6+ 0.4% 2.46+0.09° 3.90+0.03%  3.99+0.08"  4.71+0.06° 84.95+0.14°
Pulp + Peels 88.6620.15" 2.85+0.06° 5.14+0.10° 2.07+0.23°  6.25+0.11° 83.70+0.28"
Peels 95.59+0.03% 5.71#0.25° 4.17+0.03°  3.70+0.05° 19.44+0.13" 66.97+0.35°
Kernels 99.27+0.04% 2.43+0.02° 15.61+0.05° 46.05:0.19° 1.58+0.04° 34.34+0.21°

Mean + SE= mean + standard error. For each parameter, means with same superscript were not significantly different

(P>0.05). ND= not determined.

by Ndabikunze et al. (2006) in Tanzania but was higher
than 1.8% (Saka and Msothi, 1994) as reported in
Malawi. However, ash content in kernels was found to be
2.43+0.02% which was lower than the value of
2.65+£0.21% reported in Nigeria by Oladimeji and Bello
(2011). The ash content in kernels was lower than 4.55%
(Kumar et al., 2013) but higher than 1.48% (Ayoola et al.,
2012) for A. hypogaea as reported by other authors for
studies previously conducted in India and Nigeria
respectively.

Crude fiber

The crude fiber content ranged from 1.58+0.04 to
21.39+0.28% for kernels / nuts and whole fruit
respectively. The kernel had the lowest (P<0.05) crude
fiber content followed by pulp (4.71+0.06%), mixture of
pulp and peels (6.25+0.11%) and peels (19.44+0.13%)
respectively. The crude fiber content in the pulp was
lower than 5.4 and 5.5% as reported in Tanzania and
Malawi respectively (Ndabikunze et al., 2006; Saka and
Msonthi, 1994). However, crude fiber content in kernels
was lower than 5.45 and 1.6+0.1% as compared to the
values reported in Nigeria by other researchers
(Ogungbenle and Atere, 2014; Oladimeji and Bello,
2011). On the other hand, the crude fiber values for the
kernels were lower than 3.7+0.3% (Atasie et al., 2009)
and 2.91% (Kumar et al., 2013) for raw groundnuts seeds
as reported in Nigeria and India respectively.

Carbohydrate composition

Results on carbohydrate content showed that the range
was from 34.34+0.21 to 84.95+0.14% for kernels and
pulp respectively. Pulp registered the highest (P<0.05)
carbohydrate content compared to the mixture of pulp
and peels, peels and kernels. Carbohydrate content in
pulp was higher than 21.40+0.30, 27.50+0.50 and
28.90+0.40% respectively as compared to the values
obtained for samples collected from Cranborne,
Greendale and Prospect in a related study in Zimbabwe
(Benhura et al., 2012). However, carbohydrate content

for pulp from this study was comparable to the value of
88.20% reported in Malawi (Saka and Msonthi, 1994).
The kernel carbohydrate content of 34.34+0.21% was
lower than 52.38+0.01% (Oladimeji and Bello, 2011) but
higher than 26.00% (Ndabikunze et al.,, 2006) in
comparisons to values obtained in related studies in
Nigeria and Tanzania respectively. Furthermore, the
carbohydrates content for the kernels obtained in this
study was higher than 17.41 (Ayoola et al., 2012) and
25.30% (Kumar et al., 2013) for A. hypogaea observed in
other studies in Nigeria and India respectively. The high
carbohydrate contents in pulp have demonstrated that
the pulp could be a potential source of energy for
consumers in Malawi.

Mineral composition

Results on different minerals obtained in P. curatellifolia
fruit, pulp, mixture of pulp and peels, peels and kernels,
in mg 100 g”, are presented in Table 4. Potassium
content ranged from 680.20+4.88 to 736.24+6.29 for
kernels and peels respectively. Potassium content in pulp
was 712.65+12.02 which was higher (P<0.05) than
710.86+10.51 but lower (P>0.05) than 736.24+6.29 for
mixture of pulp and peels and peels respectively.
However, potassium content in pulp, mixture of pulp and
peels and peels were higher (P<0.05) than that of
kernels. The potassium content in pulp was higher than
22.3 (Ndabikunze et al., 2006), 103.68 (Saka and
Msonthi, 1994) and 15+1.0% (Benhura et al., 2013) as
reported in Tanzania and Zimbabwe. Potassium content
in kernels was higher than 459 from a related study in
Nigeria (Ogungbenle and Atere, 2014).

Iron content ranged from 295.49+0.68 to 403.81+4.34
for pulp and peels respectively. Peels had the highest
(P>0.05) iron content compared to the mixture of pulp
and peels which was high (P<0.05) compared to that of
pulp and kernels respectively. Pulp iron content was
higher than 103.0 (Saka and Msonthi, 1994) but lower
than 700+200, 500+100, 800+200 (Benhura et al., 2013)
reported in studies conducted in Malawi and Zimbabwe
respectively. Iron content in the kernels was high
compared to 13.2 obtained in a related study conducted
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Table 4. Mineral composition of P. curatellifolia (mg100 g™ DM).

sample K Mg Mn Cu Zn Fe P
(MeanzSE) (Mean£SE) (Mean£SE) (Mean£SE) (MeanzSE) (MeanzSE) (MeanxSE)

P. Fruit ND ND ND ND ND ND ND

Pulp 712.65+12.02*  213.06£8.25%  24.27+0.58%  6.26+0.00°  17.57+0.67° 295.49+0.68% 405.23 +2.17%

Pulp + Peels  710.86+10.51* 216.08+13.61° 31.53+0.00° 112.74+0.54° 17.85+0.58% 398.78+0.56° 370.57+10.47"

Peels 736.24+6.29°  200.01+7.64°  29.33+0.27°  70.23+0.61° 37.57+1.07° 403.81+4.34° 382.56+4.54"

Kernel 680.20+4.88°  222.45+2.72°  4579+1.77° 12.59+0.76°  42.1+0.58° 357.02+3.65° 540.67+4.87°

Mean + SE= mean * standard error. For each parameter, means with same superscript were not significantly different (P>0.05). ND= not

determined.

in Nigeria (Ogungbenle and Atere, 2014).

Phosphorus content ranged from 370.57+10.47 to
405.23+2.17 for mixture of pulp and peels and kernels
respectively. Phosphorus in kernels was the highest
(P<0.05) compared to pulp, mixture of pulp and peels and
peels respectively. Phosphorus content in pulp was
higher than 200+0.0 (Benhura et al., 2013) and 339
(Saka and Msonthi, 1994) from other studies conducted
in Zimbabwe and Malawi respectively. P. curatellifolia
kernels had high phosphorus content compared to 180
(Ndabikunze et al., 2006) and 196 (Ogungbenle and
Atere, 2014) obtained from related studies conducted in
Tanzania and Nigeria. Furthermore, phosphorus content
for the kernels was higher than 340.2 for A. hypogaea as
observed in India (Kumar et al., 2013) (Tables 3 and 4).

Conclusion

Results from the study have shown that P. curatellifolia
fruits from Malawi contain essential nutrients and
minerals which are essential for the nutritional well-being
of less privileged communities in Malawi. The results
have also revealed that there are differences in nutrient
and mineral composition in different parts of the P.
curatellifolia fruit. The high carbohydrate content in the
pulp present in P. curatellifolia have demonstrated that P.
curatellifolia fruit is a potential source of energy which
can benefit consumers from low resource communities in
Malawi. It is therefore highly recommended that people
should be encouraged to consume P. curatellifolia fruits
to get good nutrition. It is further recommended that
future studies should use P. curatellifolia from different
regions in Malawi to find out to what extent the nutrient
and mineral composition can be influenced by the
differences in ecological zones.

CONFLICT OF INTERESTS

The authors have not declared any conflict of interests.

REFERENCES

Ahmed N (2013). Different drying methods: their applications and recent

advances. International Journal of Food Nutrition Safety 4(1):34-42.

Akinnifesi FK, Kwesiga FR, Mhango J, Mkonda A, Chilanga T, Swai
R (2004). Domesticating priority miombo indigenous fruit trees as a
promising livelihood option for smallholder farmers in Southern Africa.
Acta Horticulture 632:15-30.

Akinnifesi FK, Kwesiga F, Mhango J, Chilanga T, Mkonda A, Kadu
CAC, Kadzere 1, Mithofer D, Saka JDK, Sileshi G, Ramadhani T,
Dhliwayo P (2006). Towards the development of miombo fruit trees
as commercial tree crops in southern African. Forests, Trees and
Livelihoods 16:103-121.

Akinnifesi FK, Ajayi OC, Sileshi G, Kadzere |, Akinnifesi Al (2007).
Domestication and commercialization indigenous fruit and nut tree
crops for food security and income generation in Sub-Saharan Africa.
Paper presented at the New Crops International Symposium, 3-4
September, Southampton, United Kingdom. Available at:
www.worldagroforestry.org/downloads/Pubications/PDFS/pp1537.pdf

Association of Official Analytical Chemists (AOAC) (1990). Official
methods of analysis. 15" Edn., Washington DC.

Association of Official Analytical Chemists (AOAC) (1996). Official
methods of analysis. 18" edn. AOAC International, Arlington, VA.

Association of Official Analytical Chemists (AOAC) (2005). Official
methods of analysis. Food composition, additives and natural
contaminants. Aldric, RC 15™ edn. Association of Official Analytical
Chemists Inc. USA.

Atasie VN, Akinhanmi TF, Ajiodu CC (2009). Proximate analysis and
physico-chemical properties of groundnut (Arachis hypogaea L.).
Pakistan Journal of Nutrition 8(2):194-197.

Ayoola PB, Adeyeye A, Onawumi OO (2012). Chemical evaluation of
food value of groundnut (Arachis hypogaea L.) seeds. American
Journal of Food Nutrition 2(3):55-57.

Benhura C, Benhura MAN, Muchuweti M, Nyangura SF, Gombiro PE
(2012). Proximate analysis of Parinari curatellifolia fruit pulp of fruit
from parts of Harare and a rural area in Zimbabwe. Pakistan Journal
of Nutrition 11(7):541-544.

Benhura MAN, Muchuweti M, Gombiro, PE, Benhura C (2013).
Properties of (Parinari curatellifolia) (Hacha or Chakata) fruits from
different parts of Harare, Zimbabwe. African Journal of Food
Agricultural Nutrition Development 13:4.

Brennand CP (1994). Home drying of food. All archived publications.
Paper 606. Available at:
http://digitalcommons.usu.edu/extensionhistall/606

Chirwa PW, Akinnifesi FK (2008). Ecology and Biology of Uapaca
kirkiana, Strychnos cocculoides and Scelerocarya birrea in Southern
Africa. In: Akinnifesi FK, Leakey RRB, Ajayi OC, Sileshi G,
Tchoundjeu Z, Matakala P, Kwesiga FR (eds.). Indigenous fruit in
the tropics: Domestication, Utilisation and Commercialisation. CABI,
UK. P 322.

Food and Agriculture Organization (FAO) (1982). Fruit-bearing forest
trees: technical notes. pp. 34-177.

Food and Agriculture Organization (FAO) (2000). World forest
resources assessment, FAO, Rome, Italy.

Food and Agriculture Organization (FAO), International Fund for
Agricultural Development (IFAD), World Food Programme (WFP)
(2014). The state of food insecurity in the world 2014. Strengthening
the enabling environment for food security and nutrition. Rome, FAO.



Available at: http://www.fao.org/3/ai4030e.pdf

FAO, IFAD, WFP (2015). The state of food insecurity in the World.
Meeting the 2015 international hunger targets. Taking stock of
uneven progress. Rome, FAO. Available at: http://www.fao.org/3/a-
i4646e.pdf

Gachene CKK, Karuma AN, Baaru MW (2015). Climate Change and
crop yield in Sub-Saharan Africa. Springer International Publishing
Switzerland. In: R. Lal et al., (eds), Sustainable Intensification to
Advance Food Security and Enhance Climate Resilience in Africa.
Available at: https://link.springer.com/chapter/10.10007/978-3-319-
09360

International Panel on Climate Change (IPCC) (2007a). Climate change
2007: Impacts, Adaptation and Vulnerability. Summary for policy
makers. Online at http://www.ipcc.cg/SPMapr07.pdf. 2017.08.028

International Panel on Climate Change (IPCC) (2007b). Climate change
2007: The physical science basis. Contribution of working groups 1 to
the Fourth Assessment Report of the International Panel on Climate
Change, Solomon S, Qin D, Manning M, Chen Z, Marquis M, Avery
KB, Tignor M, Miller HL (eds.), Cambridge and New York: Cambridge
University Press. Available at
https://www.ipcc.ch/publicationsanddata/ar4wgl/en/spmsspmprojecti
ons-of.html

Jones PG, Thornton PK (2003). The potential impacts of climate change
on maize production in Africa and Latin America in 2055. Global
Environment Change 13(1):51-59.

Katende AB, Brinie A, Tengnas BO (1995). Useful trees and shrubs for
Uganda, identification, propagation and management for agricultural
and pastoral communities. Regional soil conservational unit (RSCU).
Swedish International Development Authority (SIDA).

Kumar BS, Shankar SR, Vasanthi RP, Vishnuvardhan KM, Purushothan
M (2013). Comparative physico-chemical, proximate and mineral
analysis on raw and roasted seeds of groundnut. Communications in
Plant Sciences 3(3-4):25-29.

Kwesiga F, Akinnifesi FK, Ramadhani T, Kadzere |, Saka J (2000).
Domestication of indigenous fruit trees of the miombo in Southern
Africa. Pp8-24 in Shumba EM, Lusepani E, Hangula R (eds,). The
Domestication and Commercialization of Indigenous Fruit Trees in
the SADC Region. SADC Tree Seed Centre Network.

Lockett C, Grivetti L (2000). Food related behaviours during drought: a
study of rural Fulani, North-eastern Nigeria. International Journal of
Food Science and Nutrition 51:91-107.

Loghrust R (1986). Household food strategies in response to
seasonality and famine. Institute of Development Studies Bulletin
17:27-35.

Makonda FBS, Gillah PR (2007). Balancing wood and non-wood
products in Miombo woodlands. Working Papers of Finnish Forest
Research Institute 50:64-70 Available at:
http://www.melta.fi/julkaisut/workingpapers/2007/mwp050.html

Msuya T, Kideghesho JR, Mosha TCE (2010). Availability, preference
and consumption of indigenous forest food in the Eastern Arc
Mountains, Tanzania. Ecology of Food Nutrition 49:208-227.

Mtupanyama YM, Mwase WF, Stedje B, Kwapata MB, Bokosi JM,
Hvoslef-Eide AK (2008). Indigenous knowledge of rural communities
in Malawi on socio-economic use, propagation, biology, biodiversity
and ecology of Uapaca kirkiana Muell. African Journal of
Biotechnology 7(14):2386-2396.

Murphy J, Riley JP (1962). A modified single solution method for the
determination of phosphorus in natural waters. Analytica chimica acta
27:31-36.

Ndabikunze BK, Mugasha AG, Chcimshama SAD, Tiisekwa BPM
(2006). Nutritive value of selected forest/woodland edible fruits and
nuts in Tanzania. Tanzania Journal of Agricultural Science 7(1):27-
33.

Oladimeji AO, Bello MO (2011). Proximate analysis and fatty-acid
profiles of mobola plum seed. Elixir Applied Chemistry 41:5942-5943.

Chatepa et al. 245

Ogungbenle HN, Atere AA (2014). The chemical, fatty acid and sensory
evaluation of Parinari curatellifolia seeds. British Biotechnology
Journal 4(4):379-386.

Orwa C, Mutua A, Kindt R, Jamnadass R, Anthony S (2009).
Agroforestree database: a tree reference and selection guide version
4.0. Available at:
http://www.worldagroforestry.org/sites/treedbs/treedatabases.asp

Peni 13, Elinge CM, Yusuf H, ltondo AU, Agaie BM, Mbongo AN,
Chongo E (2010). Phytochemical screening and antibacterial activity
of Parinari curatellifolia stem extract. Journal of Medicinal Plant
Research 4(20):2099-2102.

Ringler C, Zhu X, Cai X, Koo J, Wang D (2010). Climate change
impacts on food security in Sub-Saharan Africa: Insights from
comprehensive climate change scenarios. International food policy
research institute discussion paper no. 1042. International Food
Policy Research Institute, Washington, DC.

Ringler C, Zhu T, Cai X (2011). Sub-Saharan Africa: insights from
comprehensive climate change modeling. The impact of climate
change on food outcomes. IFPRI Research 20:1-2.

Saka JDK, Msonthi JD (1994). Nutritional value of edible fruits of
indigenous wild trees in Malawi. Forest Ecology Management 64:245-
248.

Salih NK-EM, Yahia EM (2015). Nutritional value and antioxidant
properties of four wild fruits commonly consumed in Sudan.
International Food Research Journal 22(6):2389-2395.

Théwis A, Galis A M (2012). Livestock production. Prospects over the
next decades and alternatives protein bio-resources. AgroLife
Science Journal 1:29-38.

Thornton PK (2010). Livestock production: recent trends, future
prospects. Philosophical Transactions of the Royal Society of London
B: Biological Sciences 365:2853-2867.

United Nations Population Division (UNPD) (2012). The 2012 Revision.
Population Division of the Department of Economic and Social Affairs
of the United Nations, World population prospects. Available at:
https://esa.un.org/unpd/wpp/publications/Files/WPP2012_HIGHGHT
S.pdf

United Nations Population Funds (UNPFA) (2008). The state of the
World population 2007: unleashing the potential of urban growth.
United Nations Population Fund.
http://www.unfpa.org/swp/swpmain.htm.2017.06.016

Wijewardana RMNA, Nawaranthne SB, Wickramasinghe | (2016). Effect
of various dehydration methods on proximate composition and
retention of antioxidants in different fruit powders. International Food
Research Journal 23(5):2016-2020.


http://www.fao.org/3/a-i4646e.pdf
http://www.fao.org/3/a-i4646e.pdf

