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ABSTRACT

Objective: To evaluate the nutritional composition and elemental constituents of
Kedrostis africana and their safety aspect.
Methods: Proximate parameters (moisture, ash, crude fibre, crude fat, proteins, and
carbohydrate and energy) were evaluated using ALASA methods, and elemental analysis
by ICP-OES technique.
Results: The results from nutritional analysis showed that the tuber used for this study
had a low content of crude fat and high content of ash, crude protein, crude fibre, car-
bohydrate and energy having the recommended dietary allowances. The tuber was rich in
major minerals Na, K, Ca and Mg, there was sufficient amount of trace elements Fe, Cu,
and Zn while the anti-nutrients oxalate, phytate, alkaloids, and saponins were detected in
amounts that are not harmful according to Food and Agriculture Organization/World
Health Organization.
Conclusions: The outcome of this study suggests that this wild plant has very good
nutritional potentials to meet the recommended dietary allowance and it could be a cheap
source of essential nutrients that may ameliorate most nutritional challenges and can
contribute remarkably to the amount of nutrient intake in human and animal diet.
1. Introduction

With ever-increasing population pressure and fast depletion
of natural resources, it has become extremely important to
diversify the present day agriculture produce in order to meet
various human needs [1]. This diversification of agricultural
products and their consumption habits has now shed light on a
broader range of plant species, particularly those which are
currently identified as underutilized and these could signifi-
cantly contribute to improved health, nutrition, livelihoods, and
ecological sustainability [2].

These edible wild plants as noted by Afolayan and Jimoh [3]

and Ali-Shtayeh et al. [4] are important sources of dietary
nutrients in food and contribute to the proper growth and
functioning of the body. Based on FAO reports, about 1
billion people especially in developing countries depend on
edible wild plants in their diets [5]. Traditionally, some of
these plants are not only edible but also have high medicinal
properties [6]. An ethnobotanical study carried out [7] revealed
that wild plants play a crucial role in sustenance of life most
especially to the rural dwellers as they depend majorly on
wild plants for food and medicine [8,9]. This has lead
researchers to re-examine each and every plant with a fresh
new approach towards their possible use for food or medicine.
Plants are generally rich in primary metabolites including pro-
teins, carbohydrates, vitamins, sterol and lipids, which are
essential for its survival. These primary metabolites provide the
world with food and are the basis of nutrition for the entire world
[9].

Trace elements that have been implicated in combating a
variety of human ailments and disease are found mainly in
indigenous medicinal plants [10,11]. The functional activities of
specific organs could be affected by the continuous dietary
ingestion of certain elements; which can lead to their
bioaccumulation beyond normal or safe levels [12].

Kedrostis africana (Linnaeus) Cogn. (K. africana) is a
monoecious caudiciform plant, commonly known as “Baboon's
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Cucumber” with lots of herbaceous climbing or creeping vines
growing rapidly from the swollen base, resembling an English
ivy with a tuber. The shoots emerge from a massive underground
tuberous rootstock (or caudex). This tuber is a water-storage
organ that is very resistant to drought [13]. The specie is native
to Namibia and South Africa (Eastern Cape, Free State,
Gauteng, KwaZulu-Natal, Limpopo, Mpumalanga, Northern
Cape, North West and Western Cape). K. africana tuber is
widely used in traditional medicine as an emetic, purgative,
diuretic, anti-dropsy and to treat syphilis [14]. Also, a decoction
from the crushed fresh bulb is taken twice daily for the
management of obesity [15,16]. Keeping in mind its medici-
nal importance, the present investigation was undertaken to
ascertain the nutritive potential of the specie harvested from the
Eastern Cape of South Africa, which has been lacking in the
literature.

2. Materials and methods

The tubers of K. africana used for this study were harvested
in August 2015 at Fort Beaufort in the Amathole District Mu-
nicipality, Eastern Cape, South Africa. This area lies at Latitude
32�43028.6600 and Longitude 26�3405.8800. The plant's identity
was validated by Mr. Tony Dold of Selmar Schonland Herbar-
ium, Rhodes University, South Africa, and a voucher specimen
(Unuofin Med, 2015/2) was prepared and deposited in the Giffen
Herbarium, University of Fort Hare. The bulb was rinsed with
deionised water and gently blotted with paper towel, chopped
into small bits, oven-dried (LABOTEC, South Africa) at 55 �C
for 72 h until constant weight was achieved and then ground into
powder (Polymix® PX-MFC 90D Switzerland).

2.1. Determination of moisture content

The moisture content was determined as published methods
[17]. An empty weighing vessel was oven dried at 105 �C for one
hour, cooled in a desiccator and weighed (W1). A dry sample
weighing (2.000 ± 0.001) g (W2) was put into the vessel and
oven dried at 105 �C until constant weight was attained. This
was then cooled in a dessicator, after which it was weighed
(W3). The percentage moisture was calculated as:

% Moisture content =
W2−W3
W2 −W1

×100

2.2. Measurement of ash content

The ash content was determined as described methods [17]. A
porcelain crucible marked with a heat resistant marker was dried
at 105 �C for 1 h, left to cool in a desiccator and weighed (W1).
Then 2 g of the ground sample was placed in the previously
weighed crucible and reweighed (W2). The crucible with its
content was then ashed first at 250 �C for an hour and at
550 �C for 5 h in a muffle furnace. The samples were allowed
to cool in a desiccator and then weighed (W3). The
percentage ash was calculated as:

% Ash content =
W2−W3
W2−W1

×100
2.3. Determination of crude fat

The powdered sample (5 g) was extracted in 100 mL of
diethyl ether and then placed on an orbital shaker for 24 h. The
extract was then filtered and the ether extract was collected in a
previously weighed (W1) clean beaker. It was thereafter equil-
ibrated with 100 mL diethyl ether and shaken for another 24 h;
the filtrate was collected in the same beaker (W1). The ether was
concentrated to dryness in a steam bath and dried in an oven at
40–60 �C and the beaker was reweighed (W2). The crude fat
content was calculated as:

% Crude fat =
W2−W1

Weight of original sample
× 100

2.4. Determination of crude fibre

A modification of the method described by Aina et al. [18]

was used where 2 g of sample was digested by boiling with
100 mL of 1.25% sulphuric acid solution for 30 min, then
filtered under pressure. The residue was rinsed four times with
boiling water. This process was repeated on the residue using
100 mL of 1.25% NaOH solution. The final residue was then
dried at 100 �C, cooled in a desiccator and weighed (C1). It
was thereafter incinerated in a muffle furnace at 550 �C for
5 h, then transferred to cool in a desiccator and reweighed
(C2). The percentage crude fibre was calculated as:

% Crude fibre =
C2−C1

Weight of original sample
× 100

2.5. Determination of crude protein

The powdered sample (2 g) was digested in a Kjeldahl flask
by boiling with 20 mL of concentrated H2SO4 and a digestion
tablet (catalyst) until the mixture was clear. The digest was
filtered and made up to mark in a 250 mL volumetric flask,
then distilled. The aliquot plus 50 mL of 45% sodium hy-
droxide solution was transferred into a 500 mL round bottom
flask and distilled. 150 mL of the distillate was collected into a
flask containing 100 mL 0.1 N HCl. This was then titrated
against 2.0 mol/L NaOH using methyl orange as indicator. The
end point was indicated by a colour change to yellow.

The % nitrogen content was calculated as:

½ðmL standard acid × N of acidÞ – ðml blank × N of baseÞ�
– ðml std base × N of baseÞ × 1:4007

Weight of sample in grams

where, N = normality, percentage crude protein was obtained by
multiplying the nitrogen value by a factor of 6.25. % crude
protein = Nitrogen in sample × 6.25.

2.6. Determination of carbohydrate

The carbohydrate content was calculated by subtracting the
total crude protein, crude fibre, ash and lipid from the total dry
matter as:
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% Total carbohydrate = 100− ð% Moisture content +% Total Ash
Table 1

Proximate composition of K. africana.

Parameters %

Moisture 3.77 ± 0.14
Total ash 16.28 ± 0.06
Crude fat 1.12 ± 0.42
Crude fibre 25.52 ± 0.23
Crude protein 6.95 ± 0.11
Carbohydrate 46.36 ± 0.23
Energy value (Kcal/100 g) 223.37 ± 0.88

Values are expressed as mean ± SD, n = 3.
+% crude Fat +% Crude Fibre

+% Crude ProteinÞ

2.7. Determination of energy content

The estimated energy value in kilocalorie (Kcal/100 g) was
calculated by summing the multiplied values for crude protein,
crude lipid and carbohydrate respectively, using the factors
(4 kcal, 9 kcal and 4 kcal) as:

Energy valueðkcal=100 gÞ= ½ðcrude protein × 4Þ+ ðcrude fat × 9Þ
+ ðtotal carbohydrate × 4Þ�

2.8. Determination of oxalate content

The modified titration method [18,19] was used to determine
the oxalate content of the plant. The pulverized sample (1 g)
was weighed into a conical flask; 75 mL of 3 mol/L H2SO4

was added and stirred with a magnetic stirrer for an hour. This
was filtered and 25 mL of the filtrate was collected and heated
to 80–90 �C. This filtrate was kept above 70 �C at all times.
The hot aliquot was titrated continuously with 0.05 mol/L of
KMnO4 until the end point revealed by a light pink colour
which persisted for 15 s was reached.

The oxalate content was calculated by taking 1 mL of
0.05 mol/L of KMnO4 as equivalent to 2.2 mg oxalate.

2.9. Determination of phytate content

Phytic acid was determined as described [20]. The sample
(2 g) was weighed into a flask, 100 mL of 2% HCl was added
and allowed to stand for 3 h, after which it was filtered.
25 mL of the filtrate was placed in a separate 250 mL conical
flask with 5 mL of 0.3% ammonium thiocyanate solution as
indicator. 53.5 mL of distilled water was added to give the
desired acidity. This was then titrated with standard iron III
chloride solution (0.001 95 g of iron per mL) until a brownish
yellow colour persisted for 5 min. Phytic acid was calculated as:

Phytic acid (%) = titre value × 0.001 95 × 1.19 × 100

2.10. Determination of saponins

Saponin content was estimated as described [21]. Briefly, 5 g
of the pulverized plant sample was added to 50 mL of 20%
ethanol, kept on a shaker for 30 min and then heated in a
water bath at 55 �C for 4 h. The resulting mixture was filtered
and the residue re-extracted with another 200 mL of 20%
aqueous ethanol. The filtrates were combined and reduced to
40 mL in a water bath at 90 �C. The concentrate was transferred
into a separating funnel, 20 mL of diethyl ether was added, and
shaken vigorously. The ether layer which was the upper layer
was discarded and the aqueous (bottom) layer retained in a
beaker. The retained layer was re-introduced into a separating
funnel and 60 mL of n-butanol was added and shaken vigor-
ously. The butanol extract which is the upper layer was retained
while the bottom layer was discarded. The butanol layer was
washed twice with 10 mL of 5% aqueous sodium chloride. The
remaining solution was collected and heated to evaporation in a
water bath, then dried to constant weight at 40 �C in an oven.
The saponin content was calculated using the equation:

% Saponin content =
Weight of residue

Weight of original sample
× 100

2.11. Determination of alkaloids

The described method [22] was adopted. Briefly, 5 g of plant
extract was mixed with 200 mL of 10% acetic acid in ethanol.
The mixture was covered and allowed to stand for 4 h. This
was filtered and the filtrate was concentrated on a water bath
to a quarter of its original volume. Concentrated ammonium
hydroxide was added in drops to the extract until precipitation
(cloudy fume) was completed. The solution was allowed to
settle, washed with dilute ammonium hydroxide and then
filtered. The residue collected was dried and weighed and the
alkaloid content was calculated using the equation:

% Alkaloid =
Weight of precipitate

Weight of original sample
× 100

2.12. Elemental analysis

The method described [23] using Inductively Coupled
Plasma-Optical Emission Spectrometer (ICP-OES; Varian
710–ES series, SMM Instruments, Cape Town, South Africa)
was used to determine the elemental constituent of the sample.
All analyses were carried out in triplicates.

2.13. Statistical analysis of data

All experiments were carried out in triplicates and the data
expressed as mean ± SD using the Microsoft Excel 2010
spreadsheet.

3. Results

3.1. Proximate composition

The result of the proximal content of K. africana tuber is
presented in Table 1. The moisture content was low
(3.77 ± 0.14)%, with high ash value (8.94 ± 0.28)%. The per-
centage fibre content was relatively high (25.52 ± 0.23)%, crude
fat content was very low (1.12 ± 0.42)%, while crude protein
was (6.95 ± 0.11)%. The carbohydrate content was high
(46.36 ± 0.23)% and the overall estimated energy value of the
whole plant of K. africana was (223.37 ± 0.88) Kcal/100 g.
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3.2. Anti-nutrient factors

The antinutritional composition of K. africana is shown in
Table 2. The saponin content was (1.94 ± 0.42)%, alkaloid was
(0.30 ± 0.08)%, phytate was (2.42 ± 0.17)%, while oxalate
content was (0.298 ± 0.150)%.
Table 2

Anti-nutrient composition of K. africana.

Anti-nutrient %

Phytic acid 2.42 ± 0.17
Oxalate 0.28 ± 0.15
Saponins 1.94 ± 0.42
Alkaloids 0.30 ± 0.08

Each value represents the mean ± SD of three determinations on dry
weight basis.
3.3. Elemental content

The result for the mineral analysis of K. africana whole plant
is presented in Table 3. Calcium content (2505.00 mg/100 g)
was highest compared to other minerals analysed. The potassium
content was 2225.00 mg/100 g, phosphorus was 240 mg/100 g,
magnesium content was 485 mg/100 g, sodium 430.00 mg/
100 g; while iron content was 89.9 mg/100 g, zinc 4.80 mg/
100 g, manganese 3.1 mg/100 g and copper content was 0.1 mg/
100 g.
Table 3

Mineral composition of K. africana.

Mineral mg/100 g DW

Calcium 2505.00 ± 21.21
Magnesium 485.00 ± 7.07
Potassium 2225.00 ± 35.36
Phosphorous 240.00 ± 0.00
Sodium 430.00 ± 14.14
Zinc 4.80 ± 0.28
Copper 0.10 ± 0.00
Manganese 3.10 ± 0.00
Iron 89.90 ± 0.85

Each value represents the mean ± SD of three determinations on dry
weight basis.
4. Discussion

The stability and shelf-life of any food component is deter-
mined by its moisture content [24]. The low moisture content
implies that K. africana may have a long shelf life and
reduced microbial contamination [24]. The high ash value
suggests that the plant is a rich source of mineral since ash
content is an indication of mineral composition. Dietary fiber
encourages the proliferation of advantageous organisms in the
intestinal flora and lessens the risk of colon cancer [25]. The
relatively high fibre content is an indication that the intake of
K. africana could aid digestion, facilitate peristaltic movement
and thus prevent constipation [26]. High fibre intake could lead
to a decline in the incidence of certain diseases associated
with metabolic disorders [27]. However when fibre is present
in abundance, it could negatively affect the absorption of
certain minerals which are beneficial to the body e.g. iron [28].
Dietary lipids improve the taste of food by preserving its
flavours [29]. Excess intake of dietary fat is a major cause of
cardiovascular diseases, cancer, and aging. It has been
suggested that 1%–2% of caloric energy from fat is best for
healthy living [30]. In this regard, the low crude fat content of
K. africana implies that it could prevent certain chronic
ailments in humans associated with lipids. This perhaps
justifies its folkloric use in the management of obesity [15].

Dietary proteins are pivotal in the manufacturing and safe-
guarding of certain organic materials necessary for the smooth
functioning of the human body [31]. The relatively high protein
content of K. africana could make it a useful supplement to
diets with little amount of proteins most especially grains. The
high carbohydrate content makes it a rich source of energy
and this could be used to enrich the energy content of diets
[29]. The low overall estimated energy value of the whole
plant of K. africana can be attributed to its low crude fat and
moisture levels. This corroborates the fact that K. africana as
a low energy food source may be very helpful in weight
management programmes as used by traditional healers.

The saponin content of K. africana was low and within the safe
limit, since an amount below 10% is not hazardous to the body
[32]. High saponin levels in human and animal diets have been
implicated in growth impairment, reduction in bioavailability of
nutrients and inhibition of biochemical reactions that facilitate
breakdown of ingested proteins [33].

Alkaloids are one of the most efficient therapeutic bioactive
substances in plants. For instance, consumption of high tropane
alkaloids will cause rapid heartbeat, paralysis and in fatal case,
lead to death. Uptake of a high dose of tryptamine alkaloids will
lead to the staggering gait and death [34]. Other toxic action
includes disruption of the cell membrane in the gastrointestinal
tract [35]. The alkaloid content recorded in this study was quite
low, mitigating the fear of anti-nutrient activity.

The phytate content of K. africana was low. A dietary phy-
tate content of 1%–6% over a long period decreases the
bioavailability of mineral elements in monogastric animals [36].
The excessive intake of phytate rich diets is associated with
nutritional diseases such as rickets and osteomalacia in
children and adults respectively. However, this anti-nutrient
could easily be removed by soaking, boiling or frying [37].

The presence of oxalate in foods causes irritation in the
mouth and could decrease the absorption of calcium and in-
crease the formation of kidney stone [38,39]. The concentra-
tions of anti-nutrients (saponin, oxalate, phytate and alkaloids)
recorded in this study were however within the safe limit and
may not elicit toxic effect when consumed especially when
thermally treated before use.

Minerals are considered to be essential in human nutrition for
the overall mental and physical well being, as well as important
constituents of bones, teeth, tissues, muscles, blood, and nerve
cells.

The recommended daily allowance (RDA) of calcium for
adults is 1000 mg [40]. Therefore K. africana is capable of
contributing almost three times the RDA for calcium. Calcium
is needed for growth and maintenance of bones, teeth, and
muscle, and as such may be used as supplements in diets low in
calcium ion. Calcium plays a vital role in muscle contraction;
strong bones, neurological function and also to surmount the
problems of high blood pressure, heart attack, premenstrual
syndrome, colon cancer and osteoporosis in old age [41,42].

The RDA for potassium in adults is 4700 mg [43].
K. africana is able to contribute 47% (almost half) of this
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amount if included in the diet. Potassium is effective in reducing
hypertension, maintaining the cardiac rhythm and is also crucial
in many physiological functions [44]. It regulates heartbeat,
neurotransmission and water balance of the body [45].

The magnesium content of this plant is high, and could
contribute about 1.2 times more than the RDA of 450 mg/day
required for humans [46]. Magnesium enhances the beta cells
functions thus preventing onset of diabetes and hypertension
[47]. Also, it has been implicated as necessary for a number of
enzymatic reactions such as oxidative metabolism of nutrients,
cell constituents synthesis, transmission of nerve impulses,
body temperature regulation, detoxification, energy production
and the formation of strong bones and teeth [48].

K. africana is capable of contributing up to 29% of the RDA
of sodium for adults in relation to the 1500 mg recommended
for adults [49]. A ratio of sodium to potassium ion less than one
(Na+/K+ < 1) has been reported to be suitable for reducing high
blood pressure. This therefore suggests that the plant could be a
good dietary supplement for hypertensive patients. Sodium is
involved in the maintenance of osmotic pressure of the body
fluids, irritability of muscles and cell permeability. It plays an
important role in the maintenance of membrane potentials,
transmission of nerve impulses and also in the absorption of
monosaccharides, amino acids, pyrimidines, and bile salts [50].

Phosphorus is an important mineral that aids the absorption
of calcium which is required for growth, maintenance of bones,
teeth and muscles [51]. The potassium content of K. africana is
within the RDA of 200–1000 mg/day for children and adults,
respectively [52]. Phosphorus in association with calcium
contributes to bones and teeth reinforcement especially in
children and nursing mothers [53].

The high amount of iron found in K. africana indicates that
the plant could be a good source of dietary iron and could
contribute almost 5 times more than the RDA of 18 mg/day
needed by adults [54] to overcome the nutritional deficiency of
iron if used as a supplement in the diet. Iron deficiency is a
common nutritional problem affecting many people world-
wide; primarily, it occurs as a result of chronic bleeding,
infections, inadequate intake of bioavailable iron, deficiencies
of folic acid, vitamin A or vitamin B12, pregnancy, increased
requirements throughout growing periods and menstrual losses
in women during reproductive age [55].

The zinc content is relatively high and is able to contribute up
to 34% of the daily requirement for children and adults; since the
RDA for zinc is 4–14 mg/day [52]. Zinc is a vital trace element
and plays an important role in various cell processes including
normal growth, brain development, behavioural response, bone
formation, and wound healing [56]. In addition, it is crucial in
the metabolism of carbohydrates and proteins, vitamin A
storage and synthesis of nucleic acids in cells [57]. The
deficiency of zinc is associated with diseases like Crohn's
disease, hypothyroidism and some viral infections. Zinc has
been reported to boost the immune system, aid in wound
healing, reduce prostate enlargement and stress [58].

The manganese content can contribute about 1.35 times the
recommended RDA value [59]. Manganese plays a crucial role in
skeletal growth and development, and also functions with
vitamin K in the formation of prothrombin. It acts as a
catalyst and co-factor in many enzymatic processes, involved
in the synthesis of fatty acids and cholesterol and is also
necessary for mucopolysaccharide and glycoprotein synthesis
[60,61].
The copper content of K. africana is however below the
RDA of 0.7, or 1.1 mg/day required for children and adults,
respectively [52]. Copper is involved in erythropoiesis, eryth-
rocyte function and regulation of red blood cell survival.
However, high concentration of copper can lead to diarrhoea,
epigastric pain and discomfort, blood in the urine, liver
damage, hypotension and vomiting [62].

The study revealed that K. africana had high fibre, calcium,
iron, manganese, and magnesium contents. The anti-nutrients
content were within acceptable limits and hence may not inter-
fere with absorption of other nutrients. The level of these anti-
nutrients can also be reduced or totally eliminated by prepara-
tion techniques such as soaking, blanching, steaming, boiling
and cooking. K. africana is rich in many macro and micro nu-
trients and can therefore serve as a supplement to prevent many
mineral deficiencies. K. africana should therefore be considered
a plant with great potential in the food, nutritional and phar-
maceutical industries. Further studies on toxicity of K. africana
are on-going to ascertain its possible adverse effects and to
confirm some of the ethno-pharmacological claims.
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