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T

he study examined, for the first time, amino acids and vitamins composition of the yellow aril, seed and fruit epicarp of
Cola lepidota. The mineral elements, proximate and anti-nutritional factors were also determined using standard
procedures. The total essential amino acids ranged from 20.91-33.77 g/100 g, predominated in leucine, valine, phenyl alanine
and lysine. The fruit pulp and epicarp contained substantial amount of ascorbic acid (6.50 and 6.14 mg/100 g) and tocopherols
(5.94 and 4.83 mg/100 g) respectively including B and K vitamins. Analysis revealed higher levels of Na, Ca, Mg, Zn, Cu and
Mn in the fruit epicarp; iron and potassium in aril and seed respectively. The samples were enriched in proximate content and
anti-nutritional factors (phytate, oxalates, cyanide and tannins) were below permissible limits. These findings indicate the rich
nutritional potential of this tasty fruit and further processing into other value added products would encourage conservation,
preservation and reversal of imminent extinction of this under-utilized Cola specie.

Introduction
Fruit is an important component of a balanced diet as they are natural sources of food nutrient needed by human and
animals. Such food nutrient includes protein, vitamins, carbohydrate, minerals and dietary fiber. There is global attraction on
increased food production and impressed on provision of nutritive food for the world population [1], it is of essence to consider
our locally available fruits and to determine their nutrient composition for the integral aim of increasing the production of such
fruits. Edible seeds are endowed with high contents of lipids, proteins, dietary fiber and ashes (minerals); they also contain a
good essential amino acids profile, usually with a low lysine deficiency [2]. African native fruits can aid greater contribution to
nutrition, health and economic development of several countries of the world, given renewed scientific and institutional
framework [3, 4].
The plant under investigation, Cola lepidota, is commonly known as “Monkey kola”. Monkey kola is a collective
nomenclature for a number of minor relatives of the Cola spp that bear edible tasty fruits. Native people of southern Nigeria
and the Cameron eat the fruits, as well as some wild primate animals such as monkeys and baboons. They are members of the
Malvaceae and sub-family Sterculioideae alongside the familiar West African kola nuts (Cola nitida), grown for their
masticatory and stimulating nuts [5, 6].
The caulescent follicles of C. lepidota is comprised of one or two seeds hinge on the fruit length (3.2-8.2 cm), ovoid or
semi-spheroid shape. Finely pubescent and scaly rough dark brown exocarp characterized follicle. Seeds (reddish brown or
green in colour) are obliquely ovate with two flattered rough surfaces. The yellowish aril (waxy mesocarp) form the edible part
of the follicle (Figure 1). C. parchycarpa possess relatively the most prominent fruit sweetness taste, followed by C. lepidota
and C. lateritia [7]. Proximate, antinutrients, mineral elements analyses and antioxidant activity of C. lepidota, C. parchycarpa
and C. lateritia fruits’ pulp have been reported [8-12]. The nutritive value of juice and jam produced from the pulp of the
monkey kola fruits have been investigated [13, 14]. Fabunmi & Arotupin [15] suggested from their findings that the husk and
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white shell of slimy kola nut (C. verticillata) could be used as a blend in animal feed. Research also revealed that about 50% of
kola nut husk meal could replace maize diets of rabbits [16].
The assessment, identification, characterization, and domestication of various neglected and underutilized species have been
highlighted as significant toward the conservation and prevention of continuous exploitation as well as extinction of rich plant
genetic diversity [17]. Therefore, in continuation of our research on the nutritional composition of the poorly studied and
underutilized plants [18], this work provides the first report on the characterization of the amino acids and vitamins, in addition to
the mineral elements, proximate and anti-nutrients profiles of aril, seed and fruit epicarp of the endangered plant, C. lepidota.

Figure 1. Cola lepidota fruit pulp and epicarp.

Materials and Methods
Sample Collection and Identification
The fruits of C. lepidota were purchased from a local market in Essien Udim Local Government Area, Akwa Ibom State, in
July 2015. The plants were identified and authenticated by M. E. Bassey, a taxonomist in the Department of Botany and
Ecological Studies, University of Uyo, Nigeria where voucher specimens were deposited.
Determination of Amino Acid
The amino acid profile was determined using the method described by Benitez [19]. The sample was dried to constant
weight and defatted using Soxhlet extractor. The defatted sample (2 g) was weighed into a glass ampoule; 7 mL of 6 M HCl
was added and oxygen was expelled by passing nitrogen into the glass ampoule sealed with Bunsen burner flame and placed in
an oven at 105±5°C for 22 hours. The ampoule was allowed to cool before broken at the tip and the content was filtered to
remove the organic matters. The filtrate was then evaporated to dryness at 40°C in a hot air oven. The residue was dissolved in
5 ml of acetate buffer (pH 2.0) and stored in specimen bottles which were kept in the freezer. The hydrolysate (7.5 µL) was
dispensed into the cartridge of the Technicon Sequential Multi-Analyser (TSM) using a syringe. The TSM analyser is designed
to separate and analyse neutral, acidic and basic amino acids of hydrolysate. The amount of amino acids was obtained from the
chromatogram peaks. The whole analysis lasted for 76 minutes and the gas flow rate was 0.50 mL per minute at 60°C with
reproducibility consistent within ±3%.
Vitamins Determination
The vitamins profile of the samples were analysed by methods of AOAC [20] with slight modifications. The sample (0.1 g)
was extracted and concentrated to 1.0 ml for chromatographic analysis.
Chromatographic conditions: Analytical column, 30 m x 0.25 mm x 0.25 µm HP 5; oven program, initial at 50°C for 2 mins;
first ramp at 10°C /min for 20 mins, maintain for 4 mins; second ramp at 15°C/min for 4 mins, constant for 2 mins; injector
temperature: 250°C, 20:1 split ratio; temperature of PFPD detector: 320°C; carrier gas, nitrogen; flow rate: 1.0 ml/min. The
vitamins were identified by comparing their retention times to those of a standard mixture of vitamins and the peak areas were
integrated.
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Mineral Element Composition
The elemental composition of the samples was determined following the method of Idouraine et al. [21]. The sample (1
g) was dried-ashed in a muffle furnace at 550°C for 5 h until a white ash was obtained. The minerals were extracted from
ash by adding 3 ml of concentrated HNO3 (63%). The digest was carefully filtered into 100 mL standard bottle and made up
to mark with distilled water. Minerals elements (Na, K, Ca, Mg, Zn, Cu, Mn and Fe) were estimated with the use of a flame
photometer (Jenway model PFP7) and atomic absorption spectrophotometer (Perkin Elmer model 703, USA). The
instruments were calibrated with standard solutions containing known amounts of the minerals being determined, using
analytical reagents.
Proximate Compositional Analysis
Protein, crude fibre, fat, moisture and ash contents of the samples were determined by the method of AOAC [20].
Carbohydrate content was calculated by difference [22].
Determination of Anti-nutritional Factors
Extraction and precipitation of phytates were carried out through phytic acid determination using the procedure
described by Lucas & Markaka [23]. Tannin values were obtained by adopting the method of Jaffe [24]. The alkaline
picrate method [25] was used for cyanogenic glycoside determination while oxalates content was determined using
titration methods [26].

Results and Discussion
The amino acid profile of C. lepidota is presented in Table 1. Analysis revealed the relative abundance of essential amino
acids in the seeds and fruit epicarp. The dominant occurrence of constituents followed the order: leucine (3.81-6.98 g/100 g),
valine (3.59-4.5 g/100 g), phenyl alanine (3.08-5.11 g/100g) and lysine (2.94-4.51 g/100 g). Glutamic acid and aspartic acid
were the major non-essential amino acids in the samples. Eleyinmi et al. [27] reported that Garcinia kola hulls contain higher
amount of the essential amino acids, lysine, leucine and valine, compared with the seeds. The identified content of essential
amino acids in this study is comparable with the reported content in C. acuminata [28], however higher in content than G. kola
(112.90 mg/g) [28] and G. kola seed and hull (11. 10 g/kg and 28.0 g/kg respectively) [27]. Amino acids are the building
blocks for proteins, and in the free state, they play a significant function in the taste and sensory expression of numerous foods
[29]. Glycine and analine bestow sweetness, while valine is bitter and glutamin furnish umami [30]. This may account in part
for the relative low content of valine in the sweet pulp of C. lepidota in this study compared with the seed. The essential amino
acids (EAA) to non-essential amino acids (NEAA) ratio was 0.43, 0.41 and 0.40 respectively for aril, seed and fruit epicarp;
this is comparable with gonads of sea urchin, Stomopneustes variolaris, (EAA:NEAA, 0.5). Usually in marine foods,
EAA:NEAA greater than 0.5 indicates a useful source of dietary proteins [31].
The yellow aril of C. lepidota contained high amount of vitamin B1 (0.249 mg/100g), B2 (0.125 mg/100 g), B3 (0.940
mg/100 g), B6 (0.235 mg/100 g), B9 (0.174 mg/100 g), C (6.497 mg/100 g) and E (5.936 mg/100 g) than the seed and
epicarp; vitamin A (0.004 mg/100 g), B5 (0.49 mg/100 g) and K (0.002 mg/100 g) were found predominant in the seed
compared with other samples. However, the fruit pericarp showed major constituents in vitamin B3 (0.654 mg/100 g), B6
(0.164 mg/100 g), B9 (0.103 mg/100 g), C (6.137 mg/100 g) and E (4.826 mg/100 g) compared with the seed (Table 2). A
relative narrow spectrum of vitamins profile of juice and jam developed from C. lepidota and C. parchycarpa fruit pulps
[13, 14] reveal lower concentrations of vitamin B1 and B2 compared to the unprocessed fruit in this study. The observed
differences in vitamins level in both studies, may be attributed to processing. Vitamins are relatively labile and can be
destroyed during processing and storage of food [32]. The juice obtained from the yellow pulp specie was also reported to
contain higher levels of vitamins than the white pulp juice [13]. Vitamins are a broad group of organic compounds that are
minor, but significant components of food required for normal growth, self-maintenance, and functioning of human and
animal systems. They play diverse specific and indispensable functions in metabolism, and their deficiency produces
specific diseases [32].
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Table 1. Amino acids composition (g/100 g) of Cola lepidota.
Amino acid
Lysine
Threonine
Cysteine
Valine
Methionine
Isoleucine
Leucine
Tyrosine
Phenylalanine
Total (EAA)
Histidine
Arginine
Aspartic acid
Serine
Glutamic acid
Proline
Glycine
Alanine
Total (NEAA)
Total Amino Acids
EAA/NEAA

Fruit pulp
2.94
2.61
0.97
3.59
0.59
1.83
3.81
1.49
3.08
20.91
1.30
3.66
5.65
3.00
6.11
1.97
2.51
2.98
27.18
48.09
0.43

Seed
4.12
3.52
1.52
4.50
1.69
3.29
6.98
3.31
4.84
33.77
2.98
5.62
9.53
3.20
15.21
3.48
4.20
3.48
47.7
81.47
0.41

Fruit pericarp
4.51
3.58
1.52
3.65
1.34
3.59
6.81
2.65
5.11
32.76
2.86
7.40
10.10
3.41
13.57
3.36
4.20
4.10
49.0
81.76
0.40

EAA, essential amino acids; NEAA, non-essential amino acids; c Values are means of three replicate readings.
Table 2. Vitamins composition (mg/100 g) of Cola lepidota.
Vitamin
Retinol (vitamin A)
Thiamine (vitamin B1)
Riboflavin (vitamin B2)
Nicotinamide (vitamin B3)
Pantothenic acid (vitamin B5)
Pyridoxine/pyridoxal hydrochloride (vitamin B6 )
Folic acid (vitamin B9)
Ascorbic acid (vitamin C)
Tocopherol (vitamin E)
Phylloquinone (vitamin K1)

Fruit pulp
0.000269
0.249287
0.124707
0.939537
0.000003
0.235147
0.174020
6.496900
5.935880
0.000012

Seed
0.004305
0.152234
0.069144
0.547934
0.489768
0.138230
0.000046
0.527443
3.713580
0.001924

Fruit pericarp
0.000201
0.108706
0.046952
0.654485
0.000003
0.163988
0.103248
6.136570
4.826340
0.000006

The mineral elements content of C. lepidota aril, seed and fruit pericarp are presented in Table 3. Analysis revealed higher
levels of Na, Ca, Mg, Zn, Cu and Mn in the fruit epicarp compared with the pulp and seed; however, potassium was below
detection limit. Interestingly, the aril contained significant amount of essential mineral elements (especially Fe and Mg), and a
relative low amount of sodium (1725 mg/Kg); this fruit part is cherished as food which is an added advantage due to the direct
relationship of sodium intake with hypertension in human [33]. The zinc content could mean that the plants can play a valuable
role in the management of diabetes, which results from insulin malfunctioning. Zinc is significant for the production of insulin,
a hormone and carbonic anhydrase, an enzyme in the body [34]. The relative high concentration of calcium (5000 mg/Kg) in
the fruit epicarp could be implicated in the maintenance of firmness of fruits [35] and its requirements in fruits are related to
cell wall stability and membrane integrity [36]. The rich Ca and Mg content of C. lepidota fruit epicarp could be exploited in
animal feed blends with nutrient requirements in Ca and Mg. Eneobong et al. [12] also indicated that calcium and magnesium
were the most abundant minerals in the fruit pulp of C. parchycarpa and C. lepidota. High amount of some essential minerals
in the endocarp of C. lepidota relative to the exocarp has been documented by Osabor et al. [11].
Table 3. Mineral elements composition of Cola lepidota (mg/Kg).
Minerals
Na
K
Ca
Mg
Zn
Cu
Mn
Fe

Fruit pulp
1725
730
250±0.03
59400±0.02
41.0±0.07
11.0±0.006
29.5±0.61
337±0.18

Seed
1135
1375
125±0.007
59850±0.02
23.5±0.12
7.50±0.005
30.0±0.003
87.5±0.02

Fruit pericarp
1835
BDL
5000±0.03
88650±0.013
55.5±0.13
18.0±0.003
36.5±0.04
170±0.004

BDL=Below Detection Limit

The proximate analysis of C. lepidota seed, fruit pulp and epicarp is indicated in Table 4. Moisture content was highest in
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the pulp (55.0%) and ash content in both pulp and fruit epicarp which indicates the presence of some nutritionally important
mineral elements. The result also revealed a significant amount of carbohydrate (80.68-86.07%) and protein (6.12-8.28%)
compared with previous reported data [8, 37]. Ogbu et al. [8] showed that C. lepidota waxy aril contain moisture (82.6 g/100
g), fibre ash (1.58 g/100 g), carbohydrate (25.8 g/100 g) and crude protein (1.75 g/100 g). The yellow aril and seed of C.
lepidota contain moisture (10.14 & 6.08%) and ash (3.87 & 2.48%) respectively [37]. Research has shown that the moisture
content of plant foods depends on factors such as, harvesting time, maturation period and environmental conditions: humidity
and temperature in growing period, and storage conditions [38]. Lipid content varied from 0.73% (fruit epicarp) to 1.53% (fruit
pulp) and calculated energy values (362.27-381.81 kCal/100 g) in the present study. Lipid compounds such as free fatty acids,
tri-, di- and monoglycerides, phospholipids, tocopherols, sterols and derivatives can be isolated from plant tissues as crude fat
[38]. Nwiisuator et al. [37] observed that proximate contents were higher in the yellow arils compared with the seeds of C.
lepidota, except for fats and carbohydrates. A relative lower proximate content is also documented for juice developed from C.
parchycarpa and C. lepidota pulp [13].
Table 4. Proximate composition of Cola lepidota.
Parameter
Moisture (%)
Ash (%)
Fibre (%)
Protein (%)
Lipid (%)
Carbohydrates (%)
Caloric value (kCal/100 g)

Fruit pulp
55.00±0.50
4.53±0.025
3.47±0.025
6.12±0.185
1.53±0.026
84.33±0.165
375.31±0.719

Seed
24.80±0.22
2.84±0.015
2.44±0.038
8.05±0.350
0.59±0.021
86.07±0.385
381.81±0.141

Fruit pericarp
30.50±0.05
5.90±0.00
4.41±0.021
8.28±0.404
0.73±0.115
80.68±0.230
362.27±0.580

The anti-nutrients analysis revealed the presence of phytates (14.2-30.77 mg/100 g) and total oxalates (66.0-133.8 mg/100
g); the cyanide (0.2-0.81 mg/100 g) and tannins (0.15-1.52 mg/100 g) levels were relatively low (Table 5). The total oxalate
matrix was found to contain more soluble portions compared with the insoluble components. A number of researchers report
soluble and insoluble oxalate as separately measurable components of the oxalate content of foods [39, 40]. In foodstuff, oxalic
acid is essentially found as either sodium or potassium oxalate, which are water soluble, or calcium oxalate, which is insoluble.
Magnesium oxalate is also poorly soluble in water, although the contribution of this salt to the insoluble fraction of oxalate in
food is uncertain. The tendency of a specific food to raise urinary oxalate rely both on oxalate content and efficiency of
absorption, because it has been verified that little oxalate catabolism occurs after absorption and >90% of absorbed oxalate can
be recovered in the urine within 24–36 h [41]. Osabor et al. [11] reported lower levels of cyanide, phytates and soluble oxalates
in the fruit endocarp and exocarp of C. lepidota compared with our present findings; however, below the permissible toxic
levels [42] and indicate probable lack of interference with the availability of mineral elements.
Table 5. Anti-nutrients composition (mg/100 g) of Cola lepidota
Anti-nutrient
Cyanide
Phytates
Tannins
Soluble oxalates
Insoluble oxalates
Total oxalates

Fruit pulp
0.80±0.001
14.20±0.006
0.63±0.002
79.20±0.00
22.00±0.020
101.20±0.020

Seed
0.81±0.00
17.59±0.002
1.52±0.004
39.60±6.222
26.40±0.00
66.00±6.222

Fruit pericarp
0.20±0.001
30.77±0.021
0.15±0.00
74.80±6.222
59.00±14.99
133.80±14.99

Conclusions
Cola lepidota seed, fruit endocarp and epicarp contain substantial amount of amino acids, vitamins and mineral elements
required for nutrition. The anti-nutritional factors were below permissible toxic levels. The results also provide value-added
potential to the seeds and fruit epicarp of C. lepidota (for exploitation in the formulation or fortification of animal feeds) which
hitherto were less appropriated compared to the yellow aril. Furthermore, intensified scientific research on this underutilized,
economic and nutritional viable specie would serve as a necessary step towards its conservation and reverse the likelihood of
its extinction.
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