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ABSTRACT

Aim: This study was carried out to evaluate the amino acid composition, protein quality, and
mineral content of Dacryodes edulis seed and seed coat mixture.

Methodology: Ethanol extract of the sample was obtained and analyzed using HPLC amino acid
auto analyzer for the evaluation of amino acids, and an atomic absorption spectrophotometer for
the mineral content analysis.

Results: Leucine (7.68 g/100 g), lysine (6.44 g/100 g) and arginine (5.08 g/100 g) were the highest
occurring essential amino acids, while glutamic acid (15.06 g/100 g), aspartic acid (11.73 g/100 g)
and proline (4.09 g/100 g) were the highest occurring non-essential amino acids. Results for the
amino acid groups followed the order; Total non-essential amino acid (TNEAA) > Total essential
amino acid (TEAA) with His > Total essential amino acid (TEAA) without His > Total acidic amino
acid (TAAA) > Total branched chain amino acid (TBCAA) > Total basic amino acid (TBAA) > Total
aromatic amino acid (TArAA) > Total sulphur amino acid (TSAA). For the protein quality indices,
the predicted protein efficiency ratios (P-PERs |, Il, and IIl) were 2.63, 2.65, and 2.06 respectively,
while the Essential amino acid index (EAAI) and Leu/lle were 1.51 and 1.89 respectively. Only
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tryptophan exceeded the reference scoring pattern. The result of elemental analysis showed
calcium, phosphorus, magnesium, and zinc as the four highest occurring minerals, while only the
Ca/P, Cal/K, Ca/Mg, and [Ca]/[Phy] results fell within their reference values.

Conclusion: This study has shown that D. edulis seed and seed coat mixture lacks majority of the
recommended mineral proportions, and requires additional supplementation to equal the amino
acid scoring patterns, but can be harnessed to ameliorate tryptophan related deficiencies.

Keywords: Dacryodes edulis; amino acids; protein quality; minerals; phytate.

1. INTRODUCTION

Dacryodes edulis is an evergreen shade loving
species of tropical humid non-flooded forest [1]
indigenous to countries like Liberia, Nigeria,
and Cameroon [2]. The plant belongs to the
Burseracea family possessing numerous
nutritional and medicinal benefits [3], where the
seeds are utilized for the propagation of its fruits.
The fruit is made up of a seed enclosed by a
seed coat and then a pulpy pericarp. The pulp is
the edible portion of the fruit that can be
consumed cooked, raw, grilled in an oven, or
roasted in hot ash. In Nigeria, the pulp can be
eaten alone or with fresh maize. The nutritional
importance of the fruit has been mainly due to
the content of the pulp which is rich in amino
acids, vitamin C, and fatty acids [4]. Both the
seed and fruit are rich in proteins, fats and oil,
and vitamins and minerals which makes it an
important source of nutrition, capable of
promoting its commercialization [5] and to
possibly strengthen food security as well as
reduce poverty. The fruits are also utilized for the
production of edible oils used for cosmetic,
nutritional, and pharmaceutical purposes [6,7,8].
The seeds of D. edulis contains about 18-70% oil
which are mainly arachidonic acid along with
other fatty acids [9], making the seed comparable
to other popularly consumed seed sources of
edible oils [10]. The applicability of the seed as a
food supplement has also been investigated [11].
Since the seed and seed coat are usually
discarded after consumption of the pulp, its
utilization for various nutritional and medicinal
purposes will neither threaten food supply nor
cause food shortage. Besides this, due to
worldwide need for cheap sources of nutrients
especially proteins for low income groups in
underdeveloped and developing countries,
efforts are now vastly tailored towards the
development of low cost proteins of plant origin
[12]. Protein and calorie malnutrition is regarded
as one of the major challenges faced by
developing countries more especially for infants
and pregnant women. In this case, the availability
of plant sources of proteins becomes vital due to

high costs of animal sources of proteins.
Notwithstanding that conventional legumes have
been very helpful sources of proteins in these
countries, their production is also presently
insufficient to carter for the teeming population as
well as provide for animal feed [13]. Hence, the
search for unconventional leguminous sources of
proteins remains a continuous activity. Recent
studies on D. edulis fruit have mostly accounted
for the production and characterization of the
seed oil [14,10] whereas the mineral, amino acid,
and protein quality evaluations are yet to be
extensively studied. In fact, as of the time of this
present study, no study has been carried out on
the nutritional assessment of the mixture of
D. edulis seed and seed coat. It is on this basis
that this study was undertaken to provide
information on the amino acid composition,
protein quality, and mineral content of D. edulis
seed and seed coat mixture.

2. MATERIALS AND METHODS
2.1 Sample Collection and Identification

The seed and seed coat of Dacryodes edulis
used for the study were obtained from Choba
Market in Obio-akpor L.G.A, River State Nigeria
and identified at the Department of Plant Science
and Biotechnology, University of Port Harcourt,
Choba, Rivers State, Nigeria.

2.2 Sample Preparation

The seed and seed coat were washed thoroughly
and allowed to dry at room temperature. The
dried seed and seed coat (200 g) were oven
dried at a temperature of 60t between 3 to 4
days, ground together to fine powder with an
electric grinder, packaged in air tight glass jar,
and stored at room temperature to prevent
moisture and dust, until analysis were carried
out.

2.3 Preparation of Extract

The powdered seed and seed coat mixture
(100 g) was introduced into a soxhlet extractor
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with a reflux condenser attached, and extracted
with 500ml of ethanol for 12 hrs. The ethanol
solvent was removed by placing the extract on a
rotary evaporator, thus concentrating the
extract.

2.4 Amino Acid Determination

The amino acid analysis was carried out using a
HPLC amino acid analyzer (Sykam-S7130)
according to the method of ljarotimi and Olopade
[15]. Hydrolysates of the sample were obtained
following the procedure of Moore and Stein [16].
The sample (200 mg) was transferred into a
hydrolysis tube containing 5 ml of 6 N HCL, and
afterwards tightly closed and incubated for 24 h
at 110<C. After incubation and filtration, the
filtrate (200 ml) was evaporated to dryness at
140<C for one hour and diluted with 1 ml of 0.12
N, citrate buffers (pH 2.2) similar to the amino
acid standards. Then, the sample hydrolysate
(150 ul) was injected in a cation separation
column at 130C. Ninhydrin solution and an
eluent buffer (containing solvent A, pH 3.45
and solvent B, pH 10.85) were delivered
simultaneously into the high temperature 16m
length reactor coil at a flow rate of 0.7 ml/min.
The buffer/ninhydrin mixture was heated in the
reactor for 2 minutes at 130C and the mixture
were detected at wavelengths of 570 nm and 440
nm on a dual channel photometer. The amino
acid composition was calculated from the areas
of standards obtained from the integrator and
expressed as percentages of the total protein.

To determine the tryptophan content, sample
aliquot (100 mg) was dispersed into glass
ampoules together with 1 ml 5 M NaOH. The
ampoules were flame sealed and incubated at
110<C for 18 hours. The tryptophan contents of
the alkaline hydrolysates were determined
calorimetrically using the methods of Spies and
Chambers [17] as modified by Rama Rao et al.
[18].

2.5 Determination of Protein
Parameters

Quality

The method of Adeyeye [19] was applied for the
determination of TAA (Total Amino Acid),
TEAA/TAA (ratio of total essential amino acid to
total amino acid), TNEA/TAA (ratio of total non-
essential amino acid to total amino acid),
TArAA (Total aromatic amino acid), TBAA (Total
basic amino acid), TAAA (Total acidic amino
acid), and TSAA (Total sulfur-containing amino
acid).

The regression equation methods of Chavan
et al. [20] was followed for the determination of
the predicted PER values of D. edulis seed and
seed coat mixture;

. PER =-0.684 +0.456(Leu) - 0.047(Pro)

. PER =-0.468 + 0.454(Leu) - 0.105(Tyr)

. PER =-1.816 + 0.435(Met) + 0.780(Leu) +
0.211(His) - 0.944(Tyr).

The essential amino acid index (EAAI) was
calculated following the method of Steinke et al.
[21], as shown below;

EAAI=

9 mgof Lysin1g of test protein X 8 essential amino acids +His
mgof Lysinlgof Reference protein

The amino acid scores were calculated as the
ratio of 1 mg of amino acid per g of test protein to
1 mg of amino acid per g of standard protein
x100.

The reference pattern of essential amino acid
requirements (g/100 g of protein) as provided by
Adeyeye et al. [22] was used as the standard.
2.6 Mineral Content, Mineral Ratio and
Phytate Determination

Wet digestion of samples (5 ml) using a mixture
of concentrated HNO; and 60% (v/v) HCIO, was
carried out according to the method of AOAC
[23] where the organic matter in the sample was
digested and afterwards diluted to a final volume
of 25 ml with deionized distilled water. The levels
of Na, K, Ca, Fe, Mg, P, Mn, Cu, and Zn in the
samples were thus evaluated using an atomic
absorption spectrophotometer (Buck Scientific
model 210 VGP) and flame photometer (Jenway
model). The sulphate contents of the food
samples were determined turbidimetrically
according to AOAC [24]. The chloride level was
determined titrimetrically using the method of
AOAC, [24]. The mineral ratios were determined
as described by David [25], while the phytate
content was evaluated using the method of
Schroeder et al. [26]. The method of Igwe et al.
[27] was employed for the calculation of
[phytate]/[zn], and [Ca]/[phytate], as described
below;

[phytate]/[zn] = [phytate (mg/100 g) / 660]
/[zinc (mg/100 g) / 65.38]

[Ca]/[phytate] = [calcium (mg/100 g) / 40.08] /
[phytate (mg/100 g) / 660]
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3. RESULTS AND DISCUSSION

The essential and non essential amino acid
constituent of D. edulis seed and seed coat
mixture are presented in Table 1. Leucine, lysine,
and arginine were the highest occurring essential
amino acids recorded in Table 1. The occurrence
of leucine in this present study was in line with
the reports of Olaofe and Akintayo, [28] that
observed leucine as the most concentrated
amino acid in Nigerian plant products.
Ogungbenle and Oladipe [29] recorded much
higher contents of leucine, lysine, and arginine
from Nicker beans. Aremu et al. [30] reported
lower contents of these amino acids in cranberry
beans and cowpea. Leucine is a branched chain
amino acid that induces the activation of mTOR
as well as promotes the stimulation of muscle
protein synthesis [31]. Fontana et al. [32] have
reported that adiposity results from the
decreased dietary intake of leucine. Smriga et al.
[33] have hypothesized that lysine is an anxiolytic
agent through the reduction of stress markers
like cortisol, as well as reduces anxiety induced
diarrhea. Further, Chen et al. [34] have shown
that immunodeficiency results from deficiency of
lysine, while rich dietary sources of lysine have
been found helpful against incidence of stroke,
as well as normalizes blood pressure [35].
Arginine has well known roles in hormone
release, wound healing, cell division and other
immune functions [36,37,38]. The phenylalanine,
valine, threonine, and isoleucine concentration of
D. edulis seed and seed coat mixture recorded in
Table 1 were 4.69, 4.55, 4.28, and 4.06 g/100 g
respectively. Luffa cylindrica seed [39] produced
lower phenylalanine and valine contents when
compared to the results of this study for D. edulis
seed and seed coat mixture. However, E. gigas
[29] provided much higher phenylalanine and
valine content than that of D. edulis seed and
seed coat mixture evaluated in this study. Seeds
from Bixa orellana and Hibiscus esculentus were
reported by Glew et al. [40] to contain higher
threonine content than D. edulis seed and seed
coat mixture shown in this study. From the
reports of Adeyeye, [19] cooked and roasted
seeds of Arachis hypogea produced lower
isoleucine contents while the raw samples of the
seed had comparable threonine content when
compared to those for D. edulis seed and seed
coat mixture presented in this  study.
Phenylalanine is the precursor for the synthesis
of catecholamines, while valine promotes insulin
sensitivity and as well, essential for the self-
renewal of hematopoetic stem cell [41]. Titchenal
et al. [42] observed that deficiency of threonine

leads to neurologic dysfunction and lameness
while Nishimura et al. [43] reported that
supplementation with isoleucine causes a
reduction in lipid mass and reduces weight gain.
Histidine, methionine and tryptophan were the
least occurring amino acid in D. edulis seed and
seed coat mixture, with tryptophan, the limiting
amino acid. The occurrence of histidine shown in
this study was in similar proportions to defatted
walnut [44] but higher than those for the
endosperm and sarcotesta portions of Carica
papaya seeds [45]. The methionine contents of
D. edulis seed and seed coat mixture reported in
this study were higher than the findings of
Bolanle et al. [46] for P. guineense and
B. eurycoma, while the amount of tryptophan
recorded in D. edulis seed and seed coat mixture
were comparable to that of Bombax constatum,
but higher than that of C. papaya seeds [45].
Bolanle et al. [46] observed that histidine is a
precursor  for  histamine  necessary for
inflammation while methionine is required for
choline synthesis that forms lecithin and other
phospholipids in the body. Tryptophan, in
addition to its importance in protein synthesis,
serves as a precursor for niacin, and serotonin.
Glutamic acid (15.06 g/100 g), and aspartic acid
(11.73 ¢/100 g), were among the highest
occurring non essential amino acids in the
sample. Both the glutamic acid and aspartic acid
of the sample evaluated in this present study
were comparable to that of Adansonia digitata
[40], but higher than the aspartic and glutamic
acids contents of the legumes; Brachystegia
eurycoma and Piper guineense [46]. Proline,
serine, and alanine contents of D. edulis seed
and seed coat mixture were 4.09, 3.83, and 3.83
0/100 g respectively (Table 1). These values
were lower than those for Pumpkin and Tiger nut
seeds [47]. Tyrosine, glycine and cysteine were
the least constituent amino acids of D. edulis
seed and seed coat mixture. Notwithstanding the
level of occurrence of these non-essential amino
acids, it is expected that in addition to food
sources, the amount synthesized by the body
can provide sufficiently for the dietary needs of
the amino acids.

The total amino acid, amino acid groups,
percentage compositions and protein quality
indices of D. edulis seed and seed coat mixture
were shown in Table 2. The total amino acid
(88.41) was comprised of 46.58 @g/100 g
(52.69%) total non-essential amino acid
(TNEAA), 41.83 g/100 g (47.31%) total essential
amino acid (TEAA) with His, and 39.11 g/100 g
(44.23%) total essential amino acid (TEAA)
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without His. These percentage compositions
clearly imply that the amount of total essential
amino acids were lower than that of non
essential amino acids. Also, it shows that
histidine had a percentage composition of 3.08%.
The total amino acid contents in this study was
lower than those reported for Mucana puriens
seed [48], and Lophira lanceolata seeds [49], but
higher than fermented cocoa nibs (70.8 g/100 g)
and B. sapida (48.13 g/100 g) [50]. In addition,
the report for TNEAA, TEAA with and without
His, for B. eurycoma and P. guineense [46] were
lower than those reported for of D. edulis seed
and seed coat mixture. The total essential amino
acid without His (39.11 g/100g) met the FAO
requirements (35.0 g/100 g) for essential amino
acids without Histidine [51]. Furthermore, the
occurrence of TArAA (9.19 g/100 g) in this study
was ideal for infants according to the reports of
Adeyeye et al. [50] while the TSAA (2.64 g/100
g) recorded in this study fell below that (5.8 g/100
g) for Pre-school children [51]. The TAAA (27.69
0/100 g) was higher than the TBAA (14.24 g/100
g) indicating that the protein is probably acidic.
The TBCAA (16.29) was higher than TBAA,
TArAA and TSAA. Monirujjaman and Ferdouse,
[52] posited that BCAAs participates in skeletal
muscle degradation and protein synthesis, and
together with ArAAs may influence an individual's
behavior through the influence on the synthesis
of some neurotransmitters [53,54]. FAO/WHO,
[55] recommends the predicted protein
efficiency ratio (PER) as one of the quality
parameters used for protein evaluation. P-PERs
values were higher than that of sorghum and
millet ogi (0.27 and 1.62 respectively) [56], and
pigeon pea (1.82) and cowpea (1.21) [57]. The
EAAI is tool useful for the protein quality
evaluation of food formulations, notwithstanding
that the application of various processing
methods limits its usefulness in assessing
differences in protein quality [58]. The EAAI
recorded in this study (1.51) was higher than that
for soy flour [58], raw and cooked groundnut
seeds [19], and B. eurycoma, and P. guineense
[46]. The Leu/lle balance is a useful indicator in
the regulation of niacin and tryptophan
metabolism [59]. The Leu/lle (1.89) recorded in
this study shows higher leucine bioavailability,

thus indicating that this sample can be
useful during leucine related deficiency
diseases. The values recorded for TEAA

(+His) /TAA (0.47) and TEAA (-His) /TAA (0.44)
shows that His contribution to the TEAA is minor,
while the TBAA/TAAA of <1 shows the acidity
of the protein content of the sample under
study.

Table 1. Amino acid composition (g/100 g) of
D. edulis seed and seed coat mixture

Amino acid Value (g/100 g)
Essential amino acids

Lysine 6.44+0.13
Histidine 2.72+0.17
Arginine 5.0840.11
Methionine 1.25+0.12
Threonine 4.28+0.04
Isoleucine 4.06+0.05
Valine 4.55+0.02
Leucine 7.68+0.04
Tryptophan 1.08+0.05
Phenylalanine 4.69+0.45

Non-essential amino acids

Alanine 3.8310.01
Aspartic acid 11.73+0.59
Cysteine 1.3940.11
Glutamic acid 15.06+0.61
Glycine 3.2340.12
Proline 4.09+0.06
Tyrosine 3.4240.13
Serine 3.83+0.05

Values are means and standard deviations of triplicate
determinations

The amino acid scores of D. edulis seed and
seed coat mixture are shown in Table 3.
Phenylalanine + tyrosine produced the highest
score followed by lysine. Only the tryptophan
scores (1.08) of D. edulis seed and seed coat
exceeded the scoring pattern (1.0). Amino acid
score provides information on the levels of
individual amino acids in a food relative to the
need for that amino acid. Methionine + cysteine
were observed to be the limiting amino acids with
a score of 0.75. This implies that the sample is to
be consumed for 4.67 times to attain the levels of
the scoring pattern for Methionine + cysteine.

The mineral composition of D. edulis seed and
seed coat mixture is shown in Table 4. The result
show that calcium (152.23 mg/100 g) is the most
abundant element found in D. edulis seed and
seed coat mixture, followed by phosphorus
(50.53 mg/100 g), and magnesium (19.11
mg/100 g). Seeds of Cucurbita pepo [60]
contained much lower calcium content,
comparable phosphorus content, but a higher
magnesium content, when compared to the
result of this present study for D. edulis seed and
seed coat mixture. The reports of Agomuo et al.
[61] showed higher Ca and Mg contents of both
Treculia africana (breadfruit) and Citrullus
vulgaris (melon seeds) than those for D. edulis
seed and seed coat mixture presented in this
study. Calcium plays central roles for the normal
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functioning of muscles and nerves, while
deficiency of magnesium leads to serious muscle
twisting that could cause convulsion and possibly
death [62]. Phosphorus occurs in inorganic form
in phospholipids, ATP, nucleic acids etc. Sodium
(7.68 mg/100 g) and potassium (4.67 mg/100 g)
were the least occurring macrominerals in this
study. Bambara groundnut [63] and cowpea [64]
had comparable sodium contents with those for
D. edulis seed and seed coat mixture presented
in this study, however, the sodium content of red
kidney bean [65] pinto bean [66], and Pigeon pea
[67] were much higher than that of D. edulis seed
and seed coat mixture recorded in this study.
The potassium content of cowpea, melon, and
groundnut [68] were similar to that of D. edulis
seed and seed coat mixture obtained in this
study. Sodium and potassium are important for
the maintenance of acid-base balance. While
sodium is the principal cation in extracellular
fluids, potassium is the principal cation in
intracellular fluids. The result further indicated
that zinc (10.76 mg/100 g) and iron (6.97 mg/100
g) were the most abundant micro-minerals

evaluated in D. edulis seed and seed coat
mixture presented in Table 4. The zinc and iron
content of soya bean reported by Oluyemi et al.
[68] were much lower than the findings of this
study for D. edulis seed and seed coat mixture.
Also, the zinc and iron content of African
breadfruit [69] was lower than those for D. edulis
seed and seed coat mixture in this study. Zinc is
found as a cofactor of many dehydrogenases
and polymerases, and is useful during the
breakdown of macronutrients and cell replication
[70]. McDonald et al. [71] posited that iron
deficiency leads to anemia, while in children, the
deficiency causes learning disabilities. The
manganese content of D. edulis seed and seed
coat mixture in this study (0.88 mf/100 g) was
lower than that of Sphenostylis stenocarpa [72]
but higher than that of Cucurbita pepo [60].
According to Chandra, [73] manganese is an
essential constituent of enzymes involve in
metabolism of pyruvate, formation of urea, and
biosynthesis of connective tissue. Copper occurs
in the blood plasma in the form of erythrocuprin,
and functions during the onset of haemopoiesis.

Table 2. Amino acid groups (g/100 g) and percentage contents, and protein quality parameters
in seed and coat of D. edulis mixture

Parameters

Value (g/100 g)

Amino acid groups

Total amino acid (TAA)

Total non-essential amino acid (TNEAA)
Total essential amino acid (TEAA) with His
Total essential amino acid (TEAA) without His
Total aromatic amino acid (TArAA)

Total basic amino acid (TBAA)

Total acidic amino acid (TAAA)

Total sulphur amino acid (TSAA)

Total branched chain amino acid (TBCAA)
% Amino acid contents

%TNEAA

%TEAA(with His)

%TEAA(without His)

%TArAA

%TBAA

%TAAA

%TSAA

%TBCAA

Protein quality indices

Predicted protein efficiency ratios (P-PERS)

Essential amino acid index (EAAI)
Leu/lle

TEAA (+His) /ITAA

TEAA (-His) ITAA

TBAA/TAAA

88.41
46.58
41.83
39.11
9.19

14.24
27.69
2.64

16.29

52.69
47.31
44.23
10.39
16.11
3131
2.98

18.42

I 2.63
I 2.65
1 2.06
151
1.89
0.47
0.44
0.51
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The copper content of D. edulis seed and seed
coat mixture in this study was found higher than
Dacryodes edulis pulp [74] and melon [75] but
lower than cowpea [76] and soya bean [77]. The
cadmium and lead content of D. edulis seed and
seed coat mixture in this study were 0.03 mg/100
g and 0.58 mg/100 g respectively. The cadmium
content was comparable to that of Allanblackia
floribunda and Garcinia kola [78], while the lead
content were higher than that of Garcinia kola,
but lower than those for Poga oleosa and
Allanblackia floribunda. Asagba and Eriyamremu
[79] found that cadmium inhibits some
antioxidant enzymes which imply that its
occurrence in food materials should be at its
barest minimum. Also, some studies have
identified a  relationship  between lead
consumption and reproductive and hypothalamic-
pituitary unit toxicities [80] thus requiring its
absence from food materials.

Table 3. Amino acids scores (g/100 g protein)
of the seed and coat of D. edulis mixture

Amino acids Scoring Value

pattern’
Isoleucine 4.0 1.02
Leucine 7.0 1.09
Lysine 55 1.17
Methionine +cysteine 3.5 0.75
Phenylalanine + tyrosine 6.0 1.35
Threonine 4.0 1.07
Tryptophan 1.0 1.08
Valine 5.0 0.91

Provisional amino acid scoring pattern (g/100 g of
protein) [22]

The calculated mineral ratios and phytate-
mineral ratios are shown in Table 5. The Na/K
ratio was found to be 1.64. Monitoring the Na/K
ratio is important for the prevention of high blood
pressure, which in food substances, a value <1 is
recommended. This implies that the consumption
of D. edulis seed and seed coat mixture might
not be suitable for the management of
hypertension. The Ca/P (3.04), Ca/K (32.59), and
Ca/Mg ratio in this study exceeded the minimum
ratio required for adequate intestinal absorption
of Ca. This suggests that the consumption of
D. edulis seed and seed coat mixture might
promote strong bone formation. The Zn/Cu ratio
presented in Table 5 is (107.6). A high Zn/Cu
(> 16) may lead to poor copper absorption which
can alter the oxidant/antioxidant balance [81].
The Fe/Cu ratio (69.7) in this study exceeded the
normal range of 0.2-1.6. Elevated Fe/Cu ratio
can cause excessive production of free radicals
that could cause the impairment of normal

cellular activity (David, 2010). The phytate
composition (20.43 mg/100 g) of the sample
under study was lower than those for Daniellia
oliveri kernel seed [82] and Jatropha curcas
kernel seed [83]. Phytates binds to divalent
cations thus preventing their absorption and
utilization by the body. The [Phy]/[Zzn] (0.19)
indicates a possible reduced bioavailability of
zinc since it was less than 1 while the result
obtained for [Ca]/[Phy] content was in line with
the reference value of = 6 by Adeyeye et al. [22]
indicating that the calcium bioavailability was not
impaired.

Table 4. Phytate and mineral composition
(mg/kg) and mineral ratios of seed and coat
of D. edulis mixture

Parameters Value (mg/100 g)
Phytate 20.43+4.07
Macro minerals

Sodium (Na) 7.68+0.21
Potassium (K) 4.67+0.25
Calcium (Ca) 152.23+10.37
Magnesium (Mg) 19.11+40.75
Phosphorus (P) 50.5316.34
Micro minerals

Manganese (Mn) 0.88+0.12
Copper (Cu) 0.10+0.03
Zinc (Zn) 10.76+0.5
Cadmium (Cd) 0.03+0.01
Lead (Pb) 0.58+0.04
Iron (Fe) 6.97+0.01

Values are expressed as means and standard
deviations of triplicate determinations

Table 5. Calculated mineral and phytate-
mineral ratios of D. edulis seed and seed coat

mixture

Parameter Ratio
Na/K 1.64
Ca/P 3.04
Ca/K 32.59
Zn/Cu 107.6
Ca/Mg 7.96
Fe/Cu 69.7
[Phy)/[Zn] 0.19
[Ca]/[Phy] 1220.70

4. CONCLUSION

This study has shown that D. edulis seed and
seed coat mixture contains a higher proportion of
non essential amino acid to essential amino
acids, with glutamate and aspartate the most
predominant, and only tryptophan exceeded the
reference scoring pattern. Though calcium,



Ogunka-Nnoka et al.; JSRR, 14(1): 1-11, 2017; Article no.JSRR.32405

magnesium and zinc were the most predominant
minerals, D. edulis seed and seed coat mixture
lacks majority of the recommended mineral
proportions, requires additional supplementation
to equal the amino acid scoring patterns, but can
be harnessed to ameliorate tryptophan related
deficiencies.
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