International Journal of Sciences

Research Article Volume 10 - July 2021 (07)

Nutrient, Antinutrient and Sugar Contents in
Desert Date (Balanites aegivptiaca (L.) Del)
Seed and Pulp

Matthew Olaleke Aremu**#, Crysanthus Andrew’,
Odiba John Oko', Raphael Odoh?, Idzi Amos Ambo?,
Baba Nwuniji Hikon*

'Department of Chemical Sciences, Federal University Wukari, PMB 1020, Taraba State, Nigeria
“Department of Chemistry, Federal University of Lafia, PMB 146, Nasarawa State, Nigeria

Abstract: This study focuses on the nutrient, antinutrient and sugar contents of (desert date) Balanites aegyptiaca
seed and pulp collected from north-east Nigeria. Proximate, mineral, amino acid, antinutrient and sugar
compositions were determined using standard analytical techniques. The calculated parameters were metabolized
energy, mineral safety index (MSI), mineral ratios of some minerals, isoelectric point (pl), predicted protein
efficiency ratio (P—PER) and leucine to isoleucine ratio. The results showed that seed was very rich in crude protein
and crude fat with values of 30.80 and 45.53 g/100 g dry weight basis, respectively whereas, the pulp had values of
8.36 and 5.10 g/100 g dw for the same parameters. The following were observed as the most concentrated minerals:
P (312.72 and 138.62 mg/100 g dw), Na (58.49 and 47.65 mg/100 g dw) and Ca (48.57 and 40.26 mg/100 g dw) for
seed and pulp, respectively. Other minerals analyzed in the samples had values less than 15.0 mg/100 g. No mineral
had deleterious value in the MSI. Amino acid analysis of seed and pulp showed concentrations of TAA (63.21 and
42.62 g/100 g cude protein), TEAA (26.19 and 21.88 g/100 g cp) and TNEAA ((26.19 and 21.88 g/100 g cp).
Leucine (7.30 g/100 g cp) and Arg (3.69 g/100 g cp) were the most concentrated essential amino acids in seed and
pulp. The phytate, tannin and oxalate concentrations were higher in seed compared with that of the pulp. All the
sugars were of low levels. Generally, Balanites aegyptiaca seed and pulp contained nutritive minerals and sufficient
proportions of EAAs however, dietary formula based on samples of the seed and pulp will require EAAs
supplementation except in Leu, TSAA and Phe + Tyr of the seed. Likewise, the high contents of some of the
antinutrients may pose a nutritional problem in their consumption.
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Introduction

Since ancient time, human beings have depended
much on plants for survival either as a source of food
or for medicinal purpose. For instance, many fruit
produced by plants are widely eaten by humans and
animals and constitutes a vital source of nutrients
including, minerals, protein and carbohydrate which
are needed for growth and development.
Furthermore, some plants parts have been utilized as
sources of medicine to cure some ailments by the
local people in many parts of the world. Hence, it is
necessary that the chemical composition of edible
plant parts around the environment to be determined
in order to explore its potential benefit for the use of
man.

Desert date (Balanites aegyptiaca) (Figs 1 & 2)
belongs to the family of plant called Zygophylaceae
and kingdom of Plantae with about 25 known species
widely distributed across the continents [1]. The
English name of B. aegyptiaca is thorn tree/desert

date and is known by other different native names.
For instance, in the northern part of Nigeria it is
called Aduwa (in Hausa), Tanni (Fulani) [1] while
the Mummuye people (Rang ethnic group) in Zing
LGA of Taraba state call it “Gonze”. According to
[2], B. aegyptiaca is a multipurpose tree with all the
parts having valuable importance. However, the
National Research Council [3] have identified that
the fruits of the plant is the most valued part. The
fleshy pulp of the fruits has been reported as edible
either fresh or dried [4]. The fruits and leaves are
used as fodder for animals and widely used as
traditional medicines [5]. The fruit of the plant
contains both micro and macro elements thus, could
provide human with the necessary supplements of
balanced diet required [5]. In addition, the fruits have
been claimed to be a cure for liver diseases [2]. The
proximate analyses of the seed, coat and pulp of B.
aegyptiaca were carried out by some researchers [6].
The authors found that the crude protein and lipid in
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the pulp and coat were relatively low compared to
that in the seed.

Fig 2: The ripe fruits of desert date (Balanites aegyptiaca)

However, the pulp, seed and coat contain large
amount of carbohydrate. The studies further revealed
that the pulp and seeds can be an alternative source of
vitamin C. The elemental composition of the pulp,
seed and coat contained the presence of essential
minerals like Na, K, Ca, Mg and P, though, their
amount were below the recommended limit for
mineral elements intake for humans. In their work,
[7] carried out on the biochemical composition and
nutritional value of B. aegyptiaca fruit pulp. They
found that the pulp is good source of sugar, vitamin C
and with high content of potassium (2220 mg/100 g
of dry matter). In same studies, the author analyzed
the amino acids content of the seed and sixteen amino
acids profile was revealed. Similarly, [4] reported the
nutritional value of the seed of B. aegyptiaca. The
results of the mineral composition show that
potassium (1.09 mg/100 g of dry matter) is the
predominant mineral element in the seed of the plant
while other mineral elements were in slightly lower
amounts. The nutrient content of the fruits of B.
aegyptiaca was also determined by [8] and it was
reported that the fruits was rich in both essential and
non-essential nutrients which were present in
different concentrations. In 2008, the National
Research Council [3] of US, listed B. aegyptiaca
among 24 lost ‘crops” of Africa that its potential has
not been fully explored.

However, this work focuses on finding the nutrient,

antinutrient and sugar contents of these seed and pulp
as sources of food. The knowledge obtained from the
study will aid policy-makers in the agriculture sector
and food industry to making informed decisions
aimed at broadening the nation’s food security
basket.

Materials and Methods

Samples collection

The samples were collected from Zing local
government Area of Taraba State, Nigeria.
Identification of the samples was done in the Biology
laboratory of Federal University Wukari.

Sample preparation and treatment

The dried fruits of desert date (Balanites aegyptiaca)
were washed with distilled water to remove foreign
materials and then drained through filter paper. The
fruit was prepared by sundried, separated into seed
and pulp, ground into powder using pestle and
mortar, sieved and stored in well labeled air tight
plastic container and taken for analysis.

Proximate analysis

The ash, moisture, crude protein (N x 6.25), crude
fat, crude fibre and carbohydrate (by difference) were
determined in accordance with the standard methods
of AOAC [9]. All proximate analyses of the sample
flours were carried out in triplicate and reported in %.
All chemicals were of Analar grade. All results were
on dry weight (dw) basis.

Amino acid analysis

The amino acid analysis was by lon Exchange
Chromatography (IEC) [10] using the Technico
Sequential  Multisample (TSM) Amino Acid
Analyzer (Technicon Instruments Corporation, New
York). The period of analysis was 76 min for each
sample. The gas flow rate was 0.50 mLmin* at 60°C
with reproducibility consistent within + 3%. The net
height of each peak produced by the chart recorder of
the TSM (each representing an amino acid) was
measured and calculated. Amino acid values reported
were the averages of two determinations. Nor—
leucine was the internal standard. Tryptophan was
determined after alkali (NaOH) hydrolysis by the
colorimetric method.

Determination of isoelectric point (pl), quality of
dietary protein and predicted protein efficiency
ratio (P-PER)
The predicted isoelectric point was evaluated
according to Olaofe and Akintayo [11]:

n=1

plm = Z pliXi ———— 1)

i=1
Where:
pIm = the isoelectric point of the mixture of amino
acids;
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Xi = the mass or mole fraction of the amino acids in
the mixture.

pli = the isoelectric point of the ith amino acids in the
mixture;

AAS =

mg of amino acid in 1g of test protein 100
x [

The quality of dietary protein was measured by
finding the ratio of available amino acids in the
sample protein compared with the needs expressed as
a ratio. Amino acid score (AAS) was then estimated
by applying the formula [12]:

mg of amino acid in reference protein 1

————— @

The predicted protein efficiency ratio (P—PER) of the seed sample was calculated from their amino acid composition
based on the equation developed by Alsmeyer et al. [13] as stated thus;
P-PER =-0.468 + 0.454(Leu) — 0.105(Tyr) - - - - - - === ---------- (3)

Anti-nutritient content determination

The contents of alkaloids, saponins, tannins, oxalate,
phytate and cyanide were determined on each of the
sample flours by methods described by some workers
[14].

Sugar content determination

The various sugar content determinations were
carried out as described by Lane and Eynon’s method
[15]. All chemical used were of analytical grade and
were obtained from British Drug Houses (BDH,
London, UK). All results were on wet basis.

Statistical analysis of the samples

The energy values were calculated by adding up the
carbohydrate x 17 kJ, crude protein x 17 kJ and crude
fat x 37 kJ for each of the samples. The fatty acid
values were obtained by multiplying crude fat value
of each sample with a factor of 0.8 (i.e. crude fat x
0.8 = corresponding to fatty acids value [25]. Errors
of three determinations were computed as standard
deviation (SD) for the proximate composition.
Standard deviation and percentage of coefficient of
variation for the seed and pulp samples were also
determined.

Results and Discussion

The proximate composition of seed and pulp of
Balanites aegyptiaca is presented in Table 1. The
value obtained for the pulp (7.54 % dw) is much
higher than that of seed (1.28% dw). This value for
the seed is lower than values obtained for Canavalia
ensiformis (3.8%) [16], pinto beans (2.3%) [17],
Proposis africana (3.32%) [18], Irvingia gabonensis
(2.1 [19] and Phaseolus coccineus (3.7%) [20]. The
low moisture value ensures a long life of the seed
without microbial spoilage. But in the case of pulp,
the moisture content of 7.54% dw is high. The result
implies that the fruit has low storage capacity or can
be easily perishable, highlighting the problems of
conservation in warm climate condition. However,
the high water content in fruits and vegetables can
help enhance food digestion and peristaltic
movement on consumption [21]. The values obtained
for ash content (6.47 and 5.21% dw) for seed and
pulp, respectively were higher than values reported
for melon seeds (3.3%) [22], castor seeds (3.2%)

http: //www.ijSciences.com

[23], wild jack bean (3.0%) [18], and Vigna ublobata
(3.2%) and Vigna radiate (3.4%) [24]. Since the two
samples recorded fairly high ash content, it may
indicate that the fruit could provide essential useful
and valuable minerals needed for good body
development [25].

The crude protein value obtained for the seed
(30.80% dw) was very high compared with that of
pulp (8.36% dw) (Table 1). The value for the seed
suggests that it can contribute to the daily protein
need of 23.6 g for adults, as recommended by the
National Research Council (1974) [3], and is
therefore considered good source of protein. The
result compared well with selected legumes such as
red kidney bean (28.5%) [26], Parkia biglobosa
(31.0%) [22], Phaseolus vulgaris (29.10%) [27] and
wild jack bean (28.9%) [18]. It has been reported that
diet is nutritionally satisfactory if it contains high
calorie value and a sufficient amount of protein [28].
Some researchers also stated that any plant-based
foods that provide about 12% of their calorie value
from protein are considered good sources of protein
[28-30]. Thus, seed of Balanites aegyptiaca may be
regarded as a good source of protein but the pulp is
not. Fat provides very good sources of energy,
protects internal tissues, contributes to important oil
processes and aids in transport of fat soluble vitamins
[31]. The crude fat content of seed and pulp of
Balanites aegyptiaca were 45.53 and 5.10% dw,
respectively. This qualifies Balanites aegyptiaca seed
as an oil-rich food since it is comparable to Vitellaria
parodoxa kernel (45.62%) [30], and even higher than
the value recorded for soybean (22%) [32]. The crude
fat of Balanites aegyptiaca seed appears good when
rated against the 20-50% reported by [33].
According to the authors, crude fat between 20 and
30% are low, those above 30.5% are intermediate and
values above 40% are good. Such classification
would place the seed of Balanites aegyptiaca crude
fat collected from the north—east, Nigeria under good
lipid content group.

The crude fibre values were 2.42 and 3.91% dw for
seed and pulp of Balanites aegyptiaca, respectively.
The values compared favourably with reported values
of some plant-based foods in the literature [34-36].
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Fibre helps to maintain the health of the
gastrointestinal tract, but in excess may bind trace
elements, leading to deficiencies of iron and zinc
[37]. It is not surprised that the carbohydrate value of
the seed (13.51% dw) was very low compared with
that of the pulp (69.89% dw) because of the high
contents of crude protein and crude fat since
carbohydrate is obtained by difference between 100
and the summation of other parameters (Table 1).

The metabolizable energy in the present study
showed that both samples had energy concentrations
that are more favourable compared with cereals [38].
The calculated fatty acids of the seed (36.42 %) is
much higher than that of pulp (4.08), this suggests
that the oils of the seed may be both edible and
suitable for industrial purposes [39]. The CV% varied
from 15.26 g/100 g dw in ash to 116.72 in crude
protein (Table 1).

Table 1: Proximate composition (g/100 g dw)? of the seed and pulp of desert date (Balanites aegyptiaca)

Parameter Seed Pulp Mean SD CV%
Moisture 1.28+0.04 7.54+0.30 4.41+0.17 4.43+0.18 100.37
Ash 6.47+0.11 5.21+0.11 5.84+0.11 0.89+0.00 15.26
Crude protein 0.80+1.15 8.36+0.21 4.58+0.68 5.35+0.66 116.72
Cude fat 45.53+1.30 5.10+0.35 25.32+0.83 28.59+0.67 112.93
Cude fibre 2.42+0.11 3.91+0.13 3.17+0.12 1.05+0.01 33.29
PCarbohydrate 13.51+2.42 69.89+0.83 41.70+1.63 39.87+1.12 95.60
“Fatty acids 36.42+1.04 4.08+0.28 20.25+0.66 22.87+0.54 112.93
“Energy 2437.88 1518.95 1978.42 649.78 32.84

*Values are * standard deviations (n = 3); "Carbohydrate percent calculated as 100 — total of other components; “Calculated fatty acids (0.8 x
Crude fat); “Calculated metabolizable energy (kJ/100g) (Protein x 17 + Fat x 37 + Carbohydrate x 17); dw = dry weight basis

The mineral profiles of Balanites aegyptiaca seed
and pulp are displayed in Table 2. Of all the minerals
determined, phosphorus is the most abundant having
values of 312.72 and 138.62 mg/100 g dw for the
seed and pulp, respectively. It is followed by Na
(58.49 and 47.65 mg/100 g dw) and Ca (48.57 and
40.26 mg/100 g dw). Phosphorus is always found
with Ca in the body both contributing to the blood
formation and supportive structure of the body [40].
Low Ca/P ratio facilitates decalcination of Ca in the
bone leading to low Ca level in the bones while Ca/P
ratio above two helps to increase the absorption of Ca
in the small intestine [41]. The values (0.16 and 029)
of Ca/P ratio in the present study are far lower than
two therefore, seed and pulp of Balanites aegyptiaca
may not be able to participate well in these functions.
None of the values of K, Mn, Cu, Zn and Fe recorded
up to 10.0 mg/100 g dw in both samples but Mg
content was 14.52 mg/100 g dw in seed sample.
Magnesium is required for bone formation which

maintains the electrical potential in nerves [42]. The
adrenal glands play an essential role in regulating
sodium retention and excretion. Studies have also
shown that Mg will affect adrenal cortical activity
and results in increased in Mg retention [42]. The
ratio of sodium to potassium in the body is of great
concern for the prevention of high blood pressure.
Na/K ratio less than one is recommended [43]. The
Na/K ratio values were 11.20 and 8.39 for the seed
and pulp of Balanites aegyptiaca, respectively. This
indicates that regular consumption of Balanites
aegyptiaca may not prevent high blood pressure.
Na/Mg values (4.03 and 9.04) are higher than the
normal range of 4.00. Copper and Zn are intricately
related to the hormones, progesterone and estrogens,
respectively and their tissue levels may be indirectly
reflective of the status of these hormones within the
body [42]. The CV% varied from 5.99 in K to 66.10
in Mg (Table 2).

Table 2: Mineral composition (mg/100 g) of the seed and pulp of desert date (Balanites aegyptiaca)

Mineral Seed Pulp Mean SD CV%
Na 58.49 47.65 53.07 7.67 14.44
Ca 48.57 40.26 44.42 5.88 13.23
K 5.22 5.68 5.45 0.33 5.99
Mn 1.65 3.62 2.64 1.39 52.87
Mg 14.52 5.27 9.90 6.54 66.10
Cu 0.87 0.26 0.57 0.43 76.34
Zn 2.80 1.69 2.25 0.78 34.96
Fe 0.39 0.69 0.54 0.21 39.28

P 312.72 138.62 225.67 123.11 54.55
Na/P 11.20 8.39 9.80 1.99 20.29
CalP 0.16 0.29 0.23 0.09 40.86

Na/Mg 4.03 9.04 6.54 3.54 54.21

Na/K = Sodium to potassium ratio; Ca/P = Calcium to phosphorus ratio; Na/Mg = Sodium to magnesium ratio; SD = Standard deviation; CV =

Coefficient of variation

The mineral safety index (MSI) values of Na, Mg,
Cu, Zn, Fe and P of Balanites aegyptiaca seed and
pulp are presented in Table 3. The standard mineral

safety index values for the elements are Na (4.8), Ca
(10), Mg (15), Cu (33), Zn (33), Fe (6.7) and P (10)
[44]. The explanation of the MSI can be understood
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as follows taking Na as example: the recommended
adult intake (RAI) of Na is 500 mg; its minimum
toxic dose (MTD) is 2,400 or 4.8 times the
recommended daily average (RAA) which is
equivalent to MSI of Na [44]. This explanation goes
for the other minerals whose MSI were determined.
All the minerals have their table value (TV) >
calculated value (CV) giving positive differences

with corresponding low percentage differences. The
TV greater than CV had been observed in Na, Mg, P,
Ca, Fe, Zn and Cu in raw fruit coat, seed and pulp of
passion fruit (Passiflora edulis) [45]. The CV of MSI
values gave an indication that none of the minerals
was high enough to the deleterious levels when
consumed in the seed and pulp of Balanites
aegyptiaca)

Table 3: Mineral safety index (MSI*) of Na, Ca, Mg, Cu, Zn, Fe and P in desert date (Balanites aegyptiaca

Calculated value (CV)

Mineral RAI (mg) TV of MSI Seed Pulp
Na 500 48 0.5615 0.4574
Ca 1200 10 0.4048 0.3355
Mg 400 15 0.5445 0.1976
Cu 3 33 9.5700 2.8600
Zn 15 33 6.1600 1.5180
Fe 15 6.7 0.1742 0.3082

P 1200 10 2.6060 1.1552

RAI = Recommended adult intake; TV = Table value; * = No MSI standard for K and Mn

The results of amino acid composition of Balanites
aegyptiaca seed and pulp are shown in Table 4. Asp
and Leu were the most concentrated in seed sample
with the respective value (g/100 g crude protein) of
7.91 and 7.30, while Glu and Asp were the most
concentrated in pulp sample with values of 4.25 and
3.81 ¢/100 g cp, respectively. Leu (7.30 g/100 g cp)
and Arg (3.69 ¢/100 g cp) were the most
concentrated essential amino acids in seed and pulp
samples. The least was Try (0.84 g/100 g cp) in seed
and Met (0.56 g/100 g cp) in pulp. Arg is an essential
amino acid which is necessary for children growth
[46] and also has direct antioxidant activity [47]. The
Lys content in the seed sample (3.34 g/100 g cp) was
found to be higher than that of L. cylindrical kernel
(2.9 9/100 g cp) [34] but lower than the value of 4.03
g/100 g cp reported for Bucchholzia coriacea [48],
while the Met content (1.39 g/100 g cp) for the seed
sample is higher than the report of Olubunmi [49] for
A. cruenthus (0.93 g/100 g cp), C. olitorius (0.75
g/100 g cp), C. chayamansa (0.80 g/100 g cp) and B.
alba (0.67 g/100 g cp). The concentrations of lle
(3.50 g/100 g cp) and Val. (3.51 g/100 g cp) for only
seed were found to meet the FAO/WHO/UNU [50]
requirements for these two EAA (2.80 and 3.50 g/100
g cp, respectively) for pre—school children aged 2-5
years. lle is an essential amino acid for both young
and old. Leu, lle and Val (branch—chain amino acids)

work together to repair muscles, regulate blood sugar
and provide body with energy. Other EAAs with
appreciable contents obtained in the analyzed
samples include His (6.20 and 1.02 ¢/100 g cp), Try
(0.84 and 0.58 g/100 g cp) and Phe (4.08 and 2.31
g9/100 g cp) for seed and pulp of Balanites
aegyptiaca, respectively. Phe is needed in treating
brain disorder, control of symptoms of depression,
chronic pain and normal functioning of the central
nervous system, while Try is important in the
manufacture of neurotransmitter serotonin, which
regulates mood and sleep pattern, treatment of jet lag,
depression and binge eating [51]. The calculated
isoelectric point (pl) is of significance in protein
purification. The pl value (3.76) of Balanites
aegyptiaca seed is higher than that of pulp (2.62), and
this is the point at which the protein should
accumulate during purification. The predicted protein
efficiency ratio (P-PER) is one of the quality
parameters used for protein evaluation [52]. P-PER
value in this report for seed sample (2.49) is higher
than the reported values of Adansonia digitata pulp
(1.10) [53] and Lathynia sativus L. (1.03) [54]. The
Leu/lle ratios in the samples (2.06 and 1.65) were
relatively not high. Some studies suggested that the
Leu/lle balance is more important than dietary excess
alone [55, 56].

Table 4: Amino acid composition (g/100 g crude protein) of the seed and pulp of desert date (Balanites aegyptiaca)

Amino acid Seed Pulp
Lysine (Lys)* 3.34 2.86
Histidine (His)? 6.20 1.02
Arginine (Arg)? 1.38 3.69
Aspartic acid (Asp) 791 3.81
Threonine (Thr)? 2.00 1.44
Serine (Ser) 4.00 2.32
Glutamic acid (Glu) 1.36 4.25
Proline (Pro) 3.45 2.94
Glycine (Gly) 3.80 3.16
Alanine (Ala) 2.28 3.07
Cystine (Cys) 3.39 0.61
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Tryptophan (Try)?
Valine (Val)?
Methionine (Met)*
Isoleucine (lle)*
Leucine (Leu)?
Tyrosine (Tyr)
Phenylalanine (Phe)?
Isoelectric point (pl)
P-PER

Leu/lle

0.84 0.58
3.51 2.98
1.39 0.56
3.54 2.00
7.30 3.30
3.44 1.72
4.08 2.31
3.76 2.62
2.49 0.85
2.06 1.65

Evaluation report on amino acids based on nutritional
classification of the two studied samples is shown in
Table 5 because the nutritive value of a protein
depends primarily on its capacity to satisfy the needs
for nitrogen and essential amino acids. Total amino
acids (TAA), total essential amino acids (TEAA)
with His and total sulphur amino acids (TSAA) were
(63.21 and 42.62 g/100 g cp), (37.02 and 20.77 g/100
g cp) and 4.78 and 1.17 g/100 g cp) for Balanites
aegyptiaca seed and pulp samples, respectively. The
result revealed that seed was of good quality

compared with the pulp. The essential aromatic
amino acids (EArAA) were 4.08 and 2.31 g/100 g cp
for seed and pulp. These values fall within the ideal
range suggested for infant protein (6.8 — 11.8 g/100
g) [50]. The aromatic amino acids are precursors of
epinephrine and thyroxin [57]. The % of TNAA was
68.06 (seed) and 63.33 (pulp) meaning that the bulk
of the amino acids in both samples are neutral. It is
also observed that the % TEAA for both samples in
this report are well above the 39% considered
adequate for ideal protein food [50].

Table 5: Concentration of essential, non-essential, acidic, neutral, sulphur, aromatic, etc. (/100 g crude protein) of desert date (Balanites

aegyptiaca)

Amino acid description Seed Pulp
Total amino acid (TAA) 63.21 42.62

Total essential amino acid (TEAA)
With histidine 37.02 20.74
Without histidine 30.82 19.72

% TEAA

With histidine 58.57 48.66
Without histidine 48.76 46.27
Total non-essential amino acid (TNEAA) 26.19 21.88
%TNEAA 41.43 51.34
Essential alphatic aromatic acid (EAAA) 16.35 9.72
Essential aromatic amino acid (EArAA) 4.08 231
Total neutral amino acid (TNAA) 43.02 26.99
%TNAA 68.06 63.33
Total amino acid (TAAA) 9.27 8.06
%TAAA 14.67 18.91
Total basic amino acid (TBAA) 10.92 7.57
%TBAA 17.28 17.76
Total sulphur amino acid (TSAA) 4.78 1.17
% Cystine in TSAA 70.92 52.14

The EAA scores of the seed and pulp samples based
on the provisional amino acid scoring pattern are
presented in Table 6. With the exception of Leu, Met
+ Cys (TSAA) and Phe + Tyr in the seed sample, the
contents of EAA are lower than FAO/WHO
recommendation [52, 59], while all the EAA contents
in the pulp sample are lower than FAO/WHO
recommendation. Thus, by implication dietary
formula based on samples of seed and pulp of

Balanites aegyptiaca will require essential amino
acids supplementation except in Leu, TSAA and Phe
+ Tyr of the seed. Generally, the EAAs that most
often act in a limiting capacity are Met (and Cys),
Lys and Try [50]. In this study, Thr (0.50) and Lys
(0.61) are the first and second limiting amino acids
(LAA) for the seed while Met + Cys (0.33) and Thr
(0.36) are LAA for the pulp.

Table 6: Amino acid scores of seed and pulp of desert date (Balanite aegyptiaca)

EAA PAAESP* Seed Pulp
(9/100g protein) EAAC AAS EAAC AAS
lle 4.0 3.54 0.89 2.00 0.50
Leu 7.0 7.30 1.04 3.30 0.47
Lys 55 3.34 0.61 2.86 0.52
Met + Cys (TSAA) 35 478 1.37 1.17 0.33
Phe + Tyr 6.0 7.52 1.25 4.03 0.67
Thr 4.0 2.00 0.50 1.44 0.36
Try 1.0 0.84 0.84 0.58 0.58
Val 5.0 351 0.70 2.98 0.60
Total 36.0 32.83 7.20 20.78 4.73
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EAA = Essential amino acid; PAAESP = Provisional amino acid (egg) scoring pattern; EAAC = Essential amino acid composition (see Table 4);

AAS = Amino acid scores; *Source: Belschant et al. [58]

The antinutrient contents are displayed in Table 7.
Dietary anti—nutritional factors such as alkaloid,
oxalate, tannin, saponin, cyanide and phytate have
been reported to adversely affect the digestibility of
protein, protein quality of foods and biocavailability of
amino acids [60]. The oxalate contents in the samples
(295.00 and 124.50 mg/100 g) were much higher
than 36 mg/100 g DM considered to be lethal to man
[61]. Excess consumption of oxalate or oxalic acid
can cause corrosive gastroenteritis [62]. Oxalate
serves as chelating agents and may chelate many
toxic metals such as mercury and lead, but one major
concern is its ability to rap heavy metals in the tissues
of living organisms thereby making elimination of
them very difficult. Oxalate binds to calcium and
prevents its absorption in human body [62, 63]. The
values of saponin were 3.50 and 8.50 g/100 g for the
seed and pulp, respectively. The value for the pulp is
higher than the reported values for Phaseolus
coccineus (4.1%), Vigna subterranea (4.6%) and
Phaseolus lunatus (3.2%) [64]. It has been reported
that dietary saponins excert various biological
benefits such as anti-inflammatory, anti—diabetic,
anti-atheroscelerotic and serve as protective
functions like gastro—protective, hepatoprotective and
hypolipidemic [65]. Alkaloid values in seed (1.40
g/100 g) and pulp (1.51 g/100 g) were very low
compared to the reported values of 8.6% (scarlet
runner bean) and 9.6% (lima bean) [64], and 5.0%
(black turtle bean) [60]. Consumption of high tropane

alkaloids will cause rapid heartbeat, paralysis and in
fatal case, lead to death. The tannin content in the
seed (70.15 mg/100 g) is much higher than that of
pulp (7.03 mg/100 g). The nutritional effects of
tannins are mainly related to their interaction with
protein due to the formation of complexes [65].
Tannin—protein complexes are insoluble and protein
digestibility is decreased. Tannin acid may decrease
protein quality by decreasing palatability and
digestibility. Other nutritional effects which have
been attributed to tannins include interference with
the absorption of iron, a possible carcinogenic effect
and damage to the intestinal tract [66]. Cyanide is the
chemical substance responsible for tissue hypoxia
and chronic exposure to it particularly hydrogen
cyanide may cause respiratory, neurological, thyroid
and cardiovascular defects [67]. The cyanide contact
in the pulp (11.29 mg/100 g) is higher than that of
seed (4.94 mg/100 g). The observed values are lower
than 40.78 mg/100 g of Dioclea reflexa seed reported
by Bolanle and Adedayo [68]. The phytate content in
both samples are too high; 591.79 mg/100 g recorded
for the seed and 314.87 mg/100 g for pulp. Phytate is
a salt form of phytic acid and acts as a strong
chelator, forming protein and mineral phytic acid
complexes thereby reducing protein and mineral
availability [69]. It chelates metal ions such as Ca,
Mg, Zn, Cu and Fe to form insoluble complexes that
are not readily absorbed from the gastrointestinal
tract [69].

Table 7: Antinutrients composition of desert date (Balanite aegyptiaca) seed and pulp (wet weight basis)

Parameter Seed Pulp Mean SD CV%
Oxalate (mg/100 g) 295.00+7.07 124.50+7.78 209.75+7.43 120.56+0.50 57.48
Saponin (g/100 g) 3.5040.71 8.5010.71 6.00+0.71 3.54+0.00 58.93
Alkaloids (g/100 g) 1.40+0.10 1.51+0.13 1.46+0.12 0.08+0.02 5.35
Tannin (mg/100 g) 70.15+11.02 7.03x1.11 38.59+6.07 44.63%7.01 115.66
Cyanide (mg/100 g) 4.94%0.12 11.29+0.54 8.12+0.33 4.49+0.30 55.33
Phytate (mg/100 g) 591.79+11.79 314.87+1.05 453.33+6.42 195.81+7.59 43.19

SD = Standard deviation; CV = Coefficient of variation

The sugar concentrations of the seed and pulp of B.
aegyptiaca are presented in Table 8. Certain
carbohydrates have specific functions in the human
body. Ribose is an energy source that the body makes
for food. It is naturally occurring pentose sugar and
ribose has been shown to enhance the recovery of
myocardial or skeletal muscle ATP and TAN levels
following ischemia or highly—intensity exercise. The
content of ribose in pulp sample (1.26806e*° g/100 g
ww) was higher than that of seed sample (8.53815¢ **
g/100 g ww). There is some evidence that
supplemental ribose might prevent muscle fatigue in
people with genetic disorders that prevent sufficient
energy production by the body. It might provide extra
energy to the heart [70]. The values of xylose,
arabinose and rhamnose in both samples were very
low and comparable to each other (2.00559¢® and
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2.00345¢® g/100 g ww; 1.02834e " and 1.02834e”’
9/100 g ww; 7.88728e° and 7.62351e® g/100 g ww
for seed and pulp, respectively. Xylose is a
monosaccharides of the aldopentose type consisted of
five carbon atoms and an aldehyde functional group.
The dextrorotary form of xylose, D—xylose, refers
usually to the endogenously occurring form of the
sugar in living things. Xylose by itself may not
necessarily serve many purposes immediately but its
metabolism results in a variety of substrates that can
serve as important nutritional and biological purposes
[71]. Arabinose is originally commercialized as a
sweetener and it is an inhibitor of sucrose, the
enzyme that breaks down sucrose into glucose and
fructose in the small intestine [72]. Rhamnose is
commonly bound to other sugars in nature. It is a
common glycone component of glycosides from
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many plants. Rhamnose is also a component of the
outer cell membrane of acid—fast bacteria in the
mycobacterium genus, which includes the organism
that causes tuberculosis [70]. Fructose was more
concentrated in the pulp than seed. These values
reported for the seed and pulp (0.21 and 3.08 g/100 g
ww), respectively were very close to the values
reported in literature [45, 73]. Fructose is a
monosaccharide which is important in human
physiology. However, it has been reported that
consumption of foods rich in fructose may result in
high triglycerides (hypertriglyceridemia) and obesity
(74). 1t is observed that seed and pulp of Balanites

aegyptiaca cannot be said to be a source of fructose
due to low level of fructose. Maltose, lactose and
sucrose were the disaccharides evaluated in both
samples (Table 8). The concentration of sucrose was
the highest while lactose was the least in both
samples. Latose appears to increase calcium retention
in children [75], and is the type of dietary
carbohydrate that has an effect on the level of serum
cholesterol,  being  lower  when  complex
carbohydrates such as dietary fibre and pectin are
consumed in preference to sucrose [76]. The CV%
varied from 0.0027 in arabinose to 132.40 in glucose.

Table 8: Sugar concentrations (g/100 g ww) of desert date (Balanites aegyptiaca) seed and pulp

Parameter Seed Pulp Mean SD CV%
Ribose 8.53815x 107 1.26806 x 10 1.06 x 10™%° 2.9292 x 10 27.60
Xylose 2.00559 x 10°8 2.00345x 10°® 2.00x10°® 15132 x 10" 0.076

Arabinose 1.02834 x 1077 1.02830 x 10”7 1.03x 107 2.8284 x 10%? 0.0027

Rhamnose 7.88728 x 10°° 7.62351x 10°° 7.76x10° 1.8651 x 10%° 2.405
Fructose 0.21 3.08 1.645 2.0294 123.37
Glucose 0.11 3.34 1.725 2.2840 132.40

Dextrose 4.21033x10°® 3.50747 x 10°8 3.86x 10® 4.9699 x 10° 12.88
Maltose 0.0049 0.0123 0.0086 0.0052 60.84
Lactose 5.30513x 10°® 1.86088 x 10°® 358x10°® 2.4355 x 10°® 67.97
Sucrose 2.76 1.85 2.305 0.6435 27.92

SD = Standard deviation; CV = Coefficient of variation; ww = wet weight basis
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Conclusion

Comparative evaluation of Balanites aegyptiaca seed
and pulp was presented in this study, which showed
that the seed was very rich in crude protein and crude
fat comparable with known protein—rich and fat-rich
plant-based foods such as soybean and groundnut.
However, the contents of protein and fat were too
low in the pulp compared with the seed. The seed had
higher contents of Na, Ca, Mg and P compared with
the pulp but no mineral had deleterious value in the
mineral safety index (MSI). Results also revealed that
both samples contained sufficient proportions of
EAAs however, dietary formula based on samples of
the seed and pulp will require EAASs supplementation
except in Leu, TSAA and Phe + Tyr of the seed in
order to meet FAO/WHO diet requirement. Some
antinutrients such as saponin, alkaloid, oxalate and
tannin were present in high quantities in the seed
sample and they may pose a nutritional problem in its
consumption. The sugar levels in both samples were
low.
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