Morphological and Biochemical
Variability of the Fruit and Seed Kernel
of Balanites aegyptiaca from

Burkina Faso

ABSTRACT

Balanites aegyptiaca fruits come in various shapes, which can be beneficial for breeding and
industrial production purposes.This study aimed to estimate the morphological and biochemical
variability of the fruit and seed kernel of B. aegyptiaca based on their shape. Six shapes, namely
BLS (big long sharp), BSR (big sharp round), SLR (small long round), BSH (big short hollow), BLR
(big long round) and SSR (small short round), were collected. The length, width and thickness of
fruits/seeds and the weight of 100 fruits were assessed using a caliper and a scale.
Physicochemical properties were determined using official AOAC and AOCS methods. The fatty
acids were determined according to the methods of the IUPAC standards. Amino acids were
analyzed using the non-derivatization LC-MS/MS method. Mineral and trace element analyses were
conducted using inductively coupled plasma emission spectrometry ICP-OES. The results showed
significant differences (P<0.001) in the length, width, thickness and weight of 100 fruits across the
shapes. The BSH shape had the highest crude fat content and energy value, while the BLS shape
had the least favorable profile due to high moisture and acid index.Seventeen fatty acids, 18 amino
acids, and 23 minerals were identified, with significant variations observed among the shapes. The
predominant fatty acid was cis-9,12-linoleic acid, ranging from 295458.09+100 mg/kg (BLS) to
194138.63+39 mg/kg (BLR). The BLS shape was characterized by the presence of cis-9,12,15-
linolenic acid and stearic acid. Cystine was the most abundant amino acid ranging from
615418.83+29 mg/kg (BSR) to 339480.67+81 mg/kg (SSR). Potassium was the most prevalent
mineral, followed by phosphorus, calcium, and magnesium. The BLS shape was particularly rich in
various minerals. These results highlight the significant morphological and biochemical variability of
B. aegyptiaca in fruit, seed and kernel variants.
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1. INTRODUCTION multi-purpose local plant, B. aegyptiaca is used
for food and traditional medicine (Mariod&
Ahmed 2022, Giday&Teklehaymanot 2023).
Increases in the prices of raw materials in Africa
and particularly in Burkina Faso combined with

In Burkina Faso, Balanites aegyptiaca (L.) Del.
(Zygophyllaceae), also known as desert date
palm and commonly known as “Kieglga” in the

local language Mooré, is a plant characteristic of
the Sahelian zone found in the Sudanian
zone(Tho mbiano & Kampmann 2010).

The chemical composition of the seeds and oil
obtained from the seed of this indigenous plant
indicates nutritional and therapeutic values. As a

the stagnant price of cotton to arouse interest in
this oilseed whose cakes are used as raw
material in the oil production (Baffes 2010).

As for alternatives, the seeds of B. aegyptiaca
could play an important role as a raw material in




producing oil for food due to its nutritional
properties and its high oil contents.

B. aegyptiaca seed oils contain essential
nutrients for humans, such as polyunsaturated
fatty acids (linolenic and linoleic fatty acids), fat-
soluble vitamins (vitamins E, A, D and F) (Zang
et al. 2018). Therefore, fixed oil extracts from
seeds play an important role in diet and
health(Murthy et al. 2020). The oil also contains
a significant oleic acid content so that it would be
recommended as a table oil. Other bioactive
substances and phytochemicals have also been
found in B. aegyptiacaoil. The phytochemical
screening of B. aegyptiaca seed oil on variants in
Burkina Faso showed a significant content of
phenolic and flavonoid compounds, giving the olil
substantial free radical scavenging capacities
(DPPH and ABTS) (Abdelaziz et al. 2020). B.
aegyptiaca seed oils are rich in
phytochemicals(Al Ashaal et al. 2010). and
essential fatty acids, giving them medicinal
properties and can be used as functional foods
(Mariod et al. 2017).

Thus, in Burkina Faso, a general study was
carried out on B. aegyptiaca in the country's
south-central region and revealed the
biochemical potential of kernels from the seeds
of the species(Bazongo et al. 2023). However, in
this study, the entire region was not targeted and
the possibility of classifying kernels based on the
shapes of the seeds from the fruits about their
biochemical potential does not appear.
Furthermore, from an ecological point of view,
the species is distributed naturally (Dougabka et
al. 2021) and is rarely cultivated by the local
population. That said, the species could
constitute a source of raw material for oil supply.
It is, therefore, important to characterize the
morphological and biochemical variability of the
oils derived from the shapes of the kernels of this

species in Burkina Faso to exploit better and
promote it. This characterization of shapes can
contribute to better domestication of the species
(Leakey 2019) and this promotes industrial
exploitation and the perpetuation of the species.

This study aims to estimate the morphological
and biochemical variability of the fruit and seed
kernel of B.aegyptiacabased on their shape.

2. MATERIALS AND METHODS

2.1 Sampling Sites and Fruit Shape Size
Measurement

Sampling was conducted at six sites in the south-
central region of Burkina Faso (Fig. 1).

These sites had variable annual precipitation
averages ranging from 600 mm to 900 mm and
were characterized by granitic arenaceous soils
and lithosols, often covered by a more or less
thick crust. The sampling process involved
randomly selecting trees to ensure a
representative sample. In November 2022, 50 kg
of fruits per shape were collected from the sites
(with different weights depending on the site) in
south-central Burkina Faso (see Table 1), with
each type of fruit coming from different trees.

After harvesting, a total of 300 kg of fruit was
collected. Before being transported to the
laboratory, the fruits were sorted manually to
remove any damaged ones. Upon reaching the
laboratory, 2 kg of fruits of each type were
chosen and combined to create a composite
sample, which was then used for further physical
and biochemical analyses. The harvested fruits
were classified into six batches based on their
shape: BLS (big long sharp), BSR (big long
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Fig. 1. Sampling sites

Table 1. Quantity (kg) of B. aegyptiaca fruit shapes collected according to sites

Collection site BLR BLS BSH BSR SLR SSR
Béré 12.50 10.00 25.00 X X 12.50
Bindé 12.50 10.00 X 12.50 12.50 12.50
Gogo 12.50 10.00 25.00 12.50 12.50 12.50
Guiba X X X 12.50 12.50 X
Manga 12.50 10.00 X X X 12.50
Nobéré X 10.00 X 12.50 12.50 X
Total per shape 50.00 50.00 50.00 50.00 50.00 50.00

Legend: X: Fruit shapes not found on the site

round), SLR (small long round), BSH (big short
hollow), BLR (big long round) and SSR (small
short round) (Fig. 2).

2.2 Sample Preparation for Biochemical
Analysis

After that, the fruit samples were thoroughly
processed, i.e., washed with distilled water,
drained and air-dried under laboratory conditions
(22-23°C) for a week. The dried seeds were
shelled and ground with a Moulinex grinder
(GT550, Zurich, Switzerland), then sieved using
a 1 mm mesh sieve and stored at 18 °C until
analyses.

2.3 Physicochemical Characterization

Moisture content, ash, carbohydrates, pH, acid
number, crude protein, crude fat and energetic
value were characterized according to the
method of Bazongo et al. (2023). Analysis was
done in triplicate.

The AOAC official method was employed to
determine moisture, protein, ash and lipid
contents.Moisture was determined
gravimetrically after drying the sample overnight
at 105°C. The Kjeldahl method was used to
determine the total protein content by multiplying
the % total nitrogen by 6.25. Ash content was
quantified by incinerating the sample overnight at
550°C. Carbohydrate content was estimated by
the difference in mean values. The pH was
determined according to the method described
by Nout et al. (1988). A total of five (5 g) grams
of the sample was placed in 30 ml of alcohol at
96°C and exposed to a boiling bath for 6 h. After
that, a pH meter calibrated with SI Analytics®
was used to determine the pH of the sample.
Total crude was determined by a Soxhlet
extractor with petroleum ether for 6 h and solvent
was removed using a rotary vacuum evaporator.
The acid number was determined according to
the AOCS official method Ca 3a-63 (AOCS,
1998). The energy values of the samples were
determined according to Merrill and Watt (1955).




This value was estimated by multiplying the
actual nutritional values of proteins, lipids and
carbohydrates with the corresponding Atwater
factors:

Caloric content (Kcal/100 g) =Protein content x 4
Kcal + Lipid content x 9 Kcal+ Carbohydrate
content x 4 Kcal (1).

2.4 Determination of Fatty Acids
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Fatty acids were determined according to [IUPAC
standards methods with a few maodifications
(IUPAC 1979)and following the method used by
Bazongo et al.(2023). Extraction was done by
adding petroleum ether in a few samples for 3 h,
then a sodium hydroxide methanol solution (2%)
with 8 mL was added to the fat extract.
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Fig. 2. Fruits and seeds of B.aegyptiaca.
Legend: BLS: Big Long Sharp; BSR: Big Sharp Round; SLR: Small Long Round; BSH: Big Short Hollow; BLR:
Big Long Round; SSR: Small Short Round.

The procedure involved connecting all of this to
the reflux condenser, which was then heated to
reflux on the water bath at 80°C until the oil
droplets disappeared. Boron trifluoride methanol
solution (15%) was added for 7 mL in the upper
end of the reflux condenser and the reflux was
continued in the water bath (80°C) for 2 min.
Subsequently, a few quantities of water were
used to flush the reflux condenser. The heating
was stopped and the flask was removed from the
water bath and cooled to room temperature.
Then, about 10 mL to 30 mL of n-heptane was
added and stirred for 2 min, followed by the
addition of saturated sodium chloride solution.
Approximately 5 mL of the top n-heptane
extraction solution was absorbed, mixed with 3-5
g of anhydrous sodium sulfate in a 25 mL test
tube, shaken for 1 min, left to stand for 5 min, and
the upper solution was absorbed into the sample
vial for further analysis.

Gas-liquid chromatography (GLC) was performed
using the Shimadzu GC-2010 Pro. The column

was a SH-Rt-2560 type with a length of 100 m, a
film thickness of 0.20 um and an inner diameter
of 0.25 mm. The column temperature was initially
set at 100°C, maintained for 8 min and then
increased to 240°C at a rate of 3°C/min for 15
min. The injector temperature was 240°C, the
injection volume was 1 L and the flow rate was 1
mL/min. The detector temperature was 245°C.
Experimentation was done three time.

2.5 Determination of Amino Acids

Amino acids were determined using the non-
derivatization  liquid chromatography-tandem
mass spectrometry (LC-MS/MS) method, as
described by Dearmond and Bunch(2022) and
Bazongo et al. (2023). Samples were first
digested. The digestion solution consisted of
hydrochloric acid and water mixed 1 to 1 (1%o
phenol). Then, phenol (1/1000 of the sample
weight) was added. A uniform amount of sample
(around 1 mg) was taken and mixed with 10 ml of
digestion solution. The whole is sealed by



injecting nitrogen into the digestion tube to
replace the air. The solution was dissolved at
110°C for 24 h, cooled and filtered. After 1 ml of
filtrate was dried at 110°C, redissolved with 1 ml
of diluted hydrochloric acid (0.1 mol/L). Afterward,
the machine is put on after being filtered with a
0.22 pm membrane.

Amino acid analysis was performed using the
Shimadzu 8050 LC-MS/MS instrument. The
column was Endeavorsil type C18 1.8 um
100*2.1 mm with a flow rate of 0.2 ml/min. The
column temperature was 40°C with a collection
time of 15 minutes (Table 2). The mobile phase
was prepared using a blend of acetonitrile with
0.1% formic acid (v/v). The mass conditions of
electrospray ionization were as follows: interface
temperature was 300°C, desolvation temperature
was 526°C and DL temperature was 250°C. With
an atomizing gas flow of 3.00 L/min, airflow
heating of 10.00 L/min, heating block temperature
of 400°C then drying air flow of 10 .00 L/min.
Experimentation was done three times.

2.6 Determination of Minerals

Mineral and trace element analyses were
performed using inductively coupled plasma
emission spectrometry (ICP-OES) as described
by Selmi et al. (2021) with some modifications
and following the method used by Bazongo et al.
(2023). The samples were digested with acid
beforehand. About 0.5 gof samples were weighed
(accurate to within 0.001 g) in a glass or

polytetrafluoroethylene digestion vessel. A mixed
nitric acid (10 ml)-perchloric acid (10+1) solution
was added and then dissolved on the electric
hotplate. When the digestion solution turned
brown and black during the process, about 1 mL
of acid was mixed in until white smoke was
emitted. When the solution became colorless and
transparent or slightly yellow, it was cooled and
filled with water up to 25 mL. A blank test was
carried out simultaneously.

The ICP-OES instrument used was the
PerkinElmer (PE) AVIO200 model.
Instrumentalanalysis conditions were set as
follows: argon was used; the plasma gas flow rate
was 12 L/min,the auxiliary gas flow was 0.2 L/min
and theatomizer gas flow rate was 0.6 L/min. The
output power was 1300 W, with a pump flow rate
of 1.5mL/min. The carrier gas, more than
99.996% argon, operated at 0.6-0.8 MPa, while
the purgegas, more than 99.999% argon or
nitrogen, was set at 0.3-0.8 MPa. The air
compressor pressure was 0.6-0.8 Pa and a 20°C
cooling water circulator was utilized. A total of 63
minerals were screened during the analysis.
Analysis was done in triplicate.

2.7 Statistical Analysis

The Minitab 19.1 software was used to carry out
an analysis of variance (ANOVA) to find out if
significant differences exist between the varieties
for the characteristics studied. The separation of
means was done using the Tukey test at the 5%

Table 2. Gradient elution

Time/min Flow rate mL/min) Phase A % B phase %
0.00 0.20 98.00 2.00

5.00 0.20 40.00 60.00
10.10 0.20 98.00 2.00

15.00 0.20 98.00 2.00

threshold. The SIMCA 18 software was used for
a PCA biplot analysis to identify the particularities
that exist in the relationships between individuals
and variables.

3. RESULTS AND DISCUSSION
3.1 Fruit Shape Size

The fruit shapes BLS, BSR,SLR, BSH, BLR and
SSR size are summarized in Table 3.

There was a significant difference (P<0.001)
between fruit shapes regarding the length, width,

thickness and weight of 100 fruits. BLS and
BLRfruit shapes were elongated
measuring2.9+0.25 cm and 2.76+0.23 cm in
length, respectively. The width was ranged
between 1.54+0.31 cm (SSR)and 0.58+0.04 cm
(BSR). The maximum thickness of the fruit was
observed in the shape SSR (2.22+0.27 cm),
while the minimum thickness of the fruit was
found in the Shape SLR (1.33+0.09 cm). The
weight of 100 fruits of the six shapes fluctuated
between 760+2 g (BLR) and 38016 g (SSR).

The study revealed statistically significant
variations (p<0.001) in seed parameters (Table
4). Seed shapes BLR (2.70+0.15 cm) and BLS



(2.66+0.08 cm) had the greatest seed lengths,
while SSR (1.08+0.13 cm) and BLS (0.72+0.05
cm) had the greatest widths. In addition, seed
shape SSR (1.74+0.05 cm) and BLS (1.68+0.04
cm) had the thickest seeds. The fruit length (2.4-
3.6 cm) and width (1.00-1.27 cm) were close to
the value found in Hamada et al.(2022) which
characterized fruits from Egypt and Saudi Arabia.
The seed's length was close to those from Niger
found by Amadou (2016) with a value of 1.5-3 cm
and the diameters were less wide than the
dimensions found by Abdoun (2005) around 1 to

1.53 cm in their study about morphological and
chemical constituents from Sudan. The
difference found through these studies can be
explained by the geographical location and the
type of climate.

3.2 Physicochemical Profile

The physicochemical profile of the kernel of B.
aegyptiaca showed no significant difference

Table 3. Fruit shape parameters

Shape Length (cm) Width (cm) Thickness (cm)  Weight of 100 fruits (g)
BLS 2.9+0.25% 1.47 £0.33° 1.88 +0.23° 640.00 +5.00°
BLR 2.76 +0.23% 1.47 £0.27% 2.05 + 0.50%° 760.00+2.00%
SLR 2.34+ 0.54% 0.93+0.07° 1.33 £ 0.09° 620.00 +10.00°
BSR 2.12+0.70° 0.58+ 0.04° 2.11+0.11* 620.00 +0.00°
BSH 2.12+0.19° 1.08 £ 0.22° 1.56 + 0.06™ 640.00 + 8.00°
SSR 2.01+0.3° 1.54 +0.31° 2.22 +0.27° 380.00 +6.00°
Means not sharing any letters are significantly different.
Table 4. Seed shape parameters
Shape Length (cm) Width (cm) Thickness (cm)
BLS 2.660.08" 0.72+ 0.05% 1.68+0.04%
BLR 2.70+0.15° 0.66+0.11° 1.3+0.10°
SLR 2.26+0.54° 0.2+0.00° 0.66+0.10°
BSR 1.96+0.08° 0.14 +0.02° 1.2+0.07°
BSH 1.93+0.10™ 0.66+0.05° 1.32+0.10°
SSR 1.88+0.11° 1.08+0.13" 1.74+0.05°

Means not sharing any letters are significantly different.

(P>0.05) among the shapes concerning ash and
pH (Table 5). Parameters like moisture, acid
number, crude protein, crude fat, carbohydrates
and energetic value indicated significant
differences (P<0.001) between the shapes.
Moisture content was highest in the BLS shape
(3.90+0.21%).

The highest moisture content was found in the
BLS shape with a content up to 3.90+0.21%. The
shape with the high acid number was from BLS
(5.16 mg KOH/g) and the low acid number was
SSR (2.27+0.03mg KOH/g). Crude protein was
higher in the SLR shape (29.97+0.02%) than in
the other shape. Crude fat ranged between
48.9+0.1% (BSH) and 38.0210.0% (SLR). The
highest value of carbohydrates was recorded in
the SLR shape (28.39+0.52%) and low in the
shape from BSH (20.68+0.03). The shape
energetic value varied between 630.7+0.03%
(BSH) and 574.4+0.00% (SLR).

The results indicate that while ash and pH are
not significant factors, parameters such as

moisture, acid number, crude protein, crude fat,
and energetic value are important in assessing
the quality and potential applications of B.
aegyptiaca kernel oil. The BSH shape appears to
have the most desirable characteristics, with high
crude fat and energetic value, while the BLS
shape has the least favorable profile due to its
high moisture and acid number. The acid number
was high, ranging from approximately 0.5 to 0.7
as reported by Amadou et al. (2024). This can be
linked to the type of extraction used during the
process. The moisture content was high
regarding other studies, which found values
between 0.1 and 0.4% (Amadou et al. 2024,
Khadra et al. 2022). In fact, drying conditions can
affect moisture content in B. aegyptiaca seeds
(Pessu 2020).

3.3 Fatty  Acid Profile  of B.
aegyptiacaKernel Oil

Sixteen fatty acids were identified in B.
aegyptiaca kernel oil regarding shapes, except
one shape (BLS) with 17 fatty acids (Table 6).



The fatty acids characterized in the six shapes
showed a significant (P<0.001) difference
between the shapes. There was 9 Saturated fatty
acid: behenic acid (C22:0); myristic acid (C14:0),
lauric acid (C12:0), pentadecanoic acid (C15:0),
palmitic acid (C16:0), heptadecanoic acid
(C17:1), stearic acid (C18:0), arachidic acid
(C20:0), decanoic acid (C10:0). Two
monounsaturated fatty acids identified were
palmitoleic acid and cis-9-oleic acid (C18:1n-9).
There were also, 6 polyunsaturated acids: Cis-
9,12-linoleicacid (C18:2(n-6)), cis-11-arachidonic
acid(C20:4 (n-6)), cis-9,12,15-linolenic
acid(C18:3 (n-3)), eicosanodienoic acid (C20:2),
arachidonic acid (20: 4) and docosadienoic acid
(C22:2).

The main fatty acids were the Cis-9,12-linoleic
acid, which ranged between 295458.09+100
mg/kg (BLS) and 194138.63+39 mg/kg (BLR).
There was cis-9-oleic acid (ranged between
195422.92+10 mg/kg for the BLR shape) and
40828.74+21 mg/kg for the BSH shape. This
work proved the richness of B. aegyptiaca kernel
oil in fatty acids. This is confirmed by the work of
Ibrahim et al. (2022),which indicated the richness
of kernel oil of B. aegyptiaca. Our results are in
line with the work of Morgan et al. (2020) which
showed that the main unsaturated fatty acid was
linoleic acid. The high content of unsaturated
fatty acids, particularly linoleic acid, makes B.
aegyptiaca seed oil nutritionally valuable. For
research into oil rich in omega 6 (essential fatty
acid) relative to Cis-9,12-linoleic acid, the BLS
shape followed by the BSR shape are
recommended given their high content compared
to other shapes. For needs in cis-11-arachidonic
acid, also an omega 6, the BLR shape is
recommended. In terms of oil richness in omega
3 relative to cis-9,12,15-linolenic acid, BLR
shape almonds can be recommended.

3.4 Amino Acids Profile

B. aegyptiaca kernel shapes showed 18 amino
acids, including the 9 essential and 9 non-
essential amino acids (Table 7). The higher
amino acid was cystine with a value comprised
between 615418.83+29 mg/kg (BSR) and
339480.67+81 mg/kg (SSR) followed by
glutamine (44308.28+101.3 (BLS) for the high
value and 29285.45+108.5 (SSR) corresponding
to the low value).

The most important amino essentials were
phenylalanine  (with a value between
13324.03+43 mg/kg (BSR) and 10332.24+31
mg/kg (SSR)) followed by leucine (with a value of

13262.05+88.70mg/kg and

10315.81+12.33 mg/kg (SSR).

(BSR)

The case of chia seeds and Sea-buckthorn oil
seed which also revealed the presence of 18
amino acids, similar to B. aegyptiacastudied, as
noted in the works by Zielinska and Nowak
(2017) and Ashura et al (2022).



Table 5. Physicochemical profile of B. aegyptiaca kernels according to seed and fruit shape

Morpho Moisture (%)  Ash (%) pH Acid number Crude protein Crude fat (%) Carbohydrates (%) Energetic
types (mg KOH/g) (%) value (%)
BLS 3.90+0.21° 3.90+0.40° 5.84+0.14° 5.16+0.00° 28.95+0.00" 42.29+0.00° 24.86+0.00° 595.8+0.01°
BSR 2.95+0.00% 3.7+0.30° 5.85+0.25" 5.02+0.02° 28.72+0.72° 41.5+1.50° 26.08+0.00" 592.7+0.00°
SLR 3.3320.20%° 3.93+0.00° 5.78+0.08% 5.00+0.00% 29.97+0.02° 38.02+0.01° 28.39+0.52° 574.4+0.00'
BSH 3.14+0.01%° 3.62+0.33° 5.860.04% 3.00+0.20° 26.98+0.03% 48.9+0.10° 20.68+0.03° 630.7+0.03%
SSR 3.080.02"° 3.94+0.00% 5.93+0.06" 2.27+0.03° 27.66%0.15° 42.24+0.05° 26.1+0.08° 595.5+0.01°
BLR 2.63+0.01° 3.7+0.00% 5.92+0.00% 3.56+0.02° 26.74+0.04° 48.71+0.03% 20.860.00° 628.8+0.01°
Means not sharing any letters are significantly different.

Table 6. Fatty acid profile and oil content (mg/kg) of B. aegyptiaca kernels according to seed and fruit shape.
Fatty acids BLS BSR SLR BSH SSR BLR
Arachidic acid (C20:0) 1540.81+40.80° 1486.25+60.00°  1621.51+12.00 1332.82+32.80° 1707.49+7.5.00° 1084.31+82.30°
Arachidonic acid (20: 4) 28.69+0.00° 23.66+3.00° 48.16+8.00° 22.66+0.00° ND 26.34+0.00°
Behenic acid (C22:0) 281.99+3.99" 277+7.00° 309.12+0.00% 222.24+0.00° 334.91+34.90° 276.27+0.00°
Cis-9,12,15-linolenic acid 366.63+66.30° 426.19+26.20°  449.81+0.00™ 352.8+0.00° 454.37+0.00™ 512.34+0.00"

(C18:3 (n-3))

Cis-9,12-linoleic acid

(C18:2(n-6))

295458.09+100.00%

246112.80
+80.00°

195862.9+63.00°

231251.7+51.00°

205253.97+ 54.00°

194138.63+39.00°

Cis-9-oleic acid (C18:1n-9)

109426.89+117.00°

116412.55+13°

96114.12+10.007

40828.74+21.00"

76293.31+93.00°

195422.92+10.00°

Cis-11-arachidonic acid

(C20:4(n-6))

44222442 .20°

510.71+10.20°

503.21+5.80°

424.35+24.30°

506.21+6.21°

605.96+5.96"

Decanoic acid (C10:0) 44.67+0.00™ 43+3.00%° 42.49+2.00° 30.57+0.57° 41.62+0.00° 46.84+0.00°
Docosadienoic acid 91.03+0.00° 133.5 + 33.00° 03.31+0.31° 194.8+0.00% 127.52+7.00>° 104.02+4.00"°
(C22:2)

Eicosanodienoic acid 73.39+3.00 ND ND ND ND ND

(C20:2)




Fatty acids BLS BSR SLR BSH SSR BLR
Heptadecanoic acid 454 57+4 57" 469.36+9.36" 491.98+0.02% 478.75+0.04° 555.64+52.00% 476.58+6.00"
(C17:1)

Lauric acid (C12:0) 25.62+0.00° 30. 87+0.70° 29.18+0.007 24.02+0.40° 26.05+0.00" 32.01+0.007
Myristic acid (C14:0) 299.00+7.55° 296.7+6.66° 292.7+0.80° 323.5+0.00° 274.3+3.20° 265.10+5.11°
Pentadecanoic acid 31.67+1.67° 31.00 + 1.00™ 29.18+0.18° 29.22+0.22° 31.45 + 0.45° 30.43+0.47%

(C15:0)

Palmitic acid (16:0)

62812.6+47.10°

58771.5+1.70°

54143.04+3.00°

61497.19+100.00°

49335.23+35.20°

65836.02+6.00°

Palmitoleic acid (Cis-16:1n-
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582.87+0.95°

599.62+0.01°

649.78+9.78°

718.82+8.82°

512.98+12.98°

993.8+3.80°

Stearic acid (18:0)

48285.08+32.12°

41688.99+18.00°

41490.43+27.40°

40841.59+0.10.00°

40941.7748.20°

39528.5+8.00°

Means not sharing any letters are significantly different. ND: Not Detected.

Table 7. Amino acid profile and content (mg/kg) of B. aegyptiaca kernels according to fruit and seed shape.

Shape BLS BSR SLR BSH SSR BLR

Alanine 7309.73+29.70° 7587.06+87.10° 7182.02+82.00° 6900.71+0.00° 6558.78+0.00° 7564.21+0.00%
Arginine 43561.12+100.10% 43244.31+44.30° 37644.76+54.80° 34328.54+58.50° 29239.69+51.70' 36582.25+102.30°
Aspartic acid 17739.46+51.50° 20519.2+21.20% 16387.02+87.00° 16714.61+3 6.20° 15439.94+21.00° 16819.22+34.20°
Cystine 611371.49+50.00° 615418.83+29.00% 503984.37+84.00°  436919.52+110.00° 339480.67+81.00°  437056.74+46.00°
Glutamine 44308.2+101.30% 41923.47+64.50° 37522.03+100.00°  33361.91+61.90° 29285.45+108.50'  35282.27+104.30°
Glycine 14658.3+0.00° 15193.03+0.10% 13327.26+0.30° 12430.54+0.45° 12683.15+0.18° 14151.02+0.23°
Histidine 2795.56+95.70% 2852.12+12.122 2725.62+45.60™" 2464.91+14.91° 2440.63 +40.60° 2648.95+49.00°
Isoleucine 7220.27+39.40° 7615.1+23.20° 6919.42+60.40° 6385.32+23.20° 6515.62+85.30° 6904.16+0.21°
Leucine 12209.25+26.30° 13262.05+ 88.70% 11477.93+79.00° 10951.98+45.60° 10315.81+12.33¢ 10868.24+21.33°
Lysine 6687.73+0.15% 6430.47+0.00° 6213.4+43.00"° 6414.82+43.20° 5874.3+16.19° 6563.4+105.70°
Methionine 427.38+27.40™ 448.28+4.28% 419.92+29.90%° 379.05+24.10° 422.48+0.00®° 424.57+0.00%°
Proline 2031.15+31.20° 2176.82+8.82% 2013.7+13.00° 1861.7+61.30° 1705.91+27.90° 2224.75+100.00%
Serine 6643.25+3.23" 7266.52+ 6.52% 6213.4+13.40° 6414.82+100.00° 5874.3+22.30° 6563.4+63.40°
Threonine 5279.16+150.00" 5711.72+0.00% 5273.52+73.50° 5258.47+0.00° 5040.00+23" 5382.24+82.20*"
Tyrosine 5193.3+93.30° 5471.71+8.29° 4958.93 + 58.10° 4467.42+66.20° 4313.53+24.50° 4838.34+38.30°
Phenylalanine 12623.34+112.50° 13324.03+43.00° 11375.01+95.00° 11050.27+50.20° 10332.24+31.00° 11226.77+66.30°
Tryptophan 121.37+21.20° 76.77+6.80° 85.19+6.50"° 65.8946.20° 136.58+15.25% 109.64+8.36™
Valine 2346.5+55.00° 2500.35+11.80% 2256.93+56.00™ 2146.6+50.60° 2160.7+47.00° 2266.66+63.40™°




Means not sharing any letters are significantly different.

10



Table 8. Mineral profile and content (mg/kg) of B. aegyptiaca kernels according to seed and fruit shape

Minerals  BLS BSR SLR BSH SSR BLR
Al 42.77+ 2.00* 38.18+6.00"° 34.61+4.00™ 51.31+1.31% 28.09+3.00° 30.09+0.00°

B 58.24+2.24% 47.89+4.00° 48.26+0.26" 62.75+1.75% 44.16+4.16"° 38.68 + 2.00°
Ba 20.77+0.00° 20.68+0.68"° 21.49+1.49° 31.49+4.00% 27.00+1.00% 19.34+0.34°

Ca 3175.4+119.40° 2870.0+42.50° 2901.8+92.30° 2055.7+54.80" 2593+0.00¢ 1800.1+100.00°
Co 0.31+0.01% 0.15+ 0.00" 0.06+0.00° 0.14+0.14"° 0.11+0.01"° 0.10+0.03"°

Cr 18.17+0.12% 12.32+0.41° 8.41+0.19° 7.94+0.04° 6.19 +0.20e 6.97+0.00°

Cu 10.65+0.05° 11.09+0.02% 11.12+0.08? 9.79+0.10° 10.02+ 0.00° 9.44+ 0.04°

Fe 23.73+0.00° 31.86+0.03% 22.7+0.27° 17.99+0.10° 15.36 + 0.00' 20.09+0.00°

K 9976.97+154.00° 9540.6+59.60" 9275.6+67.80° 8731.3+70.90' 10979.20+95.00°  10634.4+46.20°
Mg 2093.62+3.22° 2222.5+24.10° 2257.5+57.20° 2360.53+10.35° 2036.6 + 36.50° 1904.27+6.77°
Mn 50.37+0.37% 24.94+1.00° 21.69+0.30° 15.62+0.62° 14.47+0.17° 12.27+0.15°

Mo 4.19+0.05 ND ND ND ND ND

Na 257.5+0.01*" 218.6+17.9° 221.21+10.10 272+20.00% 192.89+17.00° 185.7+0.01°

Ni 35.39+1.20° 6.06+0.05° 2.7 +0.02° 1.75+0.01¢ 1.88+0.68° 3.4+0.02°

P 8712.00+0.00% 7478.90+73.60° 8398.00 + 22.00° 7547+ 0.00° 6135.6+51.10° 7485.9+81.60°
Pb 0.27+0.04° 0.63+0.03% 0.09+0.00° 0.35+0.00° ND 0.06+0.00°

Rb 53.19+0.26"° 36.7+0.05° 18.66+0.16' 62.23+1.10% 49.76+0.03° 25.48+0.18°

Se 2.9+0.00%° 2.05+0.01° 2.77 +0.37° 3.2640.04% 1.62+0.03° 2.2+0.05°

Si 51.33+0.33" 48.87+1.10° 42.77+1.97° 64.39+0.70% 34.01+0.22° 29.46+0.00°

Sr 39.9+1.20° 38.83+0.2% 33.3+0.30° 18.77+1.00° 30.4+0.03° 22.65+2.10°

Y 7.35+0.20 ND ND ND ND ND

Zn 38.11+0.18% 32.46+0.30° 32.76 +0.02° 25.18+0.30"° 23.43+0.20° 36.62+0.73"

Zr 0.28+0.00%° 0.21+0.01% 0.18+0.00° 0.32+0.00% 0.25+0.04°¢ 0.09+0.00°

Means not sharing any letters are significantly different.Al:Aluminium, B: Boron, Ba: Barium, Ca: Calcium, Co: Cobalt, Cr: Chromium, Cu: Copper, Fe: Iron, K: Potassium, Mg:
Magnesium, Mn: Manganese, Mo: Molybdenum, Na: Sodium, Nickel, P: Phosphorus, Pb: Plumbum, Rb: Rubidium, Se: Selenium, Si: Silicon, Sr: Strontium, Y: Yttrium, Zn:

Zinc, Zr: Zirconium. ND: Not Detected
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The kernel oil from the seed contained the 9
essentials that the human body cannot
synthesize and must be obtained from the diet.
These include phenylalanine, leucine, isoleucine,
lysine, methionine, threonine, tryptophan, valine,
and histidine. Essential amino acids are essential
for building proteins, transmitting cellular signals,
controlling gene activity, and regulating crucial
metabolic processes that improve general well-
being, facilitate growth, support development and
promote reproductive health (Wu 2013, Ling et
al.2023). This indicates that the seed of B.
aegyptiaca would have therapeutic values to be
explored for the well-being of the population. The
kernel contains non-essential amino acids while
some non-essential amino acids, such as
arginine, glutamine, glutamate, glycine, and
proline, play crucial roles in humans beyond their
protein-building functions (Gao 2022). Notably,
arginine serves as a precursor for the production
of nitric oxide, polyamines and proline, which are
essential for supporting placental and fetal
growth during pregnancy (Gao 2022). According
to Holecek (2022) amino acid supplements can
effectively prevent nutritional deficiencies and
provide various benefits, including relieving
fatigue, facilitating ammonia detoxification,
stimulating protein synthesis, and promoting
muscle growth. This reinforces our idea that seed
oil is nutritional. The work of Wu (2013) showed
that amino acid imbalances or deficiencies can
have significant consequences on health. For
example, arginine deficiency can negatively
impact sperm quality and embryo/fetal survival,
even if nitrogen balance is maintained. Kernels
contain arginine and can help fill deficiencies in
this amino acid, especially those in BLS Shapes
with a higher content.

3.5 Minerals Profile

Twenty-one (21) minerals were characterized in
the six shapes from the kernel of B. aegyptiaca.
While in shape BLS, 23 minerals were found
(Table 8). The most abundant mineral in B.
aegyptiaca was potassium (8731.3 (BSH)<K
(mg/kg)<10979.2(SSR)) followed by phosphorus
(6135.6 (SSR)<P (mg/kg<8712 (BLS)), calcium
(1800.1 (BLR) <Ca (mg/kg)<3175.4 (BLS) and
magnesium (1904.27 (BLR)<Mg(mg/kg)<2360.53
(BSH)).

In the kernel of B. aegyptiaca, potassium was the
most abundant mineral. This mineral is essential
for regulating normal blood flow, transmitting
nerve impulses and supporting the functioning of
the central nervous system (Udensi &
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Tchounwou 2017). Phosphorus was the second
most prominent mineral. Working alongside
calcium, phosphorus helps build and maintain
strong bones and teeth, as well as convert food
into energy to support metabolic processes
(Serna & Bergwitz 2020). Calcium was the third
most common mineral found in the B. aegyptiaca
kernel. This mineral is vital for strong bones and
teeth, muscle contraction, nerve function, and
blood clotting (IOM 2011). Magnesium was the
fourth most abundant mineral in the B.
aegyptiaca kernel. According to Al Alawi et al.
(2018),it participates in more than 300 enzymatic
reactions, facilitating energy  metabolism,
synthesis and regulation of various physiological
functions. These minerals are the main ones the
human body requires(Farag et al. 2023).

Almonds contain various trace elements,
showcasing a diverse range of concentrations.
Notably, aluminum (Al) levels ranged from
28.09+3.00 to 51.31+1.3 mg/kg, while boron (B)
content spanned from 38.68+2.00 to 62.75+1.75
mg/kg. Additionally, barium (Ba) fluctuated
between 19.34+0.34 and 31.49+4.00 mg/kg.
Cobalt (Co) was present at levels between
0.06£0 and 0.31+0.01 mg/kg, and chromium
concentrations ranged from 6.97+0.20 to
18.17+0.12 mg/kg. Furthermore, copper (Cu)
content was approximately between 9.44+0.04
and 11.12+0.08 mg/kg. Iron (Fe) levels varied

from 15.36x0 to 31.86+0.03 mg/kg, while
molybdenum (Mo) was detected at a
concentration of 4.1940.05 mg/kg, found

exclusively in the BLS shape. In terms of nickel
(Ni), the content was recorded in the range of
1.75£0.01 to 35.39+1.2 mg/kg. BSR-shaped
kernels contained the highest concentrations of
plumbum (lead, Pb) at 0.63+0.03 mg/kg.
Selenium (Se) content varied from 2.05 to 3.26
mg/kg and silicon (Si) levels ranged between
29.46+0 and 64.39+0.7 mg/kg. Moreover, the
rubidium (Rb) concentration extended from
18.66+0.16 to 62.23+1.1 mg/kg, while strontium
(Sr) was present at levels of 18.77 and 39.9
mg/kg. Yttrium (Y) was detected at 7.35 mg/kg,
exclusively in the BLS shape and zinc (Zn)
concentrationswas between 23.43 and 38.11
mg/kg. Additionally, strontium (Sr) was present at
levels of 18.77 and 39.9 mg/kg. Zirconium (Zr)
was present at levels between 0.09 and 0.28
mg/kg, while chromium (Cr) content of seed
kernel was approximately between 18.17 mg/kg
and 6.19 mg/kg. However, chromium works as
insulin (Masharani et al. 2012) which gives the
oil dietary properties. The mineral molybdenum
(Mo), with a content of 4.19 mg/kg, is found only



in the BLS shape. It is a mineral activating
several enzymes that break down toxins (Zhong
et al.2020).

The kernel of B. aegyptiaca was a rich source of
trace elements that contributed to various bodily
functions and processes. Iron, essential for
oxygen transport in the blood (Cronin et al. 2019)
and zinc, crucial for immune function and wound
healing (Lin et al. 2018) were among the vital
trace elements found in the kernel. Copper plays
a role in forming red blood cells, while selenium
acts as an antioxidant, protecting cells from
damage (Skrajnowska et al. 2022). In the same
order, Socha et al. (Socha et al. 2021)
highlighted that trace elements had antioxidant
properties. These trace minerals collectively
support overall health and wellness by
participating in metabolic processes and enzyme

functions and maintaining the body's structural
integrity(Alain et al. 2021). These trace elements
could contribute to the overall composition of the
kernel and may have had implications for its
nutritional value or environmental importance.
The results provided some information about the
nutrient composition of the seed, which could be
relevant for dietary considerations or other
applications.

3.6 Biplot-Principal Component Analysis
(PCA)

Fig. 3A indicates a biplot-principal component
analysis (PCA) of shapes with physicochemical
parameters. According to the biplot analysis,
axes 1 and 2 correspond to about 87.3%.
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Fig. 3. Biplot-principal component analysis. A: Shape and physicochemical parameters. B:
shapes and fatty acids C: Shape and amino acids, D: Shapes and minerals
Legend: Physicochemical parameters: An: Acid number, As: Ash, Ca: Carbohydrates, Cf: Crude fat, Cp: Crude
protein, Ev: Energetic Value, Mo: Moisture. Amino acids: Ala: Alanine, Arg: Arginine, Asp: Aspartic acid, Cys:
Cystine, Glu: Glutamine, Gly: Glycine, His: Histidine, Iso: Isoleucine, Leucine: Leu, Lys: Lysine, Met: Methionine,
Pro: Proline, Ser: Serine, Thr: Threonine, Tyr: Tyrosine, Phe: Phenylalanine, Try: Tryptophan, Val: Valine.
Minerals: Al:Aluminium. B: Boron. Ba: Barium. Ca: Calcium. Co: Cobalt. Cr: Chromium. Cu: Copper, Fe: Iron, K:
Potassium, Mg: Magnesium, Mn: Manganese. Mo: Molybdenum, Na: Sodium, Nickel, P: Phosphorus, Pb:
Plumbum, Rb: Rubidium. Se : Selenium, Si : Silicon, Sr: Strontium, Y: Yttrium, Zr: Zirconium.
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Regarding axes 1 and 2, BLS BSR and SSR
shapes present no link with physiological
parameters. The SLR shape was linked to ash,
moisture and carbohydrate. BLR and BSH
shapes were linked to energy value. In a biplot
analysis, we explored the relationship between
fruit shape and fatty acids (Fig. 3B). Axis 1 and
Axis 2 collectively account for68.60% of the
variability. Several correlations emerged between
the shapes observed in B. aegyptiaca and their
corresponding fatty acid profiles. The BLR shape
was positively correlated with the following fatty
acids: cis-9-Oleic acid, lauric acid and cis-11-
Arachidonic acid. The SSR shape showed a
strong association with behenic acid and
heptadecanoic acid. The BLS shape is linked to
elevated levels of cis-9,12,15-linolenic acid and
stearic acid.

The BSH shape demonstrated a relationship with
increased concentrations of myristic acid and
docosadienoic acid. Additionally, another biplot
analysis involving shape and amino acids
(depicted in Fig. 3C) was performed. Axis 1 and
axis 2 account for 88.4% of the variability.
Interestingly, only the BSR shape correlated with
two amino acids, excluding Ilysine and
methionine. This result suggests that the BSR
shape is particularly representative regarding
amino acid content.

Biplot-PCA was also done with shapes and
minerals (Fig. 3D). Axis 1 and 2 contributed to
72.3% of variabilty. The BLS shape was
correlated to calcium, cobalt, phosphorus,
copper, nickel, chromium and manganese. The
BSH shape was correlated to barium. The BLR
shape was correlated to potassium. These
correlation studies allow the link between shapes
and biochemical value, which can facilitate the
best choice when selecting a desired chemical
compound.

Biochemical variability was observed between
fruit shapes and this can be explained by some
factors such as temperature, pluviometry or soil
composition. In fact, in Fenner's (1992) work, it
was shown that temperature variation could
influence seeds' morphological and biochemical
characteristics, such as seed size, fatty acid and
protein composition. The variability of the seed in
fatty acids, minerals, amino acid content and
physicochemical parameters could contribute to
the valorization  (marketing,  exploitation,
domestication, etc.) of B. aegyptiaca seed. This
was supported by the work of Paravar et al.
(2023). which mentions that the composition of
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biochemical parameters influences  the
commercial value of seeds. This variability of B.
aegyptiaca in morphological, physicochemical
and biochemical aspects can be an added value
for industrial exploitation. This was what Paravar
et al. (2023) explained, indicating that the
biochemical composition of seeds is the potential
resource used by the food and pharmaceutical
industries. Regarding all these nutritional values,
B. aegyptiaca seeds can be considered a raw
material for the food industry, especially since
toxicological studies have shown that seed oil is
not dangerous for human consumption(Mariod et
al. 2017).

4. CONCLUSION

This study highlights the differences between the
six identified shapes of B. aegyptiaca fruits and
seeds. The length, width, thickness and weight of
100 fruits were variable with respect to shapes.
Kernels and its oil exhibit variations in their
physicochemical properties, fatty acid
composition, amino acid profile and mineral
content, making them a valuable source of
various active ingredients. Specific traits are
associated with certain shapes. The BSH shape
has a high crude fat content and high energy
value, while the BLS shape has the least
favorable profile due to its high moisture and acid
number. But it is the shape correlated with a
significant number of minerals, cis-9,12,15-
linolenic acid and stearic acid. The BLR shape
correlates with most amino acids. Understanding
these correlations between shapes and
biochemical aspects can help to better
understand the distribution of nutritional values of
B. aegyptiaca fruit and seed types. Further
investigation on antinutritional factors, toxicity of
the fruit and seed kernel and genetic
mechanisms related to fruit shape will contribute
to better use of this species.

DISCLAIMER (ARTIFICIAL INTELLIGENCE)

Author(s) hereby declare that NO generative Al
technologies such as Large Language Models
(ChatGPT, COPILOT, etc.) and text-to-image
generators have been used during the writing or
editing of this manuscript.

ACKNOWLEDGMENT

The authors wish to thank the Lafinat group for
supporting this research work.



COMPETING INTERESTS

Authors have declared that no competing
interests exist.

REFERENCES

Abdelaziz, S. M., Lemine, F. M. M., Tfeil, H. O.,
Filali-Maltouf, A., & Boukhary, A. O. M. S.
(2020). Phytochemicals, antioxidant
activity and ethnobotanical uses of
Balanites aegyptiaca (L.) Del. fruits from
the arid zone of Mauritania, Northwest
Africa. Plants, 9(3).

Abdoun, S. O. M. (2005). Variation in
morphological, physical and chemical
constituents of Balanites aegyptiaca fruit
between geographical sites. Master's
thesis, University of Khartoum).

Al Ashaal, H. A., Farghaly, A. A., Abd EIl Aziz, M.
M., & Ali, M. A. (2010). Phytochemical
investigation and medicinal evaluation of
fixed oil of Balanites aegyptiaca fruits
(Balantiaceae). Journal of
Ethnopharmacology, 127(2), 495-501.

Alain, E. Pajarillo, B., Lee, E., & Kang, D. K.
(2021). Trace metals and animal health:
Interplay of the gut microbiota with iron,
manganese, zinc, and copper. Animal
Nutrition, 7(3), 750-761.
doi:10.1016/j.aninu.2021.03.005.

Alawi, A. M., Majoni, S. W., & Falhammar, H.
(2018). Review article: Magnesium and
human health: Perspectives and
research directions. International Journal
of Endocrinology, 2018, Article ID
9041694.

Amadou I, Tidjani A, Cheng X rong.
Measurement : Food Less privileged edible
oil source Balanites a egyptiaca ( L ) Del .

morphotypes and physicochemical
properties. Meas Food [Internet].
2024:;14:100147. Available from:

https://doi.org/10.1016/j.meaf00.2024.1001

47
Amadou, l. (2016). Date fruits:
Nutritional composition of dates

(Balanites aegyptiaca Delile and Phoenix
dactylifera L.). In Nutritional Composition of
Fruit Cultivars(pp. 215-233).
Elsevier Inc. https://doi.org/10.1016/B978-
0-12-408117-8.00010-6

Ashura, K. K., Lilian, D. K., Oscar, K., Roman, M.
F., & Leonard, M. P. R. (2022). Fatty acid
and amino acid profiling of chia seeds and
physicochemical characterization of chia
seed oil. African Journal of Food Science,

15

16(11), 269-278.

Baffes, J. (2010). Markets for cotton by-products:
Global trends and implications for African
cotton producers (World Bank Policy
Research Working Paper No. 5355). World
Bank. https://ssrn.com/abstract=1632801

Bazongo, P., Ouédraogo, L., Samadoulougou-
Kafando, P. M. J., Kiendrebeogo, M., &
Barro, N. (2023). Physicochemical and
biochemical composition of Balanites
aegyptiaca seed and seed oil from Burkina
Faso. Food and Nutrition Sciences, 14(12),
1206-1220.

Cronin, S. J. F., Woolf, C. J., Weiss, G., &
Penninger, J. M. (2019). The role of iron

regulation in immunometabolism and
immune-related disease. Frontiers in
Molecular Biosciences, 6, 116.

doi:10.3389/fmolb.2019.00116.

DeArmond, P. D., & Bunch, D. R. (2022).
Quantitation of non-derivatized free amino
acids for detecting inborn errors of
metabolism by incorporating mixed-mode
chromatography with tandem mass
spectrometry. Journal of Mass
Spectrometry and Advances in Clinical
Lab, 25(1), 1-11.

Dougabka, D., Gérard, J., Bianzeube, T.,
Dendoncker, M., Vincke, C., & Marchal, R.
(2021). Variations in the physical and

mechanical properties of Balanites
aegyptiaca wood from three
provenances. Bois et Foréts des

Tropiques, 349, 5-19.

Farag, M. A., Abib, B., Qin, Z., Ze, X., & Ali, S. E.
(2023). Dietary macrominerals: Updated
review of their role and orchestration in
human nutrition throughout the life cycle
with sex differences. Current Research in
Food Science, 6.

Fenner, M. (1992). Environmental influences on

seed size and composition. In J. Janick

(Ed.),,Horticultural Reviews (pp. 183-213).

John Wiley & Sons.

H. (2022). Amino acids in reproductive

nutrition and health. Advances in

Experimental Medicine and Biology, 1265,

111-131.

Giday, M., & Teklehaymanot, T. (2023). Use of
wild edible and nutraceutical plants in
Raya-Azebo District of Tigray Region,
northern Ethiopia. Tropical Medicine and
Health, 51(1).

Hamada, F. A., EI-Banhawy, A., Ellmouni, F. Y.,

Gao,

& Al-Juhani, W. (2022). Comparative
taxonomic study of Balanites
aegyptiaca (L.) Delile



(Zygophyllaceae). Biology and Life
Sciences Forum, 11, 72—
80. https://doi.org/10.3390/IECPS2021-
12060

Holecek, M. (2022). Muscle amino acid and
adenine nucleotide metabolism during
exercise and in liver cirrhosis: Speculations
on how to reduce the harmful effects of
ammonia. Metabolites, 12, 971.

Ibrahim, O. H. M., Al-Qurashi, A. D., Asiry, K. A,
Mousa, M. A. A., Alhakamy, N. A., & Abo-
Elyousr, K. A. M. (2022). Investigation of
potential in  vitro anticancer and
antimicrobial  activities of  Balanites
aegyptiaca (L.) Delile fruit extract and its
phytochemical components. Plants,
11(19).

Institute of Medicine (IOM). (2011). Dietary
reference intakes for calcium and vitamin

D. Washington, DC: The National
Academies Press.

IUPAC. (1979). Standard methods for the
analysis of oils, fats and derivatives (Vol.
1). Canada: Composition of the
Commission.

Khadra, B., Ahmed, M., Somia, B., Ahmed, B.,
Nafissa, B., & Nassima, F. (2022).

Physicochemical properties of Balanites
aegyptiaca’'s seeds and seed oil from

Southern Algeria.Egyptian  Journal of
Chemistry, 65(10), 39-45.
https://doi.org/10.21608/ejchem.2022.1593
59.6468

Leakey, R. R. B. (2019). From ethnobotany to
mainstream agriculture: Socially modified
Cinderella species capturing ‘trade-ons’ for
‘land maxing.’ In Planta (Vol. 250, pp. 949—
970).

Lin, P.-H., Sermersheim, M., Li, H., Lee, P.-H. U.,
Steinberg, S. M., & Ma, J. (2018). Zinc in
wound healing modulation. Nutrients,
10(16), 16—-36. d0i:10.3390/nu10010016.

Ling, Z. N., Jiang, Y. F., Ru, J. N, Lu, J. H., Ding,
B., & Wu, J. (2023). Amino acid
metabolism in health and disease. Signal
Transduction and Targeted Therapy, 8,
345.

Mariod, A. A., & Ahmed, E. M. I. (2022).
Biological activities of Balanites aegyptiaca
(Heglig) kernel oil. Multidisciplinary
Biological Activities of Unconventional
Seed Oils, 339-344.

Mariod, A. A., Saeed Mirghani, M. E., & Hussein,
I. (2017). Balanites aegyptiaca seed oil.
In Unconventional Oilseeds and Oil
Sources (pp. 157-166).

Masharani, U., Gjerde, C., McCoy, S., Maddux,

16

B. A., Hessler, D., Goldfine, I. D., et al.
(2012). Chromium supplementation in non-
obese non-diabetic subjects is associated
with a decline in insulin sensitivity. BMC
Endocrine Disorders, 12, 31.
doi:10.1186/1472-6823-12-31.

Merrill, A. L., & Watt, B. K. (1955). Energy value
of foods: Basis and derivation (Handbook
No. 75). Human Nutrition Research
Branch, Agricultural Research Service,
U.S. Department of Agriculture.

Morgan, S.A., Huws, S.A., & Scollan, N.D.
(2020). Influence of cutting date on
phenotypic  variation in fatty acid
concentrations of perennial ryegrass
genotypes from a breeding
population. Agronomy, 10(10).

Murthy, H.N., Yadav, G.G., Dewir ,Y.H., &
Ibrahim, A. (2020). Phytochemicals and
biological activity of desert date (Balanites
aegyptiaca (L.) delile). Plants, 10, 32-54

Nout, M. J. R., Notermans, S., & Rombouts, F.
M. (1988). Effect of environmental
conditions during soya-bean fermentation
on the growth of Staphylococcus aureus
and production and thermal stability of
enterotoxins A and B. International Journal
of Food Microbiology, 7.

Paravar, A., Maleki Farahani, S., & Rezazadeh,
A. (2023). Morphological, physiological and
biochemical response of Lallemantia
species to elevated temperature and light
duration during seed
development. Heliyon, 9(4), el7494.
doi:10.1016/j.heliyon.2023.e17494.

Pessu, P. 0. (2020). Effect of heat treatments on
the drying behaviour, moisture content and
oil yield of Balanites
aegyptiaca kernels. Croatian Journal of

Food Science and Technology, 12(2),
156—

164. https://doi.org/10.17508/CJFST.2020.
12.2.03

Selmi, A., Khiari, R., Snoussi, A., & Bouzouita, N.
(2021). Analysis of minerals and heavy

metals using ICP-OES and FTIR
techniques in two red seaweeds
(Gymnogongrus griffithsiae and
Asparagopsis taxiformis) from
Tunisia. Biological Trace Element

Research, 199(6), 2342-2350.
Serna, J., & Bergwitz, C. (2020). Importance of
dietary phosphorus for bone metabolism
and healthy aging. Nutrients, 12, 3001.
Skrajnowska, D., Jagielska, A., Ruszczynska, A.,
Idkowiak, J., & Bobrowska-Korczak, B.
(2022). Effect of copper and selenium



supplementation on the level of elements
in rats’ femurs under neoplastic
conditions. Nutrients, 14(6), 1285-1306.
doi:10.3390/nu14061285

Socha, K., Klimiuk, K., Naliwajko, S. K,
Soroczynska, J., Puscion-Jakubik, A.,
Markiewicz-Zukowska, R., et al. (2021).
Dietary habits, selenium, copper, zinc and
total antioxidant status in serum in relation
to cognitive functions of patients with
Alzheimer's disease. Nutrients, 13(2), 287.
d0i:10.3390/nu13020287.

Tho mbiano, A., & Kampmann, D. (2010).
Biodiversity atlas of West Africa. Volume II.
Germany: Druckerei Grammlich,
Pliezhausen.

Udensi, U. K., & Tchounwou, P. B. (2017).
Potassium homeostasis, oxidative stress,
and human disease. International Journal
of Clinical and Experimental Physiology, 4,

111-122.

G. (2013). Functional amino acids in

nutrition and health. Amino Acids, 45, 407—

411.

Zang, C. U., Jock, A. A., Garba, H. I., & Chindo,
Y. I. (2018). Application of Desert Date
(Balanites aegyptiaca) seed oil as potential
raw material in the formulation of soap and
lotion. American Journal of Analytical
Chemistry, 9(9), 423-437.

Zhong, Q., Kobe, B., & Kappler, U. (2020).
Molybdenum enzymes and how they
support virulence in pathogenic
bacteria. Frontiers in Microbiology, 11.
doi:10.3389/fmich.2020.00761.

Zielinska, A., & Nowak, I. (2017). Abundance of
active ingredients in  sea-buckthorn
oil. Lipids in Health and Disease, 16.

Wu,

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of the publisher and/or the editor(s). This publisher and/or the editor(s) disclaim responsibility for
any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content.

17



