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Abstract: The metabolic needs of the human body and preventing infections require a diet with
sufficient amounts of essential nutrients. This study aimed to investigate the importance of Baobab (
Adansonia digitata L.) dried leaves as a healthy food source by determining the content of macro and
trace elements in different habitats and regions. This study was conducted in Sudan and covered
three different habitats, wetland (W), plainland (P), and mountain (M), in two regions (Blue Nile
and Kordofan). The dry matter (DM) of Baobab leaves was considered for analyzed menials, and
the results showed that the mean values were significantly affected by habitats where Baobab trees
grew. The highest contents of potassium K (1653 + 34 mg/100 g) and sodium (Na) 7.67 + 1.18 mg/100
g were found in the W zone, whereas the highest contents of calcium (Ca) 2903 + 187 mg/100 g and
magnesium (Mg) 529 + 101 mg/100 g were detected in the M and P zones, respectively. In addition,
the two regions showed significant differences in trace and macro elements, i.e., higher levels of
iron (Fe) 17.17 + 2.76 mg/100 g and magnesium (556 + 55 mg/100 g) were found in the Kordofan
region while higher levels of zinc (Zn) 2.548 + 0.55 mg/100 g and calcium (2689 + 305 mg/100) were
in the Blue Nile region. These varying amounts of elements can be used in our daily diets because
of their potentially healthy effects, especially in areas where access to nutrient-rich foods is limited.

Keywords: cardiotoxicity; micronutrients; calcium; iron; Kordofan

1. Introduction

Eating a healthy diet that contains all essential nutrients in sufficient quantities is
considered one of the most effective ways to meet our energy needs and prevent non-
communicable diseases [1]. The most important macro elements for human nutrition are
(Ca), potassium (K), sodium (Na), and magnesium (Mg), while iron (Fe), copper (Cu), zinc
(Zn), and manganese (Mn) are categorized as trace elements [2]. Therefore, a sufficient
supply of these elements can help to maintain the health of the human body [3,4]. A public
EU Register of Nutrition and Health Claims lists all permitted nutrition claims and all
authorized health claims [5] in accordance with the provisions of Regulation (EC) No
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1924/2006, thus ensuring full transparency for consumers and food business operators.
The study conducted by Amiot et al. has indicated that plant-based foods are essential for
providing nutritional patterns [1]. Therefore, the discovery of a new plant resource with
a healthy diet is needed in the face of global food shortages [6]. The Baobab plant Adanso-
nia digitata L. is a remarkable example of providing an enriched human diet with im-
portant elements and nutrients [7]. The Baobab is a massive tree with a diameter of ap-
proximately 10 m that can grow up to a height of 25 m (Figure 1a, Baobab tree).

(a) Baobab tree (b) Baobab fresh leaves

Figure 1. Baobab tree found in plain land, Kordofan, Sudan (a); Baobab fresh leaves obtained from
Baobab tree found in Mountain, Kordofan, Sudan (b).

Baobab trees grow in the humid and arid regions of tropical zones [7]. In Sudan, Ba-
obab trees are mainly distributed in the south-eastern region of the country on sandy,
loamy, and rocky soils, typically in savannahs with an abundance of short grasslands and
the mountain topography in central Sudan [8,9]. Baobab trees are common in the ex-
tremely dry regions of Darfur and Kordofan and thrive, especially along wadis, where
water accumulates during the rainy season [8]. Baobab is a multipurpose tree that pro-
vides a variety of products with different uses for food and medicinal purposes [10-12].
It also provides numerous products, such as fruit pulp, seeds, and leaves, which are
mainly used as natural foods and consumed daily by the rural population in Africa when
food is scarce [12,13]. The Baobab tree can provide approximately 130 kg of fresh leaves
annually (Figure 1b, Baobab fresh leaves) and can be dried and consumed as a valuable
source of nutrients [14,15]. Therefore, an assessment of the nutritional value of Baobab
leaves could reveal the overall benefits of this tree, especially in regions where food is
scarce.

The only Baobab product authorized for consumption and trade in the EU market is
dried fruit pulp, which is recognized as a novel food under Regulation (EU) 2015/2283
[16]. However, the Baobab tree has several other useful parts with high nutrient contents.
Some studies have identified Baobab leaves as a product with a high content of macro-
and micronutrients [17]. Baobab trees are found in different African countries and regions
of Sudan, but the nutritional content and variability of leaf compositions in these areas are
not well known [18].

This study aimed to investigate the potential of Baobab leaves as a healthy food for
humans by determining the content of macro elements (i.e., sodium, potassium, calcium,
and magnesium) and trace elements (i.e., copper, manganese, iron, and zinc). The specific
objective of this study was to assess the variation in the concentrations of these minerals
in different habitats and regions in Sudan.
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2. Materials and Methods
2.1. Sample Site and Collection

For this preliminary study, Baobab leaves samples were collected in Sudan between
15 July 2022, and 15 September 2022. Two regions were covered —the Blue Nile in south-
eastern Sudan (with coordinates Latitude: 11°15'00” N and Longitude: 34°10'00" E) and
North Kordofan, a dry zone in central Sudan (with coordinates Latitude: 14°68'33"” N and
Longitude: 29°93'33" E)—as shown in Figure 2. Three habitats were chosen for each re-
gion—wetland (W), plainland (P), and mountain (M)—as shown in Figure 3. QGIS 3.20.1
software was used to create maps that show areas where Baobab leaf samples were col-
lected. Each area covered approximately 1500 km?. Ten trees were selected from each site,
and two samples of fresh Baobab leaves were collected per tree, amounting to 3 kg of
leaves per tree, to ensure representative sampling. These samples were dried under a shed
to approximately 93% dry matter and were completely packaged in polyethylene bags.
Approximately 18 samples weighing 500 g each were moved to Debrecen, Hungary, for
elemental analysis.
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Figure 2. Regions where Baobab leaves were collected in Sudan. Source, QGIS 3.20.1 software.
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Figure 3. Study sites in Kordofan and Blue Nile regions. Source, QGIS 3.20.1 software.

2.2. Baobab Leaves Sample Preparation

Baobab leaves were manually cleared of any extraneous matter, followed by air-dry-
ing. Subsequently, they were ground using an electric grinder with a mesh size of 10. The
resulting powder was stored in labeled sanitary plastic containers until later used.

2.3. Mineral Analysis

Mineral analysis was conducted at the Institute of Food Science laboratory at the Uni-
versity of Debrecen, Hungary. The dried matter (DM) of Baobab leaf powder was ana-
lyzed using inductively coupled plasma—optical emission spectrometry (ICP-OES) ac-
cording to the protocols conducted by [19]. The specific instrument used for the analysis
was the iCAP 6300 from Thermo Fisher Scientific, based in Waltham, MA, USA.

Mineral analysis involves several steps, with 1 g of dried baobab leaves being sub-
jected to ashing at 550 °C overnight. The resulting ash was then dissolved in 30 mL of 3M
nitric acid and left for 72 h to ensure complete dissolution of the minerals. After this pe-
riod, the acid solution was thoroughly mixed and filtered through filter paper to remove
any solid impurities.

An acid solution containing dissolved minerals was then used for the instrumental
measurement of various elements in (mg/100 g) DM, including Ca, Mg, K, Na, Cu, Fe, Mn,
and Zn. Appropriate standard solutions were prepared for each metal used in the analysis
to ensure accurate calibration and quantification.

2.4. Statistical Analysis

Data analysis was conducted using R programming environment (version 3.6.1, R
Core Team). Initially, descriptive statistics (mean and standard deviation) were calculated
for each trace and macro element across the different habitats and regions. To test the
differences in leaf elements between the different habitats, an analysis of variance
(ANOVA) was performed. This was followed by the Tukey HSD (Honest Significant Dif-
ference) post hoc test to identify specific differences between the groups. A two-sample t-
test was conducted to test the differences in leaf elements between the two regions.

Multivariate analysis (two-way (factorial) ANOVA) was performed using JMP® ver-
sion 10 (SAS Institute Inc., Cary, NC, USA) to test and estimate the effect of the independ-
ent factors (regions and habitats) and their interaction on the measured variables (macro-
and micro elements). The significance level was set at p < 0.05. A reduction in variables
was achieved by conducing principal component analysis (PCA) on the correlation matrix
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to describe the relationships between the analytical data and the geographical origin of
the samples (regions and habitats).

3. Results
3.1. Regional Differences

The results revealed that the levels of calcium and potassium in Baobab leaves were
higher in the Blue Nile (2689 + 305 mg/100 g and 1660 + 132 mg/100 g), whereas, in the
Kordofan region, there were greater levels of magnesium and sodium (556 + 55 mg/100 g
and 7.75 + 0.85 mg/100 g; see Supplementary Materials (Table S1)). Using a two-sample t-
test at a 5% level of significance, the true difference in the mean concentrations of macro
elements (Ca, K, Mg, and Na) significantly differed between the two regions (p < 0.001)
(Figure 4).

Ca K
1700+
27001 L S §
16001
0)2600
15001
O 2500
A 1400
524001
Ezsoo- 13001 }
C
.0 Mg Na
et
9 5601 } K,k
.E 7.751 Kk
(O]
QO 520 7.501
o
7.257
O g0/
7.001 §
4401 , hd , :
< 2 < 2
§ S § S
S5 S 5 4
S Q Y Q

Figure 4. Macro elements (Ca, K, Mg, and Na) concentration of Baobab leaves in two regions, Blue
Nile and Kordofan, Sudan. Significance codes: “***" 0.001.

Additionally, the analysis of trace element concentrations in the Baobab leaves indi-
cated that there were higher levels of iron and manganese observed in Kordofan (17.17 +
2.76 mg/100 g) and 5.69 + 3.17 mg/100 g) and a higher level of zinc in the Blue Nile region
(2.548 = 0.55 mg/100 g) (Table 52). However, these two regions had the same levels of Cu.
The results of the two-sample t-test for Fe, Mn, and Zn indicated that there were signifi-
cant differences (p < 0.001) in the data being analyzed, except for Cu (p = 0.9094), suggest-
ing that the true difference in means of copper concentration level was not significantly
different between the two regions (Figure 5).
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Figure 5. Trace elements (Fe, Cu, Mn, and Zn) concentration of Baobab leaves in two regions (Blue
Nile and Kordofan) in Sudan. Significance codes: “*** 0.001 and ns: not significant.

3.2. Differences between Various Habitats

In the analysis of macro element concentrations in Baobab leaves among the different
habitats, the highest levels of calcium (2903 + 187 mg/100 g), potassium (1653 + 34 mg/100
g), magnesium (529 + 101), and Na (7.67 + 1.18) were found in the M, W, and P zones, in
that order (Table S3). The ANOVA test revealed that the concentrations of all macro ele-
ments studied in all three habitats were significantly different (p < 0.05) at a 5% signifi-
cance level. Furthermore, the Tukey HSD multiple comparison test of means showed that
there were significant differences (p < 0.05) in Ca levels between each pair of study habi-
tats. For Mg and Na, the test also showed a significant difference (p < 0.05) between the
study habitat pairs (W-P). Similarly, K levels were found to be significantly different be-
tween the ecological zone pairs (W-M and W-P) (Figure 6).

Among the trace elements in Baobab leaves studied in various habitats, the highest
levels of copper (0.91 + 0.14) and zinc (2.51 + 0.81) were obtained in ecological zone W, and
the greatest amounts of iron and manganese were found in ecological zone P (Table 54).
The ANOVA test indicated that the mean concentrations of all trace elements, except iron,
were significantly different (p < 0.05) within the different habitats (W, P, and M). Tukey’s
HSD multiple comparison test of means showed a significant difference (p < 0.05) in the
levels of Cu among all pairs of habitats, Mn in the pairs (P-M, W-P), and Zn in the W-P
pair only (Figure 7).
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Figure 6. Macro element concentrations of Baobab leaves in different habitats M: mountain, W: wet-
land, and P: plainland, Sudan. Ca, K, Mg, and Na represent calcium, potassium, magnesium, and
sodium. Significance codes: “****’0.0001 **” 0.01 “*” 0.05, ns: not significant.
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Figure 7. Trace element concentrations of Baobab leaves in different habitats M: mountain, W: wet-
land, and P: plainland, Sudan. Fe, Cu, Mn, and Zn represented iron, copper, manganese, and zinc.
Significance codes: “****0.0001 “*** 0.001 **" 0.01 “*’ 0.05, ns: not significant.

3.3. Multivariate Analysis

Similar to the univariate analysis, the multivariate analysis showed a significant in-
fluence of the region and habitat on the mineral content of the Baobab leaves, except for
the “Region” factor regarding the Cu content and the interaction of “Region*Zone” for Ca
content (Table 1).
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Component 2 (24.2 %)

Table 1. Analysis of variance applied to a full factorial linear model in which the “Region” and
“Zone” are the factors potentially affecting the mineral contents of Baobab leaves.

ANOVA (Prob > F)
Region Zone Region*Zone
Ca <0.0001 <0.0001 0.2869
K <0.0001 <0.0001 <0.0001
Mg <0.0001 <0.0001 <0.0001
Na <0.0001 0.0002 <0.0001
Cu 0.7806 <0.0001 <0.0001
Fe <0.0001 <0.0001 <0.0001
Mn <0.0001 <0.0001 <0.0001
Zn <0.0001 <0.0001 <0.0001

Principal component analysis (PCA) was used to evaluate the relationships between
the analytical characteristics of the samples and their geographical origins (region, zone).
The first two PCs explained 73.5% of the variance in the samples. The loading plot in (Fig-
ure 8b) shows that the concentrations of Mn, Mg, and Fe had the highest positive loadings
on PC1, whereas Zn, Ca, and K had negative loadings. PC2 was influenced mainly by Cu
(positive loading) and Na (negative loading). Positive linear correlations (vectors pointing
in the same direction) were found between Mg and Mn (r = 0.179), and between Mg and
Fe (r=0.8101). The strongest inverse correlation (variables arranged in opposite directions
with respect to the origin of the axis and far from the origin of the plot) was found between
Mn and K (r = -0.8045). The scores plotted in (Figure 8a) show the distribution of samples
on the plane defined by PC1 and PC2. PC1 was effective in discriminating between geo-
graphic regions: higher levels of Fe (13.65-18.00 vs. 11.79-14.47 mg/100 g), Mn (2.04-5.42
vs. 2.06-2.53 mg/100 g), and Mg (502-626 vs. 431-460 mg/100 g) pulled the samples col-
lected in the Kordofan region to positive loadings on PC1. The samples from the Blue Nile
region showed negative loadings on PC1, mainly due to higher levels of Zn (2.09-3.29 vs.
1.60-2.09 mg/100 g), Ca (2380-3071 vs. 20922736 mg/100 g), and K (15241831 vs. 1122-
1683 mg/100 g) than the samples from Kordofan. PC2 was able to differentiate the samples
by zone but in different ways for the samples collected from different regions. The P and
M samples from Kordofan and the P and W samples from the Blue Nile had positive load-
ings on PC2, while higher Na contents and lower Cu contents, resulting in negative load-
ings on PC2 for the W samples from Kordofan and the M samples from the Blue Nile.
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Figure 8. PCA score plots of the Baobab leaves samples (a) and PCA loadings plot of the variables
on the first two components (b). Regions are in blue (Blue Nile) and red (Kordofan). Zones are in
circles (W), squares (P), and triangles (M).

4. Discussion

Previous research has shown that the Baobab tree plays an important role in increas-
ing the incomes of rural people in Sudan [20], and it is a significant resource for nutrients,
with an impact on human health [21]. Baobab leaf extract has effectively reduces doxoru-
bicin cardiotoxicity due to its antioxidative compounds [22]. Previous studies have also
shown that the levels of minerals in Baobab leaves within and between different areas in
African countries vary significantly [23,24]. Similarly, this study also showed notable var-
iations in several elemental levels, such as potassium, sodium, magnesium, calcium, man-
ganese, and zinc, emphasizing the dynamic nature of the chemical structure of Baobab
(Adansonia digitata) leaves. This research adds to the existing knowledge by exploring
the effect of habitats and regional factors on the elemental composition of Baobab leaves
and discloses a novel perspective on the variability of elemental concentrations, as fol-
lows:

4.1. Elemental Level Variations

This study highlighted substantial variations in the elemental concentrations of Bao-
bab tree leaves across different regions and habitats. The findings of this study emphasize
the importance of considering geographical factors when developing dietary recommen-
dations, particularly for populations living in diverse habitats or areas with lower nutrient
levels. By accounting for these variations, dietary advice can be personalized to address
the specific nutrient deficiencies prevalent in various geographic locations. Including Ba-
obab leaves in our diets may offer a potential solution for individuals residing in regions
with nutrient deficiencies as are a rich source of essential nutrients. More importantly,
studies focused on the soil type of Baobab growth as well as regional and ecological dif-
ferences contribute to the existing literature on Baobab tree products and their value,
providing valuable insights for future research and dietary interventions that will be
aligned with what was reported by [23,25,26].

4.2. Implications of Human Dietary Needs and Overall Health

In general, macro and trace elements are essential components of human nutrition
and health, as recognized by the EFSA (Table 2). According to recent studies, calcium sig-
nificantly contributes to the maintenance of bone health and is important for cancer pre-
vention. Mg plays a crucial role in muscle contraction and glandular secretion [27]. So-
dium and potassium also affect blood pressure regulation [28-31].

Table 2. Description of the main biological functions of minerals.

Elements = Well-Being and Positive Interactions
Needed for keeping bones and teeth healthy as well as regular muscle
Calcium function, precise nerve signal transmission, supporting the operation of di-

gestive enzymes, and cell division.

Sustains the health of the neurological operation system, helps to maintain

Potassium ..
the regular activity of muscles, and reduces blood pressure.
Maintains necessary energy metabolism, enables the nervous system and
. muscles to operate effectively, promotes regular protein synthesis, aids in
Magnesium p P & P Y

preserving electrolyte balance, and improves normal psychological func-
tion.

Sodium Required for muscle function.
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Contributes to the appropriate generation of hemoglobin and red blood
Iron cells, facilitates easier transportation of oxygen throughout the body, and
supports the health of the immune system.
Supports healthy connective tissue development, protects cells from oxida-

Manganese . S . .

tive stress, and maintains regular energy-producing metabolism.

Assists in supporting healthy immune system execution, maintaining suit-
Zinc able testosterone levels in the blood, and promoting excellent fertility and

reproduction.

In cases of insufficient micronutrient levels, copper supplementation can
Copper reduce fatigue and exhaustion when combined with B vitamins, iron, mag-
nesium, and vitamin C.

Source: [6].

In addition, trace elements are important for supporting ongoing regeneration pro-
cesses, managing oxidative stress in body tissues, and maintaining a robust immune sys-
tem to fight pathogens [4,5]. Zinc plays a role in the protein structure and controls gene
expression [32]. Iron is an essential element found in proteins such as hemoglobin and
myoglobin [27]. Copper is an essential trace element in humans and animals, and its defi-
ciency in the diet has serious long-term consequences [33]. Unlike iron and zinc deficien-
cies that can lead to significant health issues, a manganese deficiency is rare in humans.
However, overexposure to Mn can lead to poisoning and diseases such as liver cirrhosis,
polycythemia, dystonia, and Parkinson-like symptoms [34,35]. To avoid any health prob-
lems, the recommended daily intake must be consumed (Tables 3 and 4).

Based on our research findings, we compared the average concentration of all macro
elements in dried Baobab leaves to the precisely determine their recommended daily in-
take (Table 3), concluding that Baobab leaves are suitable for a diverse range of individu-
als and age groups. Furthermore, Ca and Mg components recorded in Baobab leaves
ranged from 2354 to 2903 mg/100 g and 444 to 556 mg/100 g, respectively (Tables S1 and
S3). The recommended Ca intake ranged from 280 to 960 mg/day, and Mg ranged from 80
to 300 mg/day for children, adult males and females, and pregnant women (Table 3).
When referring to its recommended amount, consuming less than 50 g of dried Baobab
powder is enough to consume the required Ca and Mg intake, and 200 g is enough for K.
However, for Na, the concentration range was 6.93 to 7.75 mg/100 g in dried Baobab leaves
(Table S1) compared to the range of the 110 to 2000 mg/day recommended intake (Table
3). In this regard, Baobab leaves have a low capacity to supply adequate daily Na intake
requirements. In this scenario, increased daily consumption is recommended to meet the
Na requirements.

If we look at Tables S2 and S4, which show the trace element concentrations of dried
Baobab leaves, and Table 4, which shows the recommended amount, we can see that the
average amount of copper in dried Baobab leaves ranges between 0.66 and 0.91 mg/100 g,
while the daily recommended amount is between 0.4 and 1.6 mg/day. So, the findings
indicated that consuming 50 g to 200 g of this dried powder will be enough to meet the
daily dietary need for copper for all age groups, including infants, children, males, and
females. This also holds for iron, manganese, and zinc. In addition, the different amounts
of major and trace elements in dried Baobab leaves may work as important and valuable
nutrients. This means that Baobab leaves may be useful for meeting our nutritional needs,
especially in places where it is hard to obtain nutrient-rich foods.

Table 3. Adequate intake (mg/day) for (Ca, K, Mg, and Na) approved by the European Food Safety
Authority (EFSA) and dietary Reference Intakes for Sodium (mg/day) approved by the National
Academies of Sciences, Engineering, and Medicine, Na (2019).

Age Group Ca K Mg Na Na (2019)
7-11 months 280 80 200 110
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1-3 years 390 15162005 Boys and girls: 170 1100 800
4-10 years 680 1668-2750 Boys and girls: 230 1300 1000
11-17 years 960 2093-3712 Boys: 300 1700 1200
18-24 years 860 2463-3991 Male: 350 2000 1500
25 years and above 750 2463-3991 Female: 300 2000 1500
Adult (Male) - 2463-3991 - 2000 1500
Adult (Female) - 2463-3991 - 2000 1500

Pregnant - 2463-3991 - 2000 1500

Source: [36,37], The ’-’ symbol in certain cells indicates that there are no data available for that spe-
cific category.

Table 4. Adequate intake (mg/day) for trace elements determined and approved by the European
Food Safety Authority (EFSA).

Age Group Gender Copper Iron Manganese Zinc

18 and older Male 1.6 - - 9.4t016.3

18 and older Female 1.3 - - 7.5t012.7
7-11 months Infants 0.4 8 0.02-0.5 2.4

1 to 3 years Children 0.7 5 0.5 2.4-11.8
3 to <10 years Children 1.0 5 0.8 2.4-11.8
10 to <18 years Boys 1.3 8 1.3 75t012.7
10 to <18 years Girls 1.1 7 1.9 7.5t012.7

Source: [36], The *-" symbol in certain cells indicates that there are no data available for that specific
category.

5. Limitations and Future Directions

Although this study provides a constructive understanding of the elemental compo-
sition of Baobab leaves, certain limitations should be acknowledged: Firstly, the investi-
gation of other parameters attributed to the nutritional value in addition to trace and
macro elements should be investigated. Secondly, this study had a limited sample size,
which means that further studies could include more regions and ecosystems in Sudan
and other African countries. In addition, prospective studies could assess the protein con-
tent, crude fiber, and antioxidant activities of Baobab leaves and investigate variables af-
fecting their nutrient uptake to clarify their influence on leaf structures, for example, the
soil characteristics of Baobab-growing areas.

6. Conclusions

In conclusion, our study resulted in regional variations of macro and trace element
concentrations in dried Baobab leaves obtained from two regions in Sudan. The level of
potassium was higher in the Blue Nile region, with the highest concentrations of magne-
sium and sodium recorded in Kordofan. The concentrations of trace elements showed sig-
nificant differences between the studied ecosystems. This research emphasizes the likeli-
hood that Baobab leaves are a natural source of crucial minerals with remarkable effects
on our health and needs. By elucidating the changes in elemental constituents in different
habitats and regions, we added to the body of knowledge supporting the consumption of
Baobab leaves as a nutritional resource in different communities and at different ages.
Finally, comprehensive research on the nutritional value of Baobab leaves should be con-
ducted to support food safety authorization committees worldwide in developing stand-
ards, specifications, regulations, and legislations to allow Baobab leaves to be traded and
consumed as novel foods in the EU.

Supplementary Materials: The following supporting information can be downloaded at:
https://www.mdpi.com/article/10.3390/foods13121938/s1. Table S1: Macro elements concentration
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(mg/100 g) (mean + SD; n = 9) of Baobab leaves samples collected from two regions, Sudan; Table
S2: Trace elements concentration (mg/100 g) (mean * SD; n = 9) of Baobab leaves samples collected
from two regions, Sudan; Table 53: Macro elements concentration (mg/100 g) (mean * SD; n = 9) of
Baobab leaves samples collected from Habitats, Sudan; Table S4: Trace elements concentration
(mg/100 g) (mean + SD; n = 9) of Baobab leaves samples collected from Habitats, Sudan.

Author Contributions: Conceptualization, A.EM.A. and B.K.; methodology, A.EM.A. and B.K;;
software, AM.S., A.O., and M.M,; validation, B.K. and M.M.; formal analysis, A.O. and M.M.; in-
vestigation, B.K. and A.O,; resources, A.E.M.A; data curation, A.E.M.A. and A.O.; writing original
draft preparation, A.EM.A., A.O., and M.M.; writing review and editing, AM.S., A.O., and M.M.;
visualization, A.M.S., A.O., and M.M.; supervision, B.K. and M.M.; project administration, B.K. and
A.EM.A,; funding acquisition, B.K. All authors have read and agreed to the published version of
the manuscript.

Funding: Project No. TKP2021-NKTA-32 was implemented with support from the National Re-
search, Development, and Innovation Fund of Hungary, financed under the TKP2021-NKTA fund-
ing scheme, and supported by the University of Debrecen Program for Scientific Publication.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: The original contributions presented in the study are included in the
article/supplementary material, further inquiries can be directed to the corresponding author.

Acknowledgments: All authors are very thankful to the Stipendium Hungaricum Scholarship Pro-
gram for providing this opportunity to help the first author complete his doctoral degree through
this scholarship. This research is part of the doctoral dissertation of the first author.

Conflicts of Interest: The authors declare that there are no conflicts of interest regarding the publi-
cation of this article.

References

1.

2.

*®

10.

11.
12.

13.

Amiot, M.-].; Latgé, C.; Plumey, L.; Raynal, S. Intake Estimation of Phytochemicals in a French Well-Balanced Diet. Nutrients
2021, 13, 3628. https://doi.org/10.3390/nu13103628.

Dobrowolska-Iwanek, J.; Zagrodzki, P.; Galanty, A.; Fotta, M.; Kryczyk-Koziot, ].; Szlésarczyk, M.; Rubio, P.S.; de Carvalho, I.S.;
Pasko, P. Determination of Essential Minerals and Trace Elements in Edible Sprouts from Different Botanical Families — Appli-
cation of Chemometric Analysis. Foods 2022, 11, 371. https://doi.org/10.3390/foods11030371.

Chapple, I.L.C.; Brock, G.R.; Milward, M.R; Ling, N.; Matthews, ].B. Compromised GCF total antioxidant capacity in periodon-
titis: cause or effect? J. Clin. Periodontol. 2007, 34, 103-110. https://doi.org/10.1111/j.1600-051x.2006.01029.x.

Enwonwu, C.O,; Phillips, R.S.; Falkler, W.A., Jr. Nutrition and oral infectious diseases: State of the science. Compend. Contin.
Educ. Dent. 2002, 23, 431-434. Available online: https://europepmec.org/article/med/12060962 (accessed on 1 May 2024).
European Commission. EU Register on Nutrition and Health Claims. Parma, November 2016. Available: https://ec.eu-
ropa.eu/food/food-feed-portal/backend/claims/files/euregister.pdf (accessed on 27 March 2024).

Shand, C. Plant Nutrition for Food Security. A Guide for Integrated Nutrient Management; Roy, R.N., Finck, A., Blair G.J., Tandon,
H.L.S,, Eds.; Food and Agriculture Organization of the United Nations: Rome, Italy, 2006; p. 348, ISBN 92-5-105490-8.

Kaboré, D.; Sawadogo-Lingani, H.; Diawara, B.; Compaoré, C.S.; Dicko, M.H.; Jakobsen, M. A review of baobab (Adansonia
digitata) products: Effect of processing techniques, medicinal properties and uses. Afr. ]. Food Sci. 2011, 5, 833-844.
https://doi.org/10.5897/ajfsx11.004.

El Amin, H.M. Trees and Shrubs of the Sudan; Ithaca Press Exeter: Reading, UK, 1990.

Wiehle, M,; Prinz, K.; Kehlenbeck, K.; Goenster, S.; Mohamed, S.A.; Finkeldey, R.; Buerkert, A.; Gebauer, J. The African baobab
(Adansonia digitata, Malvaceae): Genetic resources in neglected populations of the Nuba Mountains, Sudan. Am. . Bot. 2014, 101,
1498-1507. https://doi.org/10.3732/ajb.1400198.

Rabi'u, M. An assessment of multi-purpose use of Adansonia digitata (baobab tree) for sustainable development in the semi urban
fringes of Dutsinma Katsina State Nigeria. Academic Research Int. 2013, 4, 486. doi.org/10.1016/52221-1691(15)30174-X.

Wickens, G.E. The Baobab: Africa’s Upside-Down Tree. Kew Bull. 1982, 37, 173-209. https://doi.org/10.2307/4109961.

Sidibe, M.; Williams, ].T. Baobab, Adansonia digitata L. Crops for the Future; Hughes, A.; Haq, N., Smith, RW., Eds.; International
Center for Underutilized Crop, University Southampton: Southampton, UK, 2002; Volume 4, p. 50.

Habte, T.Y.; Krawinkel, M. Metaphysical Analysis of the Nutritional and Therapeutic Value of Baobab (Adansonia digitata L.). ].
Nutr. Health Sci. 2017, 5, 303-310. https://doi.org/10.15744/2393-9060.5.101.



Foods 2024, 13, 1938 13 of 14

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Sidibé, M.; Scheuring, ]J. F.; Koné, M.; Schierle, J.; Frigg, M.; and Hofman, P. A (and C) for Africa: the baobab tree as a source of
vitamins. 1998. Available online: https://agris.fao.org/search/en/providers/122507/records/64775e0305d624aee89a8af0 (accessed
on 27 March 2024).

Gebauer, |.; Assem, A.; Busch, E.; Hardtmann, S.; Mockel, D.; Krebs, F.; Ziegler, T.; Wichern, F.; Wiehle, M.; Kehlenbeck, K. Der
Baobab (Adansonia digitata L.): Wildobst aus Afrika fiir Deutschland und Europa?! Erwerbs-Obstbau 2014, 56, 9-24.
https://doi.org/10.1007/s10341-013-0197-8.

European Parliament and of the Council. Authorising the placing on the market of Baobab dried fruit pulp as a novel food
ingredient under Regulation (EC) No 258/97 of the European Parliament and of the Council (notified under document number
C(2008) 3046). Off. ]. Eur. Union 2008. Available: https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32008D0575
(accessed on 27 March 2024).

Chadare, F.J.; Linnemann, A.R.; Hounhouigan, J.D.; Nout, M.].R.; Van Boekel, M.A.].S. Baobab Food Products: A Review on
their Composition and Nutritional Value. Crit. Rev. Food Sci. Nutr. 2008, 49, 254-274. https://doi.org/10.1080/10408390701856330.
Eyog Matig, O.; Gandé Gaoué, O.; Dossou, B. Programme de ressources génétiques forestieres en Afrique au sud du Sahara:
Réseau “Espéces Ligneuses Alimentaires”. In Proceedings of the Compte Rendu de la Premiere Reunion du Réseau, Ouaga-
dougou, Burkina Faso, 11-13 Décembre 2000.

Kovacs, B.; Gyori, Z.; Prokisch, J.; Loch, J.; Daniel, P. A study of plant sample preparation and inductively coupled plasma
emission spectrometry parameters. Commun. Soil Sci. Plant Anal. 1996, 27, 5-8. https://doi.org/10.1080/00103629609369625.
Adam, LA A.; Adam, Y.O.; Olumeh, D.E.; Mithofer, D. Livelihood strategies, baobab income and income inequality: Evidence
from Kordofan and Blue Nile, Sudan. For. Policy Econ. 2024, 158, 103116. https://doi.org/10.1016/j.forpol.2023.103116.

Ogbaga, C.C.; Nuruddeen, F.A.; Alonge, O.0.; Nwagbara, O.F. Phytochemical, elemental and proximate analyses of stored,
sun-dried and shade-dried baobab (Adansonia digitata) leaves. In Proceedings of the 2017 13th International Conference on Elec-
tronics, Computer and Computation (ICECCO), Abuja, Nigeria, 28-29 November 2017; pp. 1-5.

Uhuo, E.; Egba, S.; Nwuke, P.; Obike, C.; Kelechi, G. Antioxidative properties of Adansonia digitata L. (baobab) leaf extract exert
protective effect on doxorubicin-induced cardiac toxicity in Wistar rats. Clin. Nutr. Open Sci. 2022, 45, 3-16.
https://doi.org/10.1016/j.nutos.2022.07.004.

Hyacinthe, T.; Charles, P.; Adama, K.; Diarra, C.; Dicko, M.H.; Svejgaard, J.J.; Diawara, B. Variability of vitamins B1, B2 and
minerals content in baobab (Adansonia digitata) leaves in East and West Africa. Food Sci. Nutr. 2015, 3, 17-24.
https://doi.org/10.1002/fsn3.184.

Habte, T.Y.; Suleiman, I.; Adam, H.E.; Krawinkel, M.B. The Potential of Baobab (Adansonia digitata L) Leaves From North-And
West Kordofan In Sudan As Mineral Complement Of Common Diets. Nutr. Food Process. 2019, 2, 1-11.
https://doi.org/10.31579/2637-8914/015.

Assogbadjo, A.E.; Chadare, F.J.; Kakai, R.G.; Fandohan, B.; Baidu-Forson, ].J. Variation in biochemical composition of baobab
(Adansonia digitata) pulp, leaves and seeds in relation to soil types and tree provenances. Agric. Ecosyst. Environ. 2012, 157, 94—
99. https://doi.org/10.1016/j.agee.2012.01.021.

Baidoo, LK,; Fletcher, J.J.; Mensah, P.K.; Quagraine, R.E.; Opata, N.S. Determination of mineral element composition of Ayoyo,
Baobab and Dandelion vegetable green leaves in Ghana using instrumental neutron activation analysis. ]. Food Meas. Charact.
2014, 8, 389-397. https://doi.org/10.1007/s11694-014-9204-5.

Alzahrani, HR.; Kumakli, H.; Ampiah, E.; Mehari, T.; Thornton, A.].; Babyak, C.M.; Fakayode, S5.0. Determination of macro,
essential trace elements, toxic heavy metal concentrations, crude oil extracts and ash composition from Saudi Arabian fruits
and vegetables having medicinal values. Arab. ]. Chem. 2017, 10, 906-913. https://doi.org/10.1016/;.arabjc.2016.09.012.

Agostoni, C.; Bresson, J. L.; Fairweather-Tait, S.; Flynn, A.; Golly, I., Korhonen, H.; Martin, A. EFSA Panel on Dietetic Products,
Nutrition, and Allergies (NDA). Scientific Opinion on establishing Food-Based Dietary Guidelines. EFSA ]. 2010, 8, 1460-1502.
EFSA Panel on Dietetic Products, Nutrition and Allergies (NDA); Turck, D.; Bresson, J.-L.; Burlingame, B.; Dean, T.; Fair-
weather-Tait, S.; Heinonen, M.; Hirsch-Ernst, K.I.; Mangelsdorf, I.; McArdle, H.; and Neuh&user-Berthold, M. Dietary reference
values for potassium. EFSA |. 2016, 14, e04592.

Malavolti, M.; Naska, A.; Fairweather-Tait, S.J.; Malagoli, C.; Vescovi, L.; Marchesi, C.; Vinceti, M.; Filippini, T. Sodium and
Potassium Content of Foods Consumed in an Italian Population and the Impact of Adherence to a Mediterranean Diet on Their
Intake. Nutrients 2021, 13, 2681. https://doi.org/10.3390/nu13082681.

Whelton, P.K.; Huang, Y.; Van Horn, L.; Tinker, L.F.; Neuhouser, M.L.; Carbone, L.; Mossavar-Rahmani, Y.; Thomas, F.; Prentice,
R.L.; Stamler, J.; et al. Sodium and Potassium Intake in US Adults. Circulation 2018, 137, 247-249. https://doi.org/10.1161/circu-
lationaha.117.031371.

Babaali, E.; Rahmdel, S.; Berizi, E.; Akhlaghi, M.; Gotz, F.; Mazloomi, S.M. Dietary Intakes of Zinc, Copper, Magnesium, Calcium,
Phosphorus, and Sodium by the General Adult Population Aged 20-50 Years in Shiraz, Iran: A Total Diet Study Approach.
Nutrients 2020, 12, 3370. https://doi.org/10.3390/nu12113370.

Bost, M.; Houdart, S.; Oberli, M.; Kalonji, E.; Huneau, J.-F.; Margaritis, I. Dietary copper and human health: Current evidence
and unresolved issues. |. Trace Elements Med. Biol. 2016, 35, 107-115. https://doi.org/10.1016/j.jtemb.2016.02.006.

Alejandro, S.; Holler, S.; Meier, B.; Peiter, E. Manganese in Plants: From Acquisition to Subcellular Allocation. Front. Plant Sci.
2020, 11, 517877. https://doi.org/10.3389/fpls.2020.00300.



Foods 2024, 13, 1938 14 of 14

35. Li, L. Yang, X. The Essential Element Manganese, Oxidative Stress, and Metabolic Diseases: Links and Interactions. Oxidative
Med. Cell. Longev. 2018, 2018, 7580707 . https://doi.org/10.1155/2018/7580707.

36. EFSA (European Food Safety Authority). Dietary Reference Values for Nutrients: Summary Report; EFSA Supporting Publication:
2017; Volume e15121. Available online: https://doi.org/10.2903/sp.efsa.2017.e15121 (accessed on 1 May 2024).

37. National Academies of Sciences, Engineering, and Medicine. Dietary Reference Intakes for Sodium and Potassium; Stallings, V.A.,
Harrison, M., Oria, M., Eds.; National Academies Press: Washington, DC, USA, 2019.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au-
thor(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI 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.



