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Abstract  Tamarindus indica L. is a non-timber forest product that offers an exceptional richness in 
macronutrients and micronutrients. The present work aims to evaluate the nutritional and functional value of dry 
depetiolated leaves, dry petioles and kernels of seeds roasted between 100°C and 110°C for 15 minutes of 
Tamarindus indica L. from Benin. The proximal composition of the samples was determined by standard methods 
and the mineral composition by atomic adsorption spectrometry. The results show that 100 g of leaves of 
Tamarindus indica L. contain on average ( 94.47 ± 0.31) g dry matter , (5.37 ± 0.09) g ash , (37.49 ± 0.11) g lipid, 
(14.92 ± 0. 10) g of protein and (50.12 ± 0.01) g of sugars. Roasted almonds showed the highest protein content 
(22.08 ± 0.10) g. The dry petioles were richer than the leaves and kernels in dry matter (95.33 ± 0.36) g. The most 
representative mineral of the leaves was phosphorus (701.5 ± 0.21) g and potassium for the almonds (1010.24 ± 2.45) 
mg per 100g of dry matter. The contents of magnesium, calcium, iron and copper were also high with average values 
ranging from (22.08 - 157.17) mg, (100.24 - 1346.71) mg, (16.77 - 62.71) mg and (5.43 - 11.54) mg respectively for 
roasted almonds and dry depetiolated leaves. Manganese was the least important mineral for almonds (5.43 mg) and 
leaves (7.09 mg) low, respectively below 1 and 0.5. These results show that the organs of Tamarindus indica L. 
prospected in this study present a rather interesting nutritional profile and reveal their functional character. They 
could play an important role in human nutrition and food security as food ingredients or incorporated into the 
formulations of products useful to humans. 
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1. Introduction 

Sources of nutrients and raw materials, agroforestry 
resources have been used since the dawn of time by man 
to meet his many needs. This is the case of Tamarindus 
indica L., a versatile plant (Garba et al., 2019) belonging 
to the Leguminosae family (Fabaceae) and widely 
distributed in southern Asia and in certain regions of 
Africa [1] where it is referred to as “Nirtile” in the " 
Lokpa " ethnic group in northern Benin. “Nirtile” is highly 
prized for its nutrient-rich fruit pulp [2]. It is used in the 
production of beverages and serves as an ingredient or 
flavoring agent in confectionery, curries and food 
preparations. It also finds many applications in traditional 

medicine [3,4,5]. However, although the seeds represent 
34% of the fruit, they are a co-product of fruit processing 
and underutilized [1]. As a source of natural hydrocolloids 
and endowed with gelling, coagulant, thickening, adhesive 
and therapeutic properties [5], the seeds can be 
transformed into flour for an optimal use after elimination 
of their integuments which are sources of antinutrients 
responsible for the disorders of digestion in consumers [6]. 

In addition, in certain regions, the leaves of “Nirtile” 
are involved in the preparation of porridge, pasta and sour 
sauces or generally intended as fodder for animals [7]. The 
knowledge of its nutritional value would be important 
beforehand for the formulation of products with “added 
values” of the organ. 

However, little scientific data is available on the 
nutritional composition of leaves and roasted kernels of 
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Tamarindus indica L. from Benin. It is in this context that 
the present study was initiated and has the general 
objective of evaluating the nutritional and functional 
potential of the edible organs of Tamarindus indica L. 
from Benin through the determination of the proximal and 
mineral composition of roasted almonds, leaves and 
petioles of the species. 

The results of this study will help to address the major 
challenges related to human malnutrition, food security 
and poverty in developing countries through the use of 
plants on the one hand and to explore the various voices 
valorization of prospected organs in the agri-food industry. 

2. Material and methods 

2.1. Plant material: 
The plant material essentially consists of the leaves of 

Tamarindus indica L. harvested in the district of Sékou 

and seeds (Figure 1) obtained from the fruits of 
Tamarindus indica L. collected in the commune of Bassila 
in northern Benin in April 2022. 

2.2. Treatment of plant material 
The leaves of Tamarindus indica L. were carefully 

washed, depetiolated, dried in the shade and at room 
temperature for 21 days and then reduced to powder 
(Figure 2). 

Seeds from Tamarindus indica L. fruits have been 
manually sorted to remove bad seeds and other 
contaminants. They were weighed and roasted at a 
temperature of 100°C to 110°C for 15 minutes in an open 
pan placed on a gas stove and peeled to release the 
almonds. These were then ground into flour using an 
attrition mill (Figure 3). Samples were packaged in clean 
bottles and stored at room temperature for later analysis.

 
Figure 1. Photos of some foods derived from Tamarindus indica L. 

 
Figure 2. Technology for the production of powder from the leaves and petioles of Tamarindus indica L. 
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Figure 3. Technology of production of almond flour from roasted seeds of Tamarindus indica L.

2.3. Nutritional composition of leaves, petioles 
and roasted kernels of Tamarindus indica 
L. 

The evaluation of the nutritional value of roasted 
almonds, dry depetiolated leaves, dry petioles of 
Tamarindus indica L. from Benin consisted in 
determining their proximal and mineral compositions. All 
estimates were made in triplicate. 

2.3.1. Determination of proximal composition of leaves, 
petioles and roasted kernels of Tamarindus 
indica 

To determine the nutritional potential of the leaves, 
petioles and roasted kernels of Tamarindus indica L., the 
water and volatile compound, dry matter, crude ash, fat, 
protein and total sugar contents of the organs of 
Tamarindus indica L. were determined. determined by 
standard methods. 

2.3.1.1. Determination of dry matter, water and 
volatile matter content 

The dry matter (TMS) and water and volatile 
compounds (TE) content of Tamarindus indica organ 
samples I. was determined by differential weighing before 
and after stoving at (103 ± 2)°C for 24 hours [8] then 
calculated according to the formulas: 

 TMS = 1 0

éch

m m
m
−

x 100 and TE = 100% - TMS (1) 

Where 1m = Mass of the crucible containing the dry 
sample after stoving; échm = Mass of the sample before 
baking; 0m = Mass of the empty crucible. 

2.3.1.2. Determination of crude ash content 
The ashes of the organ samples of Tamarindus indica I. 

were obtained by incineration at 550°C in a muffle 

furnace until a constant mass was obtained [8]. The crude 
ash content (TC) was estimated by the formula:  

 CT = 2 0

éch

m m
m
−

 x100 (2) 

Where 2m = Final mass (crucible + ashes) obtained 
after incineration; échm = Mass of the sample weighed 
before incineration; 0m  = Empty mass of the crucible. 

2.3.1.3. Determination of lipid content 
Fat content (TL) Tamarindus indica organ samples I. 

was evaluated by the Soxhlet extraction method, 
continuously for 6 hours in hexane heated to 69°C [8]. 
The hexane was then evaporated using a rotary evaporator. 
The elimination of traces of solvent in the extracted oil 
was carried out by stoving at 50° C. for one hour then 
cooled in a desiccator. The mass of oil was weighed and 
related to that of the sample to estimate the fat content (TL) 
according to the formula: 

 TL = 3 b

éch

m m
m
−

 x100 (3) 

Where 3m = Final mass (flask + fat) obtained after 
extraction followed by evaporation and steaming; bm = 
Mass of the empty balloon; échm = Mass of sample taken 
before extraction. 

2.3.1.4. Determination of protein content 
The Kjeldahl method was used for the determination of 

the protein content (TP) of the organ samples of 
Tamarindus indica L according to the standard according 
to the ISO 2005 standard [9]. It was deduced from that in 
total nitrogen (TN) obtained after mineralization, 
distillation and titration of the sample by multiplying TN 
by the conversion factor (6.25). 
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2.3.1.5. Determination of total carbohydrate content 
The total sugars of samples of dry depetiolated leaves 

and roasted almonds of Tamarindus indica were assayed 
by the colorimetric method of Dubois et al. [10] or 
phenol-sulfuric acid method based on the Beer-Lambert 
law. 

2.3.1.6. Energetic value 
The caloric value was estimated by summing the 

products of the content of each organic component by the 
value of its physiological fuel (respectively 4, 9 and 4 
kcal/g for proteins, lipids and carbohydrates. 

2.4. Determination of the mineral 
composition of dry petiolate leaves and 
roasted Tamarindus indica almonds 

Calcium, sodium, magnesium, potassium, phosphorus, 
iron and manganese contents of Tamarindus indica organ 
samples L. were estimated by Atomic Absorption 
spectrophotometry [11] after digestion in 10mL of HNO3 
(1M) and 10 ml of 3N hydrochloric acid on a hot plate for 
30 min of the ashes obtained after incineration of roasted 
almonds and dry depetiolated leaves of the Tamarindus 
indica. 

2.4.1. Statistical analysis 
The calculations of the content of organic nutrients and 

mineral elements of the samples were carried out using 
Excel software. Estimates reported for nutrient contents 
are presented as means ± standard deviation. Values were 
calculated using SPSS version 26 software. 

3. Results and discussion 

3.1. Nutritional characterization of dry 
depetiolated leaves, roasted almonds and 
petioles of Tamarindus indica I.  

Table 1 presents the proximal composition of dry 
depetiolated leaves, roasted almonds and petioles of 
Tamarindus indica L. from Benin. The values obtained are 
presented as the average of three replicates plus or minus 
(±) the standard deviation. 

3.1.1. Proximal composition of roasted almonds 
The roasted almonds of Tamarindus indica L. 

prospected in this study were very rich in dry matter 
(90.11±0.18)g/100g of DM and constitute a potential 
source of proteins (22.08±0.10) g/100g of DM. They 
contain (45.25 ± 0.11) g / 100g of carbohydrates, (12.48 ± 
2.45) g / 100g of lipid and (3.68 ± 1.64) g / 100g of crude 
ash for a value energy equal to 381.61 Kcal/100g. The 
lipid content obtained for roasted almonds of Tamarindus 
indica L. in this study is higher than those reported for 
roasted almonds of the same species (4.55%), (7.03%) and 
(5.70%) reported respectively in 2014 and 2016 by [12] 
and [13] in Nigeria then in 2020 by [14] in India. However, 
it is lower than the lipid content of unroasted almonds 
(14.59%) reported in 2016 by [13] in Nigeria. This 

difference could be due to the duration (short or long) and 
the specific methods (steaming or intense combustion) of 
roasting specific to each author. They are an inexpensive 
source of vegetable protein. The protein content observed 
in the present study is lower than that reported for raw 
almonds (31.44%) reported by [12]. Nevertheless, it is in 
the same wake (19.46% to 26.86%) as those reported by 
[13] in Nigeria then in India in 2020 by [14] and [15] for 
roasted almonds. This significant decrease in protein 
content observed for roasted and raw almonds could be 
explained by the pretreatment method. Indeed, [16] 
reported that prolonged heating of food at high 
temperatures decreases the availability of amino acids, the 
constitutional units of proteins. However, the values of 
protein content of roasted almonds were higher than that 
of wheat flour (13.4%) reported by [17]. They can 
therefore be used as a component in bakery flours. The 
protein content of roasted kernels of Tamarindus indica L. 
is of nutritional importance and as such, the involvement 
of this organ in food would not only increase the dietary 
protein intake of consumers but also help reduce 
overdependence conventional protein supplements, 
including soybeans and other common legumes. 

3.1.2. Proximal leaf composition 
The dry leaves of Tamarindus indica L. showed low 

water content (5.53±0.31) g/100g DM, a fairly high dry 
matter content (94.47±0.31) g/100g DM, carbohydrates 
(50.12 ± 0.01) g/100g DM , lipids (37.49±0.11) g/100g 
DM and proteins (14.92±0.10) g/100g DM (Table 1) and 
explains why these leaves are so appreciated by Burkinabè 
consumers [18] . The estimated energy value of the leaves 
of Tamarindus indica L. prospected from their proximal 
composition is 597.57 g/100 Kcal. Compared to other 
leaves commonly used as vegetables or in salads, the 
protein content of the dry leaves of Tamarindus indica L. 
is higher than those of Solanum macrocarpon leaves 
(0.3759 g/100g of DM reported by [19] in 2021 and those 
of most leafy vegetables such as Momordica balsamina 
(11.29%) considered as important sources of protein [20]. 
The lipid content obtained in the present study 
(37.49±0.11g/100g of DM) is significantly higher than 
that indicated by [18], in 2010 (3.90 g/100g of DM). On 
the other hand, those in dry matter (94.47±0.31), protein 
(14.92±0.10) and ash are corroborated by the work of [18] 
reporting that 100g of fresh leaves of Tamarindus indica L. 
contained 96.10g of dry matter, 14.00g of protein and 
5.50g of ash. These results show that the leaves of 
Tamarindus indica L. are a vegetable source of total 
minerals, lipids and proteins. Moderate consumption 
Tamarindus indica leaves L. as vegetables would 
contribute to improving the recommended daily protein 
intake which varies from 13.5g to 15.5g [21]. 

3.1.3. Proximal petiole composition 
The proximal composition obtained in this study from 

the petioles of Tamarindus indica L. shows that this plant 
constitutes a source of organic matter. The petioles of 
Tamarindus indica contain a low water content (4.67±0.36) 
g against (95.33±0.36) g of dry matter per 100 g of 
samples of which (4.22±0.52) g of ash, (38.12 ± 0.20) g of 
carbohydrates, (31.48 ± 0.11) g of lipids and (10.24 ± 0.52) 
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g of proteins per 100g of dry matter. The estimated 
calorific energy for 100g of petioles is 476.76 Kcal. 

Table 1 reveals low water contents for the various 
organs surveyed, 4.64g to 9.89g per 100g of dry matter 
(DM). The highest content was observed for roasted 
almonds (9.89±0.18) g/100g DM while the petioles are the 
least rich in water (4.67±0.36) g/100g DM. The ash 
contents of the three prospected organs (Table 2) varied 
significantly from (3.68±1.64) g/100g of DM for roasted 
almonds to (5.37±0.09) g/100g of DM for leaves. These 
variations observed in water and the type of organs 
considered or the treatment methods to which they were 
subjected could explain ash for the various organs. 
However, this low water content obtained in this study for 
the three organs of Tamarindus indica L. prospected 
indicates that the leaves or petioles and roasted kernels of 
Tamarindus indica are not susceptible to microbial attack 
during storage and are not highly perishable. The ash 
contents of the three surveyed organs reflect their richness 
in mineral salts. A more in-depth study is therefore 
necessary to determine the types of mineral elements and 
their contents because they are essential for the proper 
functioning of tissues and are necessary for daily needs. 
Knowledge of the mineral composition of these organs of 
Tamarindus indica L. is essential for their efficient use. In 
protein, the highest content was noted for roasted almonds 
of Tamarindus indica L. (22.08±0.10) g/100g of DM 
whereas the lowest is recorded at the level of the leaves of 
the tree (14.92±0.10) g/100g of DM. These results show a 
significant difference at the 5% threshold between leaves 
and roasted almonds that could be due to organ types or 
environmental conditions. They are considered a good 
source of protein because their protein content contributes 
more than 12% of the calorific value of these organs [22]. 
The values of the lipid content of the different organs 
(Table 2) vary significantly between the roasted almonds 
and the aerial organs (leaves and petioles) surveyed. They 
oxidize between (12.48±2.45) g and (37.49±0.11) g per 
100g of DM. The highest lipid content was  recorded for 
the leaves while the roasted almonds showed the lowest 
lipid content. One of the nutritional interests presented by 
the consumption of roasted almonds and dry leaves 
(depetiolated or not) of Tamarindus indica L. would 
therefore contribute to the daily lipid requirements [22] 
and improve the health of human beings. For the organs of 
Tamarindus indica L. studied in the present study, 
carbohydrates are more abundant in the dry depetiolated 
leaves (50.12 g) than in the roasted almonds (45.25 g) and 
the petioles (38.12 g). These values are much lower than 
the carbohydrate content reported (78.74 g) in 2018 by [23] 
for the flour from the fruits of Artocarpus altilis from 
Benin. This suggests that dry depetiolated leaves, roasted 
almonds and leaf stalks of Tamarindus indica L. are on 
their own poor sources of carbohydrates compared to 
other food sources like vegetables. The energy values of 
the three prospected organs of Tamarindus indica L. vary 
from 381.64 to 597.57 Kcal per 100g of dry matter. The 
leaves are more energizing than the petioles while the 
roasted almonds are the least energizing organs of 
Tamarindus indica L. These three organs are low in 
energy organs and can therefore be used in dietary diets. 

Table 1. Proximal composition for 100g of dry organs of Tamarindus 
indica L. 

Organs RA DPL DP 
Water (g) 9.89 ± 0.18 5.53 ± 0.31 4.67 ± 0.36 

Dry matter (g) 90.11 ± 0.18 94.47 ± 0.31 95.33 ± 0.36 
Ashes (g) 3.68 ± 1.64 5.37 ± 0.09 4.22 ± 0.52 
Lipids (g) 12.48±2.45 37.49 ± 0.11 31.48 ± 0.11 
Protein (g) 22.08 ± 0.10 14.92 ± 0.10 10.24± 0.10 
Sugars (g) 45.25 ± 0.11 50.12±0.01 38.12 ± 0.20 

Calorific energy 
(Kcal) 381.64 ± 0.015 597.57 ± 0.00 476.76 ±0.00 

Legend: RA = Roasted Almonds; DPL = Dry Depetiolate Leaves; DP= 
Dry Petioles  

3.2. Mineral composition of dry depetiolated 
leaves and roasted kernels of Tamarindus 
indica L.  

Minerals are essential substances for a wide range of 
vital processes, from the formation of bones and teeth to 
the proper functioning of the heart and digestive system. 
Table 2 presents the composition in essential minerals of 
the dry depetiolated leaves and that of the roasted almonds 
of Tamarindus indica L. from Benin. It reveals a 
significant difference in the richness in micronutrients of 
these two organs of Tamarindus indica L. from Benin. 
Dry depetiolated leaves are richer in minerals than roasted 
seed kernels. Calcium represents the mineral most 
abundantly present in the leaves (1346.71 ± 0.31) 
mg/100g of DM whereas in the almonds, it is potassium 
(1010.04 ± 0.34) mg/100g of MS which presented the 
highest content. The main minerals present in roasted 
almonds are calcium, magnesium and sodium. The 
phosphorus and potassium contents of roasted almonds are 
very low (Table 2). 

The calcium content presented by the dry depetiolated 
leaves is (1346.71 ± 0.31) mg/100g of DM against (100.24 
± 2.45) mg/100g of DM for the roasted seed kernels. They 
are therefore sources of calcium. These levels obtained for 
roasted almonds, although higher than those reported in 
2018 in Nigeria (31.0 ± 0.02 mg/100g) by [24], are in the 
same wake as those notified in India in 2020 (109, 25 ± 
0.11 mg/100g of DM) and 2021 (145.2 mg/100g of DM) 
respectively by [14] and [25]. Compared to some leafy 
vegetables commonly consumed in households, the leaves 
of Tamarindus indica L. prospected in this study are richer 
in calcium than those of Solanum macrocarpon (157.10 
mg/100g DM) and Moringa oleifera (1.27 ± 0.04 mg/100g 
DM) respectively reported by [19] in 2021 then [26] in 
2004. The consumption of 100g of dry leaves can help to 
meet the nutritional need for calcium recommended by the 
World Health Organization (WHO), which varies from 
800 mg to 1300 mg per day depending on age [27]. The 
integration of roasted almonds and/or Tamarindus indica 
leaves L. in food rations would be very beneficial for 
humans because it would strengthen the human skeleton, 
bones and teeth significantly reduce the frequency of 
cramps, back pain, various rheumatisms, bone fractures, 
muscle weakness, forgetfulness and confusion in the 
subjects. In fact, calcium is the most abundant mineral in 
the body. It contributes to the constitution of bones and 
teeth as well as to the maintenance of their health and 
ensures the rigidity and hardness of the skeleton and teeth. 
It is mainly stored in the bones, of which it is an integral 
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part. 99% of calcium is found in the bones in the form of 
calcium phosphate. The small remaining fraction (1%) is 
present in the body in free ionized form, in the blood and 
in the intra and extracellular spaces. In this form, it is 
involved in many body functions such as blood 
coagulation and muscle contraction including the heart, 
transmission of nerve impulses, permeability of cell 
membranes, release of certain hormones, activation of 
enzymes, maintenance blood pressure, etc. [28]. Known 
for its action against osteoporosis and bone 
demineralization (osteomalacia), calcium could also lower 
blood pressure and prevent colon cancer. It would thus 
limit the risk of intestinal and prostate cancer. A calcium-
rich diet has been shown to be as effective as some 
medications in lowering blood pressure [29]. The 
Recommended Dietary Intake (ANC) in calcium being 
900 mg per day for adults. The leaves and roasted 
almonds of Tamarindus indica L. are integral calcium 
providers in solid foods such as dairy products. This 
contribution is therefore not to be neglected in our diet 
[30]., especially that of children who have difficulty 
consuming enough dairy products, as well as in the elderly 
and pregnant and breastfeeding women However, these 
high levels of calcium in the leaves and roasted kernels of 
Tamarindus indica L. are not sufficient (less than 2500 mg 
per day) to inhibit the assimilation of zinc, magnesium 
and especially iron by the body. Indeed, a very high 
calcium intake not only prevents the body from properly 
assimilating the aforementioned minerals but can also 
cause kidney stones in certain predisposed subjects [29]. 

The phosphorus content is (701.50 ± 0.21) mg/100g 
DM for the depetiolated dry leaves and (750.0 ± 0.5) 
mg/100g DM for the roasted kernels of Tamarindus indica 
L. Compared to other leaves commonly used as vegetables, 
the dry depetiolated leaves of Tamarindus indica L. are 
much richer in phosphorus than those of Vernonia 
amygdalina (0.873g/100g), Solanum macrocarpon 
(0.032mg/100g), Moringa oleifera (0.36±0.00 g/100g) 
reported respectively by [19] and [26]. Also, these values 
obtained are higher than the satisfactory intake of 
phosphorus which varies from 100 to 440 mg/day for 
infants and children (6 months to 10 years), men and 
women (breastfeeding and pregnant) d at least 18 years 
and adolescents (640 mg / day). The leaves are therefore a 
plant source of phosphorus and their consumption can 
help strengthen bones and teeth in breastfeeding women 
and especially in children. Indeed, phosphorus is an 
azonide associated to 85% with calcium. It is an essential 
component of all cells. It plays an important role in the 
activation of many enzymes and in the metabolism of 
basic molecules such as carbohydrates, nucleic acids, 
adenosine triphosphate (ATP) and membrane 
phospholipids [31]. 

The magnesium content of the organs of Tamarindus 
indica L.  prospected in the present study varies 
significantly from (22.08 ± 0.10 mg/100g of DM) to 
(157.17 ± 0.10 mg/100g of DM) respectively for the 
roasted almonds and the dry depetiolated leaves of the 
species. The values found at the end of the present 
investigations are higher than those reported in Nigeria 
(13.2 mg/100g) by [24] but lower than the results obtained 
in India (247.57 mg/100g) by [14] on roasted almonds 
from Tamarindus indica L. In a previous report, [32] 

reported that 100g of almond flour treated with 
Tamarindus indica L. contain 2.95 to 3.56 mg of 
magnesium. Roasted almonds and the leaves of 
Tamarindus indica L. are therefore sources of magnesium. 
The consumption of 100g of roasted almonds is sufficient 
to meet the daily nutritional needs of adult women and 
men, which vary between 220 and 260 mg/day [33]. The 
nutritional value of eating roasted almonds and 
Tamarindus indica leaves L. lies in the fact that 
magnesium participates in bone development, the 
construction of proteins, the actions of enzymes, muscle 
contractions including the heart, healthy teeth, the proper 
functioning of the immune system and ionic balance cells. 
It is also important in the formation of the body's main 
energy compound (ATP = Adenosine TriPhosphate) and 
in the transmission of nerve impulses [34]. 

Potassium contents obtained after investigation of 
Tamarindus indica leaves and roasted almonds L. varied 
significantly depending on the type of organ considered. 
For one hundred grams of samples, the dry depetiolated 
leaves presented (359.54 ± 0.07) mg of potassium against 
(1010 ± 0.34) mg/100g of DM for the roasted almonds. 
This content is lower than 1440 mg reported in 2014 by 
[12] for whom the potassium content of roasted almonds 
was the highest of all minerals. The roasting temperature 
and duration could justify this significant difference. A 
high content of potassium in the leaves of Tamarindus 
indica L. is of nutritional importance in that potassium 
promotes high iron assimilation and is beneficial for the 
control of high blood pressure and the decongestion of 
iron retention water in human tissues [35]. It is a 
determining factor in the metabolism of energy and in the 
transmission of nerve impulses. Potassium (K) also 
participates in the ionic balance of cells and prevents bone 
demineralization, thus preventing the loss of calcium in 
the urine [29]. The consumption of the leaves of 
Tamarindus indica L. would contribute to covering the 
recommended daily requirement in potassium, which 
varies according to the subject. Indeed, the WHO 
recommends per day (400 - 750) mg for infants (0 to 6 
months), (800 - 1800) mg for children (1 - 10 years), 3500 
mg for adolescents (15 - 17 years), adults and pregnant 
women, 4000 mg for breastfeeding women. Depetiolated 
dry leaves and roasted almonds of Tamarindus indica L. 
can therefore be recommended for subjects with a history 
of or victims of arterial hypertension, children, women 
and the elderly. 

Sodium is one of the major constituent minerals of the 
prospected organs of Tamarindus indica L.. The dry 
depetiolated leaves are richer in it than the roasted 
almonds are respectively (13.02 ± 0.18) mg and (20.06 ± 
0 .11) mg/100g of DM. The sodium contents obtained in 
this study are three times higher than those reported in 
Nigeria for roasted almonds (3.8 ± 0.05 mg/100g of DM) 
by [23]. However, they are lower than the sodium content 
of boiled, roasted or autoclaved almonds reported by [32] 
and which vary from 73.35 to 122.26 mg/100 g. The 
sodium content of Tamarindus indica organs L. is 
nutritionally significant since sodium is required for the 
regulation of acid-base balance, osmotic pressure, and 
membrane exchange and transport reactions in the body 
[29]. As a macro-mineral, the WHO recommended daily 
sodium intake is 500 mg for adults and 400 mg for 

 



 American Journal of Food Science and Technology 67 

children. The results indicate that the sodium content of 
roasted almonds and dry depetiolated leaves are much 
lower than those recommended by the WHO. 

In the present study, iron was the most abundant 
mineral among the trace elements of roasted almonds and 
dry depetiolated leaves of Tamarindus indica L. The iron 
contents obtained are (16.77 ± 0.25) mg/100g of DM for 
the roasted almonds and (62.71 ± 0.18) mg/100g DM for 
the leaves. These results show that the leaves are four 
times richer in iron than roasted almonds. These values 
obtained for roasted almonds are lower than those found 
in Nigeria in 2007 are (102.40 ± 0.1) mg then in 2016 
(2.33 ± 1.09 mg) respectively by [24] and [36]. 
Nevertheless, they are higher than those reported in 2014 
(15.28 ± 0.01 mg) by [12] and in 2020 (11.37 ± 0.01 mg) 
by [14] for roasted seed kernels of the same species. This 
indicates that roasted almonds and dry depetiolated leaves 
of Tamarindus indica L. could be a good source of iron 
since the daily requirement is around 9 mg for men and 
postmenopausal women and 16 mg for older women, 
young due to menstruation and pregnancy [29]. Indeed, 
iron plays an essential role in metabolic functions. 
Essential element of hemoglobin and myoglobin, it 
ensures the transport of oxygen in the blood and thus 
allows respiration and cellular energy metabolism. It is 
involved in the storage of oxygen within muscle cells and 
participates in the proper functioning of a large number of 
enzymes and the immune system. The consumption of 
100g of roasted almonds or 25g of the leaves of 
Tamarindus indica L. could alleviate problems related to 
iron deficiency such as fatigue, shortness of breath with 
less effort, pallor, heart palpitations, lower resistance to 
infections in the subjects. They can also be the cause of 
concentration difficulties in adults, poor school results in 
learners. In pregnant women, iron deficiency can cause 
anemia with increased risk of bleeding and bacterial 
infection during childbirth and even maternal death and 
developmental delay in babies [29]. 

Manganese plays an essential role in the production of 
energy by each cell. Mineral analysis revealed that the dry 
petiolate leaves (7.09 ± 0.18) mg are richer in manganese 
than roasted almonds (1.71 ± 0.09) mg. As a result, they 
constitute a source of manganese for women and for men. 
The integration of the leaves and roasted almonds of 
Tamarindus indica L. into diets would be beneficial for 
the good health of the organism. Indeed, manganese is a 
trace element that is essential for the synthesis of bones 
and amino acids, for the proper functioning of the thyroid 
gland and the immune system. It also participates in the 
prevention of damage caused by free radicals. It acts as a 
cofactor for several enzymes that facilitate a dozen 
different metabolic processes, is used to relieve 
inflammation, and sprains [37]. Manganese deficiency can 
lead to fertility problems, diabetes problems and joint pain. 
Despite its essential character, the accumulation of 
manganese in the blood is toxic to the central nervous 
system [38]. The WHO recommended daily value for 
manganese is -11 mg for adults but higher than the 2-6 mg 
per day recommended for children [39]. 

Copper is one of the constituents of many proteins and 
enzymes in the human body. It is essential for many vital 
processes and allows the proper use of lipids. Its 
insufficiency could increase the risk of cardiovascular 

disease and cause fatigue, fragility and discoloration of the 
hair, but also hypertension, anemia, bone malformations 
and sterility [29]. The average copper content is 
respectively (5.43 ± 0.03) mg and (11.54 ± 0.25) mg/100g 
of DM. The prospected leaves are two times richer in 
copper than the roasted almonds explored in this study. 
The values obtained for a portion of 100g of leaves and 
roasted kernels of Tamarindus indica L. are higher than 
the recommended value for copper, which varies from 1.5 
mg/day to 3 mg/day depending on the age and sex of the 
subject. These two organs can be considered a good 
source of dietary copper. 

The average zinc content of the roasted almonds of 
Tamarindus indica L. is (2.12 ± 0.01) mg/100 g of DM 
whereas those of the dry depetiolated leaves are about four 
times higher (7.89 ± 0. 17) mg/100g DM. These values 
obtained are higher than those reported (0.50± 0.01) 
mg/100 g of DM by [36] on seeds of Tamarindus indica L. 
from Nigeria. However, the consumption of 100g of 
roasted kernels of Tamarindus indica L. would cover 
about 20% of the daily intake recommended by the WHO, 
which is 10 mg for women and 12 mg for men, while for 
the same portion, the leaves would provide more than half 
of the needs of women and those of men, respectively 78.9% 
and 65.75% . The dry depetiolated leaves and roasted 
almonds of Tamarindus indica L. therefore prove to be 
excellent sources of zinc. Indeed, zinc is intimately 
involved in many mechanisms of the body. Activator of 
enzymes responsible for the constitution of genetic 
material, it plays a crucial role in cell synthesis and 
immune processes. Zinc also has antioxidant activity and 
is involved in sexual maturation, reproduction and fertility, 
taste and smell. It alleviates certain digestive disorders, 
skin problems (skin lesions by burns, wounds, acne, etc.) 
and ensures the good condition of the hair [29]. Therefore, 
the incorporation of the leaves and roasted almonds of 
Tamarindus indica L in diets could help the body protect 
itself from many ailments and aggressions. Zinc 
deficiency can cause loss of appetite, stunted growth, 
weakened immune function, increased risk of infections. It 
is also a determining factor in the deaths of children 
caused by diarrhoea. 

Table 2 presents the Na/K and Ca/P ratios obtained 
from the mineral composition of the dry depetiolated 
leaves and almonds of the roasted seeds of Tamarindus 
indica L. these reports account for the hypotensive 
property and the assimilation of the calcium present in this 
food. Dry petiolate leaves and roasted almonds 
Tamarindus indica L. showed a Na/K ratio of less than 1 
respectively 5.6.10 -5 and 0.01. The Ca/P ratio obtained in 
this study was 0.13 for roasted almonds and 0.002 for dry 
depetiolated leaves (Table 2). 

The sodium/potassium (Na/K) ratio in the body is 
important for proper cardiac pressure balance. Thus, the 
values of the ratio (Na/K) obtained for the dry 
depetiolated leaves and for the roasted almonds of 
Tamarindus indica L. s have less than 1. Therefore, these 
two organs could be helpful in lowering blood pressure. 
However, the hypotensive function of the leaves is more 
enhanced than that of roasted almonds. 

Furthermore, the concept of the Ca/P ratio was 
introduced in 1988 and takes into account the fact that 
modern diets, rich in animal protein and phosphorus, 
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promote the loss of calcium in the urine [24] . For a low 
Ca/P ratio, a large amount of calcium can be released in 
the urine thereby causing a decrease in the calcium 
content of the body. On the other hand, when it is greater 
than 2, the absorption of calcium in the small intestine 
increases [40]. A food source is considered good if the 
Ca/P ratio is greater than 1 and poor when it is less than 
0.5 reported in [24]. Therefore, the leaves (Ca/P ratio = 
0.002) and roasted almonds (Ca/P ratio = 0.13) of 
Tamarindus indica L. are not good dietary sources of 
minerals involved in bone formation. However, the 
calcium present in roasted almonds is more assimilable 
than that present in the dry depetiolated leaves of 
Tamarindus indica. I. 

Table 2. Mineral composition for 100g of roasted almonds and dry 
depetiolated leaves of Tamarindus indica I. 

Organs AT FSD 
P (mg) 0.75 ± 0.50 701.50 ± 0.21 
K (mg) 1010±0.34 359.54 ± 0.07 
Na (mg) 13.02 ± 0.18 20.06 ± 0.11 
Mg (mg) 22.08 ± 0.10 157.17 ± 0.10 
Ca (mg) 100.24 ± 2.45 1346.71 ± 0.31 
Mn (mg) 1.71 ± 0.09 7.09 ± 0.18 
Fe (mg) 16.77 ± 0.25 62.71 ± 0.18 
Cu (mg) 5.43 ± 0.03  11.54 ± 0.25 
Zn (mg) 2.12 ± 0.01 7.89 ± 0.17 

Na/K 0.01 5.6.10 -5 
Ca/P 0.13 0.002 

Legend: AT = roasted almonds; FSD = Depetiolate Dry Leaves 

4. Conclusion 

The results obtained in this study show that the roasted 
leaves and kernels of Tamarindus indica L. from Benin 
have a good nutritional profile with high contents of ash, 
protein, calcium, potassium, magnesium, phosphorus, iron, 
zinc, copper and manganese. . They can be used as a 
source of protein and essential minerals to relieve protein 
malnutrition and the "hidden hunger" prevalent in many 
developing countries. The flour of the roasted almonds 
and/or that of the leaves can be incorporated into 
formulations of food, cosmetic or therapeutic products for 
humans. However, an in-depth study of their antinutrient 
components and methods of reducing their possible 
actions is necessary to account for the availability of 
nutrients in the foods studied. Due to its very interesting 
profile in chemical compounds beneficial to human health, 
Tamarindus indica L. could play an important role in 
human nutrition. It can therefore be promoted to rural 
populations. 
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