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Abstract

Tamarindus indica L. is a tropical fruit with underexplored differences in bioactivity between its pulp and seed.
This study compares the proximate composition, mineral content, amino acid profile, and antioxidant activity
of T. indica pulp and seed extracts. Proximate analysis followed AOAC (2015) methods. Mineral content was
quantified via flame photometry and atomic absorption spectroscopy. Amino acids were analyzed using
Technicon Sequential Multi-Sample Analyzer (TSM). Antioxidant activity was assessed via DPPH assay.
Results: Seeds exhibited higher carbohydrate (91.44% vs. 68.45%) and energy content (4030.10 vs. 2100.5
kJ/100g), while pulp was richer in crude fiber (5.00% vs. 0.62%) and vitamin C (43.90 vs. 39.70 mg/100g).
Potassium (289.5 mg/100g) and magnesium (58.22 mg/100g) were predominant in seeds. Seventeen amino
acids were identified, with seeds showing higher phenylalanine (4.95 g/100g) and leucine (5.01 g/100g).
DPPH assays revealed concentration-dependent antioxidant activity, with pulp IC50 = 54.70 pg/mL and seed
IC50 = 68.21 pg/mL. T. indica seeds are a superior energy source, while pulp offers higher fiber and
antioxidants, supporting their dual use in functional foods.
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1.0 Introduction

Wild plants play crucial roles in the diet of people in low income part of the world [1]. Its fruits are important
to local diets and are a food source majorly in every part of the world that provide support to the global food
basket [2]. Diet and lifestyle have a direct impact on the health of an individual and can aid to heal diseases
mainly due to metabolic conditions. Frequent changes in diet and lifestyles that have occurred with,
urbanization, Industrialization and economic development have increased over the past, which brought
considerable alterations in general health of the masses [3]. The balance between energy consumption and
energy expenditure has been brought under close monitoring and ever-evolving suggestions for good health.
According to new American Heart Association diet and lifestyle recommendations, a healthy diet and lifestyle
are key weapons in the fight to prevent heart related disease[4].
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Tamarindus indica is a leguminous tree belonging to the family Fabaceae common to tropical Africa. It is well
known for its delicious fruit. The edible portion of the fruit is, sticky, brown and sour in taste distinguished
with a unique flavour that is used in a variety of dishes and drinks[5]. The usefulness of the tamarind tree does
not end with its fruits. The tamarind tree is widely distributed or more appreciated as an ornamental plant in
the tropics. It is sometimes compared to coconut as another "tree life", it is widely adaptable and easily
managed. It produces many-valued foods, medicine, wood and construction products [6]. The tree is drought
resistant, strong and performs well as windbreak. It also prevents soil erosion, protects people’s homes crops
and animal in harsh environments and also plays crucial beautification role in thousands of parks[5].
Traditionally, the fruit’s pulp is used as a flavoring agent, while its seeds often discarded as agro-waste made
up 25-40% of the fruit's weight, this represent unused resource for sustainable food systems[7]. The shift
from traditional plant-based diets to calorie-dense, processed foods has intensified undernourishment and
oxidative stress-related diseases such as diabetes and cardiovascular disorders in developing nations[9]. T.
indica are rich in polyphenols, vitamins, and minerals, offering a cost-effective way to manage micronutrient
deficiencies[10]. Recent research point out their importance in modulating gut microbiota and reducing
inflammation, conforming with the "food-as-medicine" paradigm[11].

Tamarind pulp’s tartaric acid and laxative properties are well documented. The seed’s nutritional profile
remains underexplored. Comparative analyses of pulp and seed bioactivity are scarce, despite evidence that
seed extracts exhibit higher antioxidant capacity. Furthermore, existing studies often overlook the amino acid
composition, which is critical for assessing protein quality in plant-based diets[12].

This work validates traditional uses and guides industrial applications, such as seed flour fortification in baked
goods or pulp extracts as natural preservatives.

This study addresses these gaps by:

e Comparative profiling: Proximate, mineral, and amino acid analyses of pulp and seeds.
e Antioxidant kinetics: DPPH assays to quantify scavenging activity.

1.1 Antioxidants

Antioxidants are molecules that can neutralize free radicals by accepting or donating electron(s) to eliminate
the unpaired conditions of the radical. The antioxidant molecules can directly react with the reactive radicals
and destroy them, while they become new free radicals which are less active, longer lived and less dangerous
than those radicals they have neutralized. They may be neutralized by other antioxidants or other mechanisms
to terminate their radical status[13].

Oxidation is the transfer of electrons from one atom to another and represents an essential part of aerobic life.
Oxygen is the ultimate electro acceptor in the electron flow system that produces energy in the form of
Adenosine triphosphate. However, problems may arise when the electron flow becomes uncoupled (transfer
of unpaired single electrons), generating free radicals [14].

Free radicals are a biological response to environmental toxins, such as cigarette smoke, chemical, sunlight,
cosmic and man-made radiation, and even a key feature of pharmaceutical drugs. Free radicals are also

produced when you have inflammation in your body and when you exercise [15].
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Antioxidant mechanisms of action include:

Preventive: being the first line of defense, preventing reactions of free radicals and their derivatives with
biological substances in the body.

Repairing: Involving interruption into a radical oxidation reaction.

Inactivating: the products of free radical reaction and their derivatives, by repairing or eliminating structural
damage[16].

Antioxidants can be categorized based on their sources. Endogenous antioxidants are products of the body’s
metabolism. Dietary antioxidants are present in significant amounts in commonly consumed fruits, vegetables,
beverages, nuts and cereal products, they are known as the exogenous antioxidants[17]. Dietary antioxidants
can delay the process of aging and may also mitigate complications of diabetes and cardiovascular diseases
e.g. polyphenols[18].

1.1.1 Enzymatic and non-enzymatic antioxidants
1.1.1.1 Enzymatic antioxidants

The important parts of the enzymatic antioxidant defense system include superoxide dismutase (SOD), an
enzyme that scavenges superoxide ions and converts them to molecular oxygen and hydrogen peroxide;
catalase (CAT), this breakdown hydrogen peroxide; glutathione peroxidase (GPx), which decomposes
hydrogen peroxide to water and oxygen; glutathione reductase (GR), which is primarily responsible for
maintaining adequate levels of reduced glutathione and thioredoxin reductase (TrxR, TR), an enzyme that
carryout similar actions to glutathione reductase[19]. Superoxide dismutase (SOD) catalyzes the dismutation
of Oz~ to Oz with remarkably high reaction rates by successive oxidation and reduction of the transition metal
ion and to the less reactive species H202 [20].

Catalase is an enzyme present in the cells of plants, animals and aerobic bacteria. Catalase is in a cell organelle
called peroxisome. The enzyme very efficiently promotes the conversion of hydrogen peroxide to water and
molecular oxygen [20]

1.1.2 Non-enzymatic

Non-enzymatic antioxidants are the second line of defense against ROS. They are represented by molecules
characterized by the ability to rapidly inactivate radicals and oxidants. They work by interrupting free radical
chain reactions. Few examples of the non-enzymatic antioxidants are vitamins, plant polyphenol, carotenoids
and glutathione [13].

Vitamin E: (a-tocopherol), is an efficient lipid soluble antioxidant and functions as a ‘chain breaker’ during
lipid peroxidation in cell membranes and various lipid particles including low density lipoprotein (LDL). It
functions to intercept lipid peroxyl radicals (LOO-) and to terminate the lipid peroxidation chain reactions. The
resultant tocopheroxyl radical is relatively stable and in normal circumstances, insufficiently reactive to
initiate lipid peroxidation itself, which is an essential criterion of a good antioxidant. It should be noted that,
vitamin E exerts antioxidant effects by scavenging lipid peroxyl radicals in vivo as well as in vitro systems.
However, vitamin E is not an efficient scavenger of OH and alkoxy radicals in vivo [21].
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Vitamin C (ascorbic acid) is a water-soluble free radical scavenger. Moreover, it regenerates vitamin E in cell
membranes in combination with glutathione or compounds capable of donating reducing equivalents. Vitamin
C changes to the absorbate radical by donating an electron to the lipid radicals to terminate the lipid
peroxidation chain reaction. The pairs of ascorbate radicals react rapidly to produce one molecule of ascorbate
and one molecule of dehydroascorbate. The dehydroascorbate does not have any antioxidant capacity. Hence,
dehydroascorbate is converted back into the ascorbate by the addition of two electrons. The last stage of the
addition of two electrons to the dehydroascorbate has been proposed to be carried out by oxidoreductase [21].

Vitamin A was first described by Monaghan Schmitt, who reported that vitamin A can protect lipids against
rancidity. Several reviews have appeared to outline the structural and metabolic characteristics of vitamin A
and information about its potential as antioxidants in relation to the heart diseases. Vitamin A has a vital
antioxidant contribution in protecting human LDL against copper-stimulated oxidation [21]. Glutathione is the
most significant n on enzymatic oxidant defense mechanism. It exists in relatively large amounts and serves to
detoxify peroxides and regenerate several important antioxidants (e.g. a-tocopherol and ascorbic acid).
Reduced glutathione is regenerated from its oxidized form glutathione disulphide by the action of
nicotinamide adenine dinucleotide phosphate (NADPH) dependent reductase [21]

1.1.3 Based on antioxidant solubility in the water or lipids:

The antioxidants can be categorized as water-soluble and lipid soluble. The water-soluble antioxidants, for
example vitamin C, are present in cellular fluids such as the cytoplasmic matrix (cytosol). They react with
oxidants in the cell cytoplasm and blood plasma. The lipid-soluble antioxidants are vitamin E, carotenoids and
lipoic acid, they are more predominantly located in cell membranes [13].

1.1.4 Based on the size of the antioxidant:

The small-molecule antioxidants neutralize the reactive oxygen species in a process called radical scavenging
and carry them away. Examples of antioxidants in this category are vitamin C, vitamin E, carotenoids, and
glutathione (GSH).

The large-molecule antioxidants for example are superoxide dismutase, catalase, and glutathione peroxide are
also enzymes, while the sacrificial proteins albumin absorb ROS and prevent them from attacking other
essential proteins [13].

2.0 Materials and Methods
2.1 Sample Preparation

Fresh T. indica fruits were collected from various locations in Ofu Local government area of Kogi State and
identified by the department of biological science, Federal University of Technology, Owerri, Nigeria. Pulp and
seeds were separated, sun-dried, and ground to 40-mesh particles.

2.3 Proximate Analysis

Moisture, ash, crude fiber, protein, lipid, and carbohydrate content were determined using the method of
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Association of Official Analytical Chemist (AOAC) [22].
2.3.1 Determination of Moisture Content

The freshly collected sample (2 g) was weighed into a pre-weighed crucible and placed in a hot air-drying oven
at 1059C for 24 hours, after which the samples were removed and cooled in a desiccator and then weighed
again. This was done using the AOAC method [22].

The weight lost was obtained by subtracting the weight of dry sample from the original weight of the sample
and the moisture content calculated using equation 2.

(%) Moisture content = Loss in weight X100 e 1

Sample weight

2.3.2 Determination of Ash Content

The ash content was determined using the AOAC method [22]. Dried sample (2g) was weighed into a pre
weighed crucible and incinerated in a muffle furnace at 550°C for six hours. The sample was cooled in a
desiccator and weighed.

The ash content was calculated using equation below.

(%) Ash= Weight of ash
Weight of dry sample

X100 e

2.3.4 Determination of Crude Fibre

Using AOAC method, [22] crude fibre was determined. Ground sample (2 g) was weighed into 500 cm3 conical
flask, 200cm3 of 10% H2S04 was added and boiled for thirty minutes and then filtered. The residue was boiled
in 200 cm3 of 10% NaOH for 30 minutes and filtered again. The residue was dried, weighed and ashed at 600°¢
for ninety minutes in a furnace. This was finally cooled in a desiccator and weighed.

The percentage crude fibre was calculated using equation 4.

(%) Crude fibre = Loss of weigh on ignition

......................... 3
Weight of sample X 100

2.3.5 Determination of Crude Protein

The crude protein was determined using AOAC[22] method. Two grams of the dried sample were weighed into
Kjeldahl digestion flask and a catalyst mixture (NaSO4, CuSO4 and Selenium oxide in 10:5:1 ratio) was added,

followed by 10cm3 of concentrated tetraoxosulphate (vi) acid. The flask was heated at 106°C in the digestion
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block till the water was removed and frothing ceased. The heating continued for four hours until the digest
became clear. After heating, the flask was cooled and diluted to 50 cm3 with distilled water, filtered into a 100
cm3 volumetric flask and made up to the mark with distilled water. 10 cm3 of the aliquot was taken into the
digestion flask and 20cm3 of 45% NaOH solution was added. The content was diluted to 200cm3 with distilled
water and distilled using Micro-kjeldahl distillation apparatus. The distillate was received into receiver flask
containing 10cm3 boric acid indicator. After the distillation, the distillate was titrated with 0.01M HCI until the
colour changes at the end point from green to pink. The blank was also prepared in the same manner without
sample added.

The crude protein was calculated using equations below.

Crude protein (%)= TVxCx0.0014xV1 vl
X 100
WxV2
Where,
TV = Titre value of the acid C = Concentration of acid used.

V1 = Volume of the distilled water used for diluting the digest

V2 = Volume of the aliquot used for titration

W = Weight of the sample used  F = Protein multiplication factor = 0.0014
2.3.6 Determination of Crude Lipid

Ground sample (2 g) was weighed into a porous cellulose thimble whose mouth is covered with fat free
absorbent cotton wool. Hexane (200 cm?3) was filled into a dried and pre-weighed 250 cm? round bottom flask
and the covered porous thimble was placed into the extraction chamber and the soxhlet apparatus assembled.
The assembled apparatus was placed on a heating mantle, fixed to a clamp on a retort stand and cooled. The
extraction was carried out by heating at 60°C for 6 hours after which the thimble was carefully removed. The
receiver flask was transferred to a rotary evaporator where the hexane was removed at 40°C. The receiver
flask containing the crude lipid was oven dried at 105°C for one hour, cooled in a desiccator and weighed.
AOAC[22] method was used to determine the crude lipid.

The percentage crude lipid content was calculated using equation below.

Weight of o1l extracted

Percentage crude o1l lipid = : x 100
Weight of sample 5

2.3.7 Determination of Carbohydrate (By Difference).

The method of [23] was used where the total amount of carbohydrate in the sample was obtained by
calculation using percentage weight difference. This involved subtracting the percentage sum of the food
nutrients; % crude protein, % crude lipid, % crude fibre, % moisture and % ash from 100% dry weight.
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The percentage carbohydrate was calculated using equation below:
Carbohydrate (%) = 100 - (% crude protein + % crude lipid + % crude fibre + % moisture + % ash)

2.4 Mineral Analysis

Na, K, Mg, Ca, Fe, Zn, and P were quantified via flame photometry (PFP7) and atomic absorption
spectrophotometry (AAS).

Mineral content analysis was determined according to AOAC, [22]. Phosphorus was determined
calorimetrically by vanadomolybdate procedure. Flame emission photometer was used to determine the
concentration of sodium, magnesium, and potassium while calcium, iron, zinc, manganese, copper and lead
were measured by atomic absorption spectrophotometer.

The samples (2 g) were digested with 5 cm3 of perchloric acid (HCIO4) and 10 cm3 of Nitric acid (HNO3) in a
water bath. The mixture was allowed to boil at 80°C until it digested and became a clear solution. The mixture
was cooled to room temperature, diluted with deionized distilled water and made up to the mark ina 250 cm3
standard volumetric flask. The solution was kept in plastic container prior to Atomic Absorption
spectrophotometer experiments.

Sodium and potassium were determined using standard Flame Emission Photometer Model PFP7. Standard
solutions 1mg Na/100 cm3and 1mg K/100 cm3 were aspirated into the instrument. The digital readout was
then set to the known concentrations of the fluid being aspirated. Then the Flame Photometer was calibrated,
the sample was then aspirated and the result indicating the concentration was read from the digital display.

2.5 Amino Acid Profiling

The amino acid profile was determined based on the method described by [24], using Technicon sequential
multi sample amino acid analyzer (TSM). Defatted sample (2 g) was weighed into glass ampoule. 7 ml of 6 N
HCI was added and oxygen expelled by passing nitrogen into the ampoule. The glass ampoule was sealed off
with Bunsen burner flame and put in an oven at 1052C * 52C for 22 hours. The ampoule was cooled before
being broken open at the tip and the content filtered to remove the humins. The filtrate was evaporated to
dryness at 402C under vacuum in a rotary evaporator. The residue (hydrolysate) was dissolved with 5 ml of
acetate buffer (pH 2.0) and stored in plastic specimen bottles which were kept in the freezer. The hydrosylate
was vacuum dried to remove buffer solution before loading into the TSM. Compressed nitrogen was passed
into the TSM to serve as a segmented stream flow of the amino acid which helped the analyzer to detect any
amino acid found without mixing up the amino acids. About 5-10 mL of the sample was dispensed into the
analyzer cartridge. The TSM analyzer is designed in such a way as to separate and analyze free acid, neutral
and basic amino acid of the hydrosylate. Diomax chromelon data analyzing system attached to the amino acid
analyzer interpreted the data.

2.6 Antioxidant Activity

The DPPH (2,2-diphenyl-1-picrylhydrazylhydrate) assay was done according to [25]. The samples reacted
with the stable DPPH radical in an ethanol solution. The reaction mixture consisted of adding 0.5 cm3 of
sample, 3 cm? of absolute ethanol and 0.3 cm3 of DPPH radical solution 0.5 mM in ethanol. When DPPH reacts
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with an antioxidant compound, which can donate hydrogen, it is reduced. The changes in color (from deep
violet to light yellow) were read Absorbance (Abs) at 517 nm after 100 min of reaction using a UV-VIS
spectrophotometer (DU 800; Beckman Coulter, Fullerton, CA, USA). The mixture of ethanol (3.3 cm3) and (0.5
cm?) serve as blank. The control solution was prepared by mixing ethanol (3.5 cm3) and DPPH radical solution
(0.3 cm3).

IC50 values were calculated using GraphPad Prism while the percentage of scavenging activity (X %) was
calculated according to the equation below:

X % =100 — [(Absorbance of sample — Absorbance of blank) x 100]

Absorbance of control 7

2.7 Statistical Analysis

The raw data obtained from this research was analyzed with the T-test tool. A t-test is a type of inferential
statistic used to determine if there is a significant difference between the means of two groups, which may be
related to certain features. Data was triplicated and analyzed via t-test (p < 0.05) using SPSS v26.

3.0 Results and Discussion

The results for the proximate analysis of Tamarindus indica are presented in table 1. Elemental contents of the
fruits and pulp are presented in table 2. The amino acid profile of the fruits and pulp samples are presented in
table 3. The in-vitro antioxidant potentials of the fruits and pulp are shown in figure 1 while figure 2 represents
the 1Cso of DPPH scavenging effects.

3.1 Proximate parameters of Tamarindus indica fruit (pulp and seeds)

The proximate analysis of fruits (pulp and seeds) Tamarinduss indica is shown in table 1. These analyses are
important for determination of food quality, microbial stability and can be used for nutritional labeling [26].
The result revealed that the ash content (3.06 * 0.062) in the pulp is higher when compared to the seed (1.98
+ 0.10P) of the fruit. These values compare with apple, watermelon and orange in the range of (2.32-.5.42%)
is higher than values obtained for Tamarindus indica.

Crude fibre (5.00+£0.302) content was higher in the pulp than the seed (0.62+0.01") of Tamarindus indica fruit.
The crude fibre content of fruits can be increased by the dehydration of fruits, as the consumption of fruits
with high crude fibre content may contribute to a reduction in the incidence of diseases like colon cancer,
coronary heart diseases, diabetes, high blood pressure, obesity and other digestive disorders. Increased crude
fibre consumption also increases fecal bulk and rate of intestinal transit and have prebiotic effects [27]. The
values for fibre obtained in this study are within the same range reported for legumes (5-6%), papaya, apple,
watermelon, orange, apricot ranging between (3.43-8.32%) but lower than that of paprika, prickly pear and
guava (33.83-64.67%) [28].
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The crude lipid (1.51-2.99%) content in Tamarindus indica is low compared with those reported for lipids in
guava, prickly pear, paprika, papaya, papaya, apple, watermelon, orange, apricot fruits (16.20-54.2%) [28].
Dietary lipids are essential for the structure and biological functions of cells, examples of lipids are
phospholipids and sterols [26].

Crude protein (4.42-7.59%) contents obtained for the fruits of Tamarindus indica were lower than those of
protein rich foods such as soyabean, cowpea, pigeon pea and pumpkin with protein content ranging between
23.1% and 33.0% and those reported for papaya, apple, watermelon, prickly pear, apricot and paprika in the
range of 16.60 - 33.79, orange and guava are 3.06 and 7.90% respectively [28]. Proteins are essential
component of diet needed for survival of animals and human beings whose basic function is to supply adequate
amounts of required amino acids for nutrition. Protein deficiency causes growth retardation, muscle wasting,
odema, abnormal swelling of the belly and collection of fluids in the body [29]. The protein content of the fruits
is lower than the percentage recommended by Food and Agriculture [30] which is 12-15%).

The moisture content of the pulp (16.00 + 0.552) is higher than in seed (2.00 + 0.05P) of the fruit. High moisture
content is typical of fresh fruits at maturity, this account for rapid deterioration of fruits if left unprocessed for
a long time after harvesting. The moisture in fruits also provides part of the medium for normal functioning of
enzymes and general metabolic processes [31]. Moisture in fruits is largely dependent on humidity,
temperature and harvest time of the species. The moisture in fruits make up part of the number of daily fluid
intake in adult male (2.5L) and adult female (2.0L) [32].

The percentage carbohydrate (68.45-91.44%) obtained is higher than those reported for papaya, apple,
watermelon, guava, orange, pear, apricot and paprika which were in the range of (8.54-34.74%).

3.2 Elemental constituent of Tamarindus indica Fruit (pulp and seeds)

The content of some elements present in fruit of Tamarindus indica are shown in Table 2. The results indicate
that potassium (289.5P-233.02 %), Calcium (85.0*-101.22 %), Magnesium (26.212-58.22b %), Sodium (19.91b-
26.952%) and Phosphorus (7.60Y-24.622 %) were significantly (p< 0.05) higher while Iron (1.95%-5.022 %) and
Zinc (0.45P-0.752 %) were low in both seeds and pulp respectively. Chromium was not found in Tamarindus
indica fruit. The result obtained for the mineral composition as presented shows that potassium is the most
predominant mineral in both pulp and seeds of Tamarindus indica. The Na*/K* ratio of both samples is less
than one. Thus, both samples would be suitable for reducing high blood pressure [33].

3.3 Amino Acid Profile of Tamarindus indica Fruit

The amino acid profile of Tamarindus indica fruit is shown in Table 3. The result revealed 17 amino acids. 9
(Leucine (3.00 £0.012), Serine (2.80 +0.032), Aspartic acid (3.54 £0.212), Alanine (3.33 +0.012), Lysine (2.30
+0.032), Proline (2.13 +0.022), Glycine (2.00 £0.052), Threonine (2.01 +0.022), Phenylamine (2.20+0.012) were
found to be significantly (p< 0.05) higher in the pulp and 4 ( Phenylamine (4.95£0.01b), Lysine (4.72+0.26P),
Leucine (5.01+£0.06°) and Tyrosine (5.11+0.12P) were found to be significantly (p< 0.05) higher in the seeds.
Essential amino acids are not produced by the body and must be obtained from food. Essential amino acids
such as Histidine, Isoleucine, leucine, phenylamine, threonine, lysine and valine were present. Foods that
contain all nine essential amino acids are referred to as complete proteins. All nine essential amino acids
perform varied roles in the body. They are involved in important processes such as tissue growth, energy
production, immune function and nutrient absorption [34]. We have in total eleven nonessential amino acids.
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Nonessential amino acids can easily be produced by the body and as such, they are readily available.
3.4 In-vitro Antioxidant Potential of Tamarindus indica Fruits (Pulp and Seeds)

The in-vitro antioxidant potential of Tamarindus indica fruits is captured in figure 1. DPPH is used as a stable
free radical to determine the antioxidant activity of natural compounds, and the scavenging of stable radical
(DPPH) is considered a valid and easy assay to evaluate scavenging activity of antioxidants. In this assay,
purple color of DPPH is reduced to a-diphenyl-B-picrylhydrazine (yellow colored) when neutralized. The
extent of the change in color is proportional to the concentration and strength of the antioxidants. The effect
of antioxidants on DPPH could be due to their hydrogen donating ability [35]. The result revealed that
percentage inhibitory effect of both samples (garlic acid standard, pulp and seeds of the fruits) increased with
an increase in concentration. Hence, the inhibition potential is concentration dependent. However, the
inhibitory effects of the pulp and seeds were relatively low compared to the standard. Although, the pulp
showed a higher inhibition than the seeds. This indicates that the pulp may contribute to protection against
diseases.

3.5 The ICso DPPH Scavenging Effects of Tamarindus indica Fruits (Pulp and Seeds)

The ICso values of the DPPH scavenging effects of the Tamarindus indica Fruits (Pulp and Seeds) are presented
in Figure 2. A lower ICso value indicates greater antioxidant activity. The result revealed that concentration of
samples required to scavenge 50% free radicals were 7.08, 54.70, and 68.21 respectively for garlic acid
standard, pulp and seeds of the fruits. These values are favorable when compared to reports on ICso M.
calabura fruits with value (90+0.04pg/cm3). This confirms that the fruits have a lower DPPH scavenging effect.

4.0 Summary

The antioxidant potential of the samples indicated that the percentage inhibitory effect for both samples
(garlic acid standard, pulp and seeds) increased with an increase in concentration an indication that the
inhibition potential is concentration dependent. Mineral elements potassium (289.5b-233.02 %), Calcium
(85.0p-101.22%), Magnesium (26.212-58.22b %), Sodium (19.91b-26.952 %) and Phosphorus (7.60P-24.622 %)
were significantly (p< 0.05) higher while Iron (1.95-5.022 %) and Zinc (0.45°-0.752 %) were low in both seeds
and pulp respectively. Chromium was not found in Tamarindus indica fruit. The result revealed 17 amino acids.
9 (Leucine (3.00 £0.014), Serine (2.80 £0.032), Aspartic acid (3.54 £0.212), Alanine (3.33 +0.012), Lysine (2.30
+0.034), Proline (2.13 +0.022), Glycine (2.00 +0.052), Threonine (2.01 £0.022), Phenylamine (2.20£0.012) were
found to be significantly (p< 0.05) higher in the pulp and 4 ( Phenylamine (4.95+0.01b), Lysine (4.72+0.26b),
Leucine (5.01+0.06°) and Tyrosine (5.11+0.12b) were found to be significantly (p< 0.05) higher in the seeds.
The proximate values of carbohydrates, lipid, crude proteins, crude fibre, ash and moisture content are found
to be 68.45%, 2.99%, 7.59%, 5.00%, 3.06%, 16.00% for the pulp and 91.44%, 1.51%, 4.42%, 0.62%, 1.98%,
and 2.00% for the seeds respectively.
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5.0 Conclusion

Proximate constituents, antioxidant potentials, mineral element contents, amino acid contents in the fruits of
Tamarindus indica were analyzed. Looking at the composition, the fruits of Tamarindus indica have unique
health benefits. The antioxidant activity of the studied fruits might be exploited in the food industry as nutrient
supplement. Present research shows that fruits of Tamarindus indica has significant nutritional and
antioxidant potential and can serve the malnutrition purpose across the African globe.

6.0 Recommendations
The results revealed in this research work will give way to:

Evaluating antioxidant potential with other methods apart from DPPH method.
Extraction of the essential amino acids in the fruits for supplements.
More studies on the antioxidant potential of the edible fruit in vivo.

Declaration of Conflicting Interests

The authors declare no potential conflicts of interest with respect to the research, authorship and publication
of this article.

Funding

The author received no financial support for the research, authorship and publication of this article.

References

[1] L. Akajiaku, J. Nwosu, N. Onuegbu, N. Njoku, and C. Egbeneke, “Proximate, Mineral and An ti-nutrient Composition of
Processed (Soaked and Roasted) Tamarind (Tamarindus indica) Seed nut,” Curr. Res. Nutr. Food Sci. ]., vol. 2, no. 3,
pp. 136-145, Dec. 2014, doi: 10.12944 /CRNFS]J.2.3.05.

[2] M. E. Mgalula, “An ethnobotanical study of wild edible fruits in miombo woodlands of Tabora region in Western
Tanzania,” ]. Ethnobiol. Ethnomed., vol. 20, no. 1, p. 23, Feb. 2024, doi: 10.1186/s13002-024-00668-x.

[3] S. Casari et al,, “Changing Dietary Habits: The Impact of Urbanization and Rising Socio-Economic Status in Families
from Burkina Faso in Sub-Saharan Africa,” Nutrients, vol. 14, no. 9, p. 1782, Apr. 2022, doi: 10.3390/nu14091782.

[4] D.S.haque, D. S. Basit, D. R. Kumar Tanwani, D. T. Zehra, and P. N. A. Solangi, “BALANCED DIET; BALANCED LIFE,”
Prof. Med. ]., vol. 20, no. 10, pp. 1304-1308, Oct. 2015, doi: 10.17957/TPM]/15.2647.

[5] A.Of,P.T.On, and A. Dantani, “ISSN : 2663-9513 ( Online ) ISSN : 2663-9505 ( Print ) EARLY GROWTH OF TAMARIND
( Tamatindus indica L.) IN KANO STATE,” vol. 9513, pp. 18-27, 2020.

[6] M. G. and B. W. A Dantani, RB Mukhtar, AA Musa, “Assessment of pre-sowingtreatments on germination and early
growth of tamarind (tamatindus indica l.,” South AsianJournal Biol. Res., vol. 3, no. 1, pp. 18-27, 2019.

[7] H. Amarasinghe, N. S. Weerakkody, and V. Y. Waisundara, “Evaluation of physicochemical properties and antioxidant
102


http://www.ijsate.com/

International Journal of Science, Architecture, Technology, and Environment Volume 02, Issue 12, December 2025
ISSN 3048-8222 (Online) | www.ijsate.com [ editor@ijsate.com

activities of kombucha ‘Tea Fungus’ during extended periods of fermentation,” Food Sci. Nutr., vol. 6, no. 3, pp. 659-
665, May 2018, doi: 10.1002 /fsn3.605.

[8] A.Jain, S. Bhadoriya, A. Ganeshpurkar, J. Narwaria, and G. Rai, “Tamarindus indica : Extent of explored potential,”
Pharmacogn. Rev., vol. 5, no. 9, p. 73, 2011, doi: 10.4103/0973-7847.79102.

[9] 2021; https://www.who.int/news-room/fact-sheets/detail/healthy-diet WHO, “No Title”, doi: WHO, 2021;
https://www.who.int/news-room/fact-sheets/detail/healthy-diet.

[10] A.Lamien-Meda et al, “Polyphenol Content and Antioxidant Activity of Fourteen Wild Edible Fruits from Burkina
Faso,” Molecules, vol. 13, no. 3, pp. 581-594, Mar. 2008, doi: 10.3390/molecules13030581.

[11] S. Ma et al, “Supplementation of wheat flour products with wheat bran dietary fiber: Purpose, mechanisms, and
challenges,” Trends Food Sci. Technol,, vol. 123, pp. 281-289, May 2022, doi: 10.1016/j.tifs.2022.03.012.

[12] 2013; https://doi.org/10.4060/me525en FAO/WHO, “No Title”.

[13] J.Ld, P.H. Lin, Q. Yao, and C. Chen, “Chemical and molecular mechanisms of antioxidants: experimental approaches
and model systems,” ]. Cell. Mol. Med., vol. 14, no. 4, pp. 840-860, Apr. 2010, doi: 10.1111/j.1582-4934.2009.00897 x.

[14] P.].Butterworth, “Lehninger: principles of biochemistry (4th edn) D. L. Nelson and M. C. Cox, W. H. Freeman &amp;
Co., New York, 1119 pp (plus 17 pp glossary), ISBN 0-7167-4339-6 (2004),” Cell Biochem. Funct,, vol. 23, no. 4, pp.
293-294, Jul. 2005, doi: 10.1002/cbf.1216.

[15] V. Lobo, A. Patil, A. Phatak, and N. Chandra, “Free radicals, antioxidants and functional foods: Impact on human
health,” Pharmacogn. Rev., vol. 4, no. 8, p. 118, 2010, doi: 10.4103/0973-7847.70902.

[16] J.Q.Wu, T.R. Kosten, and X. Y. Zhang, “Free radicals, antioxidant defense systems, and schizophrenia,” Prog. Neuro-
Psychopharmacology Biol. Psychiatry, vol. 46, pp. 200-206, Oct. 2013, doi: 10.1016/j.pnpbp.2013.02.015.

[17] 1. Mironczuk-Chodakowska, A. M. Witkowska, and M. E. Zujko, “Endogenous non-enzymatic antioxidants in the
human body,” Adv. Med. Sci., vol. 63, no. 1, pp. 68-78, Mar. 2018, doi: 10.1016/j.advms.2017.05.005.

[18] A. Scalbert, I. T. Johnson, and M. Saltmarsh, “Polyphenols: antioxidants and beyond,” Am. ]. Clin. Nutr., vol. 81, no.
1, pp. 215S-217S, Jan. 2005, doi: 10.1093 /ajcn/81.1.215S.

[19] E. O. Olufunmilayo, M. B. Gerke-Duncan, and R. M. D. Holsinger, “Oxidative Stress and Antioxidants in
Neurodegenerative Disorders,” Antioxidants, vol. 12, no. 2, p. 517, Feb. 2023, doi: 10.3390/antiox12020517.

[20] S.].S.Flora, “Structural, Chemical and Biological Aspects of Antioxidants for Strategies Against Metal and Metalloid
Exposure,” Oxid. Med. Cell. Longev., vol. 2, no. 4, pp. 191-206, Jan. 2009, doi: 10.4161/0xim.2.4.9112.

[21] S.B.Nimse and D. Pal, “Free radicals, natural antioxidants, and their reaction mechanisms,” RSC Adv., vol. 5, no. 35,
pp. 27986-28006, 2015, doi: 10.1039/C4RA13315C.

[22] AOAC (2015), Official Methods of Analysis. Association of Official Analytical Chemists, 18th Editi. 2015.
[23] C.S.James, Analytical Chemistry of Foods. Boston, MA: Springer US, 1995. doi: 10.1007/978-1-4615-2165-5.

[24] L.V.BENITEZ, Amino acid and fatty acid profiles in aquaculture nutrition studies. asia: Fish Nutrition Research in
Asia., 1984.

[25] W. Brand-Williams, M. E. Cuvelier, and C. Berset, “Use of a free radical method to evaluate antioxidant activity,”
LWT - Food Sci. Technol, vol. 28, no. 1, pp. 25-30, 1995, doi: 10.1016/S0023-6438(95)80008-5.

[26] S. K. Haruna, S. S. Ahmed, O. & Abdullahi, “Phytochemical, proximate and Mineral analysis of Solanum incanum
fruit,” Int. ]. Chem. Mater. Environ. Res., vol. 3, no. 1, pp. 8-13, 2016.

[27] C.C.Igboh, M. N. Ikewlechi, C. ]. Ikewlechi, “Chemical Profile of chormolena adoratal,” Pakistan J. Nutr., vol. 5, pp.
521-524,20009.

[28] M. El-Safy, F. S. & Abd El-Ghany, “Chemical and Nutritional Evaluation of Different Seed Flours as Novel Sources of
Protein,” World ]. Diary food Sci., vol. 7, pp. 59-65, 2012.

[29] M. M. Nelson, D. L. Cox, Lehninger principles of Biochemistry, 5th ed. Newyork: W. H. Freeman and company, 2004.

[30] FAO, “Root, Tuber, Plantains and Bananas in human nutrition,” FAO Corp. Doc. Repos., 1990, [Online]. Available:
Rome http//www.fao.org/docrep/to207E08.html7

103


http://www.ijsate.com/

International Journal of Science, Architecture, Technology, and Environment Volume 02, Issue 12, December 2025
ISSN 3048-8222 (Online) | www.ijsate.com [ editor@ijsate.com

Table 1: Proximate composition of Tamarindus indica

Parameter g/100 Pulp Seed

Ash content 3.06+0.062 1.98+0.10b
Crude fiber 5.00£0.302 0.62+0.01>
Crude protein 7.59+0.162 4.42+0.13b
Crude lipid 2.99+0.072 1.51+0.08P
Moisture content 16.00£0.552 2.00+0.05P
Carbohydrate 68.45+0.162 91.44+0.20
Energy kj/100g 2100.5+18.602 4030.10+28.00°
Vitamin C mg/100g 43.90+1.102 39.70+0.99b

Values are presented as Mean + standard deviation of three determinations. Means with different superscripts

in the same row are significantly differed at P< 0.05.

Table 2: Some Elemental Constituents of Tamarindus indica Fruits

Element (mg/100g) Pulp Seed

Na 26.95+0.01 19.91+1.50
K 233.0+3.51 289.5%£2.90
Mg 26.21+£2.50 58.22+2.00
Ca 101.2+4.00 85.0+3.20
Fe 5.02+0.92 1.95+1.20
Zn 0.75+0.10 0.45+0.03
P 24.62+0.50 7.60+0.15

Values are presented as Mean + standard deviation of three determinations. Means with different superscripts

in the same row are significantly differed at P< 0.05.
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Table 3: Amino Acids Profile Dry Weight of Pulp and Seed of Tamarindus indica

Amino Acid Pulp Seed
Phenylamine 2.20+0.01 4.95+0.01
Valine 1.81+0.03 1.10+0.01
Lysine 2.30 +0.03 4.72+0.26
Leucine 3.00 +0.01 5.01+0.06
Isoleucine 1.30 £0.02 0.65+0.02
Threonine 2.01 +£0.02 1.12+0.02
Histidine 1.93 +0.02 0.95+0.01
Glutamic acid 1.73+0.01 1.02x0.01
Serine 2.80 +0.03 0.85+0.01
Tyrosine 1.60 £0.02 5.11+0.12
Ammonia 0.39 £0.01 0.37£0.01
Proline 2.13 +0.02 0.12+0.01
Cysteine 0.58+0.02 0.28+0.04
Glycine 2.00 £0.05 1.04+0.03
Aspartic acid 3.54 +0.21 1.83+0.02
Arginine 1.40 £0.01 0.71+0.04
Alanine 3.33£0.01 1.15+0.06
Total amino acid profile 34.05 30.98

Unit: g/100g Protein. Values are presented as mean # standard deviation of three determinations. Means with

different superscripts across the rows are significantly (P< 0.05) different.
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Figure 1: In-vitro Antioxidant Potential of Pulp and Seeds
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Figure 2: the 1Cso of DPPH Scavenging Effects of Pulp and Seeds
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