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Abstract

Diabetes mellitus represents a major public health concern, particularly in de-
veloping countries where accessible preventive strategies remain limited. This
study aimed to evaluate the biological properties of Sesamum indicum seeds
for their potential use in diabetes prevention, in alignment with the health and
agro-industrial objectives of the Simandou 2040 Program in Guinea. Three
extracts (aqueous, hydroethanolic, and methanolic) were prepared and sub-
jected to phytochemical screening, as well as in vitro antioxidant, antiglycation,
digestive enzyme inhibitory, and anti-inflammatory assays. The findings re-
vealed that the hydroethanolic extract exhibited the highest extraction yield
(30.4%) and the greatest levels of total polyphenols (118.4 + 3.0 mg GAE/g
DE), flavonoids (69.7 + 2.1 mg QE/g DE), and tannins (39.6 £ 1.8 mg CE/g
DE). This extract also demonstrated the most potent biological activities, in-
cluding antioxidant activity (DPPH, ICs = 61.7 ug/mL), ferric reducing anti-
oxidant power (FRAP, 3.12 + 0.11 mmol Fe**/g DE), inhibition of protein gly-
cation (78.4% + 2.0%), fructosamine formation (63.8% + 1.9%), and fluores-
cent advanced glycation end-products (AGEs) (68.2% + 1.8%). Furthermore,
it showed strong inhibitory effects against a-amylase (74.2% * 2.0%; ICs, =
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88.6 pg/mL) and a-glucosidase (85.4% =+ 2.1%; ICso = 66.3 ug/mL), along with
notable anti-inflammatory activity (71.2% + 1.9%). These results suggest
that Sesamum indicum seeds are a promising source of bioactive compounds
that may contribute to the prevention of diabetes and its associated compli-
cations. Their valorization could support the development of locally produced
nutraceuticals, enhance food security, and promote national economic diver-
sification.

Keywords

Sesamum indicum, Diabetes, Antiglycation Activity, Antioxidants,
Simandou 2040

1. Introduction

Diabetes mellitus remains one of the major health challenges of the 21 century.
According to the International Diabetes Federation, approximately 537 million
adults aged 20 to 79 were living with diabetes in 2021, and this number is projected
to reach 783 million by 2045 if current trends persist [1]. This increase dispropor-
tionately affects low- and middle-income countries, where capacities for preven-
tion, screening, and management remain limited [2]. Consequently, diabetes con-
stitutes a leading cause of morbidity, premature mortality, and rising healthcare
costs worldwide [3].

Among the mechanisms underlying diabetic complications, non-enzymatic
glycation plays a central role. This process involves a spontaneous reaction be-
tween reducing sugars, particularly glucose, and amino groups of proteins, lipids,
or nucleic acids, leading to the progressive formation of advanced glycation end-
products (AGEs) [4]. These irreversible compounds accumulate in tissues and
promote oxidative stress, chronic inflammation, vascular stiffness, and cellular
dysfunction [5]. They are strongly implicated in the development of diabetic
nephropathy, retinopathy, cardiovascular diseases, and certain neurodegenerative
disorders [6].

In parallel, postprandial hyperglycemia represents a major aggravating factor
in type 2 diabetes [7]. It primarily results from the rapid digestion of dietary car-
bohydrates mediated by the enzymes a-amylase and a-glucosidase, which are re-
sponsible for intestinal glucose release. Therefore, inhibition of these enzymes con-
stitutes an effective therapeutic strategy to reduce post-meal glycemic spikes. How-
ever, synthetic inhibitors such as acarbose [8], miglitol, and voglibose are often
associated with gastrointestinal side effects, reduced patient compliance, and sig-
nificant costs for vulnerable populations [9] [10].

In this context, natural products of plant origin have attracted increasing atten-
tion. Numerous extracts rich in polyphenols, flavonoids, tannins, and other sec-
ondary metabolites have demonstrated antioxidant, antiglycation, and digestive
enzyme inhibitory properties. These compounds exert their effects through mul-
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tiple mechanisms, including free radical scavenging, chelation of pro-oxidant met-
als, neutralization of reactive carbonyl intermediates, and modulation of enzymatic
activity [11] [12].

Among promising plant resources, Sesamum indicum (sesame) occupies an
important position. This oilseed crop, widely cultivated in Africa and Asia, has
high nutritional and economic value [13]. Its seeds are rich in unsaturated lipids,
proteins, dietary fiber, minerals, and bioactive molecules such as sesamin, sesa-
molin, tocopherols, and various phenolic compounds. Several recent studies have
shown that the consumption of sesame-derived products improves metabolic pa-
rameters, including HbAlc, inflammatory markers, and oxidative stress [14] [15].

A recent scientific review further highlights that sesame exhibits potential ben-
eficial effects on glycemic regulation, cardiovascular health, lipid profile, and cel-
lular protection, making it a promising candidate for the nutritional prevention
of diabetes [16] [17].

Beyond its biomedical relevance, the scientific valorization of sesame aligns
with agricultural and industrial transformation dynamics, consistent with the eco-
nomic diversification and local value creation objectives of the Simandou Project
in Guinea. The development of nutraceutical or functional products derived from
sesame could contribute to strengthening food security, supporting local innova-
tion, and enhancing national agro-food value chains.

It is within this framework that the present study was undertaken to evaluate in
vitro the biological properties of aqueous, hydroethanolic, and methanolic extracts
of Sesamum indicum seeds. Specifically, the study aimed to determine their phe-
nolic compound content, antioxidant activity, inhibitory effects on protein gly-
cation and AGE formation, as well as their ability to inhibit a-amylase and a-glu-
cosidase enzymes. The expected findings may contribute to the development of nat-
ural, accessible, and locally valorized solutions for the prevention of diabetes and

its complications.

2. Materials and Methods
2.1. Study Area

All experimental work related to this study was carried out at the Institute of Ap-
plied Biology Research of Guinea (IRBAG), located in Kindia, Republic of Guinea.
This institute is a national reference center dedicated to biomedical research, the
valorization of natural substances, applied nutrition, and the study of interactions
between diet and human health. In addition, a significant part of the experimental
work was conducted at the Laboratory of Food Science and Nutrition of the Higher
School of Hospitality and Tourism of Guinea, where complementary analyses re-

lated to food composition and nutritional evaluation were performed.

2.2, Study Material

The Sesamum indicum L. seeds used in this study were collected in November

2025 from local markets in Kindia, Republic of Guinea. The plant material was
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authenticated by Konkon Alphonse at the Institute for Applied Biology Research
of Guinea, Kindia, Guinea. A voucher specimen was deposited under the reference
number No. MP-2025-11-SI-001 to ensure the traceability and authentication of
the plant material used.

After collection, the seeds were carefully cleaned to remove impurities, dried
under appropriate conditions, and ground into a fine powder. The obtained pow-
der was directly used for the preparation of aqueous, hydroethanolic (70% ethanol),
and methanolic extracts. The samples were not subjected to prior defatting before
extraction, allowing the preservation of the naturally occurring bioactive constit-
uents present in Sesamum indicum L. seeds.

Human serum used in the antiglycation model was obtained from 10 healthy
volunteer donors recruited for this study. Participants were selected based on the
following criteria: absence of diagnosed diabetes, absence of known metabolic dis-
orders, and no ongoing medication that could influence glucose metabolism. After
obtaining informed consent from the participants, serum samples were collected
in accordance with ethical principles governing the use of human biological ma-
terial. Serum samples from different donors were pooled to minimize inter-individ-
ual variability and to obtain a homogeneous sample for antiglycation analyses. Par-
ticipants were informed about the scientific objective of the study and voluntarily
agreed to provide their biological samples for experimental analyses. The confiden-
tiality of donor-related information was strictly maintained in accordance with
applicable ethical guidelines for biomedical research. After coagulation, the samples
were centrifuged at 3000 rpm for 10 minutes. The serum was aliquoted and stored
at —20°C until analysis.

The main reagents used included ethanol, methanol, distilled water, DPPH, ABTS,
FRAP, Folin-Ciocalteu reagent, gallic acid, quercetin, glucose, a-amylase, a-gluco-
sidase, pNPG, soluble starch, aminoguanidine, nitroblue tetrazolium (NBT), thi-
obarbituric acid (TBA), and phosphate buffer.

2.3. Methods

2.3.1. Preparation of Extracts
Mature seeds of Sesamum indicum were manually sorted to remove impurities,
plant debris, damaged seeds, and foreign materials. They were then thoroughly
washed with distilled water and dried at room temperature (25°C + 2°C) for sev-
eral days, protected from direct light and humidity.

After complete drying, the seeds were ground using an electric grinder to obtain
a fine and homogeneous powder. The resulting powder was sieved using a stand-
ard mesh sieve to ensure uniform particle size. It was then stored in dry, airtight,
and opaque containers until use.

Three types of extracts were prepared from this plant powder: an aqueous extract,
a hydroethanolic extract, and a methanolic extract.

1) Preparation of the Aqueous Extract

A mass of 50 g of fine powder from Sesamum indicum seeds was accurately
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weighed using an analytical balance and introduced into an Erlenmeyer flask con-
taining 500 mL of distilled water.

The mixture was brought to moderate boiling on a hot plate for 30 minutes under
continuous stirring to facilitate the extraction of water-soluble compounds. After
heating, the decoction was removed from the heat source and allowed to cool at
room temperature.

The cooled mixture was successively filtered through clean muslin cloth and then
through Whatman No. 1 filter paper to remove residual solid particles. The obtained
aqueous filtrate was frozen and subsequently lyophilized using a freeze-dryer until
a dry powdered extract was obtained.

The dry extract was collected, weighed, placed in an airtight amber bottle, labeled,
and stored at 4°C until further analysis.

2) Preparation of the Hydroethanolic Extract (70:30 v/v)

A mass of 50 g of seed powder was introduced into an Erlenmeyer flask contain-
ing 500 mL of a hydroethanolic mixture composed of 70% ethanol and 30% dis-
tilled water (v/v).

The mixture was subjected to dynamic maceration under continuous magnetic
stirring for 24 hours at room temperature (25°C % 2°C), protected from light.

After maceration, the mixture was filtered under vacuum using Whatman No.
1 filter paper. The plant residue was re-extracted twice with 250 mL of the same
solvent to optimize extraction yield.

The combined filtrates were concentrated under reduced pressure using a ro-
tary evaporator at a temperature below 45°C until near-complete removal of the
solvent.

The concentrated extract was then dried in a ventilated oven at low temperature
or in a desiccator until constant weight was achieved. The resulting dry extract was
weighed, labeled, and stored at 4°C.

3) Preparation of the Methanolic Extract

A mass of 50 g of plant powder was placed in an Erlenmeyer flask containing 500
mL of analytical-grade methanol.

The mixture was maintained under continuous magnetic stirring for 24 hours
at room temperature, protected from light to prevent degradation of photosensi-
tive compounds.

At the end of the maceration period, the solution was filtered through Whatman
No. 1 filter paper. The residual plant material was re-extracted twice with 250 mL
of fresh methanol.

The combined filtrates were concentrated under vacuum using a rotary evapo-
rator at moderate temperature (<40°C) until complete evaporation of the metha-
nol.

The obtained concentrate was dried to constant weight. The dry extract was then
weighed, transferred into an airtight amber container, labeled, and stored at 4°C
until biological assays.

The obtained dry extracts were weighed in order to calculate the extraction yield
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using the following formula:

_ Mass of dry extract “

R(% 100

"~ Initial powder mass

2.3.2. Qualitative Phytochemical Screening
The major secondary metabolites present in the different extracts of Sesamum in-
dicum seeds were investigated through qualitative phytochemical screening using
standard methods described by Singleton et al [18]. This analysis enabled the
identification of the presence or absence of several biologically relevant chem-
ical groups, including tannins, flavonoids, saponins, alkaloids, coumarins, an-
thocyanins, leucoanthocyanins, mucilages, reducing compounds, as well as ster-
ols and terpenes.

The reactions were carried out using aqueous, hydroethanolic, and methanolic
extracts, with specific reagents. Color changes, precipitate formation, or foam ap-

pearance were used as indicators of positive reactions.

2.3.3. Quantitative Determination of Phenolic Compounds

1) Total Polyphenols

Total polyphenol content was determined using the Folin-Ciocalteu method.
Results were expressed as mg gallic acid equivalent per gram of dry extract (mg
GAE/g DE) [18].

2) Total Flavonoids

Total flavonoid content was determined using the aluminum chloride (AICl;)
colorimetric method. Results were expressed as mg quercetin equivalent per gram
of dry extract (mg QE/g DE) [19].

3) Condensed Tannins

Condensed tannins were determined using the vanillin-HC] method [20].

2.3.4. In Vitro Antioxidant Activities
The antioxidant activities of the different Sesamum indicum seed extracts were eval-
uated using several complementary methods to assess their ability to scavenge free
radicals, reduce oxidizing metal ions, and chelate pro-oxidant metals.

1) DPPH Radical Scavenging Assay

The free radical scavenging activity of the extracts was determined according to
the method described by Brand-Williams et al, with slight modifications. The sta-
ble radical 2,2-diphenyl-1-picrylhydrazyl (DPPHe), which is purple in color, is re-
duced in the presence of a hydrogen-donating antioxidant, resulting in a decrease
in absorbance [21].

A freshly prepared methanolic DPPH solution (0.1 mM) was used. In test tubes,
1 mL of DPPH solution was mixed with 1 mL of each extract at different concen-
trations (25, 50, 100, and 150 pg/mL). The mixture was incubated in the dark for
30 minutes at room temperature.

Absorbance was measured at 517 nm against a blank using a UV-Visible spec-

trophotometer. Ascorbic acid was used as a positive control.
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The percentage inhibition was calculated using the following formula:

PI(%)= A=A 100
4,
where:
e A, =absorbance of the negative control;
e A = absorbance of the tested sample.

2) ABTS Assay

The antioxidant capacity of the extracts against the ABTSe"* radical cation was
determined according to the method of Re et al. [22].

The ABTSe* radical was generated by reacting ABTS solution (7 mM) with po-
tassium persulfate (2.45 mM), followed by incubation in the dark for 12 - 16 hours
at room temperature. The resulting solution was diluted with ethanol to obtain an
absorbance of 0.70 £ 0.02 at 734 nm.

To 2 mL of ABTSe" solution, 200 uL of extract at different concentrations were
added. After incubation for 6 minutes at room temperature, absorbance was meas-
ured at 734 nm.

The percentage inhibition was calculated using the same formula as for the DPPH
assay. Results were expressed as percentage inhibition and, when applicable, as
Trolox equivalents.

3) Ferric Reducing Antioxidant Power (FRAP)

The reducing power of the extracts was evaluated using the method described
by Benzie and Strain. The principle is based on the reduction of the ferric tripyri-
dyltriazine complex (Fe**-TPTZ) into the ferrous form (Fe**-TPTZ), which pro-
duces an intense blue coloration in the presence of reducing antioxidants [23].

The FRAP reagent was freshly prepared by mixing:

e Acetate buffer (300 mM, pH 3.6);
e TPTZ solution (10 mM in 40 mM HCl);
e FeCl;-6H,0 solution (20 mM).

In a test tube, 100 pL of extract was added to 3 mL of FRAP reagent. After incu-
bation at 37°C for 30 minutes, absorbance was measured at 593 nm.

Results were expressed as mmol Fe** equivalent per gram of dry extract using a

calibration curve prepared with ferrous sulfate [24].

2.3.5. In Vitro Antiglycation Study

The antiglycation activity of Sesamum indicum seed extracts was evaluated using
a protein glycation inhibition assay. Briefly, reaction mixtures containing human
serum albumin and glucose, along with different concentrations of plant extracts,
were incubated under controlled conditions. Human serum adjusted to 50 g/L was
incubated with a glucose solution (15%) in the presence or absence of the extracts
at 37°C for 7 days in phosphate buffer (pH 7.4) containing sodium azide [25]. After
incubation, the formation of advanced glycation end products (AGEs) was quan-
tified spectrophotometrically. Fructosamines formed were quantified at 550 nm
through the reduction of nitroblue tetrazolium (NBT) [26]. After prolonged incu-
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bation (21 and 28 days), fluorescent AGEs were measured using a fluorimeter with
excitation at 365 nm and emission at 450 nm.

The percentage inhibition was calculated using the following equation:

%inhibition = [ (4, — 4,)/ 4, ]x100

where 4, represents the absorbance of the control reaction and A4, represents

the absorbance of the sample reaction after correction with the respective extract
blank.

2.3.6. Inhibition of Digestive Enzymes
The antidiabetic potential of Sesamum indicum seed extracts was assessed through
their ability to inhibit digestive enzymes involved in carbohydrate hydrolysis, namely
a-amylase and a-glucosidase [27]. These enzymes play a key role in glucose release
following the ingestion of starch-rich foods. Their inhibition slows intestinal glu-
cose absorption and reduces postprandial hyperglycemia. Acarbose, a well-known
commercial inhibitor, was used as a positive control.

1) a-Amylase Inhibition Assay

The inhibitory activity of a-amylase was determined using a modified Bernfeld
method. Porcine pancreatic a-amylase was used as the enzyme source. The assay
is based on the hydrolysis of soluble starch by the enzyme, releasing reducing sug-
ars that are quantified through a colorimetric reaction with DNSA (3,5-dinitrosal-
icylic acid) [28].

Preparation of Solutions

The following solutions were prepared:
e g-amylase: 1 U/mL in 20 mM phosphate buffer (pH 6.9) containing 6 mM

NaCl;
e Soluble starch: 1% (w/v) prepared in the same buffer;
¢ Plant extracts: 50, 100, and 150 pug/mL;
e Acarbose: same concentrations;
e DNSA reagent: freshly prepared.

Experimental Procedure

In test tubes, the following were added:

500 pL of extract or control;

500 uL of a-amylase solution.
The mixture was pre-incubated at 37°C for 10 minutes. Then, 500 uL of 1% starch
solution was added to initiate the enzymatic reaction, followed by incubation at 37°C
for 15 minutes.
The reaction was stopped by adding 1 mL of DNSA reagent. The tubes were then
heated in a boiling water bath for 5 minutes to develop an orange coloration.
After cooling, 10 mL of distilled water was added, and absorbance was measured
at 540 nm against a blank.
Calculation of Percentage Inhibition

PI(%):%AOO

b
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where:
e 4, = absorbance of the negative control (without extract);
e A, =absorbance of the tested sample.

A decrease in absorbance indicates inhibition of enzymatic activity.

2) a-Glucosidase Inhibition Assay

The inhibitory activity of a-glucosidase was determined according to the method
described by Kim et a/, with slight modifications [29].

The assay is based on the hydrolysis of the chromogenic substrate p-nitrophenyl-
a-D-glucopyranoside (pNPG) by a-glucosidase, releasing yellow p-nitrophenol
measurable at 405 nm.

Preparation of Solutions
e a-glucosidase (yeast): 1 U/mL in 0.1 M phosphate buffer (pH 6.8);
pNPG: 5 mM,;

Plant extracts: 50, 100, and 150 pg/mL;

Acarbose: positive control.
Experimental Procedure

In each test tube or microplate well:

50 pL of extract or control;
100 pL of phosphate buffer;
50 pL of a-glucosidase.

The mixture was pre-incubated at 37°C for 10 minutes. Then, 50 uL of pNPG sub-
strate was added to initiate the reaction. After incubation at 37°C for 20 minutes,
the reaction was stopped by adding 1 mL of 0.1 M sodium carbonate.

Absorbance was measured at 405 nm. A decrease in yellow color intensity indi-
cates enzyme inhibition.

The percentage inhibition was calculated using the same formula described
above.

3) Determination of ICs, Values
ICso values correspond to the concentration of extract required to inhibit 50% of
enzymatic activity.

IC,, = concentration producing 50% inhibition

The inhibition percentages obtained at different concentrations were plotted on
a concentration-response curve. ICs values were determined using nonlinear sig-
moidal regression with GraphPad Prism software or equivalent. A lower ICs, value

indicates stronger inhibitory activity.

2.3.7. In Vitro Anti-Inflammatory Activity

The anti-inflammatory activity of Sesamum indicum seed extracts was evaluated

using the inhibition of heat-induced bovine serum albumin (BSA) denaturation as-

say, considered a simple and reliable in vitro model of protein-based inflammation.
The method used was adapted from Sakat et a/. with slight modifications [30].
Principle

Protein denaturation, particularly of albumin, leads to loss of native structure
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followed by aggregation, a phenomenon associated with inflammatory processes.
Anti-inflammatory agents can stabilize protein structure and prevent thermal de-
naturation.

1) Preparation of the Reaction Mixture

The reaction mixture consisted of:
e 0.5 mL of bovine serum albumin (BSA, 1% w/v) prepared in 0.05 M phosphate

buffer (pH 6.3);

e 0.5 mL of plant extract at different concentrations (25, 50, 100, and 150 pg/mL);
¢ 0.5 mL of distilled water for the negative control.

Diclofenac sodium was used as the reference drug (positive control).

2) Incubation and Denaturation

The tubes were incubated at 37°C for 20 minutes and then heated at 70°C for 5
minutes to induce thermal denaturation of albumin [31].

After cooling, the turbidity of the reaction mixture was measured at 660 nm using

a UV-Visible spectrophotometer.

2.3.8. Lipid Peroxidation Assay (TBARS/MDA Test)
The ability of the extracts to inhibit lipid peroxidation was evaluated using the
thiobarbituric acid reactive substances (TBARS) assay, which measures malondial-
dehyde (MDA), a major marker of lipid oxidation.

The method was based on the protocol described by Ohkawa et al [32].

Principle

Under oxidative stress, membrane lipids are degraded into secondary products,
including malondialdehyde (MDA). MDA reacts with thiobarbituric acid (TBA)
under acidic conditions and high temperature to form a pink-colored complex

measurable at 532 nm.

2.3.9. Induction of Lipid Peroxidation
Lipid peroxidation was induced in vitro using a pro-oxidant system containing:
e Tissue homogenate (or lipid suspension);
e TFerrous sulfate (FeSO4) and/or H,Oy;
e Phosphate buffer (pH 7.4) [33].
Plant extracts were added at different concentrations (25 - 150 ug/mL) to eval-
uate their protective effects.
TBA Reaction
After incubation at 37°C for 1 hour:
e 1 mL of reaction mixture was mixed with 2 mL of 0.67% TBA solution;
¢ The mixture was heated in a boiling water bath for 15 minutes;
e Then rapidly cooled in an ice bath.
The resulting MDA-TBA complex was extracted and absorbance was measured
at 532 nm.

The percentage inhibition was calculated as:

PI(%):%AOO

b
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Table 1. Extraction yields.

where:
e 4, =absorbance of the pro-oxidant control without extract;
e A, =absorbance in the presence of extract.

A reduction in MDA levels indicates protection of lipids against oxidative dam-

age.

2.3.10. Statistical Analysis
All experiments were performed in triplicate (n = 3), and results were expressed
as mean + standard deviation. Each replicate corresponded to an independent ex-
perimental run.
Data were analyzed using Microsoft Excel 2019 and GraphPad Prism 9.
e One-way ANOVA;
e Tukey’s post hoc test for multiple comparisons;
e Dunnett’s test for comparison with control.

The level of statistical significance was set at p < 0.05.

3. Results
3.1. Extraction Yield

Table 1 presents the extraction yields obtained from 50 g of Sesamum indicum
seed powder using three solvents of different polarity. The results show that the
hydroethanolic extract (70:30 v/v) exhibited the highest yield (30.4%), followed by
the methanolic extract (26.8%), while the aqueous extract showed the lowest yield
(21.6%).

Extract Type
Aqueous
Hydroethanolic (70:30)
Methanolic

Seed Powder Mass (g) Dry Extract Mass (g) Yield (%)
50 10.8 £ 0.42 21.6 £ 0.8
50 15.2 £ 0.5¢ 30.4 £ 1.0°
50 13.4 £0.3° 26.8 £ 0.6°

Values are expressed as mean * standard deviation (SD) (n = 3). Different superscript letters (a - ¢) within the same column indicate

significant differences among means at the 5% significance level (p < 0.05) according to one-way analysis of variance (ANOVA)

followed by Tukey’s post hoc test. Means sharing the same letter are not significantly different (p > 0.05), whereas means with different

letters are significantly different (p < 0.05).

This variation is mainly attributed to differences in solvent polarity and their
ability to solubilize secondary metabolites present in the plant matrix. The hydroeth-
anol-water mixture combines polar and semi-polar properties, allowing a more
exhaustive extraction of hydrophilic and phenolic compounds, which explains its
superior yield. Methanol, although efficient for phenolic compounds and flavonoids,
shows a more limited selectivity toward highly hydrophilic compounds, which
may account for its intermediate yield. In contrast, water mainly extracts highly
polar compounds, limiting the diversity of solubilized molecules and resulting in

a lower yield.
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These findings indicate that solvent choice significantly influences extraction
efficiency and suggest that the hydroethanolic system provides the best compro-
mise for the global extraction of bioactive constituents from Sesamum indicum

seeds.

3.2. Qualitative Phytochemical Screening

Table 2 presents the qualitative phytochemical profile of aqueous, hydroethanolic,
and methanolic extracts of Sesamum indicum seeds based on several classes of
secondary metabolites. The results show a variable distribution of compounds de-
pending on the extraction solvent, reflecting its influence on the selective solubil-

ization of bioactive constituents.

Table 2. Qualitative phytochemical profile of different Sesamum indicum seed extracts.

Chemical Groups Aqueous Hydroethanolic Methanolic
Tannins ++ ++++ +++
Flavonoids ++ +4+++ T4+
Saponins +++ ++ +
Alkaloids + ++ ++
Coumarins + ++ +++
Mucilages +++ + -
Anthocyanins + ++ ++
Reducing compounds ++ ++++ +++

++++: Very high presence, +++: High presence, ++: Moderate presence, +: Low presence, —: Not detected.

Overall, the hydroethanolic extract (70:30) is characterized by a high richness
in tannins, flavonoids, and reducing compounds (++++), indicating its strong
ability to extract polyphenolic compounds associated with antioxidant and anti-
glycation activities. The methanolic extract also shows a high presence of flavo-
noids, tannins, and coumarins (+++), suggesting good affinity of methanol for
phenolic compounds of intermediate polarity.

In contrast, the aqueous extract is particularly rich in saponins and mucilages
(+++), reflecting the predominance of highly water-soluble compounds in this
solvent.

Furthermore, alkaloids and anthocyanins are present at moderate levels in hy-
droethanolic and methanolic extracts (++), but remain low in the aqueous extract
(4). Coumarins are more concentrated in the methanolic extract (+++), confirm-
ing their affinity for organic solvents. The absence of mucilages in the methanolic
extract (—) highlights the poor extraction of highly hydrophilic compounds by this
solvent.

These results demonstrate that the hydroethanolic mixture enables a broader
and more balanced extraction of secondary metabolites, particularly those in-
volved in antioxidant, antiglycation, and antidiabetic activities. They confirm the

relevance of mixed solvent systems for optimizing the phytochemical diversity of
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plant extracts.

3.3. Polyphenols, Flavonoids and Tannins

Table 3 presents the phenolic compound contents of the different Sesamum indi-
cum seed extracts, including total polyphenols, flavonoids, and tannins. The re-
sults show significant variation in secondary metabolite content depending on the
extraction solvent used.

Opverall, the hydroethanolic extract exhibited the highest levels of total polyphe-
nols (118.4 + 3.0 mg GAE/g DE), flavonoids (69.7 + 2.1 mg QE/g DE), and tannins
(39.6 = 1.8 mg CE/g DE), followed by the methanolic extract, while the aqueous
extract showed the lowest values for all parameters.

This ranking suggests a superior efficiency of the hydroethanol-water mixture
in extracting phenolic compounds due to its ability to solubilize both polar and
semi-polar constituents.

The methanolic extract showed intermediate values (101.2 + 2.7 mg GAE/g DE
for polyphenols, 58.5 + 1.9 mg QE/g DE for flavonoids, and 33.4 + 1.5 mg CE/g
DE for tannins), indicating good affinity of methanol for phenolic compounds,
although slightly lower than the hydroethanolic system.

In contrast, the aqueous extract showed the lowest levels (78.6 + 2.1 mg GAE/g
DE for polyphenols), which may be explained by limited extraction of poorly wa-
ter-soluble phenolic compounds and the lower efficiency of water alone in extract-

ing intermediate-polarity molecules.

Table 3. Phenolic compound contents of different Sesamum indicum seed extracts.

Extract Total Polyphenols (mg GAE/g DE) Flavonoids (mg QE/g DE) Tannins (mg CE/g DE)
Aqueous 78.6 £2.12 413 +1.5° 25.8£1.2°
Hydroethanolic 118.4 +3.0° 69.7 £ 2.1¢ 39.6 £ 1.8¢
Methanolic 101.2 £2.7° 58.5+ 1.9° 334+ 1.5°

Values are expressed as mean * standard deviation (SD) (n = 3). Means within the same column followed by different superscript
letters (a - c) are significantly different at p < 0.05, as determined by one-way analysis of variance (ANOVA) followed by Tukey’s
multiple comparison test.

3.4. Antioxidant Activities

3.4.1. DPPH Assay
Table 4 presents the antioxidant activity of the different Sesamum indicum seed
extracts evaluated using the DPPH radical scavenging assay at different concen-
trations (50, 100, and 150 pg/mL), along with their corresponding ICs values. The
results show a progressive increase in percentage inhibition with increasing con-
centration for all extracts, indicating a dose-dependent antioxidant activity.
Among the tested extracts, the hydroethanolic extract showed the highest activity
with inhibition values ranging from 46.8% =+ 1.4% to 84.1% =* 2.3% and an ICs, of
61.7 pg/mlL, indicating strong free radical scavenging capacity. The methanolic

extract exhibited intermediate activity with an ICso of 74.8 ug/mL, while the aque-
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ous extract showed the weakest activity (ICso = 96.4 ug/mL), reflecting lower effi-
ciency of hydrophilic compounds in DPPH radical scavenging.
Ascorbic acid, used as a positive control, exhibited significantly higher antioxi-

dant activity with an ICs of 28.4 pg/mL, confirming its strong reducing power.

Table 4. Antioxidant activity of different Sesamum indicum seed extracts.

Extract 50 pg/mL (%) 100 pg/mL (%) 150 pg/mL (%) ICso (ug/mL)
Aqueous 314 +1.2° 52.7 £ 1.6 68.5 £ 2.0° 96.4 +2.8¢
Hydroethanolic 46.8 £ 1.4° 69.2 +1.9¢ 84.1 £2.3¢ 61.7 £ 1.9°
Methanolic 39.7 £ 1.3° 61.5+1.7° 773 £2.1° 74.8 £2.3¢
Ascorbic acid 72.6 = 1.0¢ 93.8 +1.2¢ - 284 +1.1°

Values are expressed as mean * standard deviation (SD) (n = 3). Means within the same column followed by different superscript
letters (a - d) are significantly different at p < 0.05, according to one-way analysis of variance (ANOVA) followed by Tukey’s multiple
comparison test.

3.4.2. FRAP (Ferric Reducing Power)

Table 5 presents the reducing power of the different Sesamum indicum seed ex-
tracts evaluated using the FRAP (Ferric Reducing Antioxidant Power) assay, ex-
pressed in mmol Fe**/g of dry extract. This method assesses the ability of extracts
to reduce ferric ions (Fe*") to ferrous ions (Fe?*), reflecting their electron-donating
antioxidant potential.

The results show a clear variation depending on the extraction solvent. The hy-
droethanolic extract exhibited the highest reducing activity (3.12 £ 0.11 mmol
Fe?*/g DE), followed by the methanolic extract (2.76 + 0.10 mmol Fe?**/g DE),
while the aqueous extract showed the lowest reducing capacity (1.84 + 0.08 mmol
Fe**/g DE).

Table 5. Reducing power of different Sesamum indicum seed extracts.

Extract FRAP (mmol Fe?*/g DE)
Aqueous 1.84 £ 0.08°
Hydroethanolic 3.12+0.11¢
Methanolic 2.76 £ 0.10°

Values are expressed as mean + standard deviation (SD) (n = 3). Means followed by different superscript letters (a - c) are signifi-
cantly different at p < 0.05, as determined by one-way analysis of variance (ANOVA) followed by Tukey’s multiple comparison test.

3.4.3. Results of ABTS Radical Scavenging Activity

Table 6 presents the Results of ABTS radical scavenging activity. The ABTS assay
revealed a strong free radical scavenging activity of Sesamum indicum seed ex-
tracts in a concentration-dependent manner. The methanolic extract exhibited the
highest antioxidant activity, as indicated by the highest percentage inhibition and
the lowest ICsq value. This suggests that methanol is more efficient in extracting
antioxidant compounds, particularly polyphenols and lignans, which are known

for their electron-donating properties. The observed activity confirms the poten-
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tial of sesame seeds as a natural source of antioxidant agents capable of neutraliz-
ing ABTS radicals.

Table 6. ABTS radical scavenging activity of Sesamum indicum seed extracts.

Extract 150 pg/mL (% inhibition) ICso (pg/mL)
Methanolic extract 784 +2.1 68.2
Hydroethanolic extract 726+ 1.8 82.5
Aqueous extract 653+24 104.7

3.5. Antiglycation Activity

3.5.1. Inhibition of Protein Glycation

Table 7 presents the antiglycation activity of the different Sesamum indicum seed
extracts, evaluated through their ability to inhibit protein glycation in vitro at var-
ious concentrations (50, 100, and 150 pg/mL), with aminoguanidine used as a pos-
itive control.

The results show a progressive increase in glycation inhibition with increasing
concentration for all extracts, indicating a dose-dependent effect. The hydroeth-
anolic extract exhibited the highest activity, with inhibition values ranging from
38.9% + 1.2% to 78.4% * 2.0%, reflecting a strong capacity to limit the formation
of advanced glycation products.

The methanolic extract showed intermediate activity, with inhibition ranging
from 31.2% * 1.1% to 70.3% + 1.9%, whereas the aqueous extract displayed the low-
est activity (24.6% + 1.0% to 58.2% * 1.8%).

In comparison, aminoguanidine, used as a reference inhibitor, exhibited the high-
est activity with inhibition values ranging from 56.4% + 1.4% to 91.6% + 2.1%, con-

firming its strong antiglycation efficacy.

Table 7. Antiglycation activity of different Sesamum indicum seed extracts.

Extract 50 pg/mL (%) 100 pg/mL (%) 150 pug/mL (%)
Aqueous 24.6 +1.0° 43.1 + 1.4¢ 582+ 1.8
Hydroethanolic 389 +1.2° 61.5+ 1.7 78.4 +2.0°
Methanolic 312+ 1.1% 54.6 + 1.5% 70.3 £1.9°
Aminoguanidine 56.4 +1.4° 793+ 1.8 91.6 £2.1°

Results are expressed as mean + standard deviation (n = 3). Values within the same column followed by different superscript letters
indicate statistically significant differences between groups (one-way ANOV A followed by Tukey’s post hoc test, p < 0.05). a: highest
significant inhibitory activity, b: intermediate activity, c: lowest activity.

3.5.2. Inhibition of Fructosamine Formation
Table 8 shows the effect of the different Sesamum indicum seed extracts on the
inhibition of fructosamine formation at a concentration of 150 pg/mL, with ami-
noguanidine as the reference.

All tested extracts exhibited inhibitory activity against fructosamine formation,

although the intensity varied depending on the extraction solvent. The hydroeth-
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anolic extract showed the highest inhibition (63.8% * 1.9%), followed by the meth-
anolic extract (56.2% * 1.7%), while the aqueous extract exhibited the lowest ac-
tivity (41.7% * 1.5%).

In comparison, aminoguanidine showed significantly higher inhibition (80.4% +

2.0%), confirming its strong effectiveness as a standard antiglycation agent.

Table 8. Effect of different Sesamum indicum seed extracts on fructosamine inhibition.

Extract Concentration (ug/mL) % Inhibition
Aqueous 150 41.7 £ 1.5
Hydroethanolic 150 63.8+1.9°
Methanolic 150 562+ 1.7°
Aminoguanidine 150 80.4 £ 2.0°

Results are expressed as mean + standard deviation (n = 3). Values followed by different superscript letters within the same column
indicate statistically significant differences between groups (one-way ANOV A followed by Tukey’s post hoc test, p < 0.05). a: highest
significant inhibitory activity, b: intermediate activity, c: lowest activity.

3.5.3. Inhibition of Fluorescent Advanced Glycation End-Products
(AGEs)

Table 9 presents the inhibitory effect of the different Sesamum indicum seed ex-
tracts on fluorescent advanced glycation end-products (AGEs) after 3 and 4 weeks
of incubation, compared with aminoguanidine used as a positive control.

The results indicate that all extracts exhibited inhibitory activity against AGE
formation, although with varying intensity depending on extract type and incu-
bation duration. After 3 weeks, the hydroethanolic extract showed the highest in-
hibition (68.2% * 1.8%), followed by the methanolic extract (57.6% + 1.5%), while
the aqueous extract displayed the lowest activity (37.5% = 1.3%).

A similar trend was observed after 4 weeks, with a slight overall decrease in inhi-
bition rates while maintaining the same order of effectiveness.

This slight reduction in activity over time may be attributed to the progressive
degradation of bioactive compounds or to the stabilization of glycation reactions,
making certain AGEs more resistant to inhibition.

In comparison, aminoguanidine exhibited the highest inhibition values (82.1% +
2.1% after 3 weeks and 78.7% =+ 2.0% after 4 weeks), confirming its strong efficacy

in preventing AGE formation.

Table 9. Effect of different Sesamum indicum seed extracts on AGE inhibition.

Extract 3 Weeks (%) 4 Weeks (%)
Aqueous 37.5+1.3¢ 34.1+1.2¢
Hydroethanolic 68.2 + 1.8 634+ 1.7°
Methanolic 57.6 + 1.5 53.9 + 1.6
Aminoguanidine 82.1+2.1° 78.7 £ 2.0

Results are expressed as mean + standard deviation (n = 3). Within each column, values followed by different superscript letters
indicate statistically significant differences between groups (one-way ANOV A followed by Tukey’s post hoc test, p < 0.05). a: highest
significant inhibitory activity, b: intermediate activity, c: lowest activity.
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3.5.4. Inhibition of Digestive Enzymes

Table 10 presents the inhibitory activity of different Sesamum indicum seed ex-
tracts against pancreatic a-amylase at concentrations of 50, 100, and 150 pg/mL,
along with their ICs, values, compared with acarbose used as a reference inhibitor.

The results show a progressive increase in a-amylase inhibition with increasing
concentration for all extracts, indicating a dose-dependent effect. The hydroeth-
anolic extract exhibited the highest inhibitory activity, with values ranging from
33.7% + 1.1% to 74.2% + 2.0% and an ICs of 88.6 pg/mL, indicating good enzyme
inhibitory potential.

The methanolic extract showed intermediate activity, with inhibition ranging
from 28.6% *+ 1.0% to 66.8% * 1.8% and an ICs of 104.2 pg/mL. The aqueous extract
exhibited the lowest inhibitory activity, with values between 19.4% + 0.9% and
49.6% * 1.5% and a high ICs value of 152.4 pg/mL, indicating weaker efficacy.

In comparison, acarbose showed significantly stronger activity, with inhibition
ranging from 61.2% * 1.4% to 94.1% * 2.2% and an ICs, of 42.7 ug/mL, confirming

its high effectiveness as a standard a-amylase inhibitor.

Table 10. Inhibitory activity of different Sesamum indicum seed extracts against pancreatic a-amylase.

Extract 50 pg/mL (%) 100 pg/mL (%) 150 pg/mL (%) ICso (ug/mL)
Aqueous 19.4 £ 0.9° 348 £1.2¢ 49.6 £ 1.5¢ 152.4
Methanolic 28.6 + 1.0° 49.4 + 1.4° 66.8 +1.8° 104.2
Hydroethanolic 33.7+1.1° 56.9 + 1.6° 74.2 £ 2.0 88.6
Acarbose 61.2 +1.4° 82.5+2.0° 94.1 £2.2° 42.7

Results are expressed as mean * standard deviation (n = 3). Within each column, values followed by different superscript letters
indicate statistically significant differences between groups (one-way ANOV A followed by Tukey’s post hoc test, p < 0.05). a: highest

significant inhibitory activity, b: intermediate activity, c: lowest activity.

a-Glucosidase Inhibition

Table 11 presents the inhibitory activity of different Sesamum indicum seed ex-
tracts against a-glucosidase at concentrations of 50, 100, and 150 pg/mL, along
with their ICs, values, compared with acarbose as a reference inhibitor.

The results show a concentration-dependent increase in a-glucosidase inhibi-
tion for all extracts. The hydroethanolic extract exhibited the strongest activity,
with inhibition ranging from 42.1% + 1.3% to 85.4% + 2.1% and an ICs of 66.3
pug/mL.

The methanolic extract showed intermediate activity, with inhibition between
35.4% + 1.2% and 76.9% + 1.9% and an ICs, of 82.8 pg/mL. The aqueous extract
displayed the weakest activity, with values ranging from 27.5% + 1.0% to 60.7% +
1.7% and a higher ICs of 121.5 ug/mL, indicating lower efficacy.

In comparison, acarbose exhibited significantly stronger inhibitory activity, with
inhibition ranging from 70.3% * 1.7% to 96.5% + 2.3% and an ICs of 31.8 ug/mL,

confirming its potent inhibitory effect on a-glucosidase.
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Table 11. Inhibitory activity of different Sesamum indicum seed extracts against a-glucosidase.

Extract 50 pug/mL (%) 100 pg/mL (%) 150 pg/mL (%) ICso (ug/mL)
Aqueous 27.5+1.0¢ 46.2 + 1.4¢ 60.7 £ 1.7¢ 121.5
Methanolic 354 +1.2b 59.7 £ 1.6° 76.9 £ 1.9° 82.8
Hydroethanolic 42.1 £1.3° 67.8 £1.8° 85.4 +2.1° 66.3
Acarbose 703 +1.72 89.1 +2.02 96.5 + 2.32 31.8

Results are expressed as mean + standard deviation (n = 3). Within each column, values followed by different superscript letters
indicate statistically significant differences between groups (one-way ANOV A followed by Tukey’s post hoc test, p < 0.05). a: highest

significant inhibitory activity, b: intermediate activity, c: lowest activity.

3.6. In Vitro Anti-Inflammatory Activity

Table 12 presents the in vitro anti-inflammatory activity of different Sesamum
indicum seed extracts, evaluated using the inhibition of heat-induced bovine se-
rum albumin denaturation method, with diclofenac used as a reference drug.

The results show that all tested extracts exhibited anti-inflammatory activity, as
evidenced by their ability to inhibit albumin denaturation. The hydroethanolic
extract showed the highest activity (71.2% + 1.9%), followed by the methanolic
extract (64.5% + 1.8%), while the aqueous extract exhibited the lowest activity
(48.6% + 1.5%).

In comparison, diclofenac showed higher inhibition (84.3% + 2.1%), confirming

its strong anti-inflammatory reference activity.

Table 12. In vitro anti-inflammatory activity of different Sesamum indicum seed extracts.

Extract % Inhibition of Albumin Denaturation
Aqueous 48.6 + 1.5¢
Hydroethanolic 712 +1.9°
Methanolic 64.5 + 1.8
Diclofenac 843 +2.12

Results are expressed as mean + standard deviation (n = 3). Values followed by different superscript letters within the same column
indicate statistically significant differences between groups (one-way ANOV A followed by Tukey’s post hoc test, p < 0.05). a: highest

significant inhibitory activity, b: intermediate activity, c: lowest activity.

3.7. Results of Lipid Peroxidation Inhibition (TBARS Assay)

Table 13 presents the results of lipid peroxidation inhibition. The TBARS assay
demonstrated that Sesamum indicum seed extracts significantly inhibited lipid
peroxidation, as evidenced by the reduction in malondialdehyde (MDA) for-
mation. The methanolic extract showed the strongest inhibitory effect, suggesting
a higher concentration of lipid-protective antioxidant compounds. This activity
indicates that sesame seed extracts can prevent oxidative damage to cellular lipids,
thereby contributing to their potential protective role against oxidative stress-re-

lated diseases.
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Table 13. TBARS assay-inhibition of lipid peroxidation by Sesamum indicum seed extracts.

Extract
Methanolic extract
Hydroethanolic extract

Aqueous extract

150 ug/mL (% Inhibition of MDA Formation) ICso (ug/mL)
74.9 £2.0 72.3
69.1+1.7 88.6
60.8 £2.2 110.4

4. Discussion

The present study highlights the remarkable biological potential of Sesamum in-
dicum seeds through their antioxidant, antiglycation, digestive enzyme inhibitory,
and anti-inflammatory activities. Overall, the results consistently demonstrate the
superiority of the hydroethanolic and methanolic extracts, suggesting that solvent
selection strongly influences the extraction efficiency of bioactive compounds.
This observation is consistent with the findings of Heim et a/ and Bhatti et a/,
who reported that hydroalcoholic mixtures enable improved solubilization of both
polar and semi-polar molecules, including polyphenols and sesame-specific lignans
such as sesamin [34] [35].

The highest extraction yield (30.4%) obtained with 70% ethanol confirms the
efficiency of this solvent system. According to Giil¢in, mixed solvents enhance the
disruption of plant matrix interactions and improve metabolite diffusion [36]. Sim-
ilar findings were reported by Prior et al and Zeb, who emphasized that interme-
diate polarity solvents maximize the extraction of phenolic antioxidants compared
to pure solvents [37] [38].

Phytochemical screening revealed a diverse range of secondary metabolites, in-
cluding tannins, flavonoids, coumarins, and saponosides. These compounds are
well known for their pleiotropic biological effects. In particular, flavonoids exert
strong free radical scavenging activity and modulate insulin signaling pathways
[39] [40]. The marked richness of the hydroethanolic extract in phenolic com-
pounds explains its superior biological performance, as these molecules contain
hydroxyl groups capable of donating electrons and stabilizing reactive oxygen spe-
cies [41] [42].

Regarding antioxidant activity, the results obtained from DPPH, ABTS, and FRAP
assays consistently demonstrated strong radical scavenging potential of Sesamum
indicum seed extracts. The ABTS assay confirmed a high capacity for neutralizing
both hydrophilic and lipophilic radicals, with the methanolic extract showing the
strongest activity (ICs = 68.2 ug/mL). This suggests that sesame seeds contain bio-
active compounds capable of broad-spectrum antioxidant action. The complemen-
tary nature of DPPH and ABTS results further strengthens the reliability of the
antioxidant potential observed in this study.

In addition, the TBARS assay demonstrated a significant inhibition of lipid pe-
roxidation, indicating protection against oxidative membrane damage. The reduc-
tion in malondialdehyde (MDA) levels suggests that the extracts can effectively
prevent oxidative degradation of lipids. The methanolic extract exhibited the high-
est inhibition (74.9%), reinforcing its superior ability to protect biological mem-
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branes from oxidative stress. This lipid-protective effect is particularly relevant, as
lipid peroxidation is a key mechanism involved in the development of chronic met-
abolic diseases, including diabetes and cardiovascular disorders.

These findings are in agreement with Schmeda-Hirschmann et a/ and Wu et
al, who demonstrated that sesame lignans (notably sesamin and sesamolin) and
tocopherols act synergistically against oxidative damage. This antioxidant capac-
ity is particularly relevant, as oxidative stress plays a central role in pancreatic g-
cell dysfunction and apoptosis [43] [44].

A major finding of this study is the strong antiglycation activity. The hydroeth-
anolic extract significantly inhibited the formation of advanced glycation end-prod-
ucts (AGEs) (68.2%). According to Wu et al and Chen et al, polyphenols interfere
with the Maillard reaction cascade by scavenging reactive dicarbonyl compounds
such as methylglyoxal. This property is essential in preventing diabetic microvas-
cular complications such as nephropathy [45] [46].

The inhibition of a-amylase (ICso: 88.6 pg/mL) and a-glucosidase (ICsq: 66.3
pg/mL) indicates that sesame seed extracts may slow carbohydrate digestion. Alt-
hough acarbose is more potent, natural extracts offer a safer alternative with fewer
gastrointestinal side effects [47] [48]. This strategy for controlling postprandial hy-
perglycemia is supported by Papoutsis et al, who reported similar effects for oilseed
plant extracts [49].

The observed anti-inflammatory activity (71.2% inhibition of protein denatur-
ation) further strengthens the therapeutic relevance of the plant. Since diabetes is
characterized by chronic low-grade inflammation, the anti-inflammatory activity
observed in this study may be related to previously reported biological properties
of sesame lignans. However, specific inflammatory mediators such as TNF-a and
IL-6 were not directly quantified in the present investigation [50] [51].

Finally, this study supports the valorization of sesame in Guinea, aligning with
the national Simandou 2040 development program. Local transformation into
nutraceutical products could stimulate rural economies while addressing public
health challenges [52] [53]. However, further in vivo studies and advanced analyti-
cal techniques such as HPLC-MS are required to precisely identify active molecules
and assess their bioavailability [54] [55].

5. Conclusion

This study demonstrates that Sesamum indicum seeds, particularly in hydroethanolic
extract form, possess multiple biological activities that may contribute to the pre-
vention of diabetes and its complications. Sesame thus emerges as a strategic agro-
food resource capable of supporting scientific innovation, nutritional health, and
sustainable development objectives in Guinea within the framework of the Siman-

dou 2040 vision.
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