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1. Introduction

Abstract

This study evaluated the nutritional, functional, and health-promoting characteris-
tics of yam-tigernut composite flours. Flour blends were formulated at ratios of
95:5, 90:10, 85:15, and 80:20 (yam:tigernut), with 100% yam as the control. Re-
sults for functional properties included: swelling capacity (485.24-720.39 ml/g),
water absorption (1.38-1.63 g/g), oil absorption (1.02-1.51 g/g), emulsion capacity
(34.77-42.38%), bulk density (0.68-0.73 g/mL), foaming capacity (1.21-4.71%),
and least gelation (2%). Phytochemical analysis (mg/g) revealed total phenol
(13.25-20.54), total flavonoid (4.55-7.05), hydroxyl scavenging (16.72-50.31%),
DPPH (27.32-43.40%), FRAP (2.54-8.16), and ABTS (68.35-84.47%). Tigernut
inclusion significantly enriched the flours with essential amino acids, high dietary
fiber, and bioactive polyphenols that effectively regulate postprandial glucose. The
composite blends also exhibited improved mineral concentrations, particularly cal-
cium and magnesium, which are vital for metabolic and bone health. Increasing
tigernut supplementation progressively enhanced the functional attributes and ther-
apeutic density of the resulting products. It was concluded that substituting yam
with tigernut produces high-quality functional flours suitable for developing nutri-
ent-dense baked products while promoting local food security.

Keywords

Yam-tigernut composite flour; proximate compositions; antioxidant capacity; func-
tional properties; mineral compositions

Composite flours produced from locally available crops have gained considerable attention because of their nutri-
tional, functional, and economic advantages in food product development [1, 2]. The increasing demand for nutrient-
dense and health-promoting foods has stimulated interest in the utilization of indigenous tubers, cereals, legumes,
and nuts as alternatives or complements to conventional wheat flour systems [1, 3]. Conventional refined wheat
flour products are generally characterized by high starch content and comparatively lower levels of dietary fibre,
minerals, and bioactive compounds [3, 4]. Consequently, several studies have explored the incorporation of nutrient-
rich plant materials into flour formulations to improve their nutritional quality, antioxidant potential, and functional
performance [5, 6]. In countries such as Nigeria, dependence on imported wheat remains a major economic chal-
lenge because local climatic conditions are not favorable for large-scale wheat cultivation [6]. Nigeria was reported
among the world’s largest wheat importers, with substantial foreign exchange expenditure on wheat importation [7].
Increasing utilization of indigenous crops in composite flour development therefore represents an important strategy
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for enhancing food security, reducing import dependence, and promoting sustainable local food systems [2, 7, 8].
In addition, the gluten present in wheat poses health concerns for individuals affected by gluten-related disorders,
including celiac disease, thereby increasing interest in gluten-free alternative flour systems [7, 9]. Yam (Dioscorea
spp.) is an important staple crop widely consumed across West Africa and serves as a major source of dietary energy,
vitamins, and minerals [10]. Beyond its cultural and economic significance, yam flour possesses desirable functional
characteristics suitable for incorporation into various food systems. However, yam is generally limited by relatively
low protein content and deficiencies in some essential amino acids [11]. Recent research has therefore focused on
improving the nutritional quality of yam-based products through supplementation with nutrient-rich plant materials
and functional ingredients [12].

Tigernut (Cyperus esculentus L.) is an underutilized tuber rich in dietary fibre, healthy lipids, essential amino
acids, minerals, and antioxidant compounds [13, 14]. Tigernut flour has attracted growing interest because of its
techno-functional properties, non-allergenic nature, and potential health benefits [4, 15]. Its lipid profile is domi-
nated by oleic acid and resembles that of olive oil, while its appreciable levels of potassium, calcium, magnesium,
and phenolic compounds contribute to its nutritional value [14, 16]. In addition, tigernut contains bioactive com-
pounds with reported antioxidant and enzyme inhibitory activities that may contribute to improved metabolic health
[13, 17]. The development of yam—tigernut composite flour therefore offers a promising approach for producing
nutrient-enriched functional flour systems from locally available crops. Such composite flours may improve the
nutritional composition, antioxidant properties, and functional characteristics of yam flour while simultaneously
enhancing the utilization and industrial value of indigenous agro-resources [2, 7]. Therefore, this study evaluated
the functional properties, proximate composition, mineral profile, antioxidant potential, and in vitro antidiabetic
properties of yam-tigernut composite flours.

2. Materials and Methods

2.1 Sources of Raw Materials

The tigernut was purchased from Shasha market, Akure, Ondo State. The yam was purchased from a local seller at
the School of Agriculture and Agricultural Technology, Federal University of Technology, Akure. Foil paper and
other materials used were purchased from the market.

2.2 Sample Preparation

The tigernut obtained was sorted out, washed thoroughly, dried, and milled to obtain flour. Yam flour was also
processed into flour. Whole fresh yam tubers (Dioscorea rotundata) were peeled, sliced, washed, and sodium meta-
bisulfite (0.1% w/v) was added. The yam slices were dried in a conventional hot air oven at 60 °C for 24 h. After
the drying process, the dried yam slices were milled using an attrition mill, followed by sieving through a 500 pm
mesh size. The sieved yam flour was allowed to cool and stored in sealed polythene bags for blending. After which,
five samples were obtained from the combination of the yam and the tigernut control (100:0), FTY (95:5), TAF
(90:10), YCF (85:15), and TTF (80:20), respectively.

2.3 Determination of Functional Properties
The following functional properties were determined as reported in the literature [18].

2.3.1 Bulk density

Bulk density was determined by transferring 50 g of flour into a 100 mL graduated cylinder. The cylinder was gently
tapped repeatedly until the volume became stable. The bulk density was calculated using the final settled volume
as:

Weight of sample

Bulk denswy (g/ml) - Volume of sample after tapping

2.3.2 Water/oil absorption capacity

To determine water and oil absorption capacities (WAC and OAC), 1 g of flour was dispersed in 10 mL of distilled
water or corn oil using a 15 mL centrifuge tube. The suspension was mixed for 1 min at room temperature and
subsequently allowed to stand for 30 min to facilitate hydration. Thereafter, the tubes were centrifuged at 1200 x g
for 30 min. The supernatant was carefully decanted, and the tubes inverted to remove any unbound water or oil.
WAC and OAC were then calculated from the retained volume:
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Weight after hydration
Weight of dry sample

WAC/OAC (g/mL) =

2.3.3 Least gelation concentration

Suspensions of each composite flour blend (2-20% w/w) were prepared in distilled water and transferred into test
tubes. The dispersions were heated in a boiling water bath for 1 h, then immediately cooled in cold water, followed
by further cooling at 4 °C for 2 h. The least gelation concentration was recorded as the lowest concentration at which
the sample remained in place without flowing when the test tube was inverted.

2.3.4 Swelling capacity

The swelling capacity was determined according to a previously reported method [18]. In summary, 1 g of flour
was dispersed in 10 mL of distilled water in a centrifuge tube and heated at 90 °C for 30 min with occasional shaking
to promote uniform suspension. The tubes were then centrifuged at 1,000 x g for 20 min, after which the supernatant
was discarded. The weight of the resulting paste was measured, and swelling capacity was calculated using the
following equation:

weight of precipate/paste
weight of dry flour

Swelling capacity =

2.3.5 Foaming capacity and stability

Two grams of flour were dispersed in 50 mL of distilled water in a 100 mL graduated cylinder. The suspension was
vigorously shaken to produce foam, and the volume was recorded after 30 s. Foaming capacity was expressed as
the percentage increase in volume relative to the initial suspension

Volume after whipping — Volume before whipping % 100

Foaming capacity =
g p y Volume before whipping

The cylinder was subsequently allowed to stand undisturbed for 1 h, after which the foam volume was recorded.
Foaming stability was expressed as the percentage change in foam volume relative to the initial value.
Volume of foam after set time

Foaming stability= X 100

Initial volume of foam

2.3.6 Emulsion capacity

Two grams of flour were dispersed in 40 mL of distilled water and thoroughly mixed. While stirring continuously
for 5 min, 10 mL of vegetable oil was gradually added. The mixture was then transferred into a graduated centrifuge
tube, heated at 85 °C for 15 min, and centrifuged until a constant oil layer was obtained. EmC was expressed as the
percentage of oil emulsified per gram of flour using the formula below:

Volume of oil used (mL)- volume of oil separated (mL)

EmC= x 100

Volume of oil used (mL)

2.4 Determination of Proximate Composition

Proximate compositions (moisture, protein, fat, ash and fiber) of the flour samples were determined using standard
methods [19], while carbohydrate content was determined by difference.

2.4.1 Determination of moisture content (MC)

Moisture content was determined using the standard oven-drying method. Petri dishes were labelled, dried in a hot-
air oven at 105 °C for 15 min, cooled in a desiccator, and weighed to obtain the initial weight (W1). Approximately
5.0 g of each sample was weighed into the pre-weighed dishes, and the combined weight was recorded (W2). The
dishes containing the samples were then placed in an oven maintained at 105 °C and dried for 4 h. After drying, the
dishes were removed, transferred immediately into a desiccator to cool to room temperature, and weighed again to
obtain the final weight (Ws). Drying, cooling, and weighing were repeated until a constant weight was achieved.
All determinations were conducted in triplicate.

Moisture content was calculated as:
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W, —Ws
MC(%) = ——x 100
(%) W, =W,
where:
W = weight of empty dish (g)
W2 = weight of dish + sample before drying (g)
Wi = weight of dish + dried sample (g)

2.4.2 Determination of crude fat content
Crude fat content was determined using a Soxhlet extraction apparatus. Approximately 5.0 g of the flour sample
was placed in a cellulose extraction thimble, securely tied, and placed in the Soxhlet extractor. n-Hexane was used
as the extraction solvent and was poured into a pre-weighed round-bottom flask. The apparatus was assembled and
heated on a heating mantle to allow continuous extraction for 3.5 h. After extraction, the round-bottom flask con-
taining the solvent and extracted fat was allowed to cool and then disconnected from the apparatus. The solvent was
evaporated, leaving the extracted fat in the flask. The flask was dried in an oven to remove residual solvent, cooled
in a desiccator, and weighed.

The crude fat content was calculated as:
Wa =W 100

Crude Fat(%) = W
S

where:

1 = weight of empty extraction flask (g)
W2 = weight of flask + extracted fat (g)
W, = weight of sample (g)

2.4.3 Determination of crude protein content

2.4.3.1 Digestion stage

Approximately 0.5 g of each sample was weighed into a Kjeldahl flask. A suitable catalyst and 10 mL of concen-
trated sulfuric acid (H2SO.) were added. The flask was clamped and heated in a fume hood until the digest became
clear. After cooling, the digest was diluted to 100 mL with distilled water and transferred to the distillation unit.

2.4.3.2 Distillation stage

A 5 mL aliquot of the digest was mixed with 5 mL of boric acid and 2 drops of mixed indicator in a 100 mL conical
flask. Steam distillation was carried out with 100 mL of 40% NaOH, and the distillate was collected until the solu-
tion changed from purple to green.

2.4.3.3 Titration stage

The distillate (5 mL) was titrated against 0.01 M HCI until the endpoint was reached, indicated by a colour change
from green to pink. The volume of HCI used (titre value) was recorded. Crude protein was calculated using the
formula:

Titre (mL) X Molarity of HCl X 0.014 x Dilution factor X

o _ X1
YoNitrogen Weight of sample (g) "

%Protein =%Protein = %N X 6.25

2.4.4 Determination of total ash content
Clean crucibles were dried in a hot-air oven, cooled in a desiccator, and weighed to obtain the initial weight (W:).
Approximately 2.0 g of each sample was weighed into the crucibles, and the combined weight was recorded (W2).
The crucibles containing the samples were then placed in a muffle furnace at 550 °C and incinerated for 3 h. After
ashing, the crucibles were removed from the furnace, cooled in a desiccator to room temperature, and weighed again
to obtain the final weight (Ws). All determinations were carried out in triplicate.

Ash content was calculated as:

Ws — W,
%Ash = WX 100
2 1
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where:

Wi = weight of empty crucible (g)

W2 = weight of crucible + sample before ashing (g)
Wi = weight of crucible + ash after ashing (g)

2.4.5 Determination of crude fibre

Approximately 5.0 g of each flour sample was weighed (W1) and transferred into a 500 mL conical flask, after
which 200 mL of 1.25% H>SO4 was added. The mixture was gently boiled for 30 min. After boiling, the mixture
was filtered through a muslin cloth and rinsed thoroughly with distilled water. The residue was scraped back into
the flask using a spatula. Subsequently, 200 mL of 1.25% NaOH was added, and the mixture was boiled again for
30 min. The mixture was then filtered and washed sequentially with 1% HCI, distilled water (four times), and finally
with ethanol. The resulting residue was transferred into a clean, dry crucible and dried in an oven. The dried sample
was cooled in a desiccator and weighed (W2). The crucible containing the sample was then incinerated in a muftle
furnace at 550 °C for 30 min, cooled in a desiccator, and reweighed (W5s).

Crude fibre was calculated as:

W, —Ws
——x 100
Wy

%Crude fibre =

where:

Wi = weight of sample (g)

W2 = weight of dried residue + crucible (g)
W3 = weight of ash + crucible (g)

2.4.6 Determination of carbohydrate content (by difference)
The total carbohydrate content was calculated as the difference between 100 and the total sum of moisture, crude
fat, crude protein, crude fibre and total ash. The percentage carbohydrate is computed using the following equation:

% Carbohydrate = 100% - (%Moisture + %Ash + %Protein + %Fat + %Fibre)

2.5 Determination of Mineral Content of Yam Tigernut Composite Flour

Mineral analysis was carried out using the ash obtained from the samples. The ash residue was dissolved in 0.1 N
HNO:s and filtered using Whatman filter paper. The filtrate obtained was used for mineral determination. The con-
centrations of calcium (Ca), iron (Fe), phosphorus (P), magnesium (Mg), zinc (Zn), sodium (Na), and potassium (K)
were determined using an Atomic Absorption Spectrophotometer (AAS). Standard solutions with known concen-
trations (0, 0.5, 1, 2, 4, 5, 10, 20, and 40 ppm) were prepared for each mineral element. The absorbance of both
standards and samples was measured, and calibration curves of absorbance versus concentration were constructed.
The concentration of each mineral in the sample was obtained from the standard calibration curve and calculated
using:

, CXVXD
Mineral (img/100 g) = —w x 100

where:

C = concentration obtained from calibration curve (mg/L)
V = volume of extract (L)

D = dilution factor

W = weight of sample (g)

2.6 Determination of Total Phenolic Content

The total phenol content of the yam-tigernut composite flour was determined using a previously reported method
[20]. Specifically, 0.2 mL of the composite flour extract was mixed with 2.5 mL of 10% Folin-Ciocalteu’s reagent
and 2 mL of 7.5% sodium carbonate solution 1, 3. The reaction mixture was subsequently incubated at 45°C for 40
minutes, and the absorbance was measured at 765 nm using a spectrophotometer. Gallic acid was used as the stand-
ard phenol for quantification, and results were expressed as mg gallic acid equivalent per gram (mg GAE/g).
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2.7 Determination of Total Flavonoid Content

The total flavonoid content of each yam-tigernut composite flour sample was determined using a colorimetric assay
[20]. A 0.2 mL aliquot of the composite flour extract was added to 0.3 mL of 5% NaNOs at time zero. After 5
minutes, 0.6 mL of 10% AICI; was added, and after an additional 6 minutes, 2 mL of 1 M NaOH was introduced to
the mixture, followed by the addition of 2.1 mL of distilled water. The absorbance was recorded at 510 nm against
a reagent blank, and the flavonoid content was expressed as mg rutin equivalent.

2.8 Determination of Ferric Reducing Antioxidant Power (FRAP)

The reducing property of the yam-tigernut composite flour was determined according to the protocol described by
[21]. A 0.25 mL aliquot of the composite flour extract was mixed with 0.25 mL of 200 mM sodium phosphate buffer
(pH 6.6) and 0.25 mL of 1% potassium ferricyanide (K3Fe (CN)g). The mixture was incubated at 50°C for 20 min;
thereafter, 0.25 mL of 10% trichloroacetic acid (TCA) was added to stop the reaction. After centrifuging the mixture
at 2000 rpm for 10 min, 1 mL of the supernatant was mixed with 1 mL of distilled water and 0.1% ferric chloride
(FeCl3), and the absorbance was measured at 700 nm.

2.9 Determination of 2,2-Diphenyl-1-picrylhydrazyl (DPPH) Radical Scavenging Ability

The free radical scavenging potential of the composite flour was measured using the DPPH assay [21]. The assay
was performed by reacting 1.6 mL of 0.135 mM DPPH dissolved in methanol with 0.4 mL of various concentrations
(0.0078-2 mg/mL) of the flour extracts 15. The reaction mixture was vortexed thoroughly and incubated in the dark
at room temperature for 30 min to ensure stability. The absorbance was measured at 517 nm. The percentage inhi-
bition of DPPH radical scavenging activity was calculated as:

C—AS

DPPH Radical Scavenging Activity (%) = x 100

Cc

2.10 Determination of Hydroxyl Radical Scavenging Ability

The ability of the extract to prevent Fe*’/H,0,-induced decomposition of deoxyribose was evaluated using the
method of [21]. Briefly, the composite flour extract (0-100 pL) was added to a reaction mixture containing 120 puL
of 20 mM deoxyribose, 400 pL of 0.1 M phosphate buffer (pH 7.4), 40 uL of 20 mM hydrogen peroxide (H203),
and 40 pL of 500 uM ferrous sulfate (FeSO4), with the final volume adjusted to 800 uL with distilled water. The
mixture was incubated at 37°C for 30 minutes, and the reaction was stopped by the addition of 0.5 mL of 2.8% TCA
followed by 0.4 mL of 0.6% TBA solution. The tubes were subsequently incubated in boiling water for 20 min, and
the absorbance was measured at 532 nm. The result was calculated as for DPPH

2.11 Determination of 2,2°-Azino-bis (3-ethylbenzothiazoline-6-sulphonic acid) (ABTS) Radical Scav-
enging Ability

The 2,2’-azino-bis (3-ethylbenzothiazoline-6-sulphonic acid) (ABTS) scavenging ability of the yam-tigernut com-
posite flour was determined according to a previously described method [21]. The ABTS radical was generated by
reacting a 7 mM ABTS aqueous solution with potassium persulfate (K,S,0z3) at a final concentration of 2.45 mM.
This reaction mixture was stored in the dark for 16 hours at room temperature to ensure complete radical generation
prior to adjustment of absorbance at 734 nm to 0.700 + 0.02 using ethanol. A 0.2 mL aliquot of the appropriately
diluted extract was added to 2.0 mL of the ABTS solution, and the absorbance was measured at 734 nm after 15
min of incubation. The result was calculated as for DPPH

2.12 Determination of a-Amylase Inhibitory Activity

The a-amylase inhibition ability of the yam-tigernut composite flour was determined as previously reported [22]
with slight modifications. An equal amount (100 uL) of the sample or control (distilled water) and the enzyme
(dissolved in 0.02 M phosphate buffer, pH 6.9 and containing 0.006 M NaCl) were combined and incubated at 28
°C for 10 min. Thereafter, 200 uL of 1% starch (dissolved in the same buffer) was added, and the reaction mixture
was incubated at room temperature for 10 min. To stop the reaction, 1 mL dinitrosalicylic acid was added, and the
reaction mixture was heated in a boiling water bath for 5 min. After cooling to room temperature, the mixture was
diluted with distilled water at a ratio of 1:5 (sample/distilled water, v/v) and the absorbance taken at 540 nm. The
percentage o- amylase inhibition of the sample was calculated using the formula below:
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Acontrol - Asample

x 100

Alpha amylase inhibition (%) =

Acontrol

2.13 Determination of a-Glucosidase Inhibitory Activity

The effect of the samples on -glucosidase activity was determined using a previously described method [22] with
slight modifications. The substrate solution - p-nitrophenyl glucopyranoside (pNPG) was prepared in 20 mM phos-
phate buffer, pH 6.9. Fifty microliters of a-glucosidase (0.3 U/mL) were pre-incubated with 100 uL of the sample
for 10 min. Then, 100 pL of 3.0 mM pNPG was added to start the reaction. The reaction mixture was incubated at
37 °C for 20 min and stopped by adding 2 mL of 0.1 M Na,COs. The absorbance was taken at 405 nm, and the
percentage a-glucosidase activity was calculated using a similar formula as a-amylase.

2.14 Statistical Analysis

Determinations were made in triplicate (n = 3 analytical replicates), and data generated were subjected to One-Way
Analysis of Variance (ANOVA) using IBM SPSS Statistics version 23.0. The means were separated using New
Duncan Multiple Range Test NDMRT) at 95% confidence level (p < 0.05)

3. Results and Discussion
3.1 Functional Properties of the Formulated Flour Blends

The functional properties of the formulated flour blends are presented in Table 1. Functional properties are essential
indices that determine the behavior and performance of food ingredients during processing and consumption [2, 15].
No significant difference was observed in bulk density among the formulated flour blends. The bulk density (BD)
of the yam-tigernut flour blends was considerably low, ranging from 0.69 to 0.73 g/mL. Bulk density is primarily
influenced by the structure of starch polymers, particle size, and initial moisture content [6]. This parameter is
significant for determining package design, storage requirements, and the transport of food materials, as it indicates
the load-carrying capacity of the flour when allowed to rest under its own weight [2]. The low bulk density values
suggest that these flours are highly suitable for use in complementary food preparations, as they facilitate easy
digestion and high nutrient density without creating excessive thickness or viscosity [6, 23].

Table 1. Functional Properties of The Yam-Tigernut Composite Flour

OAC LGC

SAMPLES ~ BD (gml) WAC(gml) ' o0 SC(%) FC (%) FS (%) EC (%)
Control  0.72+0.01°  1.60+0.13® 1.02+001° 2 6625. 61420 * 46.7()18;t 26%15; 33:3;26*
FTY 0732004 1382001° (0% 2 o o P et
TAF  0.69+001* 147£001% 1.51£005 2 720%34921 * 10'.20121:: 26.223; 33:8;*
YCF  0.68+001° 144+001% 140+0.06° 2 485 '62;; * 16?183]? 06.2046bi 4(2):(3)21;3*
TTF  0.69+0.03° 1.63+0.06° 1510048 2 > 609.';‘%* lo'fgff Od%iff 33:3;*
Notes.

Values are means of triplicate determinations (mean + standard deviation).

Means in the same column with different superscript letters are significantly different (p < 0.05).
KEYS:

CONTROL: 100% YAM FLOUR;

FTY: 95% YAM FLOUR + 5% TIGERNUT FLOUR;

TAF: 90% YAM FLOUR + 10% TIGERNUT FLOUR;

YCF: 85% YAM FLOUR + 15% TIGERNUT FLOUR;

TTF: 80% YAM FLOUR + 20% TIGERNUT FLOUR.

The water absorption capacity (WAC) of the formulated blends ranged from 1.38 to 1.63 g/mL, showing signif-
icant differences among the samples. WAC is considered a critical function of protein in viscous food formulations,
representing the ability of the matrix to associate with and hold water under limited moisture conditions [2,6]. High
WAC is often attributed to the presence of hydrophilic proteins and dietary fibers, which possess polar groups that
bind water molecules effectively. This makes these composite samples may be suitable for bakery applications that
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require high product cohesiveness, prolonged freshness, and structural stability [2, 9]. The oil Absorption Capacity
(OACQ)

ranged from 1.02 to 1.51%. TAF and TTF showed the highest values (1.51%), while the control had the lowest
(1.02%). Higher OAC suggests better ability to bind lipids, which improves flavour retention, mouthfeel, and pal-
atability. The variation may be linked to differences in protein structure and hydrophobic amino acid content. Blends
with higher OAC are more suitable for bakery and fried food formulations. The least gelation concentration was
recorded at 2%. This value represents the minimum concentration required to form a stable gel network that does
not slip when inverted [9]. A lower least gelation concentration indicates superior gelling ability, which is essential
for stabilizing textures in semi-solid food applications and puddings [9, 24].

The swelling capacity of the flours fluctuated across the groups, with representative samples reaching high values
up to 720%. Swelling power is an indication of the presence of amylose and amylopectin, which influence the
degree of exposure of the internal starch structure to the action of water [2, 6]. A higher swelling power signifies
stronger associative forces within the starch granules and a greater hydration capacity. This implies that the com-
posite flour may have potential utility in starch-based food systems requiring hydration and expansion, where ex-
pansion and moisture retention are required to achieve desirable quality and texture [2, 6, 24]. Foaming capacity
(FC) ranged from 1.18 to 4.71%, with the control exhibiting the highest value. The formulated blends showed re-
duced foaming ability, possibly due to lower soluble protein content. FC reflects the ability of proteins to entrap air
and form interfacial films. Low foaming capacity suggests limited application in aerated foods but may not affect
dough-based products. Foaming stability (FS) ranged from 0.09 to 2.45%. Although the control had the highest
stability (2.45%), most blends showed low stability, particularly YCF and TTF. FS indicates the ability of foam to
resist collapse over time and depends on protein flexibility and intermolecular interactions. Low stability suggests
weak film formation around air bubbles, limiting use in products requiring stable foams.

The emulsification capacity (EC) for the formulated blends ranged from 34.77% to 42.38%, with significant
differences existing between the samples. Proteins act as surface-active agents that stabilize emulsions by forming
cohesive films around oil droplets, creating electrostatic repulsion that prevents coalescence [6]. Higher emulsifi-
cation capacity is vital for products where fat binding and texture stabilization are required during processing [2].
These functional attributes overall demonstrate that yam-tigernut blends serve as versatile ingredients for enhanced
nutritional food formulations [2].

3.2 Proximate Composition of Yam-Tigernut Composite Flour

The proximate composition of the yam-tigernut composite flour is presented in Table 2. The proximate values of
the flour samples showed no significant difference (p<0.05) for most parameters, with values ranging from 8.63 to
13.22% for moisture, 2.42 to 3.04% for ash, 4.79 to 9.18% for crude protein, 0.72 to 1.43% for fat, 0.95 to 8.39%
for crude fiber, and 65.78 to 78.84% for carbohydrate. Sample FTY recorded the lowest moisture content (8.63%),
while sample TTF exhibited the highest (13.22%). This progressive increase in moisture content observed across
the groups was attributed to the 20% incremental substitution of tigernut flour. Maintaining low moisture levels is
critical for food stability, as higher moisture promotes oxidative reactions and microbial growth, whereas low mois-
ture inhibits the survival of spoilage microorganisms, thereby enhancing shelf life and keeping quality [25].

Table 2. Proximate composition of the yam-tigernut composite flour (%)

SAMPLES MOISTURE ASH PROTEIN FAT FIBRE C%II{{]Z(,)FI]::IY
Control 8.73+£0.01¢ 3.04+1.15° 7.56 +£0.25° 0.91 +0.04*  0.95+0.08° 78.84 £ 1.51%
FTY 8.63 £0.20° 248 +0.212 6.58 £0.27¢ 0.86 = 0.04¢ 3.05+0.074 78.40 £ 0.23%
TAF 9.71 £0.01° 242 +0.25° 4.79 +0.284 0.72 £0.14¢ 4.93 +0.06° 77.44 +£0.33%
YCF 9.72+£0.23° 2.59£0.08° 9.18£0.232 1.21£0.25%  7.74£0.19° 69.57+£0.11°
TTF 13.22+0.11° 2.57+0.14* 8.63 £0.36* 1.43 £0.34* 8.39+£0.07° 65.78 £ 0.47¢
Notes.

Values are means of duplicate determinations (mean + standard deviation).

Means in the same column with different superscript letters are significantly different (p < 0.05).
KEYS:

Control: 100% YAM FLOUR;

FTY: 95% YAM FLOUR + 5% TIGERNUT FLOUR,;

TAF: 90% YAM FLOUR + 10% TIGERNUT FLOUR,;

YCF: 85% YAM FLOUR + 15% TIGERNUT FLOUR;

TTF: 80% YAM FLOUR + 20% TIGERNUT FLOUR.
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The highest level of protein was observed in sample YCF (9.18%), which contains a blend of 85% yam and 15%
tigernut. The increase in protein content may be partly associated with the inclusion of tigernut flour, and its inclu-
sion enriches the composite with essential amino acids such as lysine, leucine, and methionine [13, 14]. Conse-
quently, the combined consumption of yam and tigernut ensures a balanced protein intake through nutritional com-
plementation. Such high-quality protein is vital for enzymatic catalysis, muscle maintenance, and preventing blood
glucose spikes [2].

Crude fiber content increased significantly from 0.95% in the control to 8.39% in the TTF sample as the propor-
tion of tigernut rose. High dietary fiber is desirable for its ability to lower serum cholesterol and reduce the risk of
chronic diseases such as obesity, type 2 diabetes, and colon cancer [26]. Furthermore, dietary fiber acts as a bulking
agent, increasing intestinal motility and protecting the colon from various disorders [6]. The control sample (100%
yam flour) recorded the highest ash and carbohydrate contents. Ash content is an indicator of the total mineral
availability in food [27]. Although the control was highest, the composite flours remain good mineral sources due
to the richness of tigernut in elements like potassium, calcium, and magnesium [28]. The high carbohydrate content
ensures that the flour may serve as important sources of dietary energy, providing readily available glucose to meet
the metabolic needs of active consumers [2]. Utilizing these indigenous crops in composite flours thus addresses
malnutrition while promoting food security.

3.3 Mineral Composition of Yam-Tigernut Composite Flour Samples

The mineral composition of the yam-tigernut composite flour samples is presented in Table 3. The sodium content
ranged from 5.11 to 5.87 mg/100g, while calcium, iron, phosphorus, potassium, magnesium, and zinc were within
the range of 1.31-2.34 mg/100g, 0.55-0.81 mg/100g, 96.95-116.04 mg/100g, 7.51-8.59 mg/100g, 0.67-1.20
mg/100g, and 0.01-1.01 mg/100g, respectively. Mineral ratios are critical for individual nutrition. Calcium, iron,
and magnesium contents in the composite samples were generally observed to increase with higher tigernut inclu-
sion. This improvement is attributed to the fact that tigernut tubers are recognized as rich sources of essential min-
erals such as potassium, phosphorus, calcium, and magnesium [28]. However, a reverse trend was noted for sample
TAF (90% yam flour: 10% tigernut flour), which exhibited a decrease across all analyzed mineral compositions.

Table 3. Mineral composition of the yam-tigernut composite flour

Fe Zn

Sample Ca (mg/100g) Na (mg/100g) P (mg/100g) K (mg/100g) Mg (mg/100g) (ppm) (ppm)

Control 1.83£0.01° 5.87+£0.01* 116.04 +0.73* 8.55+0.01° 0.90 +0.01° 0.78+0.01>  0.60+=0.01¢

FTY 1.48 £0.01¢ 5.62 +£0.02° 114.79 £ 0.332 8.07 +£0.014 0.69 +0.014 0.55+0.01¢  0.57+0.01°

TAF 1.77 £0.01¢ 5.69+£0.01° 108.21 £ 0.50° 8.42 +£0.02¢ 0.81+£0.01°¢ 0.81+0.01* 1.02+0.01*

YCF 2.34 +0.032 5.70 £0.01° 101.60 + 1.05° 8.59+0.012 1.20+0.012 0.60+0.01° 0.94+0.01°

TTF 1.31+£0.01° 5.11£0.01¢ 96.95 +2.444 7.51+0.01° 0.67 + 0.044 0.55+£0.01¢  1.01+0.01°
Notes.

Values are means of duplicate determinations (mean =+ standard deviation).

Means in the same column with different superscript letters are significantly different (p < 0.05).
KEYS:

CONTROL: 100% YAM FLOUR;

FTY: 95% YAM FLOUR + 5% TIGERNUT FLOUR;

TAF: 90% YAM FLOUR + 10% TIGERNUT FLOUR;

YCF: 85% YAM FLOUR + 15% TIGERNUT FLOUR;

TTF: 80% YAM FLOUR + 20% TIGERNUT FLOUR.

Minerals are essential nutrients required by the body to facilitate the proper functioning of organs [29]. Deficien-
cies in minerals, particularly zinc and iron, have been linked to acute anemia, chronic pre-dialysis anemia, and
impaired mental capacity [7, 30]. Zinc is vital for enhancing growth, maintaining a healthy immune system, and
aiding nutrient utilization, while iron is responsible for oxygen transport in hemoglobin to prevent fatigue [3, 15].
Magnesium is another critical mineral due to its role in preventing and treating diseases such as insulin resistance,
type-2 diabetes mellitus, and cardiovascular disorders [3, 7]. It serves as an essential component for the functioning
of enzymes involved in energy utilization [6].
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Calcium is paramount for the formation of strong bones and teeth, blood clotting, and the regulation of blood
pressure [3]. Calcium is recognized for its role in bone and teeth development, which is essential for optimal growth
in children and maintenance in adults [6]. Regarding electrolytes, the intake of sodium is a significant risk factor
for hypertension, making its reduction a target for health policy [7]. Conversely, potassium offers protection against
arterial hypertension and is necessary for maintaining the osmotic balance of body fluids and regulating muscle
irritability [3, 31]. Plant-based foods generally contain high levels of potassium, which confer substantial health
benefits [31].

The formulated flour samples contained measurable amounts of several essential minerals, particularly phospho-
rus, magnesium, and calcium, especially phosphorus, magnesium, and calcium. Phosphorus is essential for bone
calcification and plays a major role in carbohydrate metabolism [3]. The calcium-to-phosphorus ratio in bone is
ideally 2:1; an imbalance between these minerals may lead to osteoporosis, a major public health concern charac-
terized by serious complications and costly medical care. Utilizing indigenous agro-products like yam and tigernut
may help improve the mineral composition of composite flour products [2, 7].

3.4 Total Phenolic and Total Flavonoid Contents

The total phenol and total flavonoid contents are presented in Figure 1. The total phenol contents of the flour samples
were observed to increase significantly as the inclusion of tigernut flour increased, with values ranging from 13.25
to 20.54 mg GAE/g. Sample TTF (80% yam: 20% tigernut) recorded the highest total phenol content of
20.54 mg GAE/g. Phenolic compounds represent a vital group of bioactive secondary metabolites in plants and are
primarily responsible for their antioxidant properties [2]. This increase suggests that tigernut flour may contribute
additional phenolic compounds to composite flour formulations [28]. The total flavonoid contents of the flour sam-
ples also exhibited an increase as the tigernut content was gradually increased while the yam content was reduced,
with values ranging from 4.55 to 7.05 mg/g. Sample TTF had the highest value, while the control recorded the
lowest. Flavonoids are significant secondary plant metabolites that regulate postprandial glucose and act as chelating
agents to protect biological cells against damage from disease-causing free radicals [13]. The incorporation of nu-
trient-dense tubers like tigernut into composite flours enriches the product with these beneficial compounds, which
have also been reported to contribute to improved flavor and texture profiles [2].
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Figure 1. Total phenolic and total flavonoid contents of the samples.

Notes.
Bars with different superscripts are significantly different (p<0.05).
KEYS:

CONTROL: 100% YAM FLOUR;

FTY: 95% YAM FLOUR + 5% TIGERNUT FLOUR
TAF: 90% YAM FLOUR + 10% TIGERNUT FLOUR
YCF: 85% YAM FLOUR + 15% TIGERNUT FLOUR
TTF: 80% YAM FLOUR + 20% TIGERNUT FLOUR

3.5 Antioxidant Composition of Yam Tigernut Composite Flour

The free radical scavenging activities of DPPH, ABTS, FRAP, and hydroxyl radicals are presented in Figure 2. The
DPPH inhibition capacity of the flour samples ranged from 27.32% to 43.40%, with sample TTF showing the high-
est value. Higher radical quenching activity indicates a superior ability of the flour to act as donors of hydrogen
atoms [3]. Similarly, the ABTS scavenging activity ranged from 68.35% to 84.47%, where sample TTF again
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exhibited a significantly higher value than the control (68.35%). This trend of increased antioxidant activity is di-
rectly correlated with higher total phenolic content found in plant-based composite systems [31]. Furthermore, the
hydroxyl (OH) radical scavenging ability improved across all groups, with values between 16.72% and 50.31%.

The Ferric Reducing Antioxidant Power (FRAP) of the flour samples showed a substantial improvement with
higher tigernut inclusion, ranging from 2.54 to 8.16 mg/g. These antioxidants are critical for human health as they
neutralize harmful free radicals, thereby potentially contributing to protection against oxidative damage [7]. The
synergistic effect of blending indigenous agro-products like yam and tigernut results in functional foods with en-
hanced scavenging activities compared to refined wheat products [7, 31]. These findings demonstrate that utilizing
tigernut as a composite ingredient effectively boosts the industrial value and therapeutic potential of baked goods
[3, 28].
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Figure 2. Antioxidant properties of the samples evaluated through Hydroxyl (A), DPPH radical scavenging (B), ABTS (C),

and FRAP (D).
Notes.
Bars with different superscripts are significantly different (p<0.05).
KEYS:

CONTROL: 100% YAM FLOUR;

FTY: 95% YAM FLOUR + 5% TIGERNUT FLOUR;
TAF: 90% YAM FLOUR + 10% TIGERNUT FLOUR;
YCF: 85% YAM FLOUR + 15% TIGERNUT FLOUR;
TTF: 80% YAM FLOUR + 20% TIGERNUT FLOUR.

3.6 In vitro Anti-Diabetic Properties of the Yam-Tigernut Composite Flour

The results for a-glucosidase and a-amylase inhibition of the yam-tigernut composite flour blends are presented in
Figure 3. The data indicate that the a-glucosidase inhibition percentage is significantly high in the flour blends, with
Sample TTF (80% yam: 20% tigernut) exhibiting the most potent inhibitory effect at 45.47%. A statistical analysis
reveals a significant (p < 0.05) difference between the a-amylase inhibition levels of the flour samples, with TTF
exhibiting the highest inhibition percentage of 81.85%. In contrast, the a-amylase and a-glucosidase inhibition val-
ues for the control flour sample (100% yam) are notably lower, recorded at 35.27% and 14.80%, respectively. This
progressive improvement in inhibitory activity as tigernut inclusion increases suggests that the combination of these
indigenous tubers provides a functional dietary approach to managing carbohydrate metabolism.

The observed antidiabetic potential of these composite blends is primarily linked to the high concentration of
bioactive compounds and dietary fiber introduced by the tigernut tubers. Tigernut has been reported to contain
appreciable amounts of polyphenols, which are secondary plant metabolites that effectively regulate postprandial
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glucose levels and prevent the development of metabolic disorders like diabetes [7, 13]. Specific phenolic acids,
such as caffeic acid, ferulic acid, and vanillic acid, occur in abundance in tigernut residue and act as natural inhibitors
of starch-digesting enzymes, thereby slowing the release of glucose into the bloodstream [2, 13]. Furthermore, bio-
active substances like flavonoids and quercetin can inhibit enzyme activity and protect biological cells against free
radical damage, which is often associated with the complications of chronic polygenic diseases [1, 13].

The inclusion of tigernut flour also significantly enhances the dietary fiber profile of the composite mixtures,
which is vital for preventing rapid blood glucose spikes and balancing overall energy intake [2, 6]. Insoluble dietary
fibers reduce the risk of digestive disorders, while soluble dietary fiber plays a critical role by developing gel-
forming characteristics that slow down the movement of food through the small intestine [6, 9]. This mechanism
reduces the bioaccessibility of glucose, contributing to a lower glycemic index compared to traditional refined wheat
or yam flours [2, 28]. Additionally, the presence of essential minerals like magnesium in these composite blends is
highly beneficial, as it plays a major role in glucose and insulin metabolism [3, 6]. The synergistic effect of blending
antioxidant-rich tigernut with staple tubers like yam results in products with improved nutritional and functional
characteristics and overall sensory acceptance [15, 31].
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Figure 3. Inhibitory potential of the samples against a-glucosidase and a-amylase activities.
Notes.
Bars with different superscripts are significantly different (p<0.05).
KEYS:

CONTROL: 100% YAM FLOUR;

FTY: 95% YAM FLOUR + 5% TIGERNUT FLOUR;
TAF: 90% YAM FLOUR + 10% TIGERNUT FLOUR;
YCF: 85% YAM FLOUR + 15% TIGERNUT FLOUR;
TTF: 80% YAM FLOUR + 20% TIGERNUT FLOUR.

4. Conclusion

This study successfully developed yam-tigernut composite flours with enhanced nutritional, functional, and thera-
peutic properties. The inclusion of tigernut significantly improved protein and crude fiber levels while providing a
superior antioxidant and antidiabetic profile through effective enzyme inhibition. The resulting flours exhibited
desirable functional attributes, including improved water and oil absorption, making them versatile for bakery ap-
plications. Furthermore, the appreciable mineral content, particularly potassium and calcium, underscores the po-
tential of these blends in addressing micronutrient deficiencies and demonstrating in vitro bioactivities associated
with metabolic health. Harnessing these indigenous agro-products offers a sustainable strategy for promoting food
security, supporting the diversification of flour resources through the use of indigenous crops, and developing value-
added functional snacks. Future studies should focus on shelf-life stability and quality optimization to maximize
industrial utilization.
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