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1. Introduction

Abstract

This study evaluated the mineral and proximate composition, phytochemical con-
tents (total carotenoids, flavonoids, and phenolics), predicted glycemic index, and
in-vitro oa-amylase and o-glucosidase inhibitory activities of cassava-based
doughmeals enriched with carrot and garden-egg pomace. Doughmeal formula-
tions were prepared using cassava:carrot:garden-egg ratios of 95:2.5:2.5, 90:5:5,
and 85:7.5:7.5 (w/w), while 100% cassava dough served as a control. Proximate
composition ranged from 64.10-84.38% moisture, 1.27-5.54% protein, 3.62-
25.83% carbohydrate, 0.30-2.20% ash, 3.55-12.85% fat, and 0.15-0.77% fiber.
Mineral contents were Na (0.73-1.48%), K (1.30-2.10%), P (2.40-4.95%), Ca
(0.92-2.17%), Fe (0.01-0.02%), Mg (0.62-1.06%), and Zn (0.09-0.11%). Phyto-
chemical analyses revealed total phenols (32.00-99.34 mg/100 g), flavonoids
(4.68-72.78 mg/100 g), tannins (0.49-3.31 mg/100 g), and saponins (49.46-100.41
mg/100 g), along with strong antioxidant activities (DPPH 29.81-51.39%, ABTS
20.01-36.54%, FRAP 16.30-75.24 pmol/g, Fe** chelation 37.13-47.17%). The
doughmeals exhibited a-amylase and a-glucosidase inhibition ranging from 40.89-
77.70% and 30.80-70.66%, respectively, while the predicted glycemic index (pGI)
values ranged from 49.17-53.29%, placing them in the low-to-moderate glycemic
category. Increasing substitution levels of carrot and garden-egg pomace enhanced
the doughmeals’ mineral density, phytochemical richness, and in-vitro anti-dia-
betic activity. These findings suggest that cassava-based doughmeals enriched with
carrot and garden-egg pomace could serve as functional foods with nutritional and
therapeutic potential for managing diet-related non-communicable diseases.

Keywords

Cassava doughmeal; garden egg; phytochemicals; a-amylase and a-glucosidase in-
hibition; in-vitro antidiabetic activity

The glycemic index (GI) is a system for ranking carbohydrate-containing foods based on their postprandial blood
glucose response relative to a reference food. It reflects how quickly and how much a given food increases blood
glucose levels after consumption [1]. The GI value of starchy foods can be modulated by several intrinsic and
extrinsic factors, including the type and amount of carbohydrate, processing method, and combination with other
foods, particularly those rich in protein, fat, or fiber [2]. Foods with a low GI are associated with reduced insulin
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demand, improved glycemic control, and a lower risk of metabolic diseases such as diabetes mellitus and cardio-
vascular disorders [1, 2]. The use of composite flours—mixtures of flours from cereals, roots, tubers, or legumes—
has gained increasing attention, particularly in food aid programs and sustainable food systems. Such blends help
improve the nutritional profile, reduce dependence on imported wheat, and enhance the functional and sensory
properties of food products [3-5]. Incorporating locally available raw materials into composite flour formulations
also provides economic advantages and contributes to food and nutrition security in developing regions [6, 7].

Cassava (Manihot esculenta Crantz) is a major tropical root crop that serves as a dietary carbohydrate source for
millions of people in Africa, Asia, and Latin America. It is processed into diverse traditional products such as gari,
fufu, and eba, and has emerging applications in bakery and snack formulations [8, 9]. Cassava flour is gluten-free,
making it suitable for people with celiac disease or gluten intolerance, and has been reported to exhibit a lower
glycemic response than refined wheat flour under certain conditions [10]. However, its high-water absorption and
low protein content can limit its functional versatility in some applications. Garden egg (Solanum macrocarpon L.),
a type of African eggplant, is rich in dietary fiber, polyphenols, and minerals such as potassium and magnesium.
These compounds contribute to its antioxidant capacity and potential glycemic-regulating effects [11, 12]. Tradi-
tional uses of garden egg include managing weight, cholesterol, and diabetes, and its roots and fruits are used eth-
nobotanically for its roots and fruits have also been used in traditional ethnobotanical practices [12, 13]. Carrot
(Daucus carota L.) is another nutritionally dense ingredient rich in dietary fiber, B-carotene (provitamin A), vitamin
C, and other antioxidants. Its fiber aids in blood glucose regulation by slowing carbohydrate digestion and absorp-
tion [14-17]. Additionally, carrot pomace—a byproduct of juice processing—contains substantial residual nutrients
and bioactive compounds, making it a valuable functional ingredient for developing fiber-enriched, low-GI foods
[15, 16].

Given these properties, the present study aims to develop a low glycemic doughmeal using composite flours
derived from cassava, garden egg, and carrot pomace. The study seeks to evaluate how the combination of these
flours affects the nutritional, functional, and glycemic properties of the resulting product.

2. Materials and Methods
2.1 Materials

Cassava (Manihot esculenta) flour, garden egg (Solanum incanum), and carrot (Daucus carota) were procured from
Shasha Market in Akure, Ondo State, Nigeria. All other materials used in the study were of analytical grade.

2.2 Methods

2.2.1 Preparation of garden egg and carrot flour

The garden eggs and carrots were manually sorted, with ripe garden eggs separated from the unripe (green) ones.
Both vegetables were thoroughly washed with potable water to remove dirt and extraneous materials. The garden
eggs were sliced into thin pieces using a sharp knife, while the carrots were grated into smaller pieces using a hand
grater to facilitate drying. The prepared samples were evenly spread on foil paper and dried in a cabinet dryer at
70 °C for 24 h. After drying, the samples were allowed to cool, then milled using an attrition mill and sieved through
a 0.25 mm mesh. The resulting flours were packaged in airtight polyethylene bags and stored in a container for
further use.

2.2.2 Formulation of flour blends and doughmeal production

Cassava—carrot—garden egg composite flours were formulated using blend ratios of 100:0:0, 95:2.5:2.5, 90:5:5, and
85:7.5:7.5 for cassava, carrot, and garden egg (ripe and unripe), respectively. To prepare the doughmeal, 200 g of
composite flour was added to 500 mL of boiling water and stirred continuously until a dough was formed. An
additional 200 mL of water was then added, and the dough was cooked for 2 min before further mixing and pack-

aging.

2.2.3 Proximate composition

The proximate composition of the samples was determined using standard procedures [18]. Moisture content was
measured by drying the samples in an oven at 105 °C until constant weight was attained. Crude fat was extracted
using petroleum ether with the Soxhlet extraction method. Ash content was determined by incinerating the samples
in a muffle furnace at 525 °C for 4 h, and crude protein was quantified using the micro-Kjeldahl method, with a
nitrogen-to-protein conversion factor of 6.25. Carbohydrate content was calculated by difference, that is, by sub-
tracting the sum of the percentages of moisture, ash, fat, fiber, and protein from 100.
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2.2.4 Determination of mineral content

Mineral analysis was carried out using the official method [18]. The ash obtained from each sample was digested
with 3 mL of 3 mol/L HCI and then diluted to volume in a 100 mL standard flask using 0.36 mol/L HCI. The
concentrations of mineral elements were subsequently determined using an atomic absorption spectrophotometer.
Phosphorus content was analyzed using the colorimetric phosphomolybdate method on a JENWAY 6100 spectro-
photometer, with a blank control prepared and analyzed under the same conditions.

2.2.5 Determination of total phenolic content

The total phenol content of the extract was determined using the method described elsewhere [19]. Briefly, 0.2 mL
of the extract was mixed with 2.5 mL of 10% Folin—Ciocalteu reagent and 2.0 mL of 7.5% sodium carbonate solu-
tion. The mixture was incubated at 45 °C for 40 min, and the absorbance was measured at 700 nm using a spectro-
photometer. Gallic acid served as the standard, and results were expressed as milligrams of gallic acid equivalents
(mg GAE) per gram of sample.

2.2.6 Determination of total flavonoid

The total flavonoid content of the extract was determined using the previously reported colorimetric assay [20].
Briefly, 0.2 mL of the extract was mixed with 0.3 mL of 5% sodium nitrite (NaNOs) at zero time. After 5 min, 0.6
mL of 10% aluminum chloride (AICls) was added, followed by 2.0 mL of 1 M sodium hydroxide (NaOH) after
another 6 min. Subsequently, 2.1 mL of distilled water was added to the mixture. The absorbance was measured at
510 nm against a reagent blank, and the flavonoid content was expressed as milligrams of rutin equivalent (mg RE).

2.2.7 Determination of tannin content

Approximately 0.2 g of finely ground sample was weighed into a 50 mL sample bottle, followed by the addition of
10 mL of 70% aqueous acetone. The bottle was tightly sealed and placed in an ice bath shaker, where it was shaken
for 2 h at 30 °C. After extraction, the solution was centrifuged, and the supernatant was stored on ice. For analysis,
0.2 mL of each supernatant was pipetted into a test tube and diluted with 0.8 mL of distilled water. Standard tannic
acid solutions were prepared from a 0.5 mg/mL stock solution and made up to 1 mL with distilled water. Subse-
quently, 0.5 mL of Folin—Ciocalteu reagent was added to both the sample and standard solutions, followed by 2.5
mL of 20% sodium carbonate (Na.COs). The mixtures were vortexed thoroughly and incubated at room temperature
for 40 min. Absorbance was measured at 725 nm against a reagent blank. Tannin concentrations were calculated
using a standard tannic acid calibration curve [21].

2.2.8 Determination of saponin

Saponin content was determined using the spectrophotometric method [22]. Finely ground sample (2 g) was
weighed into a 250 mL beaker, and 100 mL of isobutyl alcohol (butan-2-ol) was added. The mixture was shaken on
a mechanical shaker for 5 h to ensure thorough extraction, then filtered through Whatman No. 1 filter paper into a
100 mL beaker containing 20 mL of a 40% saturated solution of magnesium carbonate (MgCQOs). The resulting
mixture was filtered again using Whatman No. 1 filter paper to obtain a clear, colorless solution. An aliquot (1 mL)
of the filtrate was pipetted into a 50 mL volumetric flask, followed by the addition of 2 mL of 5% ferric chloride
(FeCls) solution. The volume was made up to the mark with distilled water and allowed to stand for 30 min for color
development. Absorbance was measured at 380 nm against a reagent blank.

2.2.9 Determination of 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging activity

The antioxidant activity of the samples was determined using the DPPH assay [5], with slight modifications. A 1.5
mL portion of the methanolic extract of the doughmeal flour was mixed with 1.5 mL of DPPH solution. The mixture
was incubated in the dark at 30 °C for 30 min, after which the absorbance was measured at 517 nm using a UV-Vis
spectrophotometer (SELECTA 4120025, Spain). The percentage DPPH radical scavenging activity was calculated
using the equation:

A —A
DPPH (%) — control sample % 100

Acontrol

2.2.10 Determination of ferric reducing antioxidant power (FRAP)

The ferric reducing antioxidant power (FRAP) of the samples was determined using the method of the FRAP assay
[5], with slight modifications. Briefly, 1.0 mL of the methanolic extract was mixed with 2.5 mL of 0.2 M phosphate
buffer (pH 6.6) and 2.5 mL of 1% (w/v) potassium ferricyanide [KsFe(CN)s]. The mixture was incubated in a water
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bath MEMMERT WNB14, India) at 50 °C for 20 min. After incubation, 2.5 mL of 10% (w/v) trichloroacetic acid
(TCA) was added, and the mixture was centrifuged at 3000 rpm for 10 min. Subsequently, 2.5 mL of the supernatant
was mixed with 2.5 mL of distilled water and 0.5 mL of 0.1% (w/v) ferric chloride (FeCls). The absorbance was
measured at 700 nm using a UV-Vis spectrophotometer (SELECTA 4120025, Spain).

2.2.11 a-Glucosidase inhibitory assay

The inhibitory effect of the plant extracts on a-glucosidase activity was determined using a-glucosidase from Sac-
charomyces cerevisiae [5]. The substrate solution, p-nitrophenyl-a-D-glucopyranoside (pNPG), was prepared in 20
mM phosphate buffer (pH 6.9). For the assay, 100 pL of a-glucosidase solution (0.3 U/mL) was pre-incubated with
50 pL of the plant extract for 10 min at 37 °C. The reaction was initiated by adding 50 puL of 3.0 mM pNPG prepared
in the same buffer. The mixture was incubated at 37 °C for 20 min, after which the reaction was terminated by
adding 2 mL of 0.1 M sodium carbonate (Na=COs). The a-glucosidase activity was determined by measuring the
absorbance of the yellow-colored p-nitrophenol released from pNPG at 405 nm.

Acontrol - Asample

X 100

a — Glucosidase inhibition (%) =
Acontrol

2.2.12 a-Amylase inhibitory assay

The a-Amylase inhibitory activity was evaluated using a modified colorimetric procedure [5]. The reaction mixture
contained 0.5 mL of 0.5% soluble starch (substrate) and 0.2 mL of 0.1 M sodium acetate buffer (pH 5.6). Then, 0.3
mL of the crude enzyme extract was added, and the mixture was incubated at 40 °C for 30 min in a water bath. After
incubation, 1 mL of 3,5-dinitrosalicylic acid (DNSA) reagent was added to terminate the reaction. The mixture was
boiled for 5 min, cooled to room temperature, and diluted with 4 mL of distilled water. The absorbance was meas-
ured at 540 nm using a spectrophotometer. A blank was prepared by substituting 0.3 mL of distilled water for the
enzyme extract and processed identically.

Acontrol - Asample

x 100

o — Amylase inhibition (%) =
Acontrol

2.2.13 Glycemic index and starch digestibility

The in vitro glycemic index (GI) was determined following a simulated enzymatic digestion method. One gram (1
g) of homogenized doughmeal sample was mixed with 5 mL of deionized water. Subsequently, 10 mL of a pepsin—
guar gum solution was added, and the mixture was incubated at 37°C for 30 min in a shaking water bath (175
strokes/min). After incubation, 5 mL of 0.5 M sodium acetate solution was added, and the pH was adjusted to
between 5.0 and 5.25. An enzyme mixture containing pancreatin and amyloglucosidase (13.4 U/mL) was then added,
and the volume was adjusted to 50 mL with deionized water. The sample was further incubated in the shaking water
bath for 180 min. During the incubation period, 0.5 mL aliquots were collected at 20, 30, 60, 90, 120, and 180 min
and transferred into separate test tubes. These aliquots were immediately placed in a boiling water bath for 5 min to
denature the enzymes. After cooling, the volumes were adjusted to 5 mL using deionized water and centrifuged at
4000 x g for 5 min. The glucose content in the supernatant was quantified using a GOPOD-format assay kit (K-
GLUC, Megazyme International Ireland Ltd.) and measured spectrophotometrically at 510 nm using a Shimadzu
UV-1800 spectrophotometer (Japan).

Estimated Glycemic Index (eGI) and Starch Digestibility:

The estimated glycemic index (eGl) of each sample was calculated based on the hydrolysis index (HI), which
was obtained by comparing the area under the hydrolysis curve (AUC) of each sample with that of a reference white
bread sample obtained from a commercial source. The eGI was then computed using the equation described by
Goni, Garcia-Alonso, and Saura-Calixto:

GI=39.71 +0.549 x HI

Starch digestibility was determined using the same enzymatic procedure. The glucose content of 0.5 mL aliquots
collected at 20 and 120 min was analyzed, and the following formulas were used to calculate various starch fractions:

Total Starch (TS) (determined for the purpose of calculating resistant starch):

TS =(GTS xF x 0.9 x 100) / W

Rapidly Digestible Starch (RDS):

RDS = (Geo) x F x 0.9 x 100) / W

Slowly Digestible Starch (SDS):

SDS = ((Ga20) — Go)) X F x 0.9 x 100) / W
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Resistant Starch (RS):
RS =TS — (RDS + SDS)
Where:

Go) = Absorbance value for glucose after 20 min of incubation

G200 = Absorbance value for glucose after 120 min of incubation

GTS = Absorbance value of total starch

F =100/ GOPOD absorbance factor

W = Sample weight (mg)

An experimental factor of 0.9 was used to convert free glucose (monosaccharides) into starch (polysaccharide
equivalent). The resistant starch (RS) content of the bread samples was calculated as the difference between total
starch and the sum of RDS and SDS. All starch fractions were expressed as grams per 100 grams of wet sample

(g/100 g).
2.3 Statistical analysis

The means of triplicate results (excluding functional properties) were expressed as mean + standard deviation (n =
3 analytical replicates). Mean comparisons were performed using one-way analysis of variance (ANOVA), and
differences between means were separated using the Duncan Multiple range Test at a significance level of p < 0.05.
Sensory evaluation data were analyzed using SPSS version 22.0.

3. Results and Discussion
3.1 Proximate composition of cassava, garden egg, and carrot doughmeal

Table 1 presents the proximate composition of the various doughmeal formulations, revealing distinct nutritional
differences that arose from incorporating carrot and garden egg flours into cassava flour. Moisture content ranged
from 64.10% in FOR to 84.38% in BUR, with the control (AGC) containing 75.27%. The higher moisture content
observed in BUR may be due to the hygroscopic nature of the incorporated vegetable flours and their high dietary
fiber content, which increases water retention. Similar increases in water absorption and hydration properties have
been reported for composite flours enriched with carrot pomace and other vegetable powders due to their high fiber
and hydrophilic components [23, 24]. While moisture contributes to dough softness and elasticity, excessively high
values may shorten shelf life and favor microbial growth if not properly managed. The high moisture content may
adversely affect storage stability and increase susceptibility to microbial deterioration. Fat content varied from
3.55% in DUR to 12.85% in AGC. The relatively higher fat content observed in the control suggests that dilution
occurred when cassava was blended with carrot and garden egg flours, which are naturally low in lipids. This trend
aligns with the findings that cassava-vegetable composites generally exhibit reduced fat levels [25]. The reduction
in fat content following substitution could be beneficial from a nutritional standpoint, especially for consumers
requiring low-fat diets or seeking to reduce caloric intake without compromising other nutrient levels. Protein con-
tent showed a marked increase in the composite samples, ranging from 1.11% in AGC to 5.54% in DUR, reflecting
the protein-enhancing potential of the added vegetable flours. Both carrot and garden egg are known to contain
appreciable levels of amino acids and crude protein that contribute to the improved nutritional profile of cassava-
based products [26]. The increase in protein content may be attributed to the combined contribution of the incorpo-
rated vegetable flours, indicating that incorporating up to 15% of these flours can enhance the dietary quality of
cassava dough. Higher protein levels also improve the functional characteristics of the dough, potentially influenc-
ing its texture and elasticity.

Crude fiber content increased progressively with the level of substitution, ranging from 0.12% in AGC to 0.77%
in CUR. The rise in fiber content supports reports that carrots and garden eggs are good sources of dietary fiber and
can enhance the digestive quality of cassava-based products [27]. The inclusion of these vegetable flours, rich in
cellulose and hemicellulose, not only supports bowel health but also contributes to a slower glycemic response when
consumed, thereby improving the functional and health benefits of the doughmeal. Ash content, which indicates
total mineral presence, ranged from 0.30% in CUR to 2.22% in EOR. The higher values observed in the composite
doughs, especially BUR and EOR, reflect the mineral enrichment resulting from vegetable inclusion. Carrot and
garden egg are particularly rich in potassium, calcium, and magnesium, and their addition contributes to the im-
proved micronutrient density of the product. The increase in ash content, therefore, demonstrates that fortification
with these flours enhances the mineral profile of cassava dough, which is typically deficient in micronutrients.
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Carbohydrate content ranged from 3.62% in BUR to 25.83% in FOR, showing an inverse relationship with moisture
content. As the water content increased, carbohydrate concentration decreased due to dilution effects. The control
(AGC) recorded 9.36%, consistent with the starch-rich nature of cassava. The reduction in carbohydrate proportion
across the vegetable-substituted samples indicates nutrient redistribution, where protein, fiber, and minerals partly
replace carbohydrate mass. This shift resulted in a lower proportion of carbohydrate in the composite samples,
which may appeal to consumers seeking functional or weight-conscious food alternatives.

Table 1. Proximate composition of doughmeal samples (%)

Samples Moisture Fat content Protein content Crude fiber Ash Carbohydrate
AGC 75.27£0.07° 12.85+3.412 1.11+0.00¢ 0.1540.01 1.3040.06° 9.361+3.23¢
BUR 84.38+0.05* 8.3310.14° 1.29+0.06¢ 0.25+0.03 2.134+0.03® 3.6240.22f
CUR 77.7840.05° 3.7240.10° 4.09+0.33° 0.7740.02 0.3040.01° 13.3340.17¢
DUR 78.64+1.51° 3.554+0.01° 5.54£0.05* 0.4240.01 1.49+0.06° 10.37+1.40%
EOR 72.97+0.05¢ 6.81+0.05% 1.2740.09¢ 0.2940.04 2.2240.32* 16.4610.47%
FOR 64.10+0.46° 5.1940.07" 2.99+0.34¢ 0.37+0.01 1.5340.05° 25.83+0.01°
GOR 71.8140.20¢ 4.4040.24¢ 3.1240.29¢ 0.4540.01 1.30+0.03° 18.93+0.37°

Notes. Values are mean + SD. Means with different superscripts within the same column are significantly (p< 0.05) different. AGC, 100% cassava —
control, BUR, 95% Cassava flour + 2.5% Carrot flour + 2.5% Garden-egg flour (unripe); CUR- 90% Cassava flour + 5.0% Carrot flour + 5.0% Garden-
egg flour (unripe); DUR- 85% Cassava flour + 7.5% Carrot flour + 7.5% Garden-egg flour (unripe); EOR- 95% Cassava flour + 2.5% Carrot flour +
2.5% Garden-egg flour (ripe); FOR- 90% Cassava flour + 5.0% Carrot flour + 5.0% Garden-egg flour (ripe); GOR- 85% Cassava flour + 7.5% Carrot
flour + 7.5% Garden-egg flour (ripe).

3.2 Mineral composition of the doughmeal

The mineral composition of the dough, as shown in Table 2, reveals that both the inclusion level and ripeness stage
of the vegetables significantly influenced the mineral content of the samples. Sodium (Na) content ranged from 0.73
mg/100 g in the control (AGC) to 1.48 mg/100 g in GOR. The higher Na concentration in GOR can be linked to the
increased substitution level of the vegetable flours, especially those from ripe sources, which tend to accumulate
more soluble minerals during ripening [28]. A similar observation was reported in composite flours enriched with
fruit and vegetable powders, where higher substitution levels enhanced sodium and other mineral concentrations
[29]. The pattern of increasing Na content also mirrors the ash content trend observed in the proximate composition
results, suggesting that the mineral-rich components of carrot and garden egg directly contributed to the elevated
ash levels across the blends. Potassium (K, an essential element for osmotic balance and nerve function, followed
a similar trend, increasing from 1.07 mg/100 g in AGC to 2.10 mg/100 g in GOR. The concurrent rise of K and Na
in GOR highlights the complementary contribution of both vegetables to the mineral pool, with garden egg in par-
ticular known for its high potassium content [30]. The increased potassium content indicates a change in the mineral
composition of the composite formulations. This relationship underscores the potential of such composite flours in
improving electrolyte balance in diets dominated by cassava-based foods, which are typically poor in K and Na.
Phosphorus (P) content showed a remarkable increase from 2.40 mg/100 g in EOR to 4.95 mg/100 g in GOR,
indicating that both the level of substitution and ripeness influence P bioavailability. The increase observed in ripe
samples may be associated with compositional changes during ripening, which release bound phosphorus and en-
hance its extractability [31]. This trend again parallels the ash data, reinforcing the view that higher ash values
reflect enhanced mineral density in the composite doughs.

Calcium (Ca) levels, however, exhibited a slightly different pattern. The control sample (AGC) recorded the
highest Ca content (2.17 mg/100 g), followed by DUR (1.94 mg/100 g), while FOR had the lowest (0.92 mg/100
g). This variation suggests that although vegetable substitution enriched certain minerals, it may have diluted cal-
cium concentration in some formulations. The reduction could also result from interactions between calcium and
other ions during processing, or from complex formation with oxalates naturally present in the vegetables [28].
Nevertheless, the Ca content across all formulations remains nutritionally relevant, contributing to bone and dental
health when consumed as part of a varied diet. Iron (Fe) was detected in trace quantities, ranging between 0.01
mg/100 g and 0.04 mg/100 g. Although the levels were low, their presence indicates the contribution of the vegetable
flours, as cassava is naturally poor in Fe. Iron deficiency is a major nutritional problem in cassava-consuming
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regions, and even small increases from complementary ingredients like carrot and garden egg can have cumulative
benefits when such products are consumed regularly [30]. Magnesium (Mg) concentrations were relatively stable
across the samples, ranging from 0.62 mg/100 g in FOR to 1.06 mg/100 g in AGC. The slight variations may be
due to the inherent Mg content of cassava and the buffering effect of vegetable inclusion, which did not substantially
alter Mg levels. Magnesium plays a critical role in enzymatic activity and energy metabolism, and its maintenance
across formulations reflects the relatively stable magnesium levels across formulations [29]. Zinc (Zn) and manga-
nese (Mn), both essential trace elements, were detected in modest amounts. Zn reached its highest levels in DUR
and GOR (0.11 mg/100 g), while Mn ranged between 0.01 mg/100 g and 0.07 mg/100 g. These elements, although
present in small quantities, are vital for enzymatic and antioxidant functions in the human body. Their appearance
in the composite samples again supports the beneficial mineral enrichment achieved through vegetable inclusion.

Table 2. Mineral composition of doughmeal samples (mg/100 g)

Sam-
ples

AGC  0.73+0.00°  1.07£0.01F  2.95+0.01F  2.174£0.01*  0.02+£0.00°  1.06+0.00°  0.10£0.00°  0.03+0.00¢
BUR  0.95+0.03¢ 1.344£0.00° 3.28+0.01° 1.16+£0.00°  0.03+0.00°  0.85+0.01¢  0.08+0.01¢  0.01+0.00°
CUR 1.1240.02¢  1.65+0.01°¢  3.46+0.02¢  1.2640.03¢  0.01+0.00¢  0.9440.01¢  0.09+0.00°  0.03+0.00¢

Na K P Ca Fe Mg Zn Mn

DUR 1.4240.00> 2.04+0.03> 4.254+0.00° 1.9440.01®  0.02+0.00° 0.86+0.01¢  0.11+0.00*  0.05+0.00°
EOR  0.9740.01¢ 1.30+0.03° 2.40+0.00¢  1.8740.02°  0.04+0.00*  1.0240.02®>  0.09+0.01°  0.04+0.00°
FOR 1.12+£0.02¢  1.55+0,00¢  4.66+0.04°  0.92+0.00°  0.02+0.00°  0.62+0.03°  0.10£0.00*  0.07+0.00°
GOR 1.48+£0.02¢  2.10+0.03*  4.95+0.00*  1.26+0.01¢  0.04+0.00°  0.78+0.03°  0.11+0.00*  0.04+0.00°

Notes. Values are mean = SD. Means with different superscripts within the same column are significantly (p< 0.05) different. AGC, 100% cassava —
control, BUR, 95% Cassava flour + 2.5% Carrot flour + 2.5% Garden-egg flour (unripe); CUR- 90% Cassava flour + 5.0% Carrot flour + 5.0% Garden-
egg flour (unripe); DUR- 85% Cassava flour + 7.5% Carrot flour + 7.5% Garden-egg flour (unripe); EOR- 95% Cassava flour + 2.5% Carrot flour +
2.5% Garden-egg flour (ripe); FOR- 90% Cassava flour + 5.0% Carrot flour + 5.0% Garden-egg flour (ripe); GOR- 85% Cassava flour + 7.5% Carrot
flour + 7.5% Garden-egg flour (ripe).

3.3 Phytochemical properties of the doughmeal

The phytochemical composition of the doughmeal varied significantly with formulation proportions and ripening
stages, as illustrated in Figure 1. Flavonoid content showed a clear decline with the addition of vegetable flours.
The highest flavonoid concentration was recorded in AGC (72.78 mg/100 g), followed by CUR (43.50 mg/100 g),
while the lowest values occurred in FOR (4.68 mg/100 g) and GOR (5.27 mg/100 g). This pattern suggests that pure
cassava flour is comparatively richer in flavonoids or that the incorporation and processing of vegetables may have
led to flavonoid degradation. Flavonoids are well-known for their antioxidant and anti-inflammatory roles, and their
reduction could partly explain differences in antioxidant performance observed in the composite blends [29]. In
contrast, total phenolic content showed an opposite trend, increasing with vegetable inclusion. DUR (119.57 mg/100
g) and CUR (99.34 mg/100 g) exhibited the highest phenolic levels, while AGC (32.00 mg/100 g) recorded the least.
This increase may be associated with the incorporation of carrot and garden egg flours, both of which have been
reported to contain polyphenolic compounds [28, 29]. Phenolic compounds contribute not only to antioxidant ac-
tivity but also to sensory attributes such as color and astringency, implying that the inclusion of these vegetables
may improve both functionality and product appeal.

Alkaloid content remained generally low across the formulations (0.24-1.43 mg/100 g), showing minimal varia-
tion due to blending. Despite the low levels, alkaloids are biologically significant, possessing anti-inflammatory,
antimicrobial, and anti-ulcer properties [32]. The mild bitterness occasionally perceived in formulations containing
ripe or ripe garden egg could be attributed to its alkaloid fraction [33].

Tannin levels also varied among samples, ranging from 0.49 mg/100 g in AGC to 3.31 mg/100 g in GOR. The
higher tannin content in GOR suggests that ripe garden egg contributed more of these compounds. Tannins are
recognized phytochemical constituents of plant-derived foods, including antioxidant and anti-inflammatory effects,
but excessive amounts may reduce nutrient bioavailability and cause digestive irritation [34].

Saponin concentrations showed a more pronounced variation, with CUR (100.41 mg/100 g) and GOR (84.55
mg/100 g) exhibiting the highest levels. These results indicate that both carrot and garden egg flours contributed to
the saponin content of the blends. Saponins are recognized for their cholesterol-lowering, immune-enhancing, and
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anticancer effects [35]. The presence of saponins in garden egg is mainly associated with its skin and seeds, while
carrots contain moderate but bioactive levels. Notably, the same formulations that displayed high saponin and phe-
nolic levels—particularly DUR and CUR—also recorded earlier improvements in protein, fiber, and mineral content,
implying a link between nutritional enrichment and bioactive compound density.
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Figure 1. Total flavonoid (A), total phenolic (B), alkaloid (C), tannin (D), and saponin (E) contents of doughmeal samples.

Notes. AGC, 100% cassava — control, BUR, 95% Cassava flour + 2.5% Carrot flour + 2.5% Garden-egg flour (unripe); CUR- 90% Cassava flour +
5.0% Carrot flour + 5.0% Garden-egg flour (unripe); DUR- 85% Cassava flour + 7.5% Carrot flour + 7.5% Garden-egg flour (unripe); EOR- 95%
Cassava flour + 2.5% Carrot flour + 2.5% Garden-egg flour (ripe); FOR- 90% Cassava flour + 5.0% Carrot flour + 5.0% Garden-egg flour (ripe); GOR-
85% Cassava flour + 7.5% Carrot flour + 7.5% Garden-egg flour (ripe).

3.4 Antioxidant properties of the doughmeal

The phytochemical composition was associated with differences in antioxidant activities among the doughmeal
formulations, as these bioactive compounds form the primary defense against oxidative damage. Since the phenolic,
flavonoid, tannin, and saponin levels varied across formulations (Figure 1), corresponding differences were ex-
pected in their antioxidant responses. The antioxidant activities of the cassava, garden egg, and carrot doughmeal
(Figure 2 A-D) also varied significantly with formulation and ripening stage, which shows the corresponding trends
observed in phenolic and flavonoid contents. The DPPH radical scavenging activity ranged from 29.81% in GOR
to 51.39% in BUR, with the highest activity observed in BUR and EOR—both moderate blends. This trend mirrors
the balance between phenolic and flavonoid concentrations: samples like BUR, with intermediate phenolic levels
(94.50 mg/100 g) and moderate flavonoids (34.30 mg/100 g), demonstrated stronger radical-scavenging ability than
GOR, which, despite its higher phenolics (44.38 mg/100 g), contained very low flavonoids (5.27 mg/100 g). This
suggests that flavonoids—particularly in synergy with phenolic acids—may contribute to differences in DPPH scav-
enging activity [28].

ABTS activity followed a somewhat inverse pattern: AGC (36.54%) and EOR (36.48%) recorded the highest
values despite their lower total phenolics. This indicates that ABTS activity is influenced not only by phenolic
quantity but by compound structure and polarity. Cassava’s native antioxidants and certain hydrophilic compounds
from optimally ripe vegetables likely contributed to its higher ABTS scavenging potential, whereas ripe samples
such as GOR (28.89%) exhibited losses possibly due to oxidation or polymerization of phenolics [29]. FRAP, an
indicator of reducing power, increased sharply with vegetable enrichment, ranging from 16.30 pumol/g in AGC to
75.24 pmol/g in DUR. The FRAP trend aligned closely with total phenolic content, particularly in DUR (119.57
mg/100 g) and CUR (99.34 mg/100 g), confirming that the abundance of redox-active phenolics and saponins un-
derpins the improved electron-donating capacity of these blends. Fe?" chelation capacity rose with vegetable inclu-
sion, peaking at 47.17% in GOR and 47.12% in DUR, compared to 37.13% in AGC. Interestingly, this increase
paralleled the higher tannin and saponin levels observed in the same samples, suggesting a possible association
between tannin, saponin, and chelation values. Ripe blends (GOR, FOR) were particularly efficient in metal ion
sequestration, possibly because ripening enhanced the formation of polyphenolic complexes with stronger chelating
sites [36].
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Overall, the antioxidant assays collectively affirm the complementary contributions of phenolics, flavonoids,
tannins, and saponins. Blends such as DUR and CUR, which simultaneously exhibited high phenolic, moderate
flavonoid, and elevated saponin contents, showed superior total antioxidant capacity. These interactions suggest
that the phytochemical composition rather than the concentration of any single compound determines the overall
antioxidant potential. Hence, the composite flours, particularly those with balanced vegetable inclusion at optimal
ripeness, exhibited comparatively higher antioxidant-related properties in vitro.
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Figure 2. Antioxidant - DPPH (A), ABTS (B), FRAP (C), Metal ion chelating properties of doughmeal samples.

Notes. AGC, 100% cassava — control, BUR, 95% Cassava flour + 2.5% Carrot flour + 2.5% Garden-egg flour (unripe); CUR- 90% Cassava flour +
5.0% Carrot flour + 5.0% Garden-egg flour (unripe); DUR- 85% Cassava flour + 7.5% Carrot flour + 7.5% Garden-egg flour (unripe); EOR- 95%
Cassava flour + 2.5% Carrot flour + 2.5% Garden-egg flour (ripe); FOR- 90% Cassava flour + 5.0% Carrot flour + 5.0% Garden-egg flour (ripe); GOR-
85% Cassava flour + 7.5% Carrot flour + 7.5% Garden-egg flour (ripe).

3.5 In-vitro antidiabetic properties of the doughmeal

The in-vitro antidiabetic activity of the doughmeal, presented in Figure 3, revealed that both amylase and gluco-
sidase inhibitory capacities varied markedly with formulation and ripening stage, indicating the influence of com-
positional and phytochemical differences on functional bioactivity. EOR exhibited the strongest enzyme inhibition,
recording 77.70% for amylase and 70.66% for B-glucosidase, outperforming the control (AGC), which showed
64.33% and 67.96%, respectively. This higher inhibitory activity may be associated with compositional differences
among the formulations. The underlying mechanism was not investigated in the present study [27]. The ripe state
of garden egg in EOR could also have promoted enzymatic breakdown of complex phytoconstituents, improving
the release and bioavailability of active inhibitors. BUR and CUR exhibited moderate inhibitory effects, consistent
with their relatively high phenolic and saponin contents (Table 3). These compounds have been reported in previous
studies to interact with carbohydrate-hydrolyzing enzymes by forming non-covalent complexes with active site
residues [33-35]. However, the strength of inhibition varied between the two enzymes, suggesting structural speci-
ficity—polyphenols with multiple hydroxyl groups may favor B-glucosidase inhibition, while others with larger
aromatic systems may better inhibit amylase. CUR, despite its high phenolic content (99.34 mg/100 g), showed
relatively low glucosidase inhibition (30.80%), underscoring that the mere presence of phenolics does not guarantee
efficacy; their molecular configuration and solubility also determine interaction strength with enzyme sites.

DUR, FOR, and GOR—though rich in total phenolics, saponins, and tannins—displayed comparatively lower
enzyme inhibition, with amylase inhibition ranging from 38.00% in DUR to 40.89% in GOR, and glucosidase in-
hibition between 39.76% and 49.86%. This reduction could be associated with phenolic—protein or phenolic—car-
bohydrate complex formation in high-fiber matrices, which limits bioactive accessibility. Furthermore, these sam-
ples contained higher carbohydrate levels (Table 1), suggesting a dilution effect that reduces the effective concen-
tration of inhibitory molecules. In particular, FOR and GOR, which had the highest carbohydrate contents (25.83%
and 18.93%), showed the weakest inhibition, implying that excess starch or reducing sugars might competitively
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interfere with enzyme—inhibitor binding. The balance of minerals, phenolics, and saponins at this ratio appears to
enhance enzyme inhibition synergistically. This outcome aligns with the earlier antioxidant results, suggesting a
broader functional role of these bioactives beyond oxidative stress control—they may also help regulate postpran-
dial glucose by slowing carbohydrate hydrolysis and absorption, thereby offering dietary support for type 2 diabetes
management as reflected by the measured enzyme inhibitory activities [27, 37].
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Figure 3. a-Amylase (A) and a-glucosidase (B) potential of the doughmeal samples. Bars with different alphabet are signifi-
cantly different at p<0.05.

Notes. AGC, 100% cassava — control, BUR, 95% Cassava flour + 2.5% Carrot flour + 2.5% Garden-egg flour (unripe); CUR- 90% Cassava flour +
5.0% Carrot flour + 5.0% Garden-egg flour (unripe); DUR- 85% Cassava flour + 7.5% Carrot flour + 7.5% Garden-egg flour (unripe); EOR- 95%
Cassava flour + 2.5% Carrot flour + 2.5% Garden-egg flour (ripe); FOR- 90% Cassava flour + 5.0% Carrot flour + 5.0% Garden-egg flour (ripe); GOR-
85% Cassava flour + 7.5% Carrot flour + 7.5% Garden-egg flour (ripe).

Table 3. Predicted Glycemic Index and Starch Fractionation of the Doughmeals

Samples pGI RSD SDS RS
AGC 50.7340.00°¢ 41.814+0.00° 14.66+0.18°¢ 40.65+1.00°
BUR 50.5940.02¢ 23.2440.41f 34.0940.30° 43.33+£0.09°
CUR 50.2840.02°¢ 22.4740.238 21.4040.14¢ 54.651+0.722
DUR 53.31+0.022 30.69+0.49¢ 23.8740.11¢ 46.27+0.41°
EOR 53.2940.04* 25.4540.38¢ 35.17+0.47* 38.5040.04f
FOR 52.1740.04° 50.1940.30* 7.67+0.03f 41.2340.32¢%
GOR 49.17+0.04f 24.651+0.12° 34.01£0.05° 41.91£0.19¢

Notes. Values are mean £ SD. Means with different superscripts within the same column are significantly (p< 0.05) different. AGC, 100% cassava —
control, BUR, 95% Cassava flour + 2.5% Carrot flour + 2.5% Garden-egg flour (unripe); CUR- 90% Cassava flour + 5.0% Carrot flour + 5.0% Garden-
egg flour (unripe); DUR- 85% Cassava flour + 7.5% Carrot flour + 7.5% Garden-egg flour (unripe); EOR- 95% Cassava flour + 2.5% Carrot flour +
2.5% Garden-egg flour (ripe); FOR- 90% Cassava flour + 5.0% Carrot flour + 5.0% Garden-egg flour (ripe); GOR- 85% Cassava flour + 7.5% Carrot
flour + 7.5% Garden-egg flour (ripe).

3.6 Glycemic index properties of the doughmeal

Table 3 shows the predicted glycemic index (pGI) and starch fractionation profiles of cassava dough formulations
enriched with carrot and garden-egg pomace flours. The pGI values ranged from 49.17 (GOR) to 53.31 (DUR),
classifying all samples within the low-to-moderate glycemic index range (<55)—a desirable characteristic for de-
veloping diabetic-friendly food products [27]. Although DUR and EOR have lower total carbohydrate contents
when compared to FOR and GOR (Table 1), they displayed the highest pGI values (53.31 and 53.29, respectively),
suggesting that starch digestibility characteristics—rather than total carbohydrate levels—had a stronger influence
on glycemic response. The BUR and GOR samples contained higher proportions of slowly digestible starch (SDS)
and resistant starch (RS), which corresponded with their lower pGI values. This combination may contribute to a
slower glucose release pattern and is consistent with the enzyme inhibition results shown in Figure 3. Conversely,
FOR, with the highest rapidly digestible starch (RDS) content (50.19%) and lowest SDS (7.67%), exhibited a higher
glycemic tendency and weaker inhibition of starch-hydrolyzing enzymes. An inverse relationship was generally
observed between RDS and RS across samples: as RDS increased, RS decreased, indicating that processing and the
ripeness stage of garden-egg pomace may have modulated starch structure and enzymatic accessibility.
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The inverse relationship observed between RDS and RS across the dough samples is consistent with their phyto-
chemical profiles: blends with higher phenolic and saponin content tended to show greater RS and lower RDS
(Figure 1). This phenomenon aligns with mounting evidence that polyphenols form complexes with starch through
hydrogen bonds or hydrophobic interactions that alter starch structure and reduce its enzymatic digestibility, thereby
increasing RS and SDS fractions [38, 39]. Moreover, polyphenols and related bioactives have been shown to inhibit
a-amylase and a-glucosidase directly, further slowing starch hydrolysis and glucose release [1,2]. Overall, these
mechanisms offer a plausible explanation for why samples such as GOR and BUR—rich in bioactives—displayed
favorable starch-fraction profiles and lower predicted glycemic index values.

4. Conclusions

The integration of carrot and garden-egg flours into cassava-based doughs significantly enhanced their nutritional
and functional quality. The composite formulations showed higher protein, fiber, and ash contents, enriched mineral
composition—particularly potassium, phosphorus, and magnesium—and elevated levels of antioxidant phytochem-
icals such as flavonoids, phenolics, and saponins. These bioactive improvements translated into strong in-vitro an-
tioxidant capacity and notable a-amylase and a-glucosidase inhibition, with EOR and AGC demonstrating the most
pronounced effects. Furthermore, formulations such as CUR and GOR exhibited lower predicted glycemic index
values and higher resistant starch contents, including lower predicted glycemic index and higher resistant starch
levels. Collectively, these findings suggest the potential application of such composite doughs in the development
of functional food products that may contribute to improved nutrition and glycemic control, particularly in cassava-
dependent communities. Future product development and sensory evaluation studies, including clinical studies, are
needed to validate the observed health-promoting properties in real-world applications.
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