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Abstract: Type 2 diabetes mellitus is
prevalent in Nigeria. Its prevention and
management depend largely on imported
drugs and specialized foods. Often, the items
are costly, scarce, and inaccessible. Besides,
the acclaimed effectiveness and long-term
safety may be false. The challenges
underscore the need for affordable, locally
produced dietary alternatives. The study
developed and optimized composite snack
from locally available crops with desirable
nutritional quality and a low glycemic index.
Wheat, cocoyam (Xanthosoma sagittifolium),
African yam bean (Sphenostylis stenocarpa),
and date fruit (Phoenix dactylifera) were
processed into flours and combined to
produce nineteen composite snack samples
using a D-optimal mixture design of the
response surface methodology. The samples
were evaluated for proximate composition,
glycemic index, and sensory attributes using
standard analytical methods and a 7-point
hedonic scale. The results showed that the
proximate composition and glycemic index
values of the snacks were within
recommended ranges. Most of the samples
exhibited low glycemic index values, <53,
indicating suitability for dietary prevention
and management of type 2 diabetes. Sensory
evaluation revealed moderate to low
acceptability and preference, likely due to
limited consumer familiarity with composite
formulations. Optimization identified a
formulation containing 33.3% wheat flour,
22.0% cocoyam flour, 36.7% African yam
bean flour, and 10.0% date fruit flour, which
yielded 5.01% moisture content, a glycemic
index of 733, and 7.38% total
nitrogen/protein, with an overall desirability
of 85%. These findings demonstrate the
potential of locally sourced composite snacks
as low-glycemic functional foods. Improved

nutritional labeling and consumer education
may be required to enhance acceptance and
preference.
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1.0  Introduction

Type 2 diabetes mellitus is a rapidly growing
public health concern worldwide, with
increasing prevalence in developing countries
including Nigeria.(Hossain et al., 2024)
Dietary management, particularly the
consumption of low-glycemic index (GI)
foods, plays a critical role in controlling
postprandial blood glucose levels and
reducing the risk of diabetes-related
complications (Zafar et al., 2019). However,
many commercially available diabetic-
friendly foods in Nigeria are imported,
expensive, and often inaccessible to low-
income populations (Okoduwa et al., 2023).
This situation highlights the need for
affordable, locally sourced functional foods
with low glycemic impact. The development
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of low-glycemic index composite snacks
from nutritious, underutilized, locally
available, and low-cost crops represents a
promising strategy for improving dietary
options for individuals with type 2 diabetes.
Composite snacks can enhance nutritional
quality, promote food security, and provide
diverse food choices tailored to specific
dietary needs (Abioye et al., 2008).

Wheat flour (Triticum aestivum) is widely
used in snack production due to its functional
properties, but it is predominantly
carbohydrate-based and may contribute to
high glycemic responses (Doan et al., 2025)
when used alone. African yam bean
(Sphenostylis stenocarpa), an underutilized
legume, is rich in protein, dietary fibre, and
bioactive compounds that may help moderate
glucose release and improve nutritional
balance (Adegunwa et al., 2023). Cocoyam
(Colocasia esculenta) provides resistant
starch and dietary fibre that can lower starch
digestibility and glycemic response (Eddy et
al., 2012). Date fruit (Phoenix dactylifera),
though naturally sweet, contains fibre,
antioxidants, and micronutrients that can
enhance sensory quality while contributing
functional health benefits (Baldwin, 2015).
Combining these flours may produce
nutritionally  improved  snacks  with
moderated glycemic impact.

Response Surface Methodology (RSM),
particularly D-optimal mixture design, is
widely used in food product development to
optimize ingredient proportions while
reducing the number of experimental trials
required (Meyers et al., 2023; Cornell, 2023).
The design is widely applied in the
development of composite pharmaceuticals
and skincare products (Adegunwa et al.,
2023), and new product development
(Meyers et al., 2023; Cornell, 2023).

In vitro estimation of glycemic index is often
employed when in vivo testing using human
subjects is limited by ethical, financial, or
logistical constraints (Eyinla et al., 20221).
This method measures the rate and extent of
starch metabolism in vitro (Brouns et al.,
2005). It mimics the digestive processes in
humans, enabling the prediction of glycemic

index responses pre- and post- prandial.
Values from the method might not be
accurate due to the challenge of replication of
the complex physiology and metabolism of
the human subject; however, it can contribute
useful insights into the process, especially
since values from in vivo methods are often
insufficient (National Academies of Sciences,
Engineering, and Medicine, 2019).

Sensory evaluation is essential in new food
product  development, as  consumer
acceptance ultimately determines market
success (Oguntoyibo, 2024). Correlation
analysis measures the linear relationship
between two variables. In sensory science and
consumer research, it shows how attributes
like taste, color, and aroma are related and
influence  perception, acceptance and
preference. The analysis identifies patterns in
the data to guide product development and
marketing (Juyoun & Kyunghee, 2025).
Although several studies have explored
composite flours and functional snack
development,  limited  research  has
simultaneously optimized glycemic index,
nutritional ~ composition, and  sensory
attributes of snacks formulated from wheat,
African yam bean, cocoyam, and date fruit.
Furthermore, the application of D-optimal
mixture design to predict and optimize these
combined responses in such underutilized
crop blends remains insufficiently reported.
Therefore, this study aimed to optimize the
glycemic index, proximate composition, and
sensory attributes of composite snacks
produced from wheat, African yam bean,
cocoyam, and date fruit flours using a D-
optimal mixture design of Response Surface
Methodology. The study provides a scientific
basis for the development of affordable,
locally sourced functional snacks that may
support dietary management of diabetes,
promote the utilization of underexploited
crops, and reduce dependence on imported
diabetic food products.

2.0 Materials and methods

2.1  Plant materials

Commercial wheat (7Triticum aestivum),
cocoyam (Colocasia tannia), African yam
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bean (Sphenostylis stenocarpa), and date fruit
(Phoenix dactylifera) were procured from a
local bakery and market in Ikot Ekpene,
Nigeria, to ensure availability and quality.
2.2 Preparation of the flours

Cocoyam corms, African yam bean seeds,
and date fruits were processed into flours
following the method of Eddy et al. (2012)
with slight modifications to optimize drying
and grinding conditions. Cocoyam corms,
African yam bean, and date fruit flour were
prepared according to the method used by
Eddy et al. (2018) with some modifications-
The cocoyam was peeled, sliced, sun-dried,
then dried at about 60°C in a hot-air oven
(Therma Grosskuchen, Le Chief, Sweden)
until brittle and ground into flour. African
yam bean seeds were boiled in water until
soft, discarding the cooking water, and then
sun-dried before further oven drying. The
boiled bean was dried in the sun, then in a hot-
air oven (Therma Grosskuchen, Le Chief,
Sweden) until there was no further loss in
weight. , The dried flours were sieved through
a 500 pm mesh to ensure uniform particle size
before storage. The date fruit was cut to
remove the stones, dried in a hot-air oven
until brittle, and then ground into flour.

2.4  Experimental design

The D-optimal option of the mixture
experimental design of the response surface
methodology was used to create nineteen (19)
composite flour snack samples. This design
allows efficient estimation of component
effects on responses while minimizing the
number of experimental runs. The
characteristics of each composite snack
depended on the relative proportions of the
component flours rather than their absolute
quantities (Adegunwa et al., 2024). The
response surface plots of the parameters’
models illustrate the responses based on the
proportions of the component flours.
Mathematical models were used to determine
the significance and contribution of each
flour component to the measured responses,
with positive or negative coefficients
indicating synergistic or antagonistic effects,
respectively.

Table 1 shows the constraints of the
component flours in the snacks. Table 2
shows the distribution of the component
flours in the samples. The design assumes
that the components must add up to 1 or
100%.

Table 1: Experimental layout of the design

Lower level of Upper level of
the component Constraint the component
0.20 < A < 0.50
0.20 < B < 0.50
0.20 < C < 0.50
0.10 < D < 0.30

1.000

** A = Wheat flour, B = Cocoyam flour, C= African yam bean, D = Date fruit
flour Yn= Any response, A+ B+C+D=1o0r100% and Y Xi=100%

2.5 Preparation of the snacks
2.5.1 Preparation of the composite snacks

Composite snack samples were prepared
based on the methods reported by Oladotun
(2024), with adjustments to water content and
baking time (see Fig.
ingredients

1). The baking

were mixed thoroughly in

measured volumes of water in a blender
(KitchenAid, USA), and

allowed to rest (Fig. 1). Each run represented
an experiment with the component
proportions specified in Tables 1 and 2. The
dough was shaped, then baked at 190°C for
20 minutes until golden brown and crispy and
golden brown. Baked snacks were cooled to
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room temperature and stored in airtight
containers at ambient humidity until analysis.
A, B..C, D.bakine Ingredients
and water

Weighing

e

Baking 190 degC

Fig. 1: Raw materials and composite
snack-making flowchart

The distillate was titrated with a standard
acid solution. The titer value obtained was
used to calculate nitrogen content according

to equation 1
TV x NAx 1.4)

Weight of sample x1

(1)
where TV is the titre volume, and NA is the
normality of the acid.

2.5.2 Determination of moisture content

S

Total nitrogen = 0

Moisture content and total nitrogen of snack
samples were determined following the
AOAC (2000, 2019) standard methods.
determined using the method of AOAC
(2000).

2.5.2 Determination of total nitrogen

Total nitrogen content of the samples was
determined according to the method of AOAC
(2019). Samples were digested in
concentrated H2SO4, converting nitrogen into
ammonium sulfate for subsequent distillation
and titration. The ammonia released was
trapped in a boric acid solution.

2.5.3 Determination of in vitro glycemic
index

In vitro glycemic index of the snack samples
was determined according to Brouns et al.

(2005), using glucose as a reference (equation
4), using the method of Bronuns ef al. (2005),
which is illustrated in equation 2

D-glucose + Oz + H20 glucose oxidase — D-
gluconate + H,O 2)

An aliquot of 1 mL of each snack sample was
incubated with 3 mL of a-amylase solution at
37°C, and glucose release was measured at 0,
30, 50, 70, and 100 minutes. Glucose release
was quantified spectrophotometrically (SP-
DUVLT7) at 515 nm, and plotted to calculate
the area under the curve for each sample.
Similar treatment was given to the reference
glucose. Areas under the curve for the sample
(IAUSC) and reference glucose (IAURC)
were obtained wusing Simpson's Rule
(equation. 5). The glycemic index of the
sample was calculated as in equations 3 and 4

() - [f (xo) + 4 (y) + 2f () + 4f (x3) +
o+ f o] 3)

where
(b—a)

while,
x 100
“4)

2.7  Sensory evaluation of the samples
Sensory evaluation was performed following
Adebayo-Oyetoro et al. (2023a,b), using a
semi-trained panel of twenty members to
assess color, taste, aroma, and overall
Panelists evaluated the samples in a
traditional eating environment representative
of the target consumers using a structured 1—
7 hedonic scale Completed copies of the
questionnaires were retrieved, responses were
organized into a matrix of scores, and
analyzed statistically for comparison.

Xo=a,x,=b andh=

n
. IAURC of snack
GI (unit) = !
IAUSC of reference food

2.8  Statistical analysis

Data on proximate composition, glycemic
index, and sensory attributes were fitted to
multiple regression models Fitness of the
models was evaluated using ANOVA. The
significance of the model was determined by
p-value <0.05, and the coefficient of
determination R? > 0.600. The mathematical
models were refined through the forward
elimination method of multiple regression
analysis to remove non-significant terms in
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the model. Response optimization was
performed using the desirability function in

Design Expert Version 13 to identify optimal
component proportions (Cornell, 2023).

Table 2: Experimental layout on 4-component composite snack using the lattice

centroid design

Run A B C D Yhn
1 0.40 0.24 0.25 0.10
2 0.27 0.40 0.22 0.11
3 0.37 0.20 0.21 0.21
4 0.20 0.20 0.50 0.10
5 0.27 0.30 0.24 0.20
6 0.33 0.22 0.34 0.11
7 0.20 0.40 0.30 0.10
8 0.35 0.33 0.20 0.12
9 0.27 0.30 0.24 0.20
10 0.20 0.20 0.33 0.27
11 0.33 0.22 0.34 0.11
12 0.20 0.29 0.33 0.18
13 0.20 0.29 0.33 0.18
14 0.20 0.20 0.41 0.19
15 0.50 0.20 0.20 0.10
16 0.22 0.28 0.20 0.30
17 0.28 0.32 0.30 0.10
18 0.20 0.40 0.20 0.20
19 0.28 0.20 0.24 0.28

Source: Meyers et al. (2016), A = Wheat flour , B= Cocoyam flour, C = African
yam bean, D = Date fruit flour, Yn = Any response

3.0  Results and discussion

3.1  Moisture content

Table 3(a) presents the moisture contents of
the composite flour snacks. The table
indicates moisture levels ranging from 3.0%
to 6.0%. High values of moisture content
correspond to high proportions of wheat and
cocoyam flours in the samples. ANOVA
indicated that the model for moisture content
was not significant (p > 0.05) and had low
predictability (R? = 0.2861), suggesting that only
28.6% of the variability in moisture content could
be explained by the flour proportions. However,
low R? means moisture is mostly influenced
by other factors such as environmental drying
or flour properties. This means that it is only
26.0% of the moisture content could be
explained by the flour proportions. The mean

moisture content was 4.85% with a standard
deviation 0of 0.8793, indicating low variability
among the samples.

It can be deduced from Table 3 that our
values, 3.0% to 6.0%, are lower than but
within the range of values of 10.0% reported
by Peter-Ikechukwu et al. (2019), and
Oladotun,, (2024), 4.39-5.80%. The
differences in moisture content of the snack
samples could be attributed to the variations
in the plant materials used in the production
of the snacks. Moisture content is a crucial
factor in the shelf stability of composite
snacks. Low moisture content indicates good
shelf stability, resistance to microbial
infestation, and growth (Adeyanju et al.,
2021).



Communication in Physical Sciences, 2026, 13(1): 60-71 2

Table 3: Distribution of components in the composite snacks and the respective GI,
proximate composition and organoleptic properties

Run A B C D MC GI(b) NC Col TA AR PR OA
a b c d E f g h

1 040 025 024 0.1 500 550 48 4 5 5 6 6
2 027 022 040 01 575 480 86 5 3 3 5 4
3 037 021 020 02 501 480 40 3 4 4 3 3
4 020 050 020 0.1 411 430 31 4 2 2 1 2
5 027 024 030 02 422 410 70 2 3 3 2 2
6 033 034 022 01 527 502 30 3 4 4 5 5
7 020 030 040 0.1 411 421 90 4 2 2 2 2
8§ 035 020 033 0.1 492 450 50 2 4 5 4 5
9 027 024 030 02 6.00 410 67 4 3 2 3 2
10 020 033 020 03 6.11 360 37 3 3 4 3 2
11 033 034 022 01 592 470 39 3 5 5 4 3
12020 033 029 02 500 490 48 5 2 2 2 2
13 020 033 029 02 6.17 430 45 2 2 2 2 2
14 020 041 020 02 500 370 30 2 3 3 4 5
15 050 020 020 0.1 417 600 29 3 6 6 6 5
16 022 020 028 03 419 423 40 6 3 3 2 2
17 028 030 032 0.1 491 480 49 3 3 3 4 3
18 020 0.20 040 02 317 370 85 3 2 2 3 4
19 028 024 020 03 321 410 30 2 3 3 3 4

Source: From the experiment A = Wheat flour, B = Cocoyam flour, C = African
yam bean, D = Date fruit flour and Yn = Any response

Water-binding capacity of African yam bean
flour, processing methods, experimental
design, and their proportions in the samples
could influence the moisture content. (Fig. 2
equation 5). Due to the low moisture content
in our samples, it could be safe to conclude
that the snacks store for a long time without

compromising the traditional sensory
attributes.
3.2 Total nitrogen

Table 3(b) shows the total nitrogen content of

that 84% of the variation in nitrogen content
can be explained by the types of flours used;
the remaining variation could be due to other
factors, including variety and processing
methods.

A (0.50)

B (0.50) /
the snacks. Total nitrogen content of the "
samples ranged from 3.0% to 8.5%, with A©20) < B ©.20)
higher values observed in samples containing b (0.40)

greater proportions of African yam bean and
cocoyam flours, reflecting the protein-rich

nature of these ingredients The model for
total nitrogen content was significant
(p<0.05), with an R? of 0.8354. This indicates

Fig. 2: Response surface plot of MC of
snack from wheat, cocoyam, and date
fruit flours

MC (%) =8.25A-2.4B +7.85C - 17.09C +
90.01Ax C %)
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For example, African yam bean and cocoyam
flours contributed positively to the total
nitrogen content, increasing as their
proportions in the samples grew (Fig. 3 and
equation 4). Total nitrogen content offers an
estimate of the protein level in foods. In our
study, African yam bean positively
influenced the nitrogen content of the snack
samples. This observation aligns with the
known high protein content of African yam
bean, although it remains underutilized in
food products due to labor-intensive
preparation requirements. Protein plays a key
role in regulating the glycemic index of
foods, slowing carbohydrate digestion,
boosting insulin sensitivity, and providing a
feeling of fullness (Juidan et al., 2022;
Brouns et al., 2025). Muscle wasting is a
common issue for diabetics, and increased
protein intake can help prevent muscle loss,
alongside suggested benefits such as
improved insulin sensitivity and liver fat
management (Judan et al., 2022). However,
further research is necessary to confirm these
claims.

NC (%)

A(0.44)

Fig/ 3: Response surface plot of NC of
snack from wheat, cocoyam, and date
fruit flours

NC% =-1.76A —2.60B +23.51C —
1.27.09D (6)

3.3 Glycemic index

Table 3(c) presents the glycemic index of the
snack samples. The table shows that the
glycemic index ranged between 36.0% to

55.0%. Higher values correspond to higher
proportions of wheat and African yam bean
flours in the samples. ANOVA showed the
model for glycemic index was significant (p
< 0.05) with R? = 0.7971, indicating that
79.7% of the variation in GI could be
explained by the flour proportions.

Gl Unit

| A(0.45)

C (0.20)

A(0.20) B (0.20)

C (0.45)

Fig. 4: Response surface plot of glycemic
index of composite snack wheat, cocoyam,
African yam bean and date fruit flours
The mean GI was 44.93 with a standard
deviation of 3.14 (see Table 3¢). African yam
bean and cocoyam flours GI values decreased
with increasing proportions of cocoyam and
African yam bean flours, likely due to their
higher fiber and protein content, which slow
carbohydrate digestion and reduce post-
prandial blood glucose spikes (Atkinson et
al., 2008). Equation 4 shows that date fruit
flour is antagonistic to the glycemic index of
the snack samples. Glycemic index measures
the rate at which blood sugar rises post-
prandially. Low glycemic foods, <55%, are
suitable for potential and actual diabetic
patients (Jenkins et al., 2022). In our study,
17 low-GI composite snack samples were
identified (see Table 2). A low glycemic
index is beneficial to diabetics because it
slows down the digestion and absorption of
carbohydrates into the bloodstream, causing a
gradual increase in blood sugar and
maintaining it at natural, healthy levels. Low
GI foods increase insulin sensitivity, aid in
weight management, reduce chronic diseases,
and improve energy levels (Foster-Powell et
al., 2002).

GI (unit) = 102.57A — 15.62B —

24.25C + 26.33D + 307.06BC (11)
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3.4 Colour

Table 3(d) displays the color ratings of the 19
snack samples which ranged between 2 to 6
on a 1-7 scale. Samples with high wheat and
cocoyam flour scored high on colour.
ANOVA shows that the model is significant,
p<0.05, R? = 0.7783; all components were
significant, p<0.05, on color of the samples.
The samples with high proportions of wheat
and cocoyam flours tended towards 6 on a 1-
7 scale. The higher color scores of samples
with wheat and cocoyam flours are attributed
to Maillard reactions and caramelization of
carbohydrates during baking, which produce
the familiar brown crust. This observation
aligns with the findings reported by Eddy et
al. (2007). The flours from date fruit and
African yam bean, along with their products,
are relatively new in the baking industry,
which explains the lower ratings for samples

containing both flours in increasing
proportions.
N
3
S
C (0.44)
A (0.44)

A(0.20)

B (0.44)

Fig. 5: Response surface plot of wheat,
cocoyam, African yam bean, and date
fruit flours on the colour of the snack
samples

Colour = 12.86A + 0.293B + 1.488C +
0.4—-3D (12)

Equation 11 shows the mathematical
influence of the flour component to colour,
where 12.86 to the parameter more than other
components. Colour plays an important role
in the choice and acceptability of food before
taste and aroma. Colour suggests freshness
and has an accompanying effect on taste and
aroma. In our study, the observations agreed
the values of Katz, (2012) and Spence,
(2015). Food producers invest a lot of funds

on colour and packaging to increase

acceptability and preference.

3.5 Aroma

Table 3(f) shows aroma scores of the snacks.
From the table, the parameter scores range
from 2 to 6 on a 1-7 scale. Aroma scores
increased with higher proportions of wheat
and cocoyam flours, but higher African yam
bean content reduced aroma intensity,
possibly due to its characteristic beany notes=
An analysis of variance on the aroma data
revealed that the model is significant, p <<
0.05, R? = 0.8478, indicating the model's
ability to predict the scores of other blends.
The average aroma score of 3.37 suggests a
near rejection of the samples on the 1-7
hedonic scale.

C (0.44)

B (0.44)

Fig. 6: Response surface plot of wheat,
cocoyam, African yam bean, and the
aroma of the snack samples

Aroma = —1.534 — 13.74B + 27.65C +
76.80AD (13)

Fig. 6 shows that the aroma of the samples
increases as the proportion of wheat flour
increases. In contrast, high levels of
cocoyam and African yam bean flours
reduced the intensity of the aroma, and
consequently the acceptability of the
samples. Equation 13 indicates that wheat
and cocoyam flours exerted antagonistic
effects on aroma, whereas a combination of
African yam bean and wheat flours showed
synergistic interactions, Aroma plays a role
in the overall experience of food
acceptability and consumption, indicating
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quality, comfort, and nostalgia. This
observation aligns with submission of
Baldwin, (2015). From the table, it can also
be seen that products of poor quality were
scored highly, the observation could be
attributed to individual aroma perception,
and psychology of food choice (Baldwin,
2015).

traditional. The results and findings of this
study, indicated that this finding was
expected because snacks made from
composite flours are not traditional. fear of
new food, disgust, unfamiliarity, sensory
attributes, labelling, packaging, including
price and lack of information, can hinder
acceptability. Low acceptability could result

in a decreased preference to purchase the
product when other similar options are
available in the market.

3.6  Preference and acceptability

Table 4 presents the acceptability, hence
preference of the snacks. The models for
acceptability and preference were significant
(p < 0.05), but had low predictability (R? =
0.3975), reflecting variability in consumer
responses to novel composite snacks.

: S
5 N
o
e 4 _ a
= 4 P
z L e
-% S
F oo A (0.50)
S 2 <5 .
o S
A (0.50) =g (0,20
C (0.20) i
A (0.20)
Ve B (0.50) B (0.50)

Fig. 7: Response surface plot of wheat,
cocoyam, African yam bean and the
acceptability and preference of the snack
samples

PR = 10.344 — 1.17B + 1.33C + 1.53D
(14)

Fig. 7: Response surface plot of wheat,
cocoyam, African yam bean, and
acceptability of the snack samples.

Accept (1-7) =7.76A+1.91B +

1.44C — 1.23D (13)

This finding was expected because snacks

made from composite flours are not
Table 4: Correlation of the sensory attributes of the composite snacks

Arom Accept
Col Taste a Preferer
Col
Taste -0.22
Aroma -0.29 0.94**
Pref. -0.19  0.75%* 0.71%*
Accept. -0.39 0.53* 0.56* 0.81*

** =significant at 0.05 level 2-tailed, *= significant at 0.05 level 2-tailed
The study of the relationship between sensory ~ when relying solely on sensory data. The
attributes and acceptability factors of new complexity of human psychology and its
food products can be challenging especially interaction with the environment in food
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choice cannot be replicated in a sensory
laboratory (Rahim & Bhuiyan, 2015).
Therefore, one sensory attribute may not be
enough to estimate acceptability. Table 4
shows that acceptability is highly and
positively correlated (0.81) with preference.
This indicates that higher acceptability of the
composite snacks in terms of taste, colour,
and aroma may lead to greater preference (see
Table 4). The observations agree with the
values reported by Fasuan (20213).

3.7  Optimization of the product
Optimization using the desirability function
indicated that a blend of 33.3% wheat flour,
22% cocoyam flour, 36.7% African yam bean
flour, and 10% date fruit flour yielded snacks
with optimal characteristics: 5.01% moisture,
47.33 GI, 7.38% total nitrogen, 3.84 color
score, 5.18 aroma, and 4.02
acceptability/preference on the 1-7 hedonic
scale.

4.0  Conclusion

The composite snacks developed from locally
available carbohydrate crops demonstrated
acceptable sensory quality and improved
nutritional composition. Most of the
formulated samples exhibited low glycemic
index values (<55), indicating their potential
suitability for dietary management and
prevention of type 2 diabetes. Despite these
health benefits, initial consumer acceptability
and preference were relatively low, likely due
to unfamiliarity with the composite
formulations. To enhance market acceptance,
clear nutritional labeling and consumer
education highlighting the functional and
health benefits of the products are
recommended. Such strategies may improve
consumer perception, acceptance, and overall
preference for these functional snacks.
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