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Abstract

Simple Centroid Mixture Design (SCMD) was used to formulate fourteen experimental runs and optimize some quality attributes of fried snacks. The independent
variables were wheat flour (WF: 70-100%), high-quality cassava flour (HQCF: 0-30%), and defatted cashew nut flour (DCNF: 0-30%). The blends were extruded and fried.
The texture and color properties, oil absorption, bulk density, and sensory properties of the extruded fried snacks were optimized using SCMD. The sample with the
most desirable index was selected through numeric optimization, and its sensory attributes were compared with those of extruded snacks made from WF. The optimum
ingredient combination for the fried snack, which exhibited lower oil uptake, maximum bulk density, and desirable texture, was 76% WF, 1.55% HQCF, and 22.22% DCNF.
The optimized sample had higher sensory desirability than the control (wheat flour), except for hardness and crispiness. In conclusion, HQCF and cashew nut meal can be

used to produce high-quality extruded fried snacks.

Introduction

Wheat (Triticum spp.) is a temperate crop that does not
thrive well under tropical conditions [1]. Its gluten content
makes it a unique ingredient for baking bread. Various
studies have demonstrated its versatility and potential in the
production of biscuits, cookies, doughnuts, rolls (hamburgers,
muffins), soft cakes, pizza, and chinchin with desirable texture
and flavor [2].

Cassava (Manihot esculenta), native to South America,
is extensively cultivated as an annual crop in tropical and
subtropical regions for its edible, starchy, tuberous root,
which is a major source of carbohydrates. It is a significant
root crop and an important staple food for over 500 million
people in the developing world [3]. The production process for
High-Quality Cassava Flour (HQCF) was initially developed at
the International Institute for Tropical Agriculture [4](IITA)
in Nigeria in 1990 as an alternative to imported wheat flour

for both the food and non-food industries; this technology
is now used in several cassava-growing nations [5,6]. HQCF
is produced from fresh cassava roots through a process of
peeling, chipping, or grating, followed by dewatering, drying,
and milling.

The cashew nut (Anacardium occidentale) is a tree crop
of considerable economic importance. Over the years, the
usefulness of cashew nuts has expanded beyond erosion control
and revenue generation to include valuable applications in
confectionery and desserts. Cashew nuts have a high content
of monounsaturated fat, which can be extracted for products
such as mayonnaise and salad dressing. They are also rich in
protein (about 21%) [7]. Due to their high protein content,
cashew nuts can be used alongside cereals to improve dietary
profiles. Morton [6] reported that cashew nuts contain a high
concentration of essential amino acids in the right proportions,
which are often rare in nuts. Additionally, cashews are rich
in magnesium, which works with calcium to support healthy
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muscles and bones Meyer [8]. According to Pamplona-
Roger (7], cashew nuts contain no cholesterol and are low in
saturated fat, with about 80% - 87% of their fat in the form of
unsaturated fatty acids; consequently, their consumption may
help reduce the risk of heart disease.

Extrusion cooking is an effective and economical method
for cooking, texturizing, and shaping a wide range of plant
and animal food raw materials in a continuous operation [10].
Food extrusion is a process in which a food material is forced to
flow under various conditions of mixing, heating, and shearing
through a die designed to form and/or puff-dry the ingredients.
This high-temperature, short-time process is crucial for
producing fiber-rich products and a variety of items such as
breakfast cereals and snacks from starchy food materials [11].
Snack foods are typically cereal or tuber-based products that
are generally low in protein and are often considered low-
value items. Significant efforts have been made to improve the
nutritional value of snack products by incorporating protein
sources derived from plants or animals [12-14]. It is anticipated
that careful combinations of these important food sources,
followed by extrusion cooking, will yield acceptable snacks for
both children and adults. Nutrient-dense snack products can
be reconstituted by stirring in hot milk or consumed with soft
drinks.

Deep-fat frying is a widely used method for preparing
tasty foods with an attractive appearance. The tender and
moist interior, along with a porous, crunchy crust, enhances
palatability, contributing to the popularity of these foods.
However, fried foods can have a significant fat content,
sometimes reaching one-third of the total weight of the product
[15]. The quality of expanded snacks depends on various
factors, including the quality of raw materials, formulation, and
processing conditions. Starch plays a vital role in controlling
the texture and appearance of final products [16]. As the food
industry expands, there is increasing emphasis on utilizing
locally available raw materials to produce high-quality food
products, supported by research activities and consumer
awareness policies. In recent years, high-quality cassava
flour has been used in various food formulations, including
complementary foods, substrates for alcohol production,
glucose syrup production, and other bakery products [17].

The general objective of this study is to evaluate some
quality attributes of fried snacks made from blends of extruded
wheat, high-quality cassava flour, and defatted cashew nut
flour.

Materials and methods
Materials

Wheat Flour (WF) was purchased from a local Market in
Abeokuta, Nigeria. High-Quality Cassava Flour (HQCF) and
Cashew nut were obtained from the Industrial Processing Unit
(IPU), the Federal University of Agriculture Abeokuta, Ogun
State, Nigeria.

Processing of high-quality cassava flour

High-quality yellow cassava flour was produced using
the method described by [18]. The fleshly harvested cassava
roots were weighed, washed, peeled, sliced, and blanched at
80 °C for four minutes. They were dried and milled and then
sieved before packaging in a polyethylene film before further
utilization.

Preparation of defatted cashew nut flour

A modified method of Kosoko, et al. [19] was used to prepare
defatted cashew nut flour. The cashew nuts were thoroughly
sorted to remove any bad ones. The undehulled cashew seeds
were washed with water to remove dirt and other contaminants.
They were sun-dried for 90 minutes before roasting. The nuts
were roasted in an oven at a temperature of 200 °C for 40
minutes. The covering testa was removed by squeezing, and
then the nuts were winnowed to obtain a cream-colored nut.
The nuts were then broken into smaller pieces and defatted
using hexane solvent. The defatted nuts were milled using a
Kenwood blender to produce flour. The cashew nut flour was
sieved using a mesh size of 0.5 pm and packaged in polythene
bags for further analysis.

Preparation of wheat-HQCF-cashew nut flour extruded
snacks

Extruded fried snacks were prepared according to a modified
method by Obadina, et al. [20]. A known amount of water was
added to the dry ingredient combination based on the initial
water content (wb) of the ingredients and adjusted to ensure
that all samples contained the same moisture content (40%).
Each composite flour blend (100 g) was preconditioned with
the addition of warm water for 2 minutes to uniformly hydrate
the raw material and eliminate any dry core. A laboratory-
scale single-screw extruder with a screw length-to-diameter
ratio of 16.43:1, a screw diameter of 18.5 mm, and a length of
304 mm was used for this work. The extruder consisted of two
sections: the transmission and the die zones. The barrel section
was heated with a band heater [21]. It was operated at full speed
in all runs under the following constant conditions: barrel and
die temperature (90 °C) and screw speed (60 rpm). The die-
nozzle diameter was 15 mm. The non-expanded snacks were
cut and then sliced into disc shapes with a thickness of 1 mm
and dried in a cabinet oven at a temperature of 80 °C for 1 hour.

Optimization procedure

A Simplex Centroid Design (SCD), a mixture design for
three components and above, was used in this study to
optimize the combination of wheat flour (X1), high-quality
cassava flour (HQCF) (X2), and defatted cashew nut flour (X3).
The ingredient combinations were optimized concerning the
responses of oil content, bulk density, color parameters, and
texture. The constraints included X1, X2, X3, bulk density,
oil content, texture properties, lightness (L*), redness (a*),
and yellowness (b*). A numerical optimization technique
was employed for the simultaneous optimization of multiple
responses. The desired goal for each processing parameter and
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response was defined. All processing parameters were kept
within specified ranges. To search for a solution, goals were
combined into an overall composite function, D(x)D(x)D(x),
called the desirability function [9], which is defined as:

D(x) = (d,xd,xd x...d, )"

Where d1,d2,d3,...,dnd_1, d_2, d_3, \ldots, d_ndi,d2
,d3,...,dn are the responses, and nnn is the total number of
responses measured. Numerical optimization finds a point
that maximizes the desirability function, with the maximum
value of the function being unity (1.00). The characteristics of
a goal may be adjusted by altering the weight or importance
of specific parameters [22]. Three-dimensional graphs help in
understanding the effects of varying ingredient combinations
and processing parameters on the response, indicating whether
the response is increasing or decreasing [23].

Frying of extruded snacks

Frying of extruded snacks was carried out according to
a modified method from Dueik, et al. [24], using a deep-fat
fryer (Bush Glass Fryer, Royton, UK) with thermostat control.
The fryer was filled with 2 liters of oil, which was pre-heated
before frying and discarded at intervals of 2 hours. The frying
temperature and time combination was set at 150 °C for 3
minutes. The snacks were removed from the fryer and allowed
to cool at room temperature before being packaged in high-
density polyethylene bags for analysis.

Sample analysis

0il content: The oil content was determined by solvent
extraction using the Soxhlet method (Thermo Scientific
EME3100/CEB, UK) [25]. Each extracted group was dried in
a forced air oven at 105 °C for 24 hours (to constant mass),
cooled in a desiccator, and then weighed to obtain the dry
solids content. The oil uptake was determined by deducting the
oil content of the sample from that of the blend from which the
sample was obtained.

Determination of bulk density

The bulk density of the fried extrudates was determined
by measuring the actual dimensions of the samples [26]. Six
pieces of fried extrudates were randomly selected from each
formulation and weighed. The length and diameter of the
samples were measured using a vernier caliper. The bulk
density was calculated using the following formula:

BD =_4m_

ﬂdzL
Where:
BD = Bulk density (g/cm3),
m = Mass (g),
L = Length (cm),
7 = 3.142 (const) and

d = Diameter (mm) of fried extrudate.

To determine the volume, the dimensions of the six
randomly selected pieces of fried extrudates were measured
using a vernier caliper. The volume (V) can be approximated
for cylindrical shapes using the formula:

V=m(d2)2xhV = \pi \left( \frac{d}{2} \right)A2 \times
hv=m(2d)2xh

Where ddd is the diameter and hhh is the height of the
extrudate. After calculating the volume, the bulk density was
reported in grams per cubic centimeter (g/cm?).

Analysis of other parameters

Color parameters: The color of the fried snacks was
measured using a colorimeter, focusing on three main color
coordinates: lightness (L*), redness (a*), and yellowness (b*).
These values help quantify the visual appearance of the snacks,
which is critical for consumer acceptance.

Texture analysis

Texture properties were assessed using a texture analyzer
(e.g., TAXT Plus, Texture Technologies), which measured
parameters such as hardness, crispness, and chewiness.
Standard test methods were followed to ensure the consistency
and reliability of the results

Sensory evaluation

A sensory or Acceptability test was also conducted to rate
the fried extruded snacks in terms of hardness, crispness,
saltiness, flavor, taste, oiliness, and overall acceptability [27].

Data analysis

A second-order polynomial model for the dependent
variables as shown in equation (2) was established to fit the
experimental data. An Analysis of variance (ANOVA) test was
carried out using Design — Expert Version 6 (Stat-Ease Inc.,
Minneapolis, MN.USA) to determine the level of significance at
a 5% level. The generalized regression model fitted was

3 3 3
Y :ﬂo"' > ’BiXi +> ﬂiin +> > ,Binin+£
i=1 i=1 i<j-1
Where Y is the response; 4, is a constant; whileg, 4, and ;
are linear, quadratic, and interaction coefficients, respectively;
and ¢ is an error.

Results and discussion

Optimization of wheat flour, HQCF, and defatted cashew
nut meal snacks

The optimum flour combination for extruded fried snacks
was determined using a numerical optimization tool in Design
Expert, based on the experimental data shown in Table 1. The
results indicated that the optimal ingredient combination,
which led to lower oil uptake, maximum bulk density, and
desirable textural properties, consisted of the fried extruded
sample with 76% wheat flour, 1.55% High-Quality Cassava
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Flour (HQCF), and 22.22% Defatted Cashew Nut Flour (DCNF). Table 3: Quality attributes of extruded fried snack.
To compare the optimized fried samples with the control Sample codes | Oil uptake (%) | Bulk density
(W100Ho0DO), the optimized flour blend (wheat flour, HQCF, W,H, D, 30.63 0.23 36.44 1256  21.54
and DCNF) was utilized. Table 2 shows the mean values of W, H,D,, 30.41 019 3963 1357 2297
the determined parameter§. The oil content, bulk d.en§1ty, WD, 33.85 017 205 | 1555 | 32.40
redness, yellowness, and lightness values for the optimized
and control fried extruded snacks were 30.36% and 38.77%; WooHsDs 3074 0.20 38.98 | 13.07 | 23.21
0.18 and 0.21; 13.16 and 10.75; 23.07 and 15.06; and 39.92 and WigoHoDo 38.77 0.20 3221 1074 15.07
32.21, respectively. W,,H,D,, 29.71 0.27 3420 11.85 19.84
. . . W, H, D 33.44 0.13 3549 1441  21.46
Quality attributes of extruded fried snacks oW
W,H,.D, 33.69 0.16 4231 1399  27.85
Table 3 shows the mean values of the quality parameters W,H. D, 30.81 0.17 36.98 1445 2456
of e>‘(t.ruded fried snack§ obtained froTn thfs blends. The W, HD,, 3064 014 3350 | 1361  19.76
coefficients of the regression model are listed in Table 3. The
. . W, H,D,, 30.76 0.29 3845 14.07 2268
R> values for oil content, bulk density, color parameters, and
texture parameters ranged from 0.32 to 0.79. The results of WeshHo Dig 30.70 0.15 4538 | 11.76 | 2405
the quality attributes of the extruded fried snacks, including WioH,sDss 34.44 0.22 3726 = 13.28  23.90
oil uptake, bulk density, color parameters (lightness, redness, W,,H,,D, 30.91 0.17 42.60 12.74 = 25.53
and yellowness), and textural properties, are summarized in Key.
contour plots in Figures 1-11. Values are mean from three readings.
W=wheat flour, H= High Quality cassava flour, D= Defatted cashew nut flour
i L*=Lightness, a*= Redness, b*= Yellowness
il content
Figure 1 shows the oil content of the extruded fried
snacks as tbe flour substitution changes. The r‘nal‘n‘effects Raw Materials (Wheat-HQCF and Cashew nut)
and interaction effects of the blends showed no significant (p ¢
> 0.05) impact on the oil content of the fried extruded snack

Blending with ingredient

Table 1: Values of instrumental analyses of optimized and controlled extruded fried ¢
snacks.
Oil content 30.36 38.76 -840 0.000 ¢
Bulk density 0.17 0.21 -3.00 0.20* Cutting (2 cm)
Lightness 39.92 32.21 514.33 0.001 ¢
Redness 13.16 10.75 161 0.003
Yellowness 23.07 15.06 6719275  9.47E-09 Drying (80 °C, 1 hr)
Hardness 0.57 0.66 -5.66667 0.11* ¢
Cohesiveness 0.76 0.83 -7 0.09% Frying (150 °C, 3 min)
Chewiness 0.84 0.32 103 0.01 L
Gumminess 0.41 0.51 -19 0.033
Springiness 0.86 0.91 2 0.290% Cooling to room temperature

*Significant difference p < 0.05.

Packaging
Table 2: Regression coefficients of the responses as a function of the independent l
variables (Springiness, Gumminess, Cohesiveness, Chewiness, Hardness).

A 0.93 0.50 0.84 0.43 0.62 Figure 1: Production of the fried snacks extrudates (Modified method of A. O.
B 0.95 0.47 0.86 0.86 0.65 Obadina, et al. 2013 [20]).
C 0.87 0.418 0.75 0.75 0.58
AB 0.12 0.05 0.05 0.05 -0.03 samples. Oil content decreased as the inclusion of wheat
AC -0.01 -0.14 -0.02 -0.02 -0.25 flour and High-Quality Cassava Flour (HQCF) reduced, while
BC 008 0.40 012 012 010 it increased as the inclusion of Defatted Cashew Nut Flour
DCNF) decreased. However, an increase in the proportion of
R? 0.55 0.78 0.53 0.61 0.32 ( ) ! ) p' p .
wheat Flour (WF) and HQCF resulted in a progressive increase
F-value 192 >77 180 180 077 in oil content. Obadina, et al. [20] reported that this might be
PRESS 0.036 9.035E003 0.057 0.062 0.34
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due to the particle size affecting the structure of the snack.
The mean oil Table 4 shows content ranging from 29.71% to
38.77%. The lowest oil content was obtained from the fried
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Figure 2: 3D surface plots of oil content of extruded fried snacks from flour blends

of WF (X,), HQCF (X,) and DCNF(X,). Where WF, HQCF and DCNF are wheat Flour,
high Quality Cassava Flour, and defatted cashew nut flour respectively.
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Figure 3: 3D surface plots of bulk density of extruded fried snacks from flour blends
of WF (X,), HQCF (X,) and DCNF(X,). Where WF, HQCF and DCNF are wheat Flour,

High-Quality Cassava Flour, and defatted cashew nut flour respectively.
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Figure 4: 3D surface plots of lightness of extruded fried snack flour from blends of

WEF (X,), HQCF (X,) and DCNF(X,). Where WF, HQCF and DCNF are wheat Flour, high
Quality Cassava Flour, and defatted cashew nut flour respectively.
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Figure 5: 3D surface plots of redness of extruded fried snacks from flour blends of

WEF (X,), HQCF (X,) and DCNF(X,). Where WF, HQCF and DCNF are wheat Flour, high
Quality Cassava Flour, and defatted cashew nut flour respectively.
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Figure 6: 3D surface plots of yellowness of extruded fried snacks from flour blends
of WF (X,), HQCF (X,) and DCNF(X,). Where WF, HQCF and DCNF are wheat Flour,

high Quality Cassava Flour, and defatted cashew nut flour respectively.
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Figure 7: Response surface plots of the springiness of extruded fried snacks from
flour blends of WF (X,), HQCF (X,) and DCNF(X,). Where WF, HQCF and DCNF are
wheat Flour, high Quality Cassava Flour, and defatted cashew nut flour respectively.
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Figure 8: Response surface plots of gumminess of extruded fried snacks from flour
blends of WF (X,), HQCF (X,) and DCNF(X,). Where WF, HQCF and DCNF are wheat
Flour, high Quality Cassava Flour, and defatted cashew nut flour respectively.
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Figure 9: Response surface plots of cohesiveness of extruded fried snacks from

flour blends of WF (X,), HQCF (X,) and DCNF(X,). Where WF, HQCF and DCNF are
wheat Flour, high Quality Cassava Flour, and defatted cashew nut flour respectively.

extruded sample with the W9oHo0D30 blend, while the highest
was from the W100HoDo blend.

Bulk density

The mean values of bulk density ranged from 0.13 to 0.29.
The highest bulk density was obtained from the sample with
the blend of W80H10D10, while the lowest was observed in the
sample with the blend of W70Ho0D30. In Figure 2, it is shown
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Figure 10: Response surface plots of the chewiness of extruded fried snacks from

flour blends of WF (X,), HQCF (X,), and DCNF(X,). Where WF, HQCF, and DCNF are
wheat Flour, high-quality Cassava Flour, and defatted cashew nut flour respectively.
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Figure 11: Response surface plots of the hardness of extruded fried snacks from

flour blends of WF (X,), HQCF (X,), and DCNF(X,). Where WF, HQCF, and DCNF are
wheat Flour, high-quality Cassava Flour, and defatted cashew nut flour respectively.

that an increase in the inclusion of all the flour blends increased
bulk density; conversely, a reduction in the proportion of any
of the flour blends led to a decrease in bulk density. Anton,
et al. [14] reported that as high-protein materials are added
to starch-based extruded products, density is expected to
increase.

The main effects of all the blends showed no significant
effect (p > 0.05) on bulk density. However, the interaction
effect of Wheat Flour (WF) and Defatted Cashew Nut Flour
(DCNF) blends had a significant negative effect (p < 0.05) on
the samples.

Colour

The color analysis of the fried extruded snacks made from
different flour blends of wheat flour (WF), High-Quality
Cassava Flour (HQCF), and Defatted Cashew Nut Flour (DCNF)
is represented in Figures 3-5. Lightness values ranged from
32.21 to 52.05 and increased with higher inclusion of HQCF,
while a decrease in HQCF led to lower lightness. An increase
in the proportions of WF and DCNF also resulted in increased
lightness; however, reducing their addition led to lower
lightness values.

The mean redness value ranged from 10.74 to 15.5, with the
highest redness obtained from the sample with the blend of
W70H30Do0, and the lowest observed in the sample with the

blend of W70HoDo. In Figure 4, it is shown that as the addition
of WF and DCNF increased, lightness decreased progressively.
Conversely, an increase in HQCF increased redness values
(Figure 5).

The coefficient of determination (R?) for the yellowness
parameter of the fried extruded snacks was 0.73, indicating a
73% predictive accuracy. As the inclusion of HQCF and DCNF
decreased, yellowness also decreased; however, an increase
in the proportions of HQCF and DCNF resulted in increased
yellowness (Figure 6). The addition of WF led to a reduction in
yellowness values.

The main effects and interaction effects of all the flour
blends had no significant effect (p > 0.05) on the fried extruded
snacks. The extrusion and frying processes were responsible
for the observed appearances. Obadina, et al. [20] reported
a similar trend in appearances when producing a traditional
extruded cassava-based snack.

Texture

Texture is one of the most important quality features of
extruded products and is a key parameter driving consumer
preference. According to Divate, et al. [28], the texture profile
is used to determine the textural attributes of food products,
providing insight into how a food product will behave in the
mouth.

The mean values of the springiness parameter ranged
between 0.86 and 0.97, with the highest value observed in
the W70H20D5 blend and the lowest in the W75H5D5 sample.
Springiness decreased as the inclusion of HQCF and WF reduced,
while it increased as the inclusion of DCNF decreased. Figure 7
shows the springiness parameter of the extruded fried snacks
as flour substitution changes. The main effects and interaction
effects of all the blends had no significant (p > 0.05) effect on
the springiness parameter of the fried extruded snacks.

Figure 8 illustrates the gumminess parameter of the

extruded fried snacks as flour substitution changes. The main

Table 4: Regression coefficients of the responses as a function of the independent
variables (Oil Content, Lightness, Redness, Yellow).

Parameters 0.C a* b* L*
A 37.78 10.68 15.75 33.32
B 32.56 14.01 29.33 47.97
[ 30.32 12.90 20.77 35.75
AB -15.22 4.00 20.59 -18.09
AC -11.22 3.62 -6.86 32.53
BC 7.13 1.82 0.73 -19.39
R? 0.59 0.51 0.63 0.69
F-value 2.26 1.71 4.31 3.62
PRESS 236.41 45.81 238.54 566.17

Key.

0C=0il Content
L*=Lightness,
a*=Redness,
b*=Yellow
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effects and interaction effects of the blends also showed no
significant (p > 0.05) effect on the gumminess of the fried
extruded snacks. Gumminess decreased as the inclusion of
wheat flour and HQCF reduced, while it increased as the
inclusion of DCNF decreased.

Gumminess

The increase in the proportion of Wheat Flour (WF) and
High-Quality Cassava Flour (HQCF) resulted in a progressive
increase in gumminess. The mean value of gumminess ranged
from 0.41 to 0.49. The lowest gumminess was obtained from
the fried extruded sample with the W70H0D30 blend, while
the highest values were observed in the blends W9oH5D5 and
WB85H15D5, as shown in Figure 8.

The cohesiveness value of the extruded fried snacks changed
with flour substitution, as illustrated in Figure 9. It was
observed that the main and interaction effects of WF, HQCF,
and Defatted Cashew Nut Flour (DCNF) had no significant (p >
0.05) impact on the cohesiveness of the fried extruded snacks
across the different blend compositions.

Cohesiveness of DCNF, WF, and HQCF blends

Cohesiveness increased as the proportions of Defatted
Cashew Nut Flour (DCNF), Wheat Flour (WF), and High-
Quality Cassava Flour (HQCF) blends increased. Conversely, as
the proportions of all the flour blends reduced, cohesiveness
decreased. The lowest value was obtained from the flour blend
W?75H5D20, while the highest was from the blend W80H10D10.

Figure 10 shows the chewiness values of snacks made from
WF, HQCF, and DCNF. No significant differences were observed
(p > 0.05) across all the blends, both in main and interaction
effects. The mean value of chewiness ranged from 0.31 to 0.45.
As the inclusion of HQCF and WF increased, chewiness also
increased; however, an increase in the proportion of DCNF
reduced the chewiness value. The developed model was able to
predict more than 62% of the experimental data.

Textural attributes of extruded fried snacks

As shown in Table 5, the hardness parameter of the fried
extruded snacks ranged between 0.45 and 0.66, the developed
model was unable to predict more than 32%. The response
surface plots for hardness were presented in Figure 11, from
the figure it was observed hardness increases as the inclusion
of WF and HQCF increases but decreases as the inclusion of
DCNF increases. The coefficients of the regression model on
hardness are listed in Table 2 No significant effect (p > 0.05)
of the blends (main and interaction) was significant on the
hardness parameter of the fried extruded snack.

Sensory acceptability of fried extruded snacks using op-
timized conditions

Concerning the texture profile parameters, the mean
values for hardness, cohesiveness, and chewiness of the
optimized fried extruded snacks and the control sample were
0.56 and 0.66; 0.76 and 0.83; and 0.84 and 0.82, respectively.

Additionally, the mean values for gumminess and springiness
were 0.41 and 0.51; and 0.86 and 0.91, respectively, for the
optimized fried extruded snacks and the control sample.

Based on a nine-point hedonic scale (1 = dislike extremely,
9 = like extremely), the sensory scores presented in Table 6
showed the acceptability of the fried extruded snacks for both
the control and optimized samples. It was observed that the
products were generally accepted, with the optimized fried
extruded snacks receiving a sensory rating between 6.62 and
7.12, while the control (W100H0DO) rating ranged from 5.94 to
6.96. Significant differences (p > 0.05) were observed between
the two fried snacks regarding flavor, taste, oiliness, and overall
acceptance. However, no significant differences (p < 0.05) were
found in terms of hardness, crispiness, and saltiness [29,30].

Conclusion

This work optimized the formulation and production of
extruded snacks, highlighting the interplay of ingredient
combinations and processing conditions. The integration
of statistical design and analysis enables the development
of high-quality products tailored to consumer preferences.
Textural properties, oil content, and color parameters of the
fried extruded snacks were not significantly (p > 0.05) affected
by the substitution of wheat flour with High-Quality Cassava

Table 5: Textural attributes of extruded fried snacks.

W,.H,.D, 0.94 0.49 0.82 0.43 0.66
W, H..D,. 0.87 0.42 0.76 0.31 0.60
W,.H,.D, 0.96 0.47 0.87 0.44 0.64
W, H.D, 0.95 0.49 0.84 0.44 0.45
W,,H,D, 0.93 0.50 0.84 0.43 0.66
W,,H.D,, 0.87 0.41 0.76 0.31 0.58
W, H..D,, 0.98 0.45 0.89 0.44 0.63
W,.H,D, 0.97 0.46 0.88 0.44 0.63
W, H, D, 0.95 0.48 0.84 0.45 0.65
W, H.D,, 0.86 0.41 0.75 0.31 0.60
W,oH,D, 0.88 0.41 0.76 0.32 0.57
W,,H, D, 0.88 0.41 0.77 0.32 0.56
WooH, D, 0.97 0.46 0.88 0.45 0.64
W,oH,,D, 0.95 0.47 0.85 0.45 0.65

70" 3000

Values represent the mean of replication.

Table 6: Sensory acceptability of fried extruded snack using optimized condition.

Quality Attributes | Optimized sample | Control sample m P(T<=t)2-tail

Hardness 6.44 6.70 -1.07 0.290

Crispiness 6.62 6.96 -1.57 0.123

Saltiness 6.72 6.46 1.46 0.150
Flavor 6.72 5.94 3.96 0.0002*
Taste 7.20 6.48 3.34 0.002*
Oiliness 6.68 6.20 2.44 0.018*
Overall acceptance 712 6.74 2.22 0.031*

*Significant difference p < 0.05.
007
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Flour (HQCF) and defatted cashew nut meal, except for bulk
density. The optimized ingredient combination consisted of
76% wheat flour, 1.55% HQCF, and 22.22% defatted cashew nut
flour, resulting in fried extruded snacks with lower oil uptake,
maximum bulk density, and desirable textural properties.
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