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Abstract: Globally, there is an increased demand for plant- and animal-derived proteins. However,
animal-derived proteins are still expensive and expected to negatively impact the environment.
Sunflower seeds, an excellent source of proteins, are one of the most critical oilseeds produced in the
world markets. This study used sunflower meal protein isolate (SMPI), wheat flour (WF), and their
blends to make pasta with good sensory features and higher nutritional value. The chemical and
amino acid compositions, rheological properties, color attributes, cooking quality, sensory properties,
and texture analysis of pasta were evaluated. SMPI showed a high protein content (87.12%) compared
to WF (10.90%). The pasta was made from WF with supplementing SMPI at three concentrations (3.0,
6.0, and 9.0% w/w) to improve the nutritional quality. Farinograph parameters showed that water
absorption, arrival time, dough development time, mixing tolerance index, dough weakening, and
dough stability increased as the percentage of SMPI in the blends increased. The results also showed
that the color (L*, a*, and b*) of pasta samples was darker as the mixing level of SMPI increased.
The obtained sensorial results confirmed this result. The cooking quality of pasta revealed that the
weight, volume, and cooking loss of prepared pasta with SMPI (3.0–9.0%) increased compared to
the control sample (pasta with 100% WF). Moreover, sensory evaluation of pasta revealed that all
samples were acceptable. Nonetheless, mouth feel and overall acceptability of pasta reinforced with
3.0 and 6.0% SMPI did not notably impact the pasta compared to the control sample, while flavor
did not significantly influence the pasta with 3.0% SMPI. These findings demonstrated that pasta
supplemented with SMPI could benefit the pasta industry, which requires a suitable technological
process to obtain novel products.

Keywords: sunflower meal protein isolates; wheat flour; pasta; chemical composition; cooking
quality; sensory evaluation

1. Introduction

The need for plant-derived proteins has grown considerably in the last few years
because they are cheap and sufficient compared to animal sources [1]. Using agro-industrial
byproducts to produce proteins is a sustainable approach that would provide commercial
benefits to those byproducts [2–4].

Sunflower meal, a significant byproduct generated after oil extraction from sunflower
seeds, is employed as a protein source in the animal feed industry [5]. It has a high protein
content (30–50%) that could reach 66% depending on how well the defatting and seed
dehulling operations work [6]. Sunflower meal protein isolate (SMPI) is a good source of
food components because of its lower amounts of antinutritional and toxic chemicals [7].
Except for lysine, SMPI has a well-balanced amino acid composition [8]. Additionally, SMPI
is abundant in sulfur-containing amino acids compared to other proteins of plant origin [9].
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Pasta is a widespread food staple eaten regularly by people regardless of their socioe-
conomic levels on a global scale. The annual global pasta production is approximately
13.5 million tons [10]. It has favorable sensory qualities, is cheap, is easy to prepare, and
has a long shelf life compared to other foods [11]. Moreover, pasta has a great nutritional
profile, being a decent supply of complex carbohydrates and a modest source of vitamins
and protein [12]. It is also deemed an acceptable means for food additives with minerals,
proteins, and other beneficial healthful key ingredients [13]. Because of its popularity
among consumers, pasta can potentially support the development of functional foods [14].

Indeed, various international health organizations view the enrichment of wheat flour
as a crucial element in preventing disorders associated with inadequate nutrition [15].
Taking into account these factors and the goal to improve the nutritive value of pasta made
from wheat flour, numerous investigations have examined the addition of components,
such as moringa sprout powder, Spirulina, oregano and carrot leaf, among others [14–16].
Nevertheless, to the best of our knowledge, the addition of sunflower proteins to pasta
products has not been reported. Therefore, this investigation aimed to fortify pasta with
SMPI and evaluate its impact on some quality parameters, such as proximate composition,
amino acids, and rheological attributes. Color, cooking quality, sensory attributes, and
texture profile were also assessed and compared with pasta made with wheat flour.

2. Materials and Methods
2.1. Materials

Wheat flour (WF) was obtained from the North Cairo Flour Mills Company, Cairo,
Egypt. Sunflower seeds were purchased from a local market in Cairo, Egypt. A mechanical
press extracted the sunflower seed oil, and the sunflower meal was packed and stored at
4 ◦C for subsequent examination. All chemicals used in this work were of analytical grade.

2.2. Preparation of Sunflower Meal Protein Isolate (SMPI)

SMPI was processed by the alkaline extraction/isoelectric point precipitation approach,
as described by Zaky et al. (2019) [17], with minor modifications. The sunflower meal
was immersed in deionized water (1:10, w/v) and then stirred for 2 h after the pH of
the suspension was adjusted to 9.0 by NaOH (1.0 N). After that, centrifugation of the
mixture at 10,000× g for 15 min at 4 ◦C was employed. Subsequently, the pH of the
supernatant was adjusted to 4.0 using HCl (1.0 M), and it was centrifuged once more
under the same conditions. The precipitate was lyophilized at −53 ◦C for 36 h using a
FreeZone 12-Plus freeze-drier (Labconco Corp., Kansas City, MO, USA) and kept at −20 ◦C
for characterization.

2.3. Pasta Preparation

We performed some preliminary experiments to determine the typical concentrations
of SMPI to be added to pasta. Some of them had a negative effect on some quality char-
acteristics of the final product until we reached these concentrations: 3%, 6%, and 9%.
We also considered the economic aspect of selecting these concentrations when applying
the final product in the industry. Briefly, 200 g flour (wheat flour as a control or wheat
flour substituted with SMPI powder; 3%, 6%, and 9%) was mixed with water (73, 75, 77,
and 79 mL, respectively) in a mixer bowl for 1 min. Pasta samples were made using a
lab pasta machine (Matic 1000 Simac Machine Corporation, Milano, Italy). The pasta was
hydrated for 15 min in ambient air, dried for 10 h at 70 ± 1 ◦C, cooled at the surrounding
temperature, placed in polyethylene bags, and stored at room temperature (25 ± 1 ◦C) for
further investigation [18].

2.4. Amino Acid Profile

The amino acid composition of the WF and SMPI samples was hydrolyzed using
6 N HCl at 110 ◦C for 24 h, as stated by Zaky et al. [19]. The amino acids were measured
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by an amino acid analyzer (LA8080, Hitachi, Japan), and the contents were expressed as
g/100 g protein.

2.5. Rheological Properties

The rheological characteristics of the dough were assessed using a Farinograph and
rapid Visco analyzer (RVA-Ezi, Newport Scientific, Warriewood, NSW, Australia) following
the AACC (2000).

2.6. Chemical Composition

According to the procedures outlined by AOAC (2016) [20], the moisture, protein, fat,
ash, and fiber contents of WF, SMPI, and pasta samples were determined. The samples’
total carbohydrate content was estimated by difference.

2.7. Color Measurement

The color of raw and cooked pasta supplemented with SMPI at different concentration
levels was estimated using a Hunter color meter (Hunter, Lab Scan XE, Reston, VA, USA).
Color intensity was evaluated and presented based on the parameters of a* (redness),
b* (yellowness), and L* (brightness).

2.8. Cooking Quality

The cooking features of pasta were accomplished by calculating the boost in weight,
volume, and cooking loss after cooking as stated in official protocols 16–50 and 16–51 of the
AACC (2000) [21].

2.9. Textural Profile Analysis (TPA)

The texture of cooked pasta was examined by a universal testing machine (Conetech,
B type, Taiwan) equipped with software, as illustrated by Bourne [22]. A 25 mm diameter
aluminum cylindrical probe was employed in a TPA double compression test to penetrate
to 50% depth at a 1 mm/s speed test. The TPA graphic was used to quantify firmness (N),
gumminess (N), chewiness (N), cohesiveness, and springiness.

2.10. Sensory Evaluation of Pasta

Pasta samples were prepared in boiling water to an ideal cooking time (9.5 min),
drained, and held warm until serving. A total of 15 trained academic staff members were
selected for the sensory test. The panelists were asked to assess the samples for color, flavor,
mouthfeel, elasticity, and overall acceptability utilizing a 10-point hedonic scale (0 = dislike
extremely; 5 = middle; 10 = like extremely) for each sensory attribute [15].

2.11. Statistical Analyses

The acquired data were analyzed using SAS Systems for Windows, version 6.12 TS020
(SAS, Statistical Analysis System, Institute Inc., Cary, NC, USA). To identify significant
differences between the treatment means, we used analysis of variance (ANOVA) and the
least significant difference (LSD) test (p < 0.05).

3. Results and Discussion
3.1. Amino Acid Content of WF and SMPI

The amino acid content of protein isolates indicates their nutritional quality. Table 1
displays the amino acid profiles of WF and SMPI. SMPI possessed the highest content
of all essential amino acids, especially leucine (Leu), the most abundant essential amino
acid in SMPI, followed by phenylalanine and threonine. These results are consistent with
Ivanova et al. [8]. Additionally, WF contained moderate amounts of nonessential amino
acids, particularly glutamic acid, compared to other nonessential amino acids; however,
it was less than that of SMPI. The level of lysine in SMPI was limited to 2.43 g/100 g
protein, whereas the quantity of this amino acid in the sunflower meal was found to be
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3.55 g/100 g protein [23]. The reduction in the lysine concentration in the SMPI could
be attributed to the interplay of the specific amino acid with other plant components
throughout oil processing [24]. Adding SMPI to pasta could enhance the content of essential
and nonessential amino acids. This may be due to the higher amino acid contents of SMPI
than wheat flour, indicating that the substitution of WF with SMPI in pasta boosted the
nutritional value.

Table 1. Amino acid composition of wheat flour (WF) and SMPI.

Amino Acids Wheat Flour (g/100 g Sample) SMPI (g/100 g Protein)

Essential amino acids

Threonine (THR) 0.3 ± 0.72 3.51 ± 0.38

Valine (VAL) 0.47 ± 0.23 3.78 ± 0.12

Methionine 0.17 ± 0.04 2.36 ± 0.06

Isoleucine (ILE) 0.45 ± 0.19 3.25 ± 0.34

Leucine (LEU) 0.77 ± 0.17 6.27 ± 0.08

Phenylalanine (PHE) 0.6 ± 0.23 5.87 ± 0.42

Histidine (HIS) 0.24 ± 0.14 3.28 ± 0.18

Lysine (LYS) 0.25 ± 0.07 2.43 ± 0.17

Total EAA 3.25 30.75

Nonessential amino acids

Serine (SER) 0.5 ± 0.10 4.77 ± 0.11

Glutamic (GLU) 3.18 ± 0.32 22.57 ± 0.08

Proline (PRO) 1.13 ± 0.08 5.41 ± 0.06

Glycine (GLY) 0.42 ± 0.04 6.38 ± 0.09

Alanine (ALA) 0.44 ± 0.16 5.36 ± 0.12

Aspartic (ASP) 0.46 ± 0.37 10.12 ± 0.23

Tyrosine (TYR) 0.39 ± 0.13 3.78 ± 0.34

Arginine (ARG) 0.4 ± 0.04 9.24 ± 0.10

Cystine (CYS) 0.23 ± 0.05 1.62 ± 0.12

Total NEAA 7.15 69.25
The values are the mean ± SD of three replicates.

3.2. Rheological Characteristics of Blends from Wheat Flour with SMPI

The data in Table 2 demonstrate the impact of adding SMPI at three levels (3.0, 6.0,
and 9.0%) to WF on the rheological characteristics of dough as assessed by a farinograph.
The incorporation of SMPI at various levels influenced the rheological characteristics of the
pasta, where significant differences were noted (p < 0.05). Water absorption was 62.0% in
WF, but it increased in a mixture of WF and SMPI as the replacement rate increased. SMPI
contributed to the high water-absorbing capability, as it competed for water with other
components. This might be attributed to the hydroxyl groups in the hydrocolloid structure
of SMPI that permit additional water interactions via hydrogen bonding [25]. The arrival
time and dough development time showed the same pattern. The chemical composition of
SMPI revealed a high content of protein and fiber. Therefore, the long dough development
time could result from the existence of large amounts of fiber and protein, which could im-
pede the rapid formation of gluten and the hydration of the endosperm [26,27]. Compared
to the control, the inclusion of SMPI also accelerated the dough’s development and arrival
time, whereas the stability time decreased. The time required for the curve to remain at
or above 500 BU is known as dough stability. Higher stability levels indicate strong flour,
which in turn indicates stronger dough. The stability value of most commercial flour is
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up to 10 min [28,29]. Higher mixing tolerance index values correspond to stronger flour,
with the mixing tolerance index parameter denoting the resistance of wheat flour to mixing.
Because of the gluten protein dilution in WF caused by the greater fiber amount from
SMPI, dough stability increased from 8.5 to 11.5 min as the SMPI level increased, whereas
weakening boosted from 100 to 140 BU, and the mixing tolerance index jumped from 40 to
70 BU. This is mainly attributed to the interaction between fibrous substances and gluten,
which influences the dough mixing characteristics [30,31].

Table 2. Effect of mixing SMPI with wheat flour on farinograph parameters.

Samples Water
Absorption (%)

Arrival Time
(min)

Dough
Development

Time (min)
Dough Stability

(min)
Mixing

Tolerance Index
(BU)

Dough
Weakening

(BU)

Control 62.0 d 1.50 d 2.00 d 7.00 d 40 d 100 d

Pasta with 3% SMPI 64.5 c 2.00 c 2.50 c 8.50 c 50 c 120 c

Pasta with 6% SMPI 67.0 b 2.75 b 3.00 b 10.00 b 60 b 130 b

Pasta with 9% SMPI 69.0 a 3.25 a 3.25 a 11.50 a 70 a 140 a

The values in the same column followed by different letters are significantly different (p < 0.05).

3.3. Pasting Profile (RVA)

The pasting properties (RVA) for mixtures of WF and WF fortified with SMPI at three
levels (3.0, 6.0, and 9.0%) are presented in Table 3 and Figure 1. The incorporation of SMPI
at various levels had an influence on the RVA parameters of pasta, where significant differ-
ences were noted (p < 0.05). The control sample (WF) had peak viscosity (3512 cP), trough
(1477 cP), breakdown (1709 cP), final (3185 cP), and setback (330 cP) viscosities. Substitution
of SMPI with WF (72% extraction) decreased the peak viscosity, trough, breakdown, final,
and setback viscosities from 3462 to 3027 cP, 1157 to 840 cP, 1780 to 1742 cP, 3401 to 2582 cP,
and 461 to 445 cP, respectively. At the same time, the peak time and pasting temperature
values ranged between 12.1 to 10.7 min and 64.5 to 61.6 ◦C, respectively. When chickpea
flour was substituted for wheat flour [32], the peak viscosity, breakdown, and setback were
reduced because of the chickpea flour’s lower carbohydrate and different carbohydrate
content and protein compositions, which would have an impact on the viscosity metrics.
It has been suggested that the pasting temperature is associated with the water-binding
ability [33]. The RVA properties of flour samples showed that flour blends had the lowest
peak, trough, breakdown, final, and setback viscosities and pasting temperatures [34,35].
Differences between starches’ amylose/amylopectin ratios [36] and the lowering in gluten
content were due to the replacement of gluten-free flour [37].

Table 3. Effect of mixing SMPI with wheat flour on RVA parameters.

Samples Peak Vis. (cP) Trough1 (cP) Break Down
(cP) Final Vis. (cP) Setback (cP) Peak Time

(min)
Pasting Temp.

(◦C)
Peak Temp.

(◦C)

Control 3516 a 1477 a 1709 d 3185 b 330 d 12.1 a 61.2 bc 94.8 a

Pasta with 3%
SMPI 3462 b 1157 b 1780 b 3401 a 461 a 10.8 c 64.5 a 94.7 b

Pasta with 6%
SMPI 3389 c 1121 c 1890 a 3047 c 342 c 10.9 b 62 b 94.7 b

Pasta with 9%
SMPI 3027 d 840 d 1742 c 2582 d 445 b 10.7 bc 61.6 c 94.7 b

The values in the same column followed by different letters are significantly different (p < 0.05).
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3.4. Proximate Composition of Raw Materials (WF, SMPI) and Pasta

The proximate compositions of WF, SMPI, pasta, and pasta fortified with different
levels of SMPI (3.0, 6.0, and 9.0%) are presented in Table 4. The proximate chemical analysis
results indicated that the SMPI sample had 3.47% moisture, 87.12% crude protein, 0.32% fat,
1.87% ash, 2.10% fiber, and 5.15% carbohydrates. The findings of the chemical composition
of SMPI are in line with those acquired by Alexandrino et al. [38].

Table 4. Chemical composition of WF, SMPI, and composite pasta (%).

Parameters SMPI
Wheat Flour

(WF)

Pasta Supplemented with Different Concentrations of SMPI

Control 3% SMPI 6% SMPI 9% SMPI

Moisture 3.47 ± 0.13 d 11.65 ± 0.11 a 5.65 ± 0.09 b,c 5.82 ± 0.03 b,c 6.02 ± 0.04 b 6.32 ± 0.05 b

Protein 87.12 ± 1.22 a 10.90 ± 0.19 d,e 11.00 ± 0.07 e 13.52 ± 0.09 d 17.15 ± 0.11 c 19.33 ± 0.13 b

Fat 0.32 ± 0.001 e 1.22 ± 0.05 b 1.28 ± 0.00 a 1.18 ± 0.002 a,b 1.06 ± 0.005 c 0.96 ± 0.006 d

Fiber 2.10 ± 0.11 a 0.79 ± 0.02 c 0.52 ± 0.0 f 0.65 ± 0.001 e 0.73 ± 0.003 d 0.81 ± 0.002 b

Ash 1.84 ± 0.09 a 0.81 ± 0.03 e 0.82 ± 0.0 e 0.96 ± 0.03 d 1.09 ± 0.05 c 1.15 ± 0.03 b

Carbohydrate * 5.15 74.63 80.73 77.87 73.95 71.43

The values are the mean ± SD of three replicates. The values in the same row followed by different letters are
significantly different (p < 0.05). * by difference.
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Wheat flour (WF) was analyzed, and the following parameters were noted for moisture,
protein, fat, ash, crude fiber, and carbohydrates: 11.65, 10.90, 1.22, 0.79, 0.81, and 74.63.40%,
respectively. The results agree with literature values for various wheat flours [39,40]. In-
creasing the mixing level of SMPI (3.0 to 9.0%) with WF resulted in boosting the nutritional
value of pasta, whereas protein, fat, ash, fiber, and carbohydrates varied by approximately
13.52–19.33%, 1.18–0.96%, 0.96–1.15%, 0.65–0.81% and 77.87–71.43%, respectively. The pasta
mixed with the SMPI displayed similarities with those reported by others [15,16].

3.5. Color Parameters

Color is one of the crucial parameters used for the acceptability of food. Thus, it
directly impacts consumers’ impressions because of its association with anticipations for
product freshness and flavor [41]. Adding SMPI to pasta produced a pleasing white
tone, per the panelists’ assessments and color examinations. Table 5 displays the color
alterations of enriched pasta at various SMPI concentrations (3.0, 6.0, and 9.0%). As
anticipated, a rise in darkness (L*) was noticed in the color of the enriched pasta products.
Since SMPI contains a large amount of white pigment, the control group possessed the
lowest b* value (17.19). After preparation, color losses were observed due to the pasta’s
brighter and yellow colors. Table 5 shows that the pasta color significantly reduced when
the SMPI mixing level was increased. This finding is supported by the preceding color
parameters (L, a, and b), where the darkness increases as the SMPI replacement level
increases. Nevertheless, a minor visible indication of the pigments’ diffusion into the
cooking water existed. Similar outcomes were declared by Pasqualone et al. [10] and
Özyurt et al. [14] for pasta incorporated with different natural food extracts.

Table 5. Impact of mixing SMPI with wheat flour on the color parameter of pasta.

Samples L* a* b*

Raw Cooked Raw Cooked Raw Cooked

Control 72.30 ± 0.28 a 69.15 ± 0.45 a 1.55 ± 0.03 d 3.05 ± 0.09 d 17.19 ± 0.19 d 14.15 ± 0.23 d

Pasta with 3% SMPI 57.15 ± 0.32 b 64.12 ± 0.33 b 5.24 ± 0.09 c 4.05 ± 0.08 c 21.35 ± 0.11 c 25.30 ± 0.27 c

Pasta with 6% SMPI 49.15 ± 0.2 c 56.22 ± 0.25 c 7.01 ± 0.035 b 5.02 ± 0.13 b 24.20 ± 0.25 b 28.15 ± 0.39 b

Pasta with 9% SMPI 44.50 ± 0.40 d 51.11 ± 0.17 d 7.99 ± 0.02 a 6.11 ± 0.19 a 26.17 ± 0.88 a 33.10 ± 0.48 a

LSD at 0.05 6.05 4.95 1.02 0.85 1.71 2.75

The values are the mean ± SD of three replicates. The values in the same column followed by different letters are
significantly different (p < 0.05).

3.6. Cooking Quality of Pasta

The quality of the pasta might be determined by cooking characteristics, such as
weight gain, cooking loss, and volume gain. The pasta’s weight and volume increased
between 229 and 252% and 183 and 215%, respectively. According to the findings, the
weight and volume increased compared to the control sample at various SMPI levels
(Table 6). This might be due to an increase in the protein content of SMPI that caused the
weight of the cooked pasta to rise. In addition, Özyurt et al. [14] reported that the pasta’s
weight increased with the addition of Spirulina. Likewise, Fradique et al. [42] observed
that adding microalgae biomass boosted the weight increase in the pasta. Cooking loss is
one of the essential factors employed to judge the quality of the pasta’s cooking [43]. As
the SMPI level rose, cooking losses increased. This outcome might result from a gluten-
and SMPI-reinforced dough matrix that can trap starch in the resulting network. This
value also represents the quantity of dry stuff lost in the cooking water [14]. According to
Cacak-Pietrzak et al. [44], cooking losses of various semolina pasta types varied from 6 to
11%. Herein, the cooking losses of the control pasta and pasta with SMPI (3.0, 6.0, and 9.0%)
were found to be 4.25, 4.85, and 5.10%, respectively. The pasta samples’ cooking loss was
less than the 8% limit, which is considered acceptable technologically [45]. Since there were
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no significant variations in cooking loss between the groups (p < 0.05), it can be stated that
the incorporation of SMPI at these levels (3.0, 6.0, and 9.0%) had no impact on cooking loss.

Table 6. Impact of mixing SMPI with wheat flour on the cooking quality of pasta.

Samples Weight Increase (%) Volume Increase (%) Cooking Loss (%)

Control 207 ± 2.22 d 170 ± 2.80 d 3.50 ± 0.17 d

Pasta with 3% SMPI 229 ± 3.25 c 183 ± 3.10 c 4.25 ± 0.21 c

Pasta with 6% SMPI 236 ± 4.60 b 196 ± 3.65 b 4.85 ± 0.19 b

Pasta with 9% SMPI 252 ± 4.95 a 215 ± 2.80 a 5.10 ± 0.15 a

LSD at 0.05 9.761 10.021 0.234
The values are the mean ± SD of three replicates. The values in the same column followed by different letters are
significantly different (p < 0.05).

3.7. Texture Parameters of Pasta

Table 7 provides the texture parameters of pasta made from WF and WF enhanced
with SMPI at various concentrations (3.0, 6.0, and 9.0%). The texture parameters of the pasta
and pasta supplemented with SMPI were determined as the maximum force offered by the
sample during shearing in a texture-testing machine (Instron). The findings showed that
all samples of various pasta ranged in hardness (N) from 77.07 to 53.75 N. In contrast, low
moisture and increased hardness in pasta without SMPI are linked to increased work and
higher hardness. The hardness of pasta is perceptible to consumers and could be associated
with the expansion and cell structure of the product, irrespective of moisture level. Con-
sumers favor pasta that is firm, chewy, and not sticky in general. These results are consistent
with Coello et al. [15] and Pasqualone et al. [10]. The results of the texture profile showed
that mixing with SMPI at different levels (3.0, 6.0, and 9.0%) reduced the hardness (N),
deformation at hardness (mm), deformation at hardness (%), hardness work (mJ), and
fracturability of pasta with 1% load sensitivity (N). On the other hand, as the SMPI level in
the pasta formulas increased, the hardness value decreased. Overall, the matrix structure
network of starch, gluten, extra proteins, and other components has a major impact on the
textural characteristics of pasta [46].

Table 7. Impact of mixing SMPI with wheat flour on texture profile analysis of pasta.

Parameters

Pasta Samples from Wheat Flour (WF) and SMPI

Control Pasta with 3% SMPI Pasta with 6% SMPI Pasta with 9% SMPI

Raw Cooked Raw Cooked Raw Cooked Raw Cooked

Hardness
(N) 77.07 ± 0.12 12.02 ± 0.14 55.15 ± 0.09 9.10 ± 0.13 52.70 ± 0.09 6.85 ± 0.08 53.75 ± 0.14 5.52 ± 0.11

Deformation
at Hardness

(mm)
0.31 ± 0.17 8.61 ± 0.11 0.26 ± 0.22 8.83 ± 0.15 6.50 ± 0.10 10.70 ± 0.01 5.60 ± 0.09 10.55 ± 0.04

Deformation
at Hardness

(%)
0.95 ± 0.32 85.66 ± 0.28 0.85 ± 0.43 87.93 ± 0.35 20.15 ± 0.42 107.65 ± 0.27 19.40 ± 0.31 104.65 ± 0.19

Hardness
Work (mJ) 0.46 ± 0.07 22.55 ± 0.04 15.20 ± 0.10 24.90 ± 0.09 38.20 ± 0.12 32.72 ± 0.26 50.94 ± 0.06 25.18 ± 0.04

Load at
Target (N) 77.07 ± 0.31 12.02 ± 0.34 55.15 ± 0.42 9.10 ± 0.31 40.35 ± 0.14 6.85 ± 0.11 53.75 ± 0.15 5.52 ± 0.25

Peak Stress
(N/m2) 36711 ± 0.07 3581 ± 0.09 27065 ± 0.12 3596 ± 0.14 21132 ± 0.04 3535 ± 0.03 27355 ± 0.08 2793 ± 0.06

Strain at
Peak Load 0.01 ± 0.43 0.86 ± 0.52 0.01 ± 0.34 0.90 ± 0.27 0.23 ± 0.33 1.11 ± 0.28 0.22 ± 0.19 1.10 ± 0.17
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Table 7. Cont.

Parameters

Pasta Samples from Wheat Flour (WF) and SMPI

Control Pasta with 3% SMPI Pasta with 6% SMPI Pasta with 9% SMPI

Raw Cooked Raw Cooked Raw Cooked Raw Cooked

Fracturability
(N) 73.07 ± 0.19 0.41 ± 0.11 55.15 ± 0.08 0.35 ± 0.04 28.89 ± 0.16 0.23 ± 0.12 32.77 ± 0.17 0.45 ± 0.20

Fracture
Load Drop

Off (N)
65.01 ± 0.37 0.17 ± 0.39 44.82 ± 0.42 0.07 ± 0.31 27.55 ± 0.47 0.19 ± 0.38 28.85 ± 0.19 0.13 ± 0.13

1st Fracture
Work Done

(mJ)
13.90 ± 0.17 0.03 ± 0.26 7.35 ± 0.31 0.03 ± 0.15 3.28 ± 0.29 0.03 ± 0.33 5.19 ± 0.14 0.11 ± 0.18

1st Fracture
Deformation

(mm)
0.30 ± 0.05 0.25 ± 0.09 0.26 ± 0.28 0.35 ± 0.26 0.19 ± 0.23 0.18 ± 0.11 0.22 ± 0.10 1.01 ± 0.08

1st Fracture
Deformation

(%)
0.92 ± 0.09 7.16 ± 0.07 0.82 ± 0.05 7.15 ± 0.03 0.58 ± 0.12 12.82 ± 0.14 0.85 ± 0.05 12.10 ± 0.09

The values are the mean ± SD of three replicates.

3.8. Sensory Properties

In Table 8 and Figure 2, the organoleptic properties of pasta made from WF and WF
enriched with SMPI at various concentrations (3.0, 6.0, and 9.0%) were evaluated for color,
flavor, mouth feel, elasticity, and overall acceptability. As shown in Table 8, the pasta
color dramatically decreased when the SMPI mixing level was increased. This finding is
supported by the preceding color parameters (L, a, and b) (Table 5), where the darkness
increases. However, the elasticity of the control pasta was not significantly impacted up
to the 9.0% increase in SMPI replacement levels. One of the most crucial aspects of pasta
quality is mouth feel. The acquired sensory results showed that, in contrast to the control
sample, the mouth feel and overall acceptability of pasta reinforced with 3.0 and 6.0% SMPI
and 3.0% SMPI, respectively, did not differ significantly. From the presented results in
Table 8, the sensory attributes were diminished by raising the level inclusion of SMPI. Pasta
can be reinforced with SMPI at concentrations of 3.0 or 6.0% without having a negative
impact on the product’s sensory acceptance. It should be noted that younger generations,
who are more likely to be open-minded and interested in trying new foods, may be more
likely to accept greater SMPI ratios.

Table 8. Impact of mixing SMPI with wheat flour on the sensory properties of pasta.

Samples Color (10) Flavor (10) Mouthfeel (10) Elasticity (10) OA (10) Total (50)

Control 9.65 ± 0.55 a 9.71 ± 0.30 a 9.90 ± 0.38 a 9.82 ± 0.48 a 9.50 ± 0.31 a 48.58 ± 1.05 a

Pasta with 3% SMPI 8.75 ± 0.49 b 9.20 ± 0.52 a 9.52 ± 0.45 a 9.65 ± 0.39 a 9.17 ± 0.28 a 46.29 ± 1.01 a

Pasta with 6% SMPI 7.80 ± 0.61 c 8.65 ± 0.28 b 8.90 ± 0.51 a 9.30 ± 0.32 a 8.65 ± 0.39 a 43.30 ± 1.29 b

Pasta with 9% SMPI 7.20 ± 0.72 c 8.05 ± 0.62 b 7.75 ± 0.55 b 9.22 ± 0.25 a 8.01 ± 0.35 b 40.23 ± 1.45 b

LSD at 0.05 0.811 0.805 0.901 NS 0.795 2.061

The values are the mean ± SD of three replicates. The values in the same column followed by different letters are
significantly different (p < 0.05). OA: overall acceptability.
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Figure 2. Different pasta samples supplemented with 3, 6, and 9% SMPI.

4. Conclusions

This investigation offers beneficial information to support the use of SMPI (3%, 6%,
and 9%) to obtain pasta with excellent nutritive, rheological, and sensory qualities. The
impact of replacing wheat flour with 0%, 3%, 6%, and 9% SMPI on the color and textural
profile of pasta was also investigated. The SMPI contained a good amount of essential
amino acids (30.75 g/100 g) and nonessential amino acids (69.25 g/100 g). Including
SMPI in pasta improved the nutritional value regarding protein content with only slightly
reduced quality. The nutritional, rheological, color, and textural results of the present work
show the potential of employing SMPI as a nourishing ingredient to make pasta of high
quality. The overall acceptability score indicated that pasta enhanced with 3% and 6%
SMPI were satisfactory to the judges, and there was no substantial difference in taste and
texture compared with the control. These results are valuable because they demonstrate
how adding inexpensive protein could raise the nutritional value of pasta and expand the
potential uses for sunflower seed byproducts.
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