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Abstract

This study investigates the incorporation of oilseed meals—specifically
pumpkin seed, sunflower seed, and walnut meal—into pasta formulations to
enhance nutritional properties and technological functionality. The
proximate composition analysis demonstrated that these meals can
significantly increase the protein content of food matrixes, with pumpkin
seed meal achieving a protein level of 46.15% and sunflower seed meal
offering a substantial carbohydrate level of 36.46%, indicative of high fiber
content. Pasta samples were prepared by partially substituting the wheat
flour with 5.0% and 10.0% walnut, sunflower, and pumpkin seed meal.
Fortified pasta samples exhibited improved protein content and amino acid
profiles, notably increasing lysine levels, which are typically deficient in
wheat-based products. Technological functionality assessments revealed
that pasta enriched with up to 10% oilseed meals maintained acceptable
cooking quality, with losses ranging from 3.25% to 6.34%, ensuring nutrient
retention post-cooking. Sensory evaluations indicated high consumer
acceptability, scoring between 7.4 and 8.6 out of 9, highlighting their
potential market appeal. The check-all-that-apply analysis further
differentiated fortified samples through aroma, taste, and texture
descriptors. Among formulations, the pasta enriched with 10% pumpkin
seed meal emerged as the most successful, offering the most balanced
improvements in both nutritional value and cooking quality. This research
underscores the dual benefits of utilizing oilseed meals: improving pasta's
nutritional value while supporting sustainability through efficient by-
product utilization.
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Introduction

The contemporary world characterized by a sedentary approach to daily living and a
tendency toward consumption of highly caloric and low-quality nutritive foods
impacted negatively the prevalence of obesity, cardiovascular diseases, type 2
diabetes, and similar chronic diseases (Iglesia et al., 2019; Petruk, 2020). Due to this
fact, there has been a strong focus on health in recent years (Dinu et al., 2017),
consequently, consumers are increasingly inclined towards the purchase of healthier
products (Capcanari et al., 2022; Stan et al., 2023). One of the most accessible and
widely used strategies to eliminate nutritional deficiencies in the population's diet
and to prevent various diseases is the inclusion of functional food ingredients, which
have beneficial effects on human health (Bharat Helkar and Sahoo, 2016; Covaliov
et al., 2021). Thus, in the food industry, considerable attention is being given to the
development and production of fortified products for dietary and functional
purposes, containing biologically active substances or natural components that can
alter the biological value of foods (Popovici et al., 2019; Delfanian and Sahari, 2020;
Khajavi et al., 2020; Ahmad et al., 2022; Covaliov et al., 2023).

Pasta is among the most consumed foods globally. Some of the important findings
revealed that pasta continues to be a weekly, or sometimes daily, indulgence
internationally (Altamore et al., 2020; Shah et al., 2024). Durum wheat semolina is
widely considered to be the best raw material in order to manufacture pasta. Its
components can be divided into three groups, of which the greatest value is given to
the starch (70-80 %), proteins (up to 15%), and the rest contains small amount of
fiber, lipids, vitamins, and minerals. In other words, classical pasta lacks almost any
allusion of a ‘biological’, value (Dziki, 2021; Covaliov et al., 2022).

Additionally, pasta can be considered as the most convenient product that can be
easily manipulated in order to increase or decrease its nutritional value according to
the further nutritional plan (Carpentieri et al., 2022). The practice of enhancing pasta
products is not questionable. Protein enrichment, for instance, is much older with
documented evidence being in existence for more than five and a half decades
(Piazza et al., 2023; Teterycz and Sobota, 2023). Several reasons for enriching pasta
have been stated in the literature including, nutritional value improvement;
utilization of local raw materials; using by-products; making pasta with no gluten;
or manufacturing pasta products that possess extra health benefits. Increase of
nutritional value has been the most common feature highlighted because, traditional
pasta lacks certain amino acids such as lysine and threonine (Pahwa et al., 2020).

Presently, pasta manufacturers are implementing plans of introducing and launching
pasta with additives such as poultry (breast of carcass), veal, fish, soy, peas, and lens
flour, isolates of vegetable proteins, dried and compressed yeast and brewer’s yeast
and other food products labeled as healthy (Conte et al., 2021; Dello Russo et al.,
2021; Sajdakowska et al., 2021; Fantechi et al., 2023).

Globally, oil industry by-products, namely nut and oilseed meals, contain high levels
of polyunsaturated fatty acids and enhanced protein quality, including essential
amino acids like lysine and threonine, which are often lacking in standard pasta
recipes (Arrutia et al., 2020; Kotecka-Majchrzak et al., 2020; Ermosh et al., 2021,
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Sa et al.,, 2021; Radu et al., 2024). In addition, numerous studies confirmed
biologically active potential of oil meals in terms of bioactive compounds such as
polyphenols, vitamins, etc., and their antioxidant potential (Ibagon et al., 2021;
Petraru et al., 2021; Multescu et al., 2022; Gheise et al., 2023; Wen et al., 2023).
Moreover, He et al. (2022) demonstrated their beneficial effect on health, especially
on the suppression of the weight gain and adiposity. Furthermore, it should be noted
that the utilization of such by-products fits well into the concept of sustainability due
to the envisaged efficient pragmatic use and minimization of waste in the production
of foods.

The incorporation of oilseed meals in pasta production is an example of a circular
economy, thus having positive impacts on both individual health and the
environment. This fact aligns perfectly with one of the European Green Deal’s
strategies: A healthy food system for people and the planet, which involves the
support of sustainable food production and the promotion of more sustainable food
consumption and healthy diets (Djaoudene et al., 2023). Therefore, the development
of technology for producing pasta with enhanced biological value, leveraging local
plant materials, becomes both pertinent and timely.

This study aims to investigate the incorporation of oilseed meals into pasta
formulations to improve the nutritional value and functional properties of the final
product. By enhancing the protein, fat, and essential nutrient content, as well as
evaluating the effects on cooking quality and sensory characteristics, this research
seeks to provide a sustainable and health-conscious alternative for consumers in
today’s dietary landscape.

Materials and methods

Baneasa wheat flour, (type 000, producer M.P. Baneasa — Moara, Buftea, Romania)
and tap water were selected to be two major raw materials that were used in the
production of pasta. According to its label, the flour's chemical composition was:
carbohydrates 71.0%, proteins 11.0%, fat 0.7%, fibre 2.5%, and ash 0.5% (i.e.
moisture content 14.3%). Oilseed meals (pumpkin (POm), sunflower (SfOm)) and
walnut (WOm)) were provided by the local oil producer Mira (Chisinau, Republic
of Moldova) in March 2024, right after the oil cold pressing.

Meals powder manufacturing

The oilseed meals were supplied in the form of cakes formed during the pressing of
oils. Before these meals could be used as raw materials for the pasta production, they
were crumbled and then milled in a coffee bean miller (BCG111; KitchenAid, US)
and then manually sieved through a mesh with 200 micrometers cell size.

Proximate composition

The proximate composition parameters were determined for both the used oilseed
meals and the obtained pasta samples. The moisture content was determined by
drying the samples to a constant weight according to (ISO 771:2021, 2021). The ash
content was determined by incinerating the samples in a furnace at a temperature of
550 = 2 °C, following the standardized (1SO 749:1977, 1977) method. The fat
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content was determined using the Soxhlet method, employing hexane as the solvent
(1SO 734:2023, 2023). For protein quantification, the nitrogen content was assessed
by the Kjeldahl method, and subsequently, the conversion factor of 6.25 was applied
(1SO 16634-1:2008, 2008). Carbohydrate content was determined by the difference
from the other experimentally determined components.

Pasta manufacture

The preparation technology of oil meals enriched pasta was based on the
modification of the classic recipe, prepared according to AACC Method 62-40.01.
The control sample was prepared using 100% wheat flour. The dough for pasta was
prepared using a Russell Hobbs Kitchen (Go Create White Kitchen Stand Mixer
25930; UK) Stand Mixer. Tap water was added to the flour (ratio 35:100 by weight),
and mixed for 25 min at speed 2 in order to obtain the pasta dough. The spaghetti of
length 200 mm and about 2.5 mm thickness was shaped using a hand pasta maker
machine (Nuvantee, Italy). The enriched pasta was prepared by substituting wheat
flour with 5.0% and 10.0% of the above-mentioned oil meals. In all instances of
incorporating oil meals, the moisture content of the powders was considered.
Subsequent efforts were made to create pasta by substituting 15.0% and 20.0% of
oil meal powder for wheat flour. However, achieving dough with a standardized
moisture content of 35.0 £ 1.0% proved challenging due to the absence of ‘free'
water, probably because of the addition of oil meals that had a higher amount of
proteins and fiber, which eased the transition of water into a bound state. Amounts
of additions in pasta dough below 10% were reported and by other authors, who
mentioned the same negative effect on dough when using higher concentration (Zaky
et al., 2022). As a result, when investigating the impact of oil meals inclusion on
pasta structure and quality, the addition was limited to a maximum of 10.0% of the
wheat flour mass. Thus, seven samples were evaluated: control, pumpkin seed oil
meal pasta (POmP5% and POmMP10%), sunflower seed oil meal pasta (SFOmP5%
and SfOmP10%) and walnut meal pasta (WOmP5% and WOmMP10%). After
preparation, pasta was left to cool at ambient temperature for 15 min, then dried for
10 hat 50 £ 2 °C in an SLN75 (POL-EKO- -APARATURA, Poland) drying oven,
allowed to cool at ambient temperature, packed in polyethylene bags and stored at
room temperature of 21 + 2 °C for further research.

Color determination

The color of uncooked enriched pasta was analyzed using the CIELAB space, with
a Konica Minolta CR-400 (Japan) colorimeter. Before assessment, dry uncooked
pasta was milled and sifted in order to obtain a homogenous powder. In triplicate
measurements, L*, a*, and b* color coordinates were determined for each sample of
pasta. AE color difference and Whiteness Index (WI) was determined for every
sample of pasta according to formulas presented below.

AE = \/(Lsample - LO)Z + (asample - aO)Z + (bsample - bo)z (1)

WI =100 — /(100 — L)% + a? + b2 ()
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Cooking quality of pasta

The assessment of the culinary properties was done by cooking 20 g of spaghetti in
300 ml of boiling water for 7 min, after which the following characteristics were
measured (A.A.C.C., 2012).

Optimal cooking time

Cooking time, as determined by the guidelines outlined in AACC Method 66-50, is
an important parameter that reflects the quality of pasta. Prolonged cooking duration
typically results in higher starch, vitamin, and protein loss from the pasta into the
boiling environment. To pinpoint the optimal cooking time, during boiling, at 15 —
second intervals, up to three pasta pieces were extracted, pressed between glass
slides, and visually inspected for the disappearance of the white core.

Swelling index and water absorption index

Swelling index (SI) determination involved the drying of cooked pasta at 105 + 2 °C
until constant weight, while water absorption index (WAI) determination consisted
in the calculation of the amount of absorbed water during cooking. These two indices
were evaluated according to the procedure described by Gull et al. (2018) and
calculated according to the following formulas:

SI = W;/—‘dwd (Wt%) (3)
WAI = % (Wt%) (4)

where: Wcd — weight of cooked drained pasta (g); Wd — weight of pasta after drying
(9); Wr — weight of uncooked pasta, wt% — weight percent (Gull et al., 2018).

Cooking loss (CL)

Cooking loss index shows the total soluble solids (%) that passed into the boiling
water and was determined according to (AACC, 2012), by evaporating the cooking
water at 100 + 2 °C into an oven to dryness.

Sensorial analysis

In order to perform the sensorial test, pasta samples were cooked in the same day.
Seventy untrained panelists (aged 20 to 60 years old), participated in this study and
appreciated the quality of pasta based on the 9-point hedonic scale from "dislike
extremely” to "like extremely”, respectively (1—dislike extremely, 2—dislike very
much, 3—dislike, 4—dislike slightly, 5—neither like nor dislike, 6—Ilike slightly,
7—Iike, 8—like very much and 9—Ilike extremely). Evaluated parameters included
color, appearance, flavor, taste, texture, and overall acceptability. Each parameter
was carefully assessed to provide a comprehensive understanding of the pasta’s
sensory characteristics.

Check-All-That-Apply (CATA)
Check-All-That-Apply (CATA) analysis, which involves presenting panelists with a

list of attributes and asking them to select all the attributes they perceive in each
sample was conducted. This method allows for a comprehensive assessment of
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various sensory characteristics. The study involved 13 semi-trained panelists who
evaluated the pasta samples based on attributes presented in table 1.

Table 1. CATA analysis terms.

Product attribute CATA terms
Color and light yellow, brownish, greenish, dark, spotty, uneven, uniform
appearance

smooth, rough, grainy, soft, medium, fir, crumbly, cohesive, very
Texture - . - - .

cohesive, non-sticky, slightly sticky, very sticky
Aroma nutty, earthy, vegetal, strong bitterness, slight bitterness
Taste nutty, bitter, oily, earthy, moldy

Subsequently, after evaluating the pasta, parameters that were mentioned the least
and did not statistically differentiate the samples were eliminated based on Cochran’s
Q test, with the aim of obtaining more accurate data.

Statistical analysis

All experiments were performed in triplicates. The results are given as mean +
standard deviation (SD). The data were statistically analyzed by ANOVA and Tukey
tests (o= 0.05). The CATA analysis was performed using XLStat software version
7.5.2 for Excel.

Results and discussion
Proximate composition of walnut and oil seeds meal

The quality of the additional raw materials used in pasta production was evaluated
by determining the moisture, fat, protein, and ash content, with the carbohydrate
content calculated by difference. The values of the mentioned parameters are
indicated in Table 2.

Table 2. Proximate composition of walnut, sunflower and pumpkin seeds oil meals.
Moisture, Fat, % Proteins, %  Carbohydrate*, Ash, %
% %
POm 6.89+£0.09% 1591+0.19 46.15+0.25° 25.49+0.16° 5.56 + 0.12°

SfOm 7.73+0.13° 17.35+0.34 32.18+0.12® 36.46 +0.18° 6.28 + 0.09°
WOm 5.83+0.08° 36.58+0.22 25.11+0.18 28.61+0.14® 3.87+0.072

a-c: in each column different letters mean significant differences (p<0.001). * calculated by difference.
POm — pumpkin oil meal; SfOm — sun flower oil meal; WOm — walnut oil meal.

The results indicate significant variations in the composition of the different oilseed
meals. Pumpkin seed oil meal (POm) exhibited the highest protein concentration of
46.15%. This is significantly greater than sunflower seed oil meal (SfOm) with an
amount of 32.18% and walnut oil meal (WOm) with 25.11%. Multiple authors have
extensively discussed the protein profiles of these oilseed meals, particularly
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emphasizing the inclusion of essential amino acids (Nourmohammadi et al., 2017;
Oseyko et al., 2020; Burbano and Correa, 2021). Due to their amino acids profile,
the application of oilseed meals as animal feed has proven to be an efficient process
in promoting animal growth. Studies have demonstrated that the high protein and
essential amino acid contents in these meals contribute positively to the overall
health and growth performance of livestock (Singh and Prasad, 1979; Greiling et al.,
2018; Sezgin and Aydin, 2021; Xiao-dan et al., 2024). In addition to applications in
animal nutrition, these oil meals demonstrate a favorable nutritional profile that can
bring significant benefits to human nutrition as well. For instance, a study by S& et
al. (2023) highlighted that raw pumpkin seed meal contains up to 45% protein and
has an in vitro protein digestibility of 86%, making it an excellent nutritional choice.
Moreover, Gao et al. (2022) showed that biscuits made from pumpkin seed meal
contained 20.4% protein and 19.1% dietary fiber, along with a low glycemic index
of 40.5, making them suitable for a healthy diet. In the same vein, Mao and Hua
(2012) mentioned that defatted walnut flour could be a good resource of essential
amino acids for adults.

Regarding fat, walnut oil meal (WOm) demonstrated the highest fat content of
36.52%, which is consistent with findings reported by several authors (Bakkalbasi
et al., 2015; Burbano and Correa, 2021) who also observed elevated fat levels in
walnut meals, pointing on the high concentration of polyunsaturated fatty acids
(=70%). On the other hand, Pop et al. (2020) mentioned a lower fat content of walnut
press-cake of 21.93%. This discrepancy can be explained by the different ways of
oil extraction, subject that has been addressed by numerous researchers (Labuckas
et al., 2014; Khan et al., 2018; Elouafy et al., 2022). Conversely, pumpkin seed oil
meal (POm) and sunflower seed oil meal (SfOm) showed relatively lower fat
contents of 15.91% and 17.35% respectively.

Impact of oil seed meals on pasta nutritional aspects
The proximate composition of pasta samples is presented in table 3.

Table 3. Proximate composition of pasta samples, %.

Moisture Fat Proteins  Carbohydrate* Ash

Control 9.91+0.172 0.50 +0.012 1159 +0.11* 77.47+£0.13° 0.53 +0.06?

POmMP5%  10.16 +0.17®8  1.30 +0.04° 13.35+0.24% 74.40 +0.14° 0.79+0.01°
POmMP10% 10.68 +0.13® 2.01 +0.04° 14.87 £0.14> 71.42 +0.21° 1.02 £ 0.04¢

SfOmP5% 10.55 + 0.15%® 1.37 + 0.05° 12.57 £ 0.14%® 74.69 + 0.22° 0.82 +0.02°
SfOmP10% 11.06 +£0.21°  2.15 + 0.04° 13.44 £0.14® 72.27 +0.16° 1.08 + 0.03¢
WOmP5% 10.13+0.11* 2.38 +0.03¢ 12.25+0.14® 74,55 +0.14° 0.70 £ 0.04°
WOmP10% 10.21 +0.14%  4.07 + 0.05¢ 12.84 +0.14%® 72.02 + 0.24° 0.85 +0.04°

a-d: in each column different letters mean significant differences (p<0.001). * calculated by difference.
POmP — pasta with pumpkin seed oil meal; SFOmP — pasta with sun flower seed oil meal; WOmP —
pasta with walnut oil meal.
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The obtained results show that the inclusion of oil seed and walnut meals in pasta
formulations boost their nutritional value compared to control sample, whereas fat,
protein and ash content of enriched pasta samples varied by 1.30 — 4.07%, 12.25 —
14.87 and 0.70 — 1.08% respectively, depending on the type and amount of oil meals.
The smallest increase in total mineral content or ash was over 30% for the WOmMP5%
sample, while in the samples with 10% oilseed meal addition, the ash content
increased by 92%, 104%, and 61% for the POmP, SFOmP, and WOmP samples,
respectively, compared to the control sample. Among the mineral substances, it is
important to highlight the significant potassium content in walnut meal — 1.39% of
DM (Gheise et al., 2023) and the zinc content in pumpkin seed meal — 30.3 ug/g.
It is also worth mentioning that the addition of oilseed meals not only quantitatively
enhances the nutritional value of pasta but also qualitatively. As mentioned above,
wheat pasta is low in essential amino acids such as lysine and threonine. Studies
indicate that pumpkin seed meal, for example, contains six times more lysine (1.24
0/100 g) than wheat flour (0.23 g/100 g). In the case of threonine, it is present in
pumpkin seed meal at a quantity of 0.99 g/100 g compared to 0.28 g/100 g in wheat
flour (Litvynchuk et al., 2022).

In Table 4, is presented the calculated essential amino acid composition of the used
oilseed meals, alongside their contributions to the nutritional profile of fortified pasta
formulations. The amino acid content in wheat flour is compared with that from
pumpkin seed, sunflower seed, and walnut seed meals, highlighting the potential
enhancements in the nutritional value of pasta through the incorporation of these by-
products.

Table 4. Essential amino acid composition (mg/g protein) of wheat flour and oilseed meals
and their contribution to fortified pasta (Shoup et al., 1966; Jargensen et al., 1984; Burbano
and Correa, 2021; Sa et al., 2021).

Wheat Pumpkin seed Sunflower seed Walnut
Essential Flour
Amino acid  (Control Meal* Pasta  Pasta Meal* Pasta Pasta Meal Pasta Pasta
pasta)* 5%  10% 5% 10%  * 5%  10%
valine 9.6 400 1477 1839 469 1402 1757 285 1141 1294
Isoleucine 159 380 19.66 2229 405 1882 2115 645 2055 24.49
Leucine 382 610 4208 4479 660 4150 44.14 627 4054 4253
Histidine 242 230 2400 2385 148 2309 2219 175 2356 23.02
e,
Methionine + o, o 560 3015 2055 130 2886 2716 39 2841 2621
Cystelne
Triptophan - nd. 0.00 nd. 0.00 0.00 9.1 0.87 1.61
Phenylalanine o) o 55 5459 5464 1009 6000 6441 473 5381 5323
+ tyrosine
Lysine 157 360 1915 2157 466 1937 2230 362 17.66 19.32
Threonine 229 350 2496 2640 139 21.83 2098 17.1 2235 2187

* — data were taken from literature, for pasta were calculated.
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Based on the data obtained in Table 4 regarding the essential amino acid composition
in fortified pasta with 5% and 10% oilseed meals, several key observations can be
made. The inclusion of pumpkin seed meal, sunflower seed meal, and walnut meal
has resulted in substantial increases in certain amino acids compared to the wheat
flour control sample. Notably, lysine, often the limiting amino acid in cereals, shows
an appreciable increase with the use of oilseed meals. For the pumpkin seed meal-
fortified pasta, lysine content increases from 15.7 mg/g protein in the control pasta
to 19.15 mg/g protein and 21.57 mg/g protein in the 5% and 10% fortified pasta,
respectively. This suggests that incorporating oilseed meals can address lysine
deficiencies commonly found in cereal-based diets, enhancing the nutritional profile
of pasta. Similarly, other essential amino acids experience increases, like isoleucine
and tryptophan, which although absent in some meal varieties, exhibit expansion in
walnuts' fortified pasta with 0.87 mg/g protein and 1.61 mg/g protein at 5% and 10%
fortification. Valine and leucine also see beneficial increments, providing a more
balanced amino acid profile, essential for protein synthesis and muscle health
(Gorissen and Phillips, 2019).

The positive effect of the oil meals incorporation on nutritional value of pasta has
been also reported in numerous studies. Padalino et al. (2018) outlined a
considerably improvement of the bioactive components in pasta enriched with 10%
olive oil meal paste, and namely, the PUFA/SFA ratio was higher than the control
and the total polyphenols content showed an upward trend 82.39 pg/g DW to 245.08
ug/g DW (Padalino et al., 2018). Zaky et al. (2022) mentioned the same effect of
sunflower meal protein isolate in the case of pasta fortification.

Impact of oil seed meals on pasta technological functionality parameters

Determining the technological functionality indices of pasta is essential for assessing
how oilseed meal additions affect the product's integrity during cooking. Parameters
such as swelling index (Sl), water absorption index (WAI), optimal cooking time,
and cooking loss, as presented in Table 5, provide valuable insights into the influence
of these additives on pasta’s physical attributes.

Table 5. Cooking quality indices of pasta samples

SI, WAL, Optimal cooking Cooking

g H,O (g pasta)? g (100 g)* time Loss, %
Control 2.36£0.012 1.83+0.01° 6min15s 3.25+0.042
POmMP 5% 2.12+0.082 1.75+0.022 5min30s 5.21+0.12°
POmMP 10% 1.96+0.042 1.71+0.022 5min15s 6.34+0.09¢
SfOmP 5% 1.62+0.03? 1.80+0.012 6 min 00 s 4.78+0.14%
SfOmP 10% 1.56+0.022 1.78+0.012 5mind45s 6.16+0.07°¢
WOmP 5% 2.01+0.012 1.78+0.022 5mind45s 4.67+0.22%
WOmP 10% 1.87+0.03? 1.74+0.012 5min30s 6.09+0.16°

a-c: in each column different letters mean significant differences (p<0.001). SI — swelling index, WAI
— water absorbtion index, POmP — pasta with pumpkin seed oil meal, SFOmP — pasta with sun flower
seed oil meal, WOmP — pasta with walnut oil meal.
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Cooking losses are largely attributed to soluble proteins. The pasta cooking losses
during the optimal cooking time ranged from 3.25% to 6.34%. The highest loss was
observed in pasta samples with 10% pumpkin seed meal, which is consistent with its
higher protein content (Table 2) (Zaky et al., 2022). Nevertheless, all samples fell
within the acceptable technological limit for pasta cooking losses of 8%. Similar
values were reported by different authors when fortifying pasta with flaxseeds oil
meal (Zarzycki et al., 2020), groundnut meal (Mridula et al., 2016), sunflower oil
meal (Zaky et al., 2022) and other plant additions (Covaliov et al., 2022).

The addition of oil meals decreased the optimal cooking time from 6 min 15 s for
the control sample to values that ranged between 5 min 15 s and 6 min 00 s. Zarzycki
et al. (2020) attributes this to the physical disruption of the gluten matrix caused by
the presence of non-traditional ingredients in the pasta, which can facilitate water
diffusion and reduce the product's cooking time.

Swelling index manifested a slight decreasing trend with the addition of oil meals.
The highest decrease was recorded for samples with the addition of sunflower oil
meal, 1.56 g H2O (g pasta) for SFOmP 10% compared with 2.36 g H.O (g pasta)
for control sample. Several authors attributed this fact to the competition between
starch and fibers for water absorption during pasta preparation, which reduces starch
swelling capacity (Foschia et al., 2015; Padalino et al., 2018). The same decreasing
trend was also observed in the water absorption index. Several authors attempt to
explain this by suggesting that proteins in the additives create a strong matrix that
surrounds the starch granules in wheat flour, thereby inhibiting water penetration
into the starch granules and consequently restricting the water absorption index
(Padalino et al., 2018). On the other hand, Simonato et al. (2019) mentioned an
increase of these two indices when supplemented pasta with olive pomace, clarifying
that the addition of fiber in a pasta dough can cause a structure modification, thus
allowing a quicker water penetration in the pasta matrix and consequently an earlier
starch gelatinization may be induced.

Color parameters

The color of food is considered the most crucial factor in aroma perception; it sets
consumers' expectations of how those food products will taste, as well as the pleasure
or distaste of experiencing them (Velasco et al., 2016). In table 6 are presented the
main chromatic parameters of uncooked pasta. A decreasing trend in lightness (L*)
was observed with the addition of oil meals, with this effect being more pronounced
as the concentration of oil meals increased.

The same decreasing tendency was manifested and by a* (redness) and b*
(yellowness) parameters. The most drastic decrease in the L*, a*, and b* parameters
was observed in the case of the sample SfOmP10%. Consequently, L* reached
values of 43.17 compared to 63.25 for the control sample; the redness (a*) became
less pronounced with values of 1.27 compared to 7.46 for the control sample, and
the yellow-blue component (b*) reached minimal values of 4.98 compared to 38.35.
Similar outcomes were reported by Bianchi et al. (2021) for pasta enriched with
different agro-industrial by-products. Conversely, several researchers reported an
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increase in a* and b* parameters when incorporated watermelon rind powder (Ho
and Che Dahri, 2016) or apple by-product in pasta formulation (Loncari¢ et al.,
2014).

Table 6. Impact of oil seeds and walnut meal on chromatic parameters of uncooked pasta.

L* a* b* AE Wi
Control 63.25+0.21°¢  7.46+0.01¢ 38.35+0.04¢ 46.36+0.04°
POmMP 5% 52.12+0.16*  3.12+0.02° 13.11+0.04¢  27.92+0.12% 50.26+0.08¢
POmMP 10%  48.52+0.22° 2.18+0.02% 12.2140.04¢  30.47+0.09° 47.05+0.11°
SfOmP 5%  43.52+0.26% 2.32+0.01% 8.06+0.12°  36.51+0.14° 42.90+0.08?
SfOmP 10%  43.17+0.17% 1.27+0.01° 4.98+0.09°  39.43+0.07¢ 42.94+0.05
WOmP 5%  46.42+.0.23% 7.05+0.02¢ 11.36£0.14° 31.81+0.22° 44.78+0.22°
WOmP 10% 45.34+0.13%*  6.52+0.01° 9.42+0.07°  34.04+0.16° 44.15+0.16°

a-d: in each column different letters mean significant differences (p<0.001). POmP — pasta with
pumpkin seed oil meal, SFOmP — pasta with sun flower seed oil meal, WOmP — pasta with walnut oil
meal, L — lightness, a — redness, b — yellowness, 4E — color difference, Wl — whiteness index.

Sensory analysis

For sensory analysis, six main characteristics were assessed (color, appearance,
flavor, taste, texture, and overall acceptability). The obtained scores are presented in

Figure 1.

Control
POmMP5%
POmMP10%
SfOmP5%
SfOmP10%
WOmP5%
WOmP10%
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5 .

Appearance Color Flavor Taste Texture Overall acceptance

Figure 1. Boxplot for sensory analysis of pasta samples.

POmMP5%—pasta with 5% addition of pumpkin seeds oil meal, POmP10%— pasta with 10% addition
of pumpkin seeds oil meal, SFOmP5%— pasta with 5% addition of sunflower seeds oil meal,
SfOmMP10%— pasta with 10% addition of sunflower seeds oil meal, WOmMP5%— pasta with 5%
addition of walnut oil meal, WOmMP10%— pasta with 5% addition of walnut oil meal.

From the obtained diagram, it is evident that the samples recorded scores ranging
between 5 (neither like nor dislike) and 9 (like extremely). In fact, scores of 5 were
given by some panelists only to the pasta enriched with sunflower meal, suggesting
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that it had a less favorable impact on the appearance and color parameters.
Nonetheless, the mean values for overall acceptability were: 8.5 for the control
sample, 8.6 for the POmP5% sample, 8.0 for the POmP10% sample, 7.9 for the
SfOMP5% sample, 7.4 for the SFOmP10% sample, 8.3 for the WomP5% sample,
and 8.1 for the WomP10% sample. Consequently, all samples fall within the range
of "like — like extremely," indicating that each type of pasta enriched with meals
could potentially find a niche in the consumer market. This is especially true given
that recent studies suggest today’s consumers are seeking sustainable products that
are in harmony with the environment, promote health, and address climate change
concerns (Capcanari et al., 2023).

Check-All-That-Apply (CATA)
Analyzing the data presented in the CATA plot (Figure 2), a significant difference
between the control sample and the fortified samples can be easily observed.

Symmetric plot
(axes F1 and F2: 96,02 %)
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nutty aftertaste o @
nutty aromae
1 1
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°
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Figure 2. Visualized results of the check-all-that-apply (CATA) analysis of the seven pasta
samples.

POmMP5%—pasta with 5% addition of pumpkin seeds oil meal, POmP10%— pasta with 10% addition
of pumpkin seeds oil meal, SFOmP5%— pasta with 5% addition of sunflower seeds oil meal,
SfOmMP10%— pasta with 10% addition of sunflower seeds oil meal, WOmP5%— pasta with 5%
addition of walnut oil meal, WOmP10%— pasta with 5% addition of walnut oil meal.
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The term “light yellow” appeared alone in the right of the plot and the control sample
was the one described with this descriptor. According to the plot, the samples with
added oil meals had a corresponding aroma and aftertaste. The samples with a 10%
addition of meals were rated as spotty, likely due to the difficulty in completely
homogenizing the pasta dough mixture. These samples also received the bitterness
rating, which could be attributed to the potential rancidity of the fats in the meal
compositions, particularly in the case of walnut meal, which has the highest fat
content. Additionally, the fortified samples exhibited a softer texture compared to
the control sample.

Conclusions

The composition analysis of the oilseed meals revealed that pumpkin seed and
sunflower seed meals, in particular, can serve as excellent sources of protein and
fiber, thereby enhancing the nutritional profile of fortified pasta products.
Nutritionally, protein content in enriched pasta ranged from 12.25% to 14.87%,
compared to 11.59% in the control sample, indicating a notable enhancement. Fat
content also increased from 0.50% in the control to a peak of 4.07% in pasta with
10% walnut meal, while ash content, indicating mineral presence, ranged from
0.70% to 1.08%, up from 0.53% in the control. The fortified pasta showed an
enhanced content of essential amino acids, particularly lysine, which increased from
15.7 mg/g protein in the control pasta to 21.57 mg/g protein in pasta fortified with
10% pumpkin seed meal. This aligns with addressing the typical lysine deficiency
found in cereal-based diets, thus improving the nutritional balance of the pasta.

In terms of technological functionality, the addition of oil meals affected the cooking
quality by reducing the optimal cooking time and slightly decreasing the swelling
and water absorption indices. The incorporation of oilseed meals in pasta
formulations resulted in cooking losses ranging from 3.25% to 6.34%, all within
acceptable limits, indicating that the enriched pasta retains a substantial amount of
its nutrients even after cooking.

The color parameters of the pasta also change significantly, with a noticeable
reduction in lightness, redness, and yellowness as the concentration of oil meals
increases.

Sensory analysis revealed all enriched samples were well-received, with preference
scores ranging from 7.4 to 8.6 on a scale from 1 to 9, all falling within the "like - like
extremely" category. Sunflower meal-enriched pasta was slightly less favored in
appearance and color. Among the various formulations, pasta enriched with 10%
pumpkin seed meal showed the most significant improvements in both nutritional
value and technological functionality, representing the most successful enhancement
in this study.
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