friried applied
e sciences

Article

Effects of Allium ursinum L. Leaves and Egg Amount on Quality
Attributes, Polyphenol Content, and Antioxidant Capacity

of Pasta

Cristina Adriana Rosan 1/t

Manuel Alexandru Gitea 31

check for
updates

Citation: Rosan, C.A.; Bei, M.E,; Tocai,
A.C.; Gitea, M.A.; Vicas, S.I. Effects of
Allium ursinum L. Leaves and Egg
Amount on Quality Attributes,
Polyphenol Content, and Antioxidant
Capacity of Pasta. Appl. Sci. 2024, 14,
7517. https://doi.org/
10.3390/app14177517

Academic Editors: Monica Gallo,
Joanna Kapusta-Duch and Barbara

Borczak

Received: 30 July 2024
Revised: 17 August 2024
Accepted: 23 August 2024
Published: 25 August 2024

Copyright: © 2024 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

, Mariana Florica Bei 1{0, Alexandra Cristina Tocai (Motoc) 209,
and Simona Ioana Vicas 1-2/*

Department of Food Engineering, Faculty of Environmental Protection, University of Oradea, 26 Gen.
Magheru Street, 410048 Oradea, Romania; crosan@uoradea.ro (C.A.R.); mbei@uoradea.ro (M.EB.)
Doctoral School of Biomedical Science, University of Oradea, 410087 Oradea, Romania;
tocai.alexandra@gmail.com

Department of Agriculture, Faculty of Environmental Protection, University of Oradea, 26 Gen. Magheru
Street, 410048 Oradea, Romania; mgitea@uoradea.ro

*  Correspondence: svicas@uoradea.ro

These authors contributed equally to this work.

Abstract: Pastas enriched with vegetables are premium nutritious products and their consumption
can bring significant health benefits. Recent studies have reported a high content of bioavailable
phytochemical compounds in Allium ursinum L.; as such, it can be used in the development of
functional food products. This study involved the evaluation of 10 varieties of pasta. Five of these
varieties were made from white flour and varying amounts of egg (Ctrl_1-Ctrl_5). The other five
varieties (AU_1-AU_5) contained fresh shredded wild garlic leaves in equal proportions (20 g) in
addition to the corresponding ingredients (white flour and egg). All pasta variants were investigated
for their cooking properties and the presence of bioactive compounds and antioxidant capacity in
the raw and cooked pasta. Sensory analysis was conducted on all types of cooked pasta, and results
indicated that the pasta with the least quantity of eggs was the most favoured variant. Additionally,
the pasta that was enhanced with wild garlic leaves received the highest rating for “overall quality”.
According to our results, the optimal cooking time (OCT) increased when the quantity of eggs was
raised, but when wild garlic leaves were present, OCT decreased in comparison to the control samples.
A significant decrease (p < 0.05) in the cooking parameters, swelling index, and water absorption
was observed in both egg pasta (Ctrl) and egg pasta enriched with A. ursinum L. (AU). However,
compared to the corresponding egg pasta, the presence of wild garlic in pasta generally produced
higher values in SI and WA. Pastas enriched with wild garlic are rich in polyphenols (TPh), with
a content ranging from 82.44 to 94.62 ug GAE/g dw, and also exhibit antioxidant properties. The
amount of total polyphenol significantly decreases (p < 0.05) during cooking varies depending on
the composition of the pasta. The pasta with the highest egg content (AU_5) had the lowest loss of
polyphenols, equivalent to 55.35%. Our investigations indicate that producing pasta with eggs and
fresh wild garlic leaves results in a valuable food product with a good sensory score, enriched in
bioactive components, with essential nutrients that maintains cooking qualities.

Keywords: pasta; cooked quality; A. ursinum L.; wild garlic; antioxidant properties; phenolic
compounds; sensory quality

1. Introduction

Pasta is regarded as an essential type of food for human nutrition [1] and is a traditional
and popular dish in some cuisines around the world [2]. It is also an easily prepared and
commercially accessible product [3]. Pasta is the second most popular food worldwide in
terms of consumer preferences, right after bread [4]. The most recent report (2022) from the
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International Pasta Organization (IPO) lists Italy, Tunisia, Venezuela, Greece, and Peru as
the top five pasta-consuming nations across the globe [5].

Muresan et al. (2017) [6] define pasta as food products that are boiled, extruded, and
dried, with water and wheat or wheat flour as their main ingredients. The most popular
ingredient used in their production is durum semolina, valued for its high protein and high
gluten content [7]. It determines both the quality of cooked pasta and its yellow colour,
which in turn influences the consumers’ choice.

In terms of their nutritional values, traditional pasta made exclusively from du-
rum semolina contains 3.6% carbohydrates and fibre, 14.3% protein, 1.79% fats, and iron
(1.29 mg/100 g) [8]. However, for financial reasons, pasta manufacturers in many countries
use either common wheat flour, which is significantly less expensive than durum semolina,
or a combination of common wheat flour and semolina [9]. Since pastas made from these
blends is of lower quality than pasta made from durum wheat, adding egg (whole, yolk,
pasteurized, frozen, or powdered) into their composition improves their cooking parame-
ters, nutritional value, and colour [10]. Pasta dough that has more egg added to it will also
have a more intense yellow tint because yolks contain carotenoid pigments. Technologically
speaking, as the egg content increases, the elasticity of the dough decreases and the mixing
time is shortened because the protein penetrates the matrix of the product [2].

Studies indicate that poor nutrition is thought to be the root cause of many health
issues [11]. In this sense, many experts are researching the innovation of functional foods
in an effort to find quick and workable ways to fortify food products with plant-based
ingredients (leaves, fruits, cereals, grains, vegetables, tescocholine, seeds, and mushrooms).
Adding these ingredients to products in different forms—such as powdered, pureed,
shredded, or encapsulated—can enhance the quality of life for consumers.

Among food products, pasta has undergone extensive testing. Thus, the pasta compo-
sition included the following: sweet corn “milk” residue [12], kelp (Artospira Phratensis) [13],
wild garlic (Allium ursinum L.) [2], artichoke (Cynara scolymus L.) [14], mango (Mangifera
indica L.) seed powder [15], onion peel flour [16], spinach (Spinacia oleracea L.) and red
cabbage (Brassica oleracea convar. capitata var. capitata f. rubra) [17], carrot puree, red beet,
spinach and canned tomato puree [18], celery root powder (Apium graveolens L.) and sugar
beet (Beta vulgaris L.) pulp [19], asparagus (Asparagus officinalis L.) flour [20], raspberries,
blackcurrants, redcurrants, and blackberries [21].

Alium ursinum L. (AU), also known as wild garlic, ramson, or bear’s garlic, is a peren-
nial plant that is widely distributed throughout Europe. It belongs to the Amaryllidaceae
family and is a member of the genus Allium. It grows best in shady, humid environments
close to watercourses or deciduous forests [22-24].

Studies by Kovacevici et al. (2023) [25] revealed the presence of essential amino acids
in wild garlic leaves, of which threonine, valine, methionine and leucine are predominant.
Wild garlic is also a source of secondary metabolites, quercetin and kaempferol being the
predominant flavonoids.

The plant is known for its rich content of sulphur compounds, alline, and methionine,
due to which wild garlic exhibits antioxidant capacity [26-30], and cytotoxic on tumour
cells [31]. Research published in the literature has shown how beneficial these substances
are for treating a variety of ailments, strengthening the immune system, and preventing
cardiovascular diseases [29]. A. ursinum L. is characterized by a strong garlic (A. sativum)
flavour due to the presence in their composition of sulphur, odourless compounds such as
cysteine-sulfoxides. When tissue is destroyed, these sulphur-based compounds undertake
hydrolysis reactions that are catalysed by endogenous enzymes called lyases. This process
produces a wide range of volatile compounds. Thiosulfinates, mainly allicin, are the
primary product of the enzyme lyases present in wild garlic as the alline substrate [24].
Although these compounds have been shown to have a positive impact on health, their
flavour may influence consumer acceptance.

To our knowledge there is only one study that has used wild garlic leaves in pasta [2],
under three forms, including the encapsulated form, having as the encapsulation matrix



Appl. Sci. 2024, 14, 7517

3o0f17

maltodextrin, probably to mask the strong aroma of the wild garlic. But, maltodextrin is not
the most suitable encapsulation material because it is less effective in masking the strong
odour and taste compared with other encapsulating materials Another aspect which may
be a limiting factor in the use of wild garlic leaves in pasta is given by the colour. Some
consumers accept only the classic yellow colour for pasta, but others might associate the
green colour of pasta with healthy natural ingredients.

Compared to other studies that have used only plants as a fortification of pasta, the
novelty of this study is the inclusion in the composition of pasta at the same time both the
egg, which brings a high nutritional value, and the leaves of wild garlic that comes with
its contribution in bioactive compounds. In light of the previously mentioned ideas, we
added fresh A. ursinum L. leaves to the pasta dough at a fixed quantity (20 g) and varied
the amount of egg from 0-100 g for the study. We measured the impact of integrating
the aforementioned components on the antioxidant potential, total polyphenol content of
cooked and uncooked pasta, and looked at sensory attributes such as colour, texture, and
cooked quality of enriched pasta.

2. Materials and Methods
2.1. The Process of Preparing the Leaves of A. ursinum L.

Fresh leaves were collected at the end of March 2024, on the day of pasta preparation,
from a population of A. ursinum L. located in the Baile Felix Forest, Bihor County, Romania,
located by plus code XPJ+37X Baile Felix and the following GPS coordinates: 46°59'06.9” N
21°58'50.7" E. The identification of A. ursinum L. plant was made at the Department
of Pharmaceutical Botany at the University of Oradea, Faculty of Medicine and Phar-
macy. A specimen of A. ursinum L. was kept in the Herbarium of the Faculty of Medicine
and Pharmacy Oradea, Romania, registered in NYBG Steere Herbarium, under the code:
UQOP 05718.

In order to be incorporated into the pasta composition, the fresh leaves were subjected
to preliminary processing steps (Figure 1). Thus, after harvesting, the leaves were immedi-
ately brought to the laboratory where they were washed, and placed in boiling water for
5 seconds in order to modify their texture. The opaque leaves were thoroughly drained,
scored with a knife, and thus used for dough formation.
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Figure 1. Preparation of fresh leaves of A. ursinum L.

2.2. Pasta Preparation

The pasta was made from white flour of common wheat (Triticum aestivum L.) type
000 and organic eggs of chicken (Galus domestica), size M, purchased from the local com-
mercial network. Eggs were transported and stored in refrigerated (4 °C) conditions until
processing (1 day).

Using the aforementioned protocol, five distinct pasta variations (Table 1) were made
with fixed amounts of minced and scalded wild garlic leaves (20 g) and varied amounts
of egg (0 g, 10 g, 20 g, 50 g, and 100 g). To highlight the part that wild garlic plays for the
cooking qualities of pasta, five additional pasta variations were made without the addition
of wild garlic and with the same different egg concentrations (Table 1). The dough obtained
by the aforementioned processes was kneaded by hand for 10 min, left to rest, then it was
shaped to 3 mm thickness and cut into 7 mm wide strips using a Griinberg GR 155 type
noodling machine. The pasta obtained were dried at a temperature of 30 °C in an oven
(Nitech Pol Eko oven, model CLN 53, Wodzistaw, Poland) to constant weight.
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Table 1. Formulations of egg pasta enriched with wild garlic leaves.

Pasta Common Wheat Egg A. ursinum L. Water Salt
Samples Flour (g) (g Leaves (g) (ml) (g)
AU_1 220 0 20 100 0.5
AU_2 220 10 20 90 0.5
AU_3 220 20 20 80 0.5
AU_4 220 50 20 50 0.5
AU_5 220 100 20 0 0.5
Ctrl_1 240 0 0 100 0.5
Ctrl_2 240 10 0 90 0.5
Ctrl_3 240 20 0 80 0.5
Ctrl_4 240 50 0 50 0.5
Ctrl_5 240 100 0 0 0.5

Ctrl_1, Ctrl_2, Ctrl_3, Ctrl_4, and Ctrl_5 represent the experimental variants of egg pasta containing 0 g, 10 g,20 g,
50 g, and 100 g whole egg; AU_1, AU_2, AU_3, AU_4, and AU_5 represent the experimental variants of egg pasta
containing 0 g, 10 g, 20 g, 50 g, and 100 g whole egg and a constant concentration of wild garlic (20 g).

All pasta variants obtained were tested for cooking quality parameters, total polyphe-
nol content, and antioxidant capacity, with the experimental design being shown in Figure 2.

Allium ursinum L.
leaves

7
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Figure 2. Experimental design. Ctrl_1, Ctrl_2, Ctrl_3, Ctrl_4, and Ctrl_5 represent the experimental
egg pasta variants containing 0 g, 10 g, 20 g, 50 g, and 100 g whole egg; AU_1, AU_2, AU_3,
AU_4, and AU_5 represent the experimental egg pasta variants containing 0 g, 10 g, 20 g, 50 g, and
100 g whole egg and a constant concentration of wild garlic leaves (20 g). TPh—Total polyphenols,
FRAP—Ferric-Reducing Antioxidant Power, OCT—Optimal Cooking Time, CL—Cooking Loss,
SI—Swelling Index, WA—Water Absorption, HT—Hydration.

2.3. Determination of Cooking Properties

Consumer acceptability of a pasta assortment is reflected by the indicators of cooking
quality, appearance, and sensory properties of pasta [21].

Optimum cooking time (OCT): In 300 ml of boiling water, without salt added, 25 grams
of pasta was immersed and cooked, determining at 30 seconds intervals the appearance
of the starch core by pressing a piece of pasta between 2 glass slides. Pasta whose central
starch core disappeared was considered to be optimally cooked [32].

Cooking loss (CL): Determined when boiling 10 grams of pasta at the optimal time
in 100 mL of water without the addition of sodium chloride. After boiling, the pasta
was drained, the resulting boiling water was brought to the initial volume (100 mL),
homogenized, then a volume of 25 mL was measured and placed in an oven at 105 °C,
where it was kept until the residue reaches constant weight. The cooking loss (CL) was
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calculated (Equation (1)) by the difference between the dry residue mass (DRM) and the
initial dry dough mass (DDM) [33].

DRM

CL= Opm

x 100 1)

The swelling index (SI) was determined by cooking 10 g of pasta at OCT. The cooked
pasta was drained for 1-2 min, weighed and dried for 4 h at 105 °C until it reached
constant weight. The determination of the swelling index (SI) was calculated according to
Equation (2) [34].

_Vo—Vq

SI )

Vi

where v = dry pasta weight and v; = cooked pasta weight

Water absorption (WA) represents the amount of water absorbed by the pasta during
cooking at OCT and was calculated according to Equation (3) [32].

wA = 2710 00 3)
mo

where m = the weight of cooked pasta and my = the weight of raw pasta

The hydration test (HT) was determined by immersing 5 g of pasta in a beaker with
100 ml of water maintained at 25 °C. At different time intervals of 5, 10, 15, 30, 60, 90, and
180 minutes, the samples were drained for 1 minute, weighed, and the process was repeated
for the next time interval. The results were calculated according to Equation (4) [32].

_Vi—Vo

HT x 100 (4)

Vo
where v; = the weight of the raw hydrated pasta and vy = the weight of the dry raw pasta

2.4. Extraction and Spectrophotometric Determination of Total Phenols from Raw and Cooked Pasta

Extraction of phenolic compounds. Using the procedure outlined by Jabrec et al.
(2015) [35] the free fraction of phenolic compounds in pasta samples was determined.
Briefly, 1 g of ground sample of uncooked and cooked pasta was moistened with 2.5 mL
ethanol:water dilution in 4:1 (v/v) ratio, sonicated at 40 °C for 15 min (machine name),
centrifuged for 10 min at 5000 rpm (NUVE NF 200 BENCH TOP CENTRIFUGE, Ankara,
Turkey) and the supernatant was used for the determination of total phenolic compounds
and antioxidant capacity.

The total phenolic compounds content in the uncooked and cooked pasta was mea-
sured using the Folin—Ciocalteu method described by Singleton et al. (1999) [36], with minor
modifications [37]. Briefly, 1.7 mL distilled water was mixed with 0.1 mL hydroalcoholic
extract of pasta, 0.2 mL freshly prepared Folin-Ciocalteu reagent (1:10 dilution, v/7), and
1 mL NayCO3 7.5% solution. The samples were then vortexed and incubated in the dark at
room temperature for 2 h. The absorbance was read at 765 nm using a spectrophotometer
(Shimatzu miniUV-Vis spectrophotometer, Kyoto, Japan) and the results were expressed as
mg gallic acid equivalents (GAE)/g dry weight (dw).

2.5. Determination of Antioxidant Capacity

The antioxidant capacity of the pasta samples was determined by the Ferric Reducing
Antioxidant Power (FRAP) method using the protocol described by Benzie and Strain,
1996 [38] with minor modifications [39]. This method is based on the antioxidant power of
the samples, i.e., the ability of the pasta extract to reduce in acidic medium Fe3* from the
tripyridyltriazine Fe (TPTZ)** complex to Fe?* from the blue-coloured Fe (TPTZ)?** complex.
FRAP reagent is prepared fresh by mixing 300 mM acetate buffer (pH 3.6) with 20 mM FeCl3
and 10 mM TPTZ solution in the ratio 10:1:1 (v/v/v). The sample preparation consisted of
mixing 0.1 mL of pasta sample extract with 0.5 mL of FRAP reagent and 2 mL of distilled
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water, followed by vortexing and incubation for 1 h in the dark at room temperature.
The absorbance was measured at 595 nm using a spectrophotometer (Shimatzu miniUV-
Vis spectrophotometer, Kyoto, Japan). The results were expressed as pmol TE (Trolox
equivalent)/g dry weight (dw).

2.6. Sensory Evaluation of Cooked Pasta

The degree to which a consumer finds pasta acceptable is referred to as the pasta’s
sensory quality, with cooking serving as a tactical phase in the assessment of sensory
attributes [40]. Using a 9-point hedonic scale [18], ten evaluators of both sexes and aged
between 20-50 completed the sensory evaluation. They evaluated eight quality attributes:
appearance, shape, texture, colour, smell, taste, stickiness, and chewing sensation. Pasta
from each sample was cooked at the optimal cooking time, drained of excess water, and
allowed to cool to room temperature. Then, the pasta was placed on white disposable
plates and, along with the taster sheet, was randomly given to each assessor. The assessors
received prior training on how to administer and finish the tasting sheet. Water was used
to rinse the oral cavity in between each tasting.

2.7. Statistical Analysis

The results are reported as the mean + standard deviation (SD) from three sepa-
rate experiments. The statistical significance between samples was assessed using a one-
way analysis of variance (ANOVA) and Tukey’s multiple comparison test. The software
GraphPad Prism (version 8.01) was used for this analysis. p < 0.05 was considered to be
statistically significant.

3. Results and Discussion

The presence of egg in the pasta represents a key factor that affects the pasta’s cooking
parameters, colour, and texture, while offering additional nutritional advantages. In this
study, five types of pasta were made with different concentrations of egg (0-100 g), but
which also included wild garlic leaves, in a constant concentration in all variants (20 g).
For this pasta, it was first observed how the amount of egg influences the pasta cooking
parameters. Secondly, it was observed how the presence of A. ursinum L. influences both
the cooking parameters and the presence of bioactive compounds with antioxidant capacity
from the pasta. In the same manner, other types of pasta, containing different amounts of
egg but no wild garlic, have been prepared.

3.1. Cooking Quality of Pasta

The duration of cooking is an important indicator in determining the quality of pasta
for consumers. The optimal cooking time is influenced by the protein content of pasta.
Gluten in pasta forms a strong matrix, and thus limits the access of water to the starch,
which results in a longer starch gelation time. Our results have shown that increasing the
amount of egg also increased the optimal cooking time. Thus, the cooking time almost
doubled in the case of the Ctrl_5 variant, where the amount of egg was 100 g (Table 2)
compared with Ctrl_1, without egg. On the other hand, the presence of wild garlic leaves
led to a decrease in the cooking time, by an average of few seconds, compared with the
control samples. Filipcev et al. (2023) also observed similar results in all pasta formulations
using A. ursinum L. [2]. Overall, when pasta was enhanced with various vegetable sources,
the results showed a reduction in OCT. This was mostly related to the dietary fibre content,
which plays a role in the destruction of the protein network and accelerates up the starch’s
gelatinization [41]. On the other side, Teterycz et al. (2019) have shown that each additional
egg increased the cooking time by enhancing the consistency of the protein starch struc-
ture. Adding one egg to a sample of common wheat flour increased the cooking time by
one minute, and adding two eggs increased cooking time by two minutes [42].
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Table 2. Cooking quality parameters of egg pasta enriched with wild garlic leaves.

OCT WA CL
Pasta Samples (Minutes) SI (%) (%)

AU_1 450 + 0.00 de 291 +0.042 225.50 + 0.712 258 + 0.0 4f
AU_2 5.75 + 0.35 ©df 2.73 +0.03 2b 217.07 +£2.922 2.56 + 0.05 4f
AU_3 6.50 =+ 0.00 bof 249 +0.06° 202.71 +£ 5.25b 240 £0.018
AU_4 7.75 £ 0.35 <P 2.29 4+ 0.10 be 194.50 + 7.78 b 2.07 +£0.02h
AU_5 940+ 0.142 2.06 + 0.08 bd 196.37 + 1.94 bd 1.93 + 0.02 &
Ctrl 1 475+ 035¢ 2.38 £ 0.06 be 190.67 + 0.47 b 3.71 £0.052
Ctrl 2 6.00 £ 0.00 &£8 2.18 + 0.04 of 185.05 + 1.48 bf 340+ 0.01b
Ctrl 3 6.70 + 0.35 <8 2.07 + 0.09 <& 180.14 + 1.61 ¢f8 3.00 £ 0.01¢
Ctrl_4 8.25 + (.35 ab 1.92 +£0.09h 172.77 +3.91 fh 257 +£0.044
Ctrl 5 9.50 +0.712 1.66 & 0.04 1 171.08 +2.94 fi 1.89 +0.00 ¢

Data are expressed as the mean £ SD (n = 3). Different letters superscripts in the same column indicate significant
differences between the samples (p < 0.05). OCT—Optimal Cooking Time, SI—Swelling Index, WA—Water
Absorption, CL—Cooking Loss; Ctrl_1, Ctrl_2, Ctrl_3, Ctrl_4, and Ctrl_5 represent experimental egg pasta
variants containing 0 g, 10 g, 20 g, 50 g, and 100 g whole egg; AU_1, AU_2, AU_3, AU_4, and AU_5 represent
experimental egg pasta variants containing 0 g, 10 g, 20 g, 50 g, and 100 g whole egg and a constant concentration
of wild garlic (20 g).

The SI index provides data on the extent to which the weight or volume of pasta
increases during the cooking process. Our findings clearly show, that when the amount
of egg in the pasta increases, the SI significantly decreases. This is probably of result of
egg albumin coagulating and forming a stronger network with the gluten in the dough,
which restricts water from passing through the pasta. Furthermore, the egg’s lipid content
generates a lipophilic condition that restricts the absorption of water by the starch.

The SI values of pasta, with or without wild garlic, decreased as the concentration
of eggs increased. The lowest SI value of 1.66 + 0.04 was observed in the Ctrl_5 sample
(Table 2). On the other hand, the presence of wild garlic in the pasta resulted in a signifi-
cantly increase in SI compared to the equivalent control egg pasta samples, probably due
to the fact that wild garlic leaves allow water absorption. Filipcev et al. (2023) obtained
comparable results when analysing pasta enriched with wild garlic powder [2]. The pasta
showed low SI values compared to the control, but the amount of leaves powder did not
significantly affect the SI value. The SI value was strongly correlated with WA (water
absorption). The pasta with the highest egg content (Ctrl_5) recorded low values of both
SI and WA (Table 2). The presence of wild garlic in the pasta resulted in a significantly
increasing (p < 0.05) in water absorption compared to the corresponding control samples.
The situation was also influenced by the amount of the egg, as an increase in its quantity
results in a decrease in WA. The literature specifies that a higher water absorption suggests
the presence of starch in higher amount, while a lower value represents a higher protein
content [42]. However, in the study by Teterycz et al. (2019), the weight increase index value
was increased for pasta to which the highest amount of egg was added [42]. In another
study, Lambrecht et al. [43] showed that cooking properties, including water absorption,
are influenced by the source of protein. Thus, the use of whole egg in noodles resulted in
a decrease in WA, due to a stronger and tighter protein network that reduced the water
absorption capacity, whereas the use of egg whites resulted in an increase in WA, due to
albumin creating a weaker network.

In agreement with the literature, values between 150-200% for WA and a value of
about 1.8 for SI are considered to be specific for quality pasta, without the addition of
other ingredients [41].

The cooking loss (CL) parameter value was dependent on egg concentration. Increas-
ing the amount of egg resulted in a decrease in solids loss during cooking. The highest CL
value was recorded for the sample without egg, Ctrl_1 (3.71 & 0.05%), and the lowest for
the sample with the highest egg content (Ctrl_5) of 1.89 £ 0.00% (Table 2). The wild garlic
pasta showed a similar trend, although the CL values ranged from 2.58 to 1.93%, which
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were less than the control pastas (Table 2). These findings corroborate those published
by Porto Dalla Costa et al. (2016) [44], who emphasize that adding eggs to pasta that has
been fortified with fibre leads to a more intricate protein network that inhibits solid footing.
Pasta with a loss of up to 8% is deemed acceptable, according to the literature [41,42], and
the pasta obtained in this study met this criterion.

The hydration test involves immersing dry pasta in water at a specific temperature,
such as 25 °C, and measuring its weight at various time intervals. This test gives valuable
information about the quality and characteristics of pastas. As shown in Figure 3, hydration
of pastas occurs after 5 min, within a range of 25.10% and 20.70%, in the decreasing order of
the amount of egg. In the case of pasta with wild garlic and egg, the hydration capacity had
values between 25.38% and 28.14% after 5 min of hydration. After 60 min, the hydration
plateau was reached. All of our pasta variations held their shape and did not crumble when
put through the hydration test, indicating strong structural integrity, a crucial component
of cooking qualities.

— AU — Cuil_1

— — AU2 — Cul 2

— AU 3 = Cir] 3

— AU 4 — Ctrl 4

HT (%)

AUS Ctrl 5

100 150 200 0 50 100 150 200

minutes minutes

(a) (b)

Figure 3. Hydration test (HT) of raw pasta with wild garlic (a) and without wild garlic (b). Ctrl_1,
Ctrl_2, Ctrl_3, Ctrl_4, and Ctrl_5 represent the experimental variants of egg pasta containing 0 g, 10 g,
20 g, 50 g, and 100 g whole egg; AU_1, AU_2, AU_3, AU_4, and AU_5 represent the experimental
variants of egg pasta containing 0 g, 10 g, 20 g, 50 g, and 100 g whole egg and a constant concentration
of wild garlic (20 g).

Thus, the cooking properties and quality of pasta are strongly influenced by the
formation of covalent networks between proteins (gluten and egg albumin) and starch
gelatinization [43].

Pasta is often a basic dish made with just two ingredients: flour and water. Starch,
a type of carbohydrate, and gluten, a type of protein, are the two biopolymers found in
flour. When exposed to water, the components of gluten—gliadin and glutenin—form a
robust gluten network. Using mechanical and thermal energy, starch granules are dispersed
throughout the protein network in the presence of water to create the pasta structure. To
maintain the superior qualities of the dough, a compact, cross-linked structure produced
by the gluten proteins is needed, which is stabilized by hydrogen bonds and hydrophobic
interactions. When water is added to wheat flour and mixed together, the proteins take
on an open structure, allowing hydration, swelling, and loosening of the bonds that hold
the structure together [21]. Stretching the polymers under extensional stresses results in
structural deformation and a decrease in covalent interactions. As a result, the disulfide
bonds break and then re-establish, generating a network that is aligned in the direction
of extension. The thickness of the sheets decreases and their interaction rises with an
increase in mixing time. The gluten maintains the starch granules bound and placed in a
well-developed protein matrix. Pasta is dried at the end of the process to reduce its moisture
content under 12%. Three processes occur during pasta drying that cause the protein film
to solidify: protein aggregation, polymerization, and denaturalization [21]. Water is simul-
taneously absorbed during cooking, creating an equilibrium between two mechanisms:
protein hydration and coagulation and starch granule expansion and gelatinization. Good
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quality pasta is produced when protein coagulation succeeds in consolidating the protein
matrix and trapping starch within it. Water then gradually permeates the network and
gelatinization occurs. However, if starch swelling and solubilization are predominant,
the gluten matrix tends to break down and release amylose into the cooking water, while
amylopectin stays on the top and makes the pasta stickier [21].

Recently, attempts have been made to create novel pasta formulas that offer bioactive
ingredients that are beneficial for human health in addition to necessary nutrients and
energy [45]. Pasta’s wheat flour is deficient in essential amino acids including methion-
ine, lysine, and threonine, and has a protein content of only 10%. In order to complete
the profile of necessary amino acids and proteins, exogenous proteins—like those from
eggs—are added. Pasta made with egg albumin has a higher breaking strength and a
better cooking tolerance, which reduces cooking losses [45]. Our results show that in-
creasing the egg content in the pasta composition resulted in a significant decrease in CL
(p < 0.05), but increased the optimal cooking time (Table 2). The functional qualities of
the pasta, particularly its antioxidant capacity and polyphenol content, are enhanced by
the addition of A. ursinum L. leaves. Further research is needed to fully understand the
impacts of the interaction between the bioactive components in wild garlic and the proteins
or lipids in pasta, which could have a result on cooking qualities and the exploration of
oxidative stability.

3.2. Polyphenols and Antioxidant Capacity from Raw and Cooked Egg Pasta

The addition of wild garlic leaves ensured a source of polyphenols in the pastas. Table 3
shows the polyphenol content values of pasta variants with different egg concentrations, in
parallel with the polyphenol content of cooked pasta.

Table 3. Total polyphenols content from raw and cooked egg pasta formulations.

Raw Pasta
AU 1 AU 2 AU 3 AU 4 AU 5
TPh (ug GAE/g dw) 8452 +236P 82.44 +0.76 P 86.01 = 2.017b 90.00 & 1.16 2P 94.62 +0.832
FRAP (umol TE/g dw) 12456 + 1.11P 121.62 +2.10° 124.82 4+ 3.83P 126.12 & 3.09 P 158.12 + 1.612
Cooked Pasta
TPh (ug GAE/g dw) 23.29 +0.70 © 26.43 + 0.35 de 27.37 + 0.70 ¢4 36.05 + 0.63 P 4225+ 1.462
FRAP (umol TE/g dw) 25.44 + 259 P 31.56 £ 2.10 &b 38.94 +8.774 37.32 4+ 0.74 ab 38.76 + 3.332

Data are expressed as the mean + SD (n = 3). Different letters superscripts in the same line indicate significant
differences between the samples (p < 0.05). TPh—Total polyphenols, FRAP—Ferric-Reducing Antioxidant Power.
AU_1, AU_2, AU_3, AU_4, and AU_5 represent experimental egg pasta variants containing 0 g, 10g,10g,20 g,
50 g, and 100 g whole egg and a constant concentration of wild garlic leaves (20 g).

The amount of wild garlic leaves introduced in the pasta was constant in all experi-
mental variants. The polyphenol concentration of fresh wild garlic leaves was found to be
1.99 & 0.01 mg GAE/g fresh weight, while the polyphenol content of the pasta ranged from
82.44 to 94.62 ug GAE/g dw (Table 3), probably due to the fact that, although the same
amount of wild garlic leaves was introduced, their distribution was uneven in the final
product. The possibility that some amino acids (tryptophan, tyrosine, and cysteine) in the
egg may react with the Folin—Ciocalteu phenol reagent suggests an additional explanation
for an increase in overall phenol level, particularly in the pasta samples with high egg
content [46]. Similar results were obtained by Vitali et al. (2020) [20], by the addition of
asparagus flour in concentrations of 5, 10, 15, 20, and 25%, fortification which led to an
increase in the polyphenol content in the raw pasta from 0.03 mg GAE/g pasta in the con-
trol sample to 3.25 mg GAE/g pasta in the sample with 25% asparagus flour concentration.
The addition of 4% parsley flour results in an increase of polyphenol content in the raw
pasta by 67% compared to the control [47].
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The cooking process decreases the polyphenol content of pasta. This loss of polyphe-
nols depends on the amount of egg added. Thus, the highest loss of phenols was recorded
in the case of the AU_1 variant (without egg), i.e., 72.45%. The pasta with the highest
amount of egg (AU_5) retained a higher amount of polyphenols, the loss being 55.35%.
Similar results were obtained by Amoriello et al. (2022) [14], who added artichoke byprod-
ucts in the composition of pasta which led to increased phenolics content in raw pasta.
Pasta fortified with artichoke byproducts lost 70% of its polyphenol content when it was
cooked. Michalak-Majewska et al. (2020) [16], incorporated onion peel flour into pasta in
percentages ranging from 2, 5, and 7.5 g/100 g flour, observing a slight increase in total
phenolic content in both uncooked and cooked pasta, the highest amount having been
found in pasta with 7.5% added onion flour, while the cooked control sample had almost
halved polyphenol content.

Additionally, in other studies, it was found that cooking reduced the amount of
phenolic compounds in pasta, although this was dependent on the pasta matrix [2,13].
Nevertheless, an increase in phenolic compounds was also noted in the literature [48] after
cooking, most likely as a result of these compounds being extracted from the protein matrix
more effectively.

The level of total polyphenols in enriched pasta has an influence on its antioxidant
capacity. Also, the presence of sulphur compounds in wild garlic contributes to the
antioxidant capacity of pasta enriched with A. ursinum L. The FRAP method was used to
evaluate the antioxidant capacity of pasta fortified with the same amount of A. ursinum
L. in all variants. In the case of raw pasta, the highest FRAP value was recorded in
the case of the sample with the highest amount of egg, AU_5 (158.12 & 1.61). Among
the other pasta samples (AU_1-AU_4), there were no significant differences in terms of
antioxidant capacity. On the other hand, during cooking, there is a loss of polyphenols
in the cooking water, having consequences on the antioxidant properties, which recorded
losses between 20.42% and 31.33%. The antioxidant capacity of uncooked pasta (AU_5) was
significantly higher than that of the other samples. This could be related to the phenols and
sulphur compounds in wild garlic, as well as the antioxidants lutein and zeaxanthin found
in eggs [49].

3.3. Sensory Attributes Results of Pasta

Cooked pasta must meet consumer acceptability criteria. Therefore, consumer eval-
uation of sensory attributes is very important. Samples of cooked pasta were evaluated
using a 9-point hedonic scale (9 corresponding to “Extremely pleasant” and 1 to “Extremely
unpleasant”), by 10 raters who rated eight quality attributes: appearance, shape, texture,
colour, smell, stickiness, and chewing sensation (Table 4).

Table 4. Sensory attributes of cooking egg pasta and egg pasta fortified with wild garlic.

Sample Texture Form Appearance Colour Taste Smell Sticky SCe l:s‘:tl:)i 8::;;1;
AU_1 73040480 7404+084P¢  750+053b¢  750+£053bc  730+£048Pc  750+085Pc  7.30+£048bc 730+ 0.67b¢ 7.39 +0.10°
AU_2 820+0.792>  830+£0.67>  820+0422*  810+057*®  810+057*  810+0.742P 8104 0572P 810+ 0.57 P 8.15 +0.082
AU_3 810+ 0742  800+067Pc  810+0572  800+0672>  800+£0672>  810+0572P 800+ 0472P 7904 0.572P 8.03 +0.072
AU_4 760 £ 0.520¢ 770 4+048P¢  780+063P¢ 770 +£048Pc  780+0.63Pc  7.80+063Pc  7.70+048bc  7.70 4+ 0.48bc 7.73 +0.07 f
AU_5 750 +£053P¢  770+£067P¢ 770+ 048P¢  770+067P¢  7504+053P¢ 770+ 0670 7.60+052PC 760+ 0.52P¢ 7.63 £ 0.09 of
Ctrl_1 710 + 057 ¢ 7.20 +0.42°¢ 720406394 710405794 700406799  710+£057%9 7000674  7.10 £ 0.57 4 7.10 +0.08 4
Ctrl_2 780+ 0.63P¢ 7904+ 074P¢  780+042P¢  7.60+052P¢  780+0.63Pc  7.80+063Pc  7.80+£079Pc  7.80+£063bc  7.79 +0.08 e
Ctrl_3 770 £ 0.67¢ 7604+ 052P¢ 7704+ 048P¢  750+053P¢  7.60+052Pc 770 +£048Pc  7.60+052P°  7.60+052Pc  7.63+0.07°F
Ctrl_4 730+ 0.672¢ 7504+ 053¢ 760+052b¢  750+053Pc  740+052bc  750+£053Pc  750+£053bc 7404 052b¢ 7.46 +0.09°
Ctrl_5 7.10 + 0.57°¢ 740+ 0.70P¢ 7604+ 052P¢ 7504+ 053P¢ 730+ 067P¢  740+052P¢  730+082bc 720+ 0.63bc 7.35+0.16°

Data are expressed as the mean £ SD (n = 10). Different letters superscripts in the same line indicate significant
differences between the samples (p < 0.05). Ctrl_1, Ctrl_2, Ctrl_3, Ctrl_4, and Ctrl_5 represent the experimental
egg pasta variants containing 0 g, 10 g, 20 g, 50 g, and 100 g whole egg; AU_1, AU_2, AU_3, AU_4, and AU_5
represent the experimental egg pasta variants containing 0 g, 10 g, 20 g, 50 g, and 100 g whole egg and a constant
concentration of wild garlic leaves (20 g).
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The mean scores obtained in the sensory evaluation of supplemented pasta, cooked
at optimal time, are shown in Table 4. The results obtained vary between samples but
also between the attributes analysed, with a difference between samples fortified (AU_1-
AU_5) with wild garlic leaves and those with (Ctrl_2-Ctrl_5) or without egg (Ctrl_1).
Thus, the consumers liked the pasta fortified with wild garlic leaves, with the five fortified
variants recording the highest overall score compared to the control samples (Table 4).
The AU_2 sample was the tasters’ preferences with an overall score of 8.15 points, being
classified in the very pleasant-extremely pleasant category. The absence or increase in egg
concentration in cooked pasta indicates changes in the raters’ preferences. The egg-free
samples, AU_1 and Ctrl_1, had the lowest overall scores (7.39 and 7.13, respectively) and
were categorized as pastas with pleasant sensory characteristics. With increasing egg
concentration in the pasta (AU_3, AU_4, AU_5 and respectively Ctrl_3, Ctrl_4, Ctrl_5),
tasters’ preferences changed; some attributes improved (appearance, colour, stickiness),
others were maintained (appearance, shape, smell, taste) and others depreciated (chewing
sensation, texture), the evolution being different depending on the sample.

The addition of whole egg in high concentrations in the dough formation resulted in
a firm product, the results evidenced by the mean scores of some quality attributes, the
most affected being chew perception and texture. This firmness, according to Teterycz
et al. 2019 [42], would be due to egg albumin, which is responsible for strengthening the
protein matrix. However, the lipids contained in the egg interact with amylose during the
cooking of pasta, which results in less loss of dry matter during cooking and less stickiness
of cooked pasta. The colour of pasta improves with increasing egg yolk content because
carotenoid pigments cause pasta to become more yellow [50].

In conclusion, the raters were able to differentiate between pasta samples, evaluating
the quality attributes differently according to their perception and preference. The pasta
with the lowest amount of egg (AU_2, with 10 g) fortified with wild garlic leaves was in
the evaluators’ preferences at a small distance from the pasta with wild garlic and 20 g egg
concentration (AU_3). The egg-free pasta (Ctrl_1) received the lowest ratings in terms of
texture, appearance, colour, stickiness, and perceived chewing sensation.

3.4. Estimated Nutritional Content of Pasta

Wild garlic has become increasingly appreciated in the food industry, due to the
functional properties given by the bioactive compounds with potential therapeutic appli-
cations. The wild garlic’s content in caloric nutrients is similar to the content observed in
cultured garlic, the nutri-functional potential being given by the content in flavonoids and
polyphenols with antioxidant properties [51].

The evaluation of the nutritional quality of the pasta with the addition of wild garlic
compared to the pasta without wild garlic was carried out on the basis of the component
ingredients of the pasta (Table 1). We also took into account the information taken from
the databases and studies presented in the literature [8,52,53] from the USDA. The data
presented in Table 5 allowed an evaluation of the quality of pasta with the addition of wild
garlic compared to the quality of pasta without the addition of wild garlic. The aim was
to highlight the nutri-functional properties of wild garlic with a view to incorporating it
into some food products, which might ensure metabolic benefits in certain pathologies that
are sensitive to the nutritional intake of biologically active macro- and micronutrients. The
macro- and micronutrients identified in the pasta with added wild garlic highlighted that
wild garlic could synergistically improve the functional capacity of the pasta where it can
be found in different concentrations. The amount of protein identified in the pasta samples
with the addition of wild garlic (Table 5) was influenced by the amount of egg added. The
highest amount of protein was identified in AU_5 pasta (36.51 g), and the lowest amount
of protein was identified in AU_1 pasta (23.95 g). In AU_4 pasta, the amount of protein
was 30.23 g, 6.28 g lower compared to AU_5 pasta. The same situation was also observed
in the pasta variants without the addition of wild garlic (Table 5), the highest amount of
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protein was recorded in Ctrl_5 (37.28 g) and the lowest amount of protein was recorded in
Ctrl_1(24.72 g).

Table 5. The estimated nutritional composition of pasta fortified with different amount of eggs and
enriched with wild garlic leaves, reported at 100 g.

Pasta Protein Fat Carbohydrate E.V. Wy Wg w3 SFA TFA Chol. Fibres Sugar Sodium
Samples (g) (g (g) (kcal) (g) (g (g (g (g) (mg) (g (g (mg)
AU_1 7.033 0.662 51.24 245.093 0.056 0.266 0.015 0.105 0 0 1.873 0.562 2.349
AU_2 7.402 0.941 51.263 249290 0.164 0312 0.024 0.197 0.112  10.925 1.873 0.572 6.667
AU_3 7.772 1.221 51.284 253486 0.271 0359 0.034 0.029 0.0022  21.850 1.873 0.583 10.983
AU_4 8.878 2.059 51.348 26.607 0594 0.498 0.061 0.564 0.0056 54.625 1.873 0.616 23.935
AU_5 10.722  3.455 51.453 287.058 1.131 0.731 0.107 0.102 0.011  109.251 0 1.874 45.521
Ctrl_1 7.259 0.690 53.779 256.686 0.061 0276 0.016 0.109 0 0 1.903 0.190 1.468
Ctrl_2 7.628 0.970 53.800 260.883 0.169 0.322  0.025 0.201 0.001  10.925 1.903 0.201 5.786
Ctrl_3 7.997 1.249 53.822 265.079 0.276 0.368 0.034 0.293 0.002 21.85 1.903 0.212 10.103
Ctrl_4 9.104 2.087 53.88 277.669 0.598 0.508 0.061 0.568 0.006  54.625 1.903 0.245 23.054
Ctrl_5 10.948  3.484 53.991 298.651 1.136 0.741 0.107 1.027 0.011  109.251 1.903 0.298 44.640

E.V.—energy value, w9—omega 9 monounsaturated fatty acids, w6—omega 6 polyunsaturated fatty acids,
w3—omega 3 polyunsaturated fatty acids, SFA—saturated fatty acids, TFA—trans fatty acids, Chol.—Cholesterol;
Ctrl_1, Ctrl_2, Ctrl_3, Ctrl_4, and Ctrl_5 represent the experimental egg pasta variants containing 0 g, 10 g, 20 g,
50 g, and 100 g whole egg; AU_1, AU_2, AU_3, AU_4, and AU_5 represent the experimental egg pasta variants
containing 0 g, 10 g, 20 g, 50 g, and 100 g whole egg and a constant concentration of wild garlic (20 g).

The amount of carbohydrates was similar in the pasta variants with the addition
of wild garlic (Table 1), the highest amount being recorded at AU_5 (175.2 g), providing
51.45 kcal/100 g and the lowest amount was recorded at AU_1 (174.48 g) without egg,
providing 51.24 kcal /100 g. The results presented in Table 5 showed insignificant variations
between the variants studied. In all variants where wild garlic was added, the amount
of carbohydrates increased by 6.62 g, compared to the variants in which no wild garlic
was added.

The amount of sugars was much higher in the pasta variants to which wild garlic was
added, compared to the variants where wild garlic was not added, which attests that the
addition of wild garlic leads to a sugar content that could improve the sensory properties
of the pasta.

The Supplementary Table (Table S1) includes equations for calculating the nutritional
quality indicators used to describe egg paste and egg paste enriched with wild garlic leaves.

Regarding the nutritional quality of pasta with added wild garlic, evaluated on the
basis of lipid profile, it was observed that the atherogenic index (Atla) [54] was 0.40 at AU_5
pasta (Table 6) where egg was added in the highest amount. The lowest value of atherogenic
index (Atla) was recorded at AU_1 where no egg was added. The value of this index
increased proportional to the amount of egg added. With the exception of AU_5, where the
atherogenic index was somewhat raised (0.40), compared to the recommended value of
0.39, all of the examined pasta varieties had an atherogenic index that was favourable to
consumers’ health requirements.

The HH ratio [54] is based on the fact that the fatty acids with a proinflammatory
effect, myristic acid (C14:0), was poorly identified and palmitic acid (C16:0) was slightly
increased, leading to an HH index of 3.358 for the AU_1 pasta and 2.572 for the AU_5 pasta
(Table 6). The higher this index, the more favourable the anti-inflammatory effect will be
to improve health status in some metabolic and nutritional pathologies. In the variants
without added wild garlic (Table 6), the HH ratio was similar to the HH ratio observed
in the pasta variants with wild garlic, but somewhat higher, 3.378 in Ctrl_1 and 2.579 in
Ctrl_5. All pasta variants without the addition of wild garlic showed a higher HH ratio
compared to the variants where wild garlic was added.

The synergistic metabolic effect could also be supported by the PUFAs/SFAs ratio
(Table 6), which was shown to have values of 0.800 in AU_1 pasta with added wild garlic
and 0.782 in Ctrl_1 pasta without added wild garlic. The lowest values of PUFAs/SFAs
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ratios for both the variants with and without added wild garlic were 0.241 for AU_5 and
0.242 for Ctrl_5, respectively. The higher this ratio, the more favourable the health impact
of fatty acid consumption, showing functional activity.

Table 6. Evolution of nutritional quality indicators for pasta with different egg concentrations, and
with and without wild garlic leaves reported to the 100 g.

Pasta Samples Atla HH HPI PUFAs/SFAs  UFAs/SFAs
AU_1 0.09 0.990 0.990 0.800 0.940
AU_2 0.10 0.880 0.870 0.500 0.747
AU_3 0.11 0.834 0.814 0.425 0.719
AU_4 0.11 0.782 0757 0.291 0.60
AU_5 0.12 0.755 0.728 0.241 0.565
Ctrl_1 0.09 0.992 0.992 0.782 0.947
Ctrl_2 0.10 0.890 0.871 0.510 0.753
Ctrl 3 0.10 0.840 0.820 0.404 0.680
Ctrl_4 0.11 0.785 0.760 0.294 0.604
Ctrl_5 0.12 0.757 0.730 0.242 0.567

HH—ratio of hypocholesterolemic/hypercholesterolemic fatty acids; Atla—atherogenic index; HPI—health
promotion index; PUFAs/SFAs—ratio of polyunsaturated fatty acids to saturated fatty acids; UFAs/SFAs—ratio of
unsaturated fatty acids to saturated fatty acids. Ctrl_1, Ctrl_2, Ctrl_3, Ctrl_4, and Ctrl_5 represent the experimental
egg pasta variants containing 0 g, 10 g, 20 g, 50 g, and 100 g whole egg; AU_1, AU_2, AU_3, AU_4, and AU_5
represent the experimental egg pasta variants containing 0 g, 10 g, 20 g, 50 g, and 100 g whole egg and a constant
concentration of wild garlic (20 g).

The health promotion index (HPI) [55] is the ratio of the amount of unsaturated fat to
the amount of saturated fat (C12:0; C14:0, C16:0) and is currently used mainly in research
on the nutritional quality of food products, with values ranging from 0.782 to 0.800.

Wild garlic has also been used to formulate different types of foods because of its
biological qualities and flavour. Dicu et al. (2022), for example, produced an emulsified
meat product by incorporating powdered wild garlic leaf and chestnut flour (Castanea
sativa Mill.) in varying amounts. This study demonstrated the impact of addition on the
nutritional value, fat content, and shelf life of the reformulated meat products [56]. Ivanova
et al. (2023) performed a similar study and included wild garlic to the recipe for meat-cut
semi-finished products [57]. Dairy products have also been enriched with wild garlic.
Pluta-Kubic et al. (2022) found that adding wild garlic leaves to soft cow milk rennet-curd
cheese improved both the sensory qualities and volatile acid profile [58]. Znamirowska
et al. (2017) showed that adding 1% concentration of A. ursinum L. powder can be used as
a supplement to change the flavour and taste of kefir [59]. Sobot et al. (2019) concluded
that addition of osmodehydrated wild garlic to biscuit dough formulation has provided
better biscuits texture analysis results and changed colour characteristics in comparison
to the fresh wild garlic addition [60]. Following the determination of nutritional and
sensory attributes, cookies improved with osmohydrated wild garlic leaves in molasses
were superior compared to the control, according to another recent study [61].

Based on our research, we have shown that wild garlic can be successfully used in
pasta. Additionally, this process serves as a means of preserving the A. ursinum L., allowing
it to be used all year round despite its short vegetation period (about 4 months/year) [24].
One aspect which may be a limiting factor in the use of wild garlic leaves in pasta is the
colour. Some consumers only accept the classic yellow colour for pasta, but others might
associate the green colour of pasta with healthy natural ingredients. One limitation of our
research would be that people with egg allergies are unable to eat pasta that contains eggs,
which would restrict the study’s participant group. Considering the increasing demand for
wild garlic products, it is crucial to implement careful management strategies to prevent
excessive harvesting and promote sustainable practices.

Wild garlic has a potent antibacterial action, as demonstrated by the literature [62-64],
therefore it can be utilized to prolong food products’ shelf life in place of synthetic
food additives.
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4. Conclusions

This study set out to evaluate the quality of both cooked and uncooked pasta that
had been enhanced by adding wild garlic leaves to pasta recipes that had different egg
concentrations. According to our findings, adding wild garlic leaves to egg pasta improves
a number of nutritional parameters and raises the amount of polyphenols in both raw
and cooked pasta. The ability of pasta to retain its bioactive ingredients is limited by
cooking. On the other hand, adding eggs in varying amounts preserves the higher level
of polyphenols in cooked pasta. The addition of wild garlic leaves has little effect on
the technological parameters of cooking; instead, the greater the influence, the firmer the
resultant egg concentration. In terms of taste, pasta with garlic flavour and the least amount
of egg was the most favoured. Pasta using wild garlic has the potential to benefit the food
sector as well as the health of consumers. Pasta enriched with wild garlic and eggs can
be classified as a functional food because it contains both nutrient-rich ingredients and
bioactive compounds that may provide certain health benefits.

This study therefore provides a quick premise for enriching pasta with fresh leaves
from wild flora. However, more studies are needed to improve the technological parameters
and to find solutions for keeping as many phytonutrients as possible in the pasta.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/app14177517/s1, Table S1: The nutritional quality indicators and equations
used in their calculation.
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