iriried applied
L sciences

Article
Antioxidant and Potentially Anti-Inflammatory
Properties in Pasta Fortified with Onion Skin

Monika Michalak-Majewska 1@, Urszula Ztotek 2*(, Urszula Szymanowska 2

Dominik Szwajgier 3, Piotr Stanikowski 17, Malgorzata Matysek % and Aldona Sobota °

1 Department of Fruits, Vegetables and Mushrooms Technology,

Department of Plant Food Technology and Gastronomy, University of Life Sciences, Skromna Str. 8,
20-704 Lublin, Poland; monika.michalak@up.lublin.pl (M.M.-M.); piotr.stanikowski@up.lublin.pl (P.S.)
Department of Biochemistry and Food Chemistry, University of Life Sciences, Skromna Str. 8,

20-704 Lublin, Poland; urszula.szymanowska@up.lublin.pl

Department of Biotechnology, Human Nutrition and Food Commodity Science, University of Life Sciences,
Skromna Str. 8, 20-704 Lublin, Poland; dominik.szwajgier@up.lublin.pl

Department of Animal Anatomy and Histology, University of Life Sciences, Akademicka Str. 12,

20-0330 Lublin, Poland; malgorzata.matysek@up.lublin.pl

Division of Engineering and Cereals Technology, Department of Plant Food Technology and Gastronomy,
University of Life Sciences, Skromna Str. 8, 20-704 Lublin, Poland; aldona.sobota@up.lublin.pl

*  Correspondence: urszula.zlotek@up.lublin.pl; Tel.: +48-81-4623328

Received: 20 October 2020; Accepted: 13 November 2020; Published: 18 November 2020 (L:'P:)edc:t?sr
Abstract: In recent years, food industries have produced a large volume of waste, which is an
ecological and economic problem. Fruit and vegetable by-products can also be promising sources
of functional compounds, with documented pro-health potential. The goal of the study was to
evaluate the impact of the addition of various concentrations of onion skin powder on the antioxidant
and anti-inflammatory properties associated with changes in the quercetin content in uncooked
and cooked pastas. The total contents of phenolic acids, quercetin, and antioxidant activity were
determined. The anti-inflammatory activity was demonstrated by inhibitory effects on lipoxygenase
(LOX) in vitro activity. Dry onion skin is the source of quercetin in analyzed pastas. The concentrations
of these compounds gradually and significantly increased with increases in the vegetable component
in fortified pastas. Additionally, a positive correlation between the content of phenolic compounds
and antioxidant activity of pastas fortified with onion skin powder was noted. The process of cooking
caused enhancement in the antioxidant and anti-inflammatory potential. These qualities of pastas
resulted from the presence of dry onion skin with high pro-health activities. Fortification of pasta
with onion skin powder could be a starting point to benefit onion industrial by-products and produce
new healthy food products.

Keywords: fortified pasta; onion skin; antioxidant activity; anti-inflammatory activity; quercetin

1. Introduction

Onion (Allium cepa L.) is the most widely cultivated species of the genus Allium, and the second
(after tomatoes) most important horticultural crop worldwide. Current annual production is about
88 million tons, and the largest producer is Asia (55 million). Less than 10 million tons of onion
is produced in Europe, where Poland is the third largest producer, with a yield amounting to
660 thousand tons in 2018 [1]. A commonly used part of onion is the bulb, which is a raw material or
food ingredient, because of its specific flavor and pungent smell [2]. Numerous studies have confirmed
the pro-health activities of onion by in vitro and in animal model tests, in particular, antioxidant,
antibacterial, antifungal, cardio-protective, anti-inflammatory, anti-carcinogenic, anti-obesity properties,

Appl. Sci. 2020, 10, 8164; doi:10.3390/app10228164 www.mdpi.com/journal/applsci


http://www.mdpi.com/journal/applsci
http://www.mdpi.com
https://orcid.org/0000-0002-3575-1838
https://orcid.org/0000-0001-6812-5596
https://orcid.org/0000-0001-8242-6256
https://orcid.org/0000-0001-6526-6764
http://dx.doi.org/10.3390/app10228164
http://www.mdpi.com/journal/applsci
https://www.mdpi.com/2076-3417/10/22/8164?type=check_update&version=3

Appl. Sci. 2020, 10, 8164 20f 14

and the promotion of glycemic control [3,4]. These features are attributed to bioactive compounds,
among which phenolic compounds, including phenolic acids and flavonoids, constitute a large group
(mainly quercetin diglucoside, quercetin 4’-glucoside, quercetin aglycone, isorhamnetin monoglycoside,
and kaempferol monoglycoside), phenolic acids (ferulic, p-coumaric, gallic, 3,4-dihydroxybenzoic),
sulphur compounds, and non-structural carbohydrates. Concentrations of these compounds depend
on cultivar, stage of ripeness, environment and agronomic conditions, storage time, and, in addition,
the bulb section (inner, outer scales or dry skin) [5-7].

During the processing of onions, about 30% of fresh material is removed and considered useless
waste, which includes dry skin [8]. These wastes are an ecological and economic problem, and the
main difficulty in their management is their heterogeneous character. The composition of the onion
waste varies depending upon the morphological part of the bulb. Therefore, a common strategy for all
of them cannot be adopted [9]. A possible solution to use dry onion skin could be to use it as a source of
valuable food ingredients such as insoluble dietary fiber, minerals (especially calcium and potassium),
and highly bio-accessible and in vitro bioavailable flavonoids with well-documented antioxidant and
anti-inflammatory abilities [10-13].

Literature data suggests taking into account the utilization of onion skin as a valuable by-product
in the food processing industry [14,15], especially since the bioactive components of the flavonoid
group are relatively thermally resistant. In recent years, dry onion skin has been used to design
functional or enriched foods, such as pasta [16,17], noodles [18], bread [19], extruded products [20],
and yoghurt [21]. In addition, the use of dry onion skin has also been considered as a raw material for
the health industry for medicines and pharmaceuticals [11] and in the textile industry [22].

Studies focusing on the effects of different plant components in addition to food products suggest
that among various assortments of cereal products, pasta is especially suitable as a carrier of bioactive
substances. Pasta is one of the most popular convenience food in the world for its easy preparation,
nutritional value, and palatability [23]. Due to the fact that fruit and vegetable by-products contain
bioactive compounds with significant biological activity, they are of interest to international researchers.
Over the last few years, numerous studies have considered the possibility of incorporation of by-product
extracts or powders for preservation or enrichment of food products. This is associated with current
interest of consumers, who are demanding the production of safer and health-promoting foods [24].

Currently, pasta is fortified with by-products such as mango peel [25], tomato skin [26], outer bracts,
leaves, stems of artichoke [27], cereal brans [28], bean flour [29], olive oil industrial by-product [30],
beef meat [31], and shiitake and porcini [32]. Therefore, such pasta is considered to be a “convenient
food with a high pro-health potential for future generations” [23].

Our previous study indicated that onion skin powder used as substitute for wheat flour leads to
changes in the technological and culinary properties of supplemented pastas. With increasing levels of
onion skin, optimal cooking time and water solubility index decreased. In addition increased cooking
loss and redness (a*) were noted, compared to the pasta without skin [16]. The aim of the present study
was to evaluate the impact of addition of various quantities of onion skin powder on the antioxidant
and anti-inflammatory properties, as well as quercetin content, in uncooked and cooked pastas.

2. Materials and Methods

2.1. Materials

Basic materials used in the study were semolina durum (SE) (Jula Malom, Kunszallas, Hungary)
and onion skin powder (OS) from the Polanowska cultivar (Czestawice Experimental Farm, Czestawice,
Poland (51°18'23"" N, 22°16’02”" E)). To obtain the OS, onion was manually peeled, and dry material
was washed twice in deionized water and dried at 50 °C for 12 h in a convection dryer (Zelmer, Poland).
The onion skin was powdered in a laboratory mill (Proficook, Poland) and then sieved to pass through
a 0.5 mm mesh screen.
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2.2. Pasta Production

In the preparation of pasta, SE was substituted with OS at 0% (m/m) (control-P0), 2.5% (m/m) (P2.5),
5% (m/m) (P5), and 7.5% (m/m) (P7.5) proportions. Pasta was prepared on a semi-industrial scale (MAC
30S Lab, ItalPast, Fidenza, Italy, screw speed 60 rev/min, extrusion pressure 15 MPa). SE with the
addition of OS was hydrated to reach 30% moisture, mixed in a vacuum mixer, and extruded at 40 °C.
Then, pasta was dried in astatic dryer (EAC 30 Lab, ItalPast, Fidenza, Italy) at 35-55 °C and a humidity
level of 85-55%. Dried pasta (100 g) was cooked in 1000 mL of boiling distilled water. After cooking,
the pasta was cooled at room temperature, and then frozen and lyophilized in a laboratory freeze drier
(Alpha 1-2 LD plus; Martin Christ, Osterode am Harz, Germany). The freeze-dried pasta was ground
and sieved through a 0.25 mm sieve. The samples were stored in the dark at —20 °C.

2.3. Preparation of Extracts

For the preparation of ethanolic extracts, powdered samples of pasta (P0-P7.5) (2 g), SE (2 g),
and OS (1 g) were extracted for 1 h with 20 mL of 50% (v/v) ethanol and centrifuged (9000x g for
20 min.); then the extraction procedure was repeated. The supernatants were combined and adjusted
to the final volume of 50 mL with 50% (v/v—ethanol/water) ethanol [33].

2.4. Determination of Phenolic Acid Content (PAC)

The total content of phenolic acids was determined according to the Arnov method [34] and
expressed as caffeic acid equivalent (CAE) in pg per g of dry weight (DW).

2.5. HPLC Analysis

HPLC analyses of onion extracts were conducted using a Knauer HPLC system consisting of
two Smartline 100 pumps, a dynamic mixer, and a 0.02 mL loop. For separations, a Macherey—Nagel
LiChospher 100 RP18 (250 mm X 4.0 mm, 5 pm) column coupled with a corresponding pre-column
was used. The flow was 1 mL/min at working pressure not exceeding 28 MPa. The optimized gradient
was formed by deionized water containing 0.1% (v/v) high purity formic acid (Sigma Aldrich) (A)
and 70% (v/v) MS-grade methanol in deionized water with 0.1% (v/v) formic acid (B): 0-5 min 5%
(v/v) B, 5-40 min 5—100% B, 40-45 min 100% B, 45-48 min 100—5% (v/v) B, 48-53 min 5% (v/v) B.
Detection was performed at 365 nm using a Knauer Azura UVD 2.1S detector coupled with a Knauer
IF2 interface. Signals were analyzed using the Eurochrom 3.05 P5 program. Quantification of the
quercetin and quercetin glucosides were determined by a previously mentioned method [35]. Standard
compounds such as quercetin, quercetin 3,4’-diglucoside, quercetin 4’-glucoside, and quercetin
3-glucoside were purchased from Sigma Aldrich. The content of each compound was expressed in
mg/g of dry weight (DW).

2.6. Antioxidant Activities

The free radical-scavenging activity was measured wusing ABTS
(2,2’-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) as the source of free radicals, according to
a previously described method [36]. The antioxidant activity was related to Trolox (an analogue of
vitamin E) and expressed as mg of Trolox per g of dry weight (DW).

Iron-chelating activity (CHP) and ferric-reducing antioxidant power (RP) were determined
according to previously described methods [37,38]. Chelating power was expressed as EDTA equivalent
in mg EDTA per g of dry weight (DW) and reducing power as mg of Trolox per g of dry weight (DW).

2.7. Inhibition of Lipoxygenase (LOX) Activity

The ability to inhibit lipoxygenase (LOX) was determined by means of a previously described
method [39], adapted to a microplate reader. LOX inhibitory activity was determined as IC50—an
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extract concentration (mg DW/mL) providing 50% of activity, based on a dose-dependent mode
of action.

2.8. Statistical Analysis

The experimental results were presented as mean + standard deviation (SD). The experiments
were conducted three times, and all determinations were performed in triplicate (n = 9). Data were
subjected to one-way analysis of variance (ANOVA), and significance differences were evaluated by
Tukey’s comparison test (p < 0.05). To identify relationships between phenolic compound content and
antioxidant and anti-inflammatory activities of pastas fortified with onion skin powder, data were also
evaluated using Pearson’s correlation coefficients. Statistica 10 software (Stat-Soft, Cracow, Poland)
was used to statistical analyses.

3. Results and Discussion

3.1. Phenolic Compound Content

Onion is known for being one of the natural sources of phenolic compounds in the human
diet, containing at least 25 different flavonoids. The most abundant are quercetin 3,4-diglucoside,
isorhamnetin 3,4-diglucoside, quercetin 3-glucoside, quercetin 4-glucoside, quercetin aglycone,
and phenolic acids, for example, ferulic, gallic, and protocatechuic acids [40]. In Allium cepa, about 90%
of the quercetin is located in the first and second layers of a bulb, which are treated as waste and
generated during industrial and domestic peeling. Over half of the total content of quercetin from dry
onion skin is present in potentially bioavailable aglycones [12,13]. Therefore, it is worth using this
source of valuable plant secondary metabolites, e.g., for pasta enrichment.

As shown in Figure 1, all uncooked pastas fortified with onion skin powder (P2.5-P7.5) were
characterized by relatively similar contents of total phenolics acids (PAC), statistically not significantly
higher than the control sample (P0). Neither quercetin (Q) nor any other quercetin glucosides were
detectable in that last sample (P0). However, in the case of pasta after cooking with the increase
of OS, concentration of PAC and Q gradually and statistically significantly increased. From among
the quercetin glucosides, only quercetin-4-glucoside was identified. According to the literature,
this compound is predominant among all the glycosides occurring in dry onion skins [12]. The amount
of those phenolic compounds was the highest in pastas fortified with 5 and 7.5% (m/m) of onion
skin (P5 and P7.5). In these fortified pastas, the main source of quercetin, quercetin 4’-glucoside
and phenolic acids, was dry onion skin, because semolina (flour), which is the basic ingredient of
pasta, contained a significantly lower quantity of PAC and no quercetin levels (Table 1). Semolina is
perfect for making pasta due to its unique characteristics—relatively high yellow pigment content,
low lipoxygenase activity, and high gluten content, which makes it possible to obtain a strong and elastic
dough [41]. Studies confirm that semolina is a poor source of phenolic compounds. Its concentration
in semolina is approximately one third of that in bran [42]. A group of phenolic acids is represented by
p-hydroxybenzoic and ferulic acids [43].

The process of cooking resulted in a statistically significant increase in the content of phenolic
acids content (PAC), quercetin (Q), and quercetin 4’-gluciside (Q 4’ G) in the samples of all fortified
pastas to 4.52 ug/g DW, 0.50 mg/g DW, and 0.06 mg/g DW, respectively (Figure 1). No other quercetin
glucosides (quercetin 3,4’-diglucoside and quercetin 3-glucoside) were found in the extracts analyzed.
A similar effect concerning the increase in the content of phenolic compounds was observed in the
studies carried out on pastas fortified with phenolic-abundant ingredients, such as onion skin or fleshy
husk powder [16,17,44], buckwheat [45], chia [46], linseed [47], artichoke [27], and olive oil industrial
by-product [30].

It has already been proven that plant material processing can change the structure of the food matrix
and may also affect either positively or negatively the plant secondary metabolites. Previous studies
have demonstrated that onion flavonoids are relatively heat-stable, and onion outer scale remains the
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most abundant in flavonoids, even after cooking [15,48]. Probably for this reason, all fortified pastas
after cooking did not have lower contents of phenolic compounds than those that were uncooked.
Additionally, thermal treatment may damage the cell walls, making compounds more accessible
to absorption. Results obtained in the present manuscript correspond perfectly with the research
conducted by Sharma et al. [48], with regard to the observation that the total phenolic content was
significantly increased after heating the onion samples to 100 °C. In addition, their results indicate that
phenolic compounds from powdered onion are released by hydrolysis of the ester or the glycosidic
bond. Furthermore, the formation of novel compounds as a result of the Maillard reaction contributes
to the increase in the content of phenolic compounds after onion heating. These reactions are also
attributed to the responsibility for higher phenolic content in buckwheat tagliatelle and durum wheat
pasta enriched with debranning fractions of wheat after cooking [48].
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Figure 1. Comparison of total phenolic acid (PAC) (a), quercetin (Q) (b), and quercetin 4’-gluciside
content (Q 4’ G) (c) of uncooked and cooked pastas fortified with onion skin powder. PO—control
pasta; P2.5-7.5 pastas fortified with 2.5-7.5% (m/m) of onion skin powder. Different letters indicate
significant difference (p < 0.05).

Table 1. Characteristics of raw materials used in the production of fortified pastas.

Raw Pasta Materials

Compounds
SE 0os
PAC (ug/g DW) 2.74+0462 28.65 +3.14P
Q (mg/g DW) 0.00 £ 0.00 2 18.74 +0.14°
Q4 G (mg/g DW) 0.00 £ 0.00 2 499 +0.18°
Antioxidant activity SE oS
ABTS* (mg Trolox/g DW) 0.09 £0.032 410 +093"
RP (mg Trolox/g DW) 2.36 £ 0.65% 9.08 + 0.69 P
CHP (mg EDTA/g DW) 0.08 +0.022 1.01 £0.01°
Anti-inflammatory activity SE (O]
LOX inhibition (IC50 mg DW/mL) 0.2759 + 0.0029 P 0.0044 + 0.0000 @

SE—semolina durum; OS—onion skin powder; PAC—total phenolic acid content; Q—quercetin; Q 4 G—quercetin
4’-gluciside; ABTS*—radical-scavenging ability against ABTS*; RP—reducing power; CHP—chelating power;
IC50—extract concentration (mg DW/mL) provided 50% of activity based on a dose-dependent mode of action.
Different letters indicate significant difference (p < 0.05).

3.2. Antioxidant Activity

Flavonoids and phenolic acids, mostly via radical-scavenging mechanisms, are the most important
chemical classes exhibiting antioxidant activity. During dry onion skin formation or storage,
the glucosides of quercetin are converted into quercetin. Therefore, the concentration of that compound
is the highest in the abaxial epidermis of onion [48]. Quercetin is a strong in vitro antioxidant with the
ability to scavenge free radicals and chelate metal ions, and in addition, it possesses anti-inflammatory
properties. According to the current state of knowledge, quercetin, as well as organosulfur compounds,
are probably responsible for the anti-obesity potential of Allium cepa [3,49].
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The dry skin of onion, which was used in this research as a potential addition to pasta, had high
antioxidant activity (Table 1), which was reflected in the properties of fortified pastas (Figure 2).
Semolina showed significantly lower antioxidant properties (probably caused by the presence of
carotenoids), but as mentioned previously, its main function is to form a network structure of the
dough, which significantly affects the quality of the final product. Fu et al. [42] confirmed that fractions
from the durum wheat endosperm (i.e., semolina) had the lowest antioxidant activity and phenolic
content of all the milling grain fractions.
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Figure 2. Antioxidant activity of extracts from uncooked and cooked pastas fortified with onion
skin powder. PO—control pasta; P2.5-7.5 pastas fortified with 2.5-7.5% (m/m) of onion skin powder;
(a) ABTS*—radical-scavenging ability against ABTS*"; (b) RP—reducing power; (¢) CHP—chelating
power. Different letters indicate significant difference (p < 0.05).

High phenolic content, like that observed in OS as an ingredient in pasta making, could be
responsible for the high antioxidant activity of fortified pastas (Figure 2). As predicted on the basis of
Q and PAC content results, cooking the pasta caused an increase in the antioxidant activity, which has
been determined by three complementary methods of analysis (Figure 2). The ABTS free radical
scavenging activity was significantly higher in cases of the extracts from all uncooked enriched pastas;
however, the highest value of this activity for the P7.5 sample was observed. Additionally, the same
observations for samples after cooking should be noted (nearly 30-fold higher ABTS antiradical activity
for P7.5 sample in comparison to the cooked control pasta). A slightly stronger improvement of the
reducing power (RP) was observed in samples from the fortified pastas (in comparison to the control
samples). The ABTS and RP activity of extracts increased with the increase of onion skin concentration;
however, the increase in CHP value was statistically not significant.

The antioxidant activities of pastas with onion skin powder was most significantly higher than in the
control pastas, both cooked and uncooked (Figure 2). An increase in the antioxidant capacity of bakery
products supplemented with onion was confirmed in other studies. Michalak-Majewska et al. [50] and
Gawlik-Dziki et al. [19] investigated the effect of addition of powder from different onion cultivars
on the quality of rolls and bread. In addition, in other studies concerning pasta enriched with
phenolic-abundant plant ingredients, higher antioxidant properties with increased plant concentrations
were observed [16,17,44-46].

Because cooking methods can significantly change the bioavailability and bioactivity of phenolic
compounds [14,48], studies on pastas after cooking are very important issues while creating new
functional pastas. Therefore, we also determined the content and pro-health activity of pastas fortified
with onion skin powder after cooking. Some studies suggest that the presence of oxygen, water, and heat
treatment during food processing may decrease the level of certain sensitive phenolic antioxidants
by its oxidative degradation or by the formation of compounds having pro-oxidant action [43,48,51].
In our study, this effect seems to be marginal, and higher concentrations of phenolic compounds
and an increase in antioxidant potential could be explained by several mechanisms. Thus, there are
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reports suggesting that cooking may increase the phenolic content and the antioxidant properties.
The proposed mechanisms are connected with disruption of cell wall components, resulting in the
release of associated polyphenols. Additionally, heating may be associated with releasing the dietary
fiber-bound phenolic compounds with high antioxidant activity [52]. In addition, Melini at al. [53]
suggested that pasta cooking may influence the antioxidant potential by influencing the content of
phenolic compounds and/or by changing the ratio between free and bond forms of phenolics.

Wheat pasta prepared in this study was supplemented with a thermal stable component (dry onion
skin), and the products during preparation were not treated under extreme conditions (minimal
processing—phenolic-abundant powdered skin was mixed with wheat paste). Moreover, changes in
the structure of existing antioxidants and the formation of new antioxidant compounds may improve
the initial antioxidant state of cooked pasta fortified with onion skin. This suggests that processing
by heating products containing onion components does not cause a drastic loss in antioxidant value.
This is in agreement with previous findings that indicate change in the proportions of compounds
responsible for antioxidant properties during thermal processes of onions [15,54]. Antioxidant activity
of heated onion is highly correlated with the quercetin 3,4-diglucoside (QDG) to quercetin 4-glucoside
(QMG) ratio. It is suggested that the higher the QMG concentration, the higher the antioxidant ability
of the tissue. Antioxidant potential of flavanols significantly depends on the structure of the compound
(catechol group in the B-ring and the 3-hydroxyl group). Therefore it is suggested that QMG would
have a greater antioxidant action than QDG, because in the latter, these two basic functions are blocked,
whereas in QMG, the 3-hydroxyl group is not conjugated, and thus it may participate in redox reactions
or chelate with metal ions, consequently preventing Fenton-type reactions 54,55]. In the pasta samples
analyzed in our study, in addition to the quercetin aglycones, quercetin 4-glucoside (QMG) was also
identified (Figure 1c). The presence of this compound has probably contributed to an increase in the
antioxidant activity of pasta increasing with the quantity of onion skin.

Cooking pasta enriched with onion skin may improve the initial antioxidant status of that product.
During this process can be formed compounds such as Maillard reaction products, which have
antioxidant activity [55]. These compounds may be also formed during extrusion and drying of
pastas [43]. In addition, data obtained in previous studies [43,46] indicate that boiling the water during
cooking could enhance the extraction of bound phenolics from the food matrix, thereby increasing
their amount during subsequent chemical extraction and determination. Then, it could explain the
results obtained in our study, which showed an increase in antioxidant capacity of cooked pastas,
independently of the fortification level.

Perhaps the higher concentration of phenolic compounds determined after cooking pasta was
influenced by losses of starch and other soluble dry matter components, which may have occurred
during cooking the pasta in water. Our earlier study showed that dry matter losses in pastas fortified
with dry onion skin are higher than in the samples without vegetable additive and increase with the
growth of that additive (onion skin) [16].

The antioxidant activity of phenolic compounds of onion skin was confirmed by other researchers
also in an in vivo model. Some studies have indicated that phenolic compounds of onion such as
quercetin can increase the antioxidant potential of the hydrophilic and lipid fractions of rat serum
in in vivo studies, but the effect was influenced by the form of quercetin (only aglycone or aglycone
with monoglycosides)—in the lipid fraction a positive effect was obtained only after the application
of the quercetin aglycone preparation [56]. A similar effect was found in another study, but in this
research the best antioxidant effect in the lipophilic fraction of rat serum after using protocatechuic acid
preparation from onion skin was observed [57]. The above studies also confirm in vivo the dependence
of the antioxidant effect of onion skin polyphenols on the dominant form of these compounds.

3.3. Anti-Inflammatory Properties

As shown in Table 1 and Figure 3, all analyzed samples possess anti-inflammatory potential
expressed as the ability to inhibit LOX, which is an enzyme involved in the inflammatory process.



Appl. Sci. 2020, 10, 8164 10 of 14

High IC50 values indicate low antioxidant activity. The fortification of pastas with dry onion skin
caused significant elevation of the anti-inflammatory potential of the samples (LOX inhibition). A linear
relationship between the LOXI activity and the amount of OS added was observed. The highest increase
of LOX inhibition by phenolic compounds occurring in extracts was observed in pastas enriched with
5 and 7.5% (m/m) of OS (the IC50 values were 0.25 and 0.19 mg DW/mL, respectively), with respect to
the control (IC50 = 0.33 mg DW/mL). Cooking of pastas significantly increased the anti-inflammatory
potential of the extracts. An increase in LOX inhibition was already observed in pasta with the lowest
level of added onion skin (the IC50 values were below 0.07 mg DW/mL, with respect to the control
IC50 = 0.13 mg DW/mL) (Figure 3). These qualities of pastas are due to the presence of dry onion skin
with high anti-inflammatory potential (Table 1). Numerous studies confirmed that onion is the main
source of dietary bioavailable quercetin derivatives with strong anti-inflammatory capacity [49].

0.40
LOXI
f uncooked
0.35
I of W cooked
1 T
0.30 1
d
0.25 +— I
0.20 +—— ¢

IC50 [mg dw/ml]

b
PO pP2.5 P5 P7.5

Figure 3. Lipoxygenase inhibitory activity (LOXI) of extracts from uncooked and cooked pastas fortified
with onion skin powder. PO—control pasta; P2.5-7.5 pastas fortified with 2.5-7.5% (m/m) of onion skin
powder. Different letters indicate significant difference (p < 0.05).

Phenolic compounds are a part of the antioxidant system. Their activity depends on chemical
structure. They function as free radical scavengers by donating hydrogen or electrons. It has been
proven that the antioxidant potential of plant material usually correlates with the phenolic content [42].
The Pearson correlation coefficient between phenolic compounds, analyzed in this research, and ABTS
radical scavenging activity of pastas fortified with onion skin powder is very strong (R? = 0.930 and
0.912 for PAC and Q, respectively), indicating significant contribution of phenolics to the overall
antioxidant capacity of pastas (Table 2). A strong correlation between PAC and RP (0.808), as well
as Q and RP (0.798), was also detected. A moderate correlation was observed for CHP and the
analyzed compounds: 0.768 and 0.760, respectively, for PAC and Q. Similarly, in other research works,
the correlation between phenolic content and antioxidant capacity in Allium species was observed [58].
A strong correlation (0.93 and 0.97) between total phenolic compounds and FRAP values was also
reported in Allium cepa cultivars [59]. Several authors also observed the strong correlation between
total phenolics and antioxidant activity in wheat. Significant correlations between carotenoid content
and DPPH scavenging activity in whole grain and the endosperm fraction were reported by Ndolo and
Beta [60]. It was also found that yellow pigments in debranned flour are strongly correlated with ABTS
scavenging activity [61]. It appears that fortified pastas have valuable health-promoting qualities.
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Table 2. Pearson’s correlation coefficients of the phenolic compound (PAC and Q) content and
antioxidant and anti-inflammatory activities of pastas fortified with onion skin powder.

PAC 0
ABTS* 0.930 0.912
RP 0.808 0.798
CHP 0.768 0.760
LOXI ~0.532 ~0.466

PAC—total phenolic acid content; Q—quercetin; ABTS*—radical-scavenging ability against ABTS*"; RP—reducing
power; CHP—chelating power; LOXI—lipoxygenase inhibitory activity.

The Pearson correlation coefficients (r) showed a negative relationship between the phenol
content and the IC50 values concerning LOX inhibition found for the PAC and Q content (r = —0.532;
r = —0.466, respectively) (Table 2). It is important to note that low IC50 values indicate high potentially
anti-inflammatory activity. A moderate relationship, expressed as value of Pearson’s correlation
coefficients, suggests that apparently, other compounds than those above are responsible for the
anti-inflammatory activities of pastas fortified with onion skin powder.

4. Conclusions

Onion skin could represent an innovative source of functional ingredients obtained from onion
waste, in particular because synthetic additives are being rejected by consumers now. In pastas analyzed
in this research, dry onion skin was the source of quercetin and phenolic acids, the concentration
of which gradually and significantly increased with the increasing of vegetable component content.
Cooking of fortified pastas caused an increase in the content of these pro-health compounds, and their
antioxidant and anti-inflammatory potential. Thus, based on the obtained results, it can be concluded
that onion skin powder is a valuable material for pasta fortification and could be considered by food
technologists. However, studies on the stability and interaction of the constituents of onion by-products
with other food ingredients during processing and storage should be conducted.
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