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Abstract

Egg pasta contains high amount of cholesterol, that upon oxidation, generates oxysterols (COPs), which play a key role in the
onset of several human diseases. In this study, the effect of two tannins (esters of ellagic acid, A; esters of gallic acid, B) at
three different concentrations (0.25%, 0.50%, 1.00%) was tested in egg pasta considering two different pasta shapes (squared,
S; rectangular, F). When tannin B was added, the total phenolic content (TPC) in fresh pasta increased (p < 0.01) and after
cooking its content was greater than those obtained with tannin A. The pasta shape affected the presence of cholesterol; its
amount in uncooked F shape samples (27.67 + 0.28 mg/g pasta) was higher than that found in S shape (21.18 + 0.49 mg/g
pasta). In addition, tannin B significantly (p < 0.01) increased the presence of cholesterol in the cooking water (up to 1.04 +
0.05 pg/mL), in particular in S pasta shape. Tannin B was also greater than tannin A to reduce the content of COPs in fresh
egg pasta, while the cooking process did not impact (p > 0.05) the oxidation of cholesterol. The results suggest that tannin B
could be applied in the formulation of egg pasta as a strategy for reducing the content of cholesterol and its oxidation products.
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Introduction

Egg pasta represents a typical Italian food product rich in
eggs (at least four hens’ eggs or 200 g of hens’ eggs per
kilogram of semolina (Presidential Decree, 2001)) and with
a higher cholesterol content than traditional pasta. However,
it might be highlighted that cholesterol, due to different
reactions occurring during the processing and storage, in
a similar way to monounsaturated fatty acids, may be oxi-
dized generating cholesterol oxidation products (oxysterols,
COPs), which negatively impact human health (Ansorena
et al., 2013). COPs play a key role in the development of
atherosclerotic plaques and in the onset of major chronic
inflammatory processes (Cardenia et al., 2017; Gooding &
de Ferranti, 2010; Mortensen & Nordestgaard, 2020; Nel-
son, 2013). Moreover, Malaguti et al. (2019) explained the
role of COPs in altering the brain cholesterol homeostasis
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underlining their role in different neurodegenerative diseases
(e.g., Alzheimer’s, Parkinson’s, and Huntington’s diseases).
Others (de Oliveira et al., 2018) reported the potential
mutagenic and genotoxic effects of oxysterols. Thus, the
correlation between COPs and human pathophysiology has
been receiving increased attention (Kloudova et al., 2017).
On the other hand, the COPs’ functional groups including
hydroxyl, hydroperoxyl, epoxy, and keto, increase the intes-
tinal absorption of COPs more than cholesterol impacting
the cholesterol/lipid metabolism and membrane’s function
(Poli et al., 2022).

Thus, the COPs were largely determined in egg products
as related to processing and storage conditions. As reported
by Chudy and Teichert (2021) eggs and egg-derived prod-
ucts represent the main dietary sources of COPs. The pasta
processing consists of steps such as mixing, extrusion,
drying and also cooking that can promote the initiation
of oxidative reactions, caused by high temperature, pres-
ence of metals, oxygen, and exposure to light in presence
of photosensitizers (photooxidation), which lead to high
production of COPs. For instance, Verardo et al. (2017)
described a drastic increase in COPs content when a high
temperature was applied to drying egg pasta. Again, food

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s11947-023-03016-1&domain=pdf

Food and Bioprocess Technology

products formulated with pasteurized eggs displayed higher
amount of COPs than those with spray-dried eggs (Verardo
et al., 2020).

It is also well known that pasta shape is strictly related
to macroscopic structural attributes, which could reflect
different oxidative and retention behavior. As reported by
literature, the pasta shape affects water absorption and solid
loss; for instance, the penne shape absorbs less water than
spaghetti, while both spaghetti and penne shapes lose fewer
solids in cooking water than the risoni shape (Suo et al.,
2021). The long pasta shape showed a higher glycaemic
index than that of the short pasta shape (Pugnaloni et al.,
2021); again, pasta shape together with gluten affects the
texture, mastication behavior, and retention of compounds as
related to protein continuous network with embedded gelati-
nized starch (Suo et al., 2021).

To date, the interest in the development of novel or forti-
fied food products with antioxidants drastically increased (de
Oliveira et al., 2018; Sharma et al., 2022). Several natural
compounds obtained from vegetal sources or their process-
ing by-products may represent interesting and promising
alternatives to replace synthetic ones (Barbieri et al., 2021;
Espinosa et al., 2015; Dutta et al., 2022; Sabaghi et al.,
2022). The maqui berry powder was tested in fresh pasta for
increasing the polyphenols content and antioxidant capacity
and to reduce the glycemic index (Bianchi et al., 2022). An
increased amount of phenol compounds, a boosted antioxi-
dant activity, and reduced digestible starch was also found
in pasta fortified with olive pomace (Simonato et al., 2019).
Similar results in terms of enhanced antioxidant properties
were also found when mango peel dietary fiber concentrate
was added at 5% in macaroni pasta (Garcia-Amezquita et al.,
2018). Moreover, antioxidant properties of parboiled wheat
noodles were improved by fortification with pomegranate
peel extract (Kazemi et al., 2017).

Tannins have been receiving rising interest (Al-Hijazeen
et al., 2016; Fruet et al., 2020; Giilgin et al., 2010). The tan-
nins, water-soluble polyphenols, are a heterogeneous group
of high molecular weight, plant bioactive compounds, that
can be found in fruits, vegetables (in particular leaves,
peels or seeds), certain grains, cocoa/chocolate, and bev-
erages such as coffee, tea, and wine (Fraga-Corral et al.,
2021; Lamy et al., 2016). They contribute to exert positive
health effects due to their anti-inflammatory, anti-diabetic,
cardioprotective, healing, and antimicrobial (antiviral and
antibacterial) activity since they may act as antioxidants,
scavenging free radicals and inhibiting lipid peroxidation
and gut microbiota modulating (Fraga-Corral et al., 2021;
Lamy et al., 2016; Smeriglio et al., 2017). Recently, tannins
were also investigated as wall material in microencapsu-
lated sacha inchi oil (da Silva Soares et al., 2021), Origa-
num onites L. essential oil (Karagozlu et al., 2021) and as
natural preservative in cooked chicken meat (Al-Hijazeen
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et al., 2016). Moreover, tannins are extensively investi-
gated since they bind biological macromolecules such
as proteins, polysaccharides, and in particular lipids and
cholesterol impacting liposomes and lipid vesicles fluidity
(Lamy et al., 2016). As reported by Sewoski et al. (2022),
tannins interact with lipids in a similar manner and magni-
tude observed for proteins revealing a possible competition
between lipids and proteins. On the other hand, Zeng et al.
(2020) explained that apple condensed tannins directly
interact with cholesterol leading to coprecipitation and
cholesterol lowering effect.

Hence, these beneficial properties together with consoli-
dated extraction techniques from natural sources make tan-
nins promising compounds to be integrated into egg pasta
formulation for increasing the content of the bioactive com-
pounds, reducing cholesterol and oxysterols amounts.

Thus, the aim of the present study was to evaluate the
ability of two different types of condensed tannins to
impact the retention of cholesterol and its oxidation prod-
ucts in fresh and cooked egg pasta as related to two differ-
ent pasta shapes.

Materials and Methods
Materials

All chemicals and solvents were of analytical grade. Milli-
pore membrane filters (0.45 pm and 0.20 pm), chloroform,
n-hexane, methanol, water (> 99.8%), and ethanol were
purchased from Merck (Darmstadt, Germany). N° 1 filters
(70-mm diameter) were provided from Whatman (Maid-
stone, England). The standard mixtures of free fatty acids
(GLC 469) were purchased from Nu-Chek Prep, Inc. (Ely-
sian, MN, USA). Folin—Ciocalteu’s phenol reagent, triolein
(= 99.0%), tripalmitin (> 99.0%), tristearin (> 99.0%),
1,3-diolein (> 99.0%), 1,2(3)-dipalmitin (= 99.0%), choles-
teryl palmitate (> 97%), 1-oleoyl-rac-glycerol (> 99.0%),
methyl tridecanoate (> 99.5%), 5-cholesten-3f-ol (choles-
terol, > 99%), Sa-cholestane (> 97%), anhydrous pyridine
(99.8%), and N,O-Bis(trimethylsilyl)trifluoroacetamide
with trimethylchlorosilane (BSTFA:TMCS, 99:1, v/v) were
purchased from Sigma (St. Louis, MO, USA). 2-2'-Diphe-
nyl-1-picrylhydrazyl (DPPH®), gallic acid (> 98%) were
provided by Fluka (Milan, Italy). Sodium carbonate and
potassium hydroxide were purchased from Carlo Erba
(Milan, Italy). Tannins with ellagic acid esters of glucose,
from oak wood extract (A), and gallic acid esters of quinic
acid, from purified and deodorized tara pods extract (B),
were kindly provided by a local company.
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Pasta Sampling

The pasta dough was prepared by mixing and kneading 160
g of wheat flour (type 00), 80 g of durum wheat semolina
flour, 100 g of pasteurized egg product, tannins, and 40
mL of water in a mixer bowl (Dolly, Imperia & Monferrina
S.p.A., Moncalieri, Italy) until a compact and homogene-
ous mixture was obtained. Tannins (powder) were added
in different percentages of the total flour amount namely
0.25% (w/w), 0.50% (w/w), and 1.00% (w/w). Afterward,
two different pasta shapes, squared shape (S) and rec-
tangular shape (F), were obtained from the same dough
by using a bronze die-extruder in order to produce pasta
characterized by the same volume but a different shape
(Fig. 1). Control without the addition of the tannins was
also prepared for both S and F shapes. The pasta samples
obtained were left to air dry on traditional hangers. Lastly,
the samples were cooked in ultrapure water at 1:10 pasta/
water ratio (w/w) (Cappa & Alamprese, 2017) for 4 min
until the white center core of the pasta disappeared. Three
independent experiments (n = 3) were conducted. All pasta
samples were freeze-dried (Lio 5P, 5 Pascal, Italy) and
ground immediately before being analyzed.

Extraction of Antioxidant Compounds

The extraction of the antioxidant compounds from both
uncooked and cooked pasta was performed according to
Fares et al. (2010) with a modified weight/solvent ratio
(1:20, w/v). In brief, 20 mL of a methanol:water solution
(80:20; v/v) acidified with formic acid (to reach a pH equal
to 2.5) was added to 1 g of ground pasta and stirred in dark-
ness for 2 h. Subsequently, the sample was centrifuged
(12,900 x g, 15 min, 5 °C) and the supernatant was col-
lected. The extraction was then repeated two times and the
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Fig. 1 Pasta extruder die used to obtain the rectangular and squared
shape (a); schematic representation of the F shape (b) and S shape (c)
with specific dimension (width, thickness, and arc length)

supernatants were pooled, filtered through a Millipore filter
(PTFE; 0.45 pm) and stored in amber glass vials at 4 °C until
subsequent analyses.

Total Phenolic Content

The determination of the total phenolic content (TPC) was
carried out by the Folin—Ciocalteu colorimetric method
described by Singleton and Rossi (1965) with slight mod-
ifications as reported by Cantele et al. (2020), for adapt-
ing it to a BioTek Synergy HT spectrophotometric multi-
detection 96-well microplate reader (BioTek Instruments,
Milan, Italy). The analysis was run in triplicate. Results were
expressed as milligrams of gallic acid equivalents (GAE) per
gram of dry pasta.

Radical Scavenging Activity

The radical scavenging activity (RSA) was determined
through the inhibition of the 2,2-diphenyl-1-picrylhydrazyl
(DPPHe) free radical according to the method described by
Gadow et al. (1997) with some modifications to adapt it to
a BioTek Synergy HT microplate reader (Barbosa-Pereira
et al., 2018). Results were expressed as pmol of Trolox
equivalents (TE) per gram of dry pasta.

Determination of Total Cholesterol

The total cholesterol was extracted according to Kuczyniska
et al. (2019) with some modifications. Briefly, 3 mL of KOH
(4 M) in methanol was added to 100 mg of ground lyophi-
lized sample, together with 1 mg of Sa-cholestane (internal
standard 1; IS1) and 0.5 mg of 19-hydroxycholesterol (inter-
nal standard 2; IS2), used as internal standards to quantify
cholesterol and cholesterol oxidation products, respectively.
Samples were stirred in darkness for 18 h at room tempera-
ture (25 °C) and then 10 mL of chloroform and 10 mL of a
citric acid solution (0.1%; w/v) were added. After centrifu-
gation (3600 X g for 15 min at 10 °C), the organic phase
(subnatant), containing the cholesterol, was collected. The
extraction was then repeated, and the two organic phases
were combined. The solvent was removed by flushing nitro-
gen and the unsaponifiable fraction solubilized with an
n-hexane:isopropanol solution (3:2; v/v) and stored at —18
°C. Once extracted, the cholesterol-containing fraction was
subjected to silylation in order to obtain the trimethylsilyl
ethers (TMS). In detail, 200 pL of the unsaponifiable matter
was dried under nitrogen flow; then, 200 pL of pyridine and
180 pL of BSTFA (with 1% TMCS) were added; the reaction
was carried out for 30 min at 60 °C under stirring. Lastly, the
solvent was evaporated and TMS derivatives were dissolved
in 100 pL of n-hexane. One microliter was injected into a
Shimadzu QP2010 Plus GC/MS (Shimadzu, Kyoto, Japan)
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equipped with a fused silica capillary column (RXi-5 ms, 10
m X 0.1 mm i.d. X 0.1 pm film thickness; Restek, Bellefonte,
PA). The oven temperature ramped from 220 to 330 °C (at
10 °C/min) and then maintained at 350 °C for 2 min. The
temperature of injector and the interface were set at 325 °C
and 330 °C, respectively. The injection was performed in
split mode (1:30 ratio) using an autosampler AOC-5000 Pal
(Shimadzu, Kyoto, Japan). Helium was chosen as carrier gas
with a linear velocity of 47.0 cm/s. Acquisitions and peak
integrations were performed in TIC (total ion current) and
SIM (single ion monitoring), respectively.

Determination of Lipids in Cooking Water

After cooking pasta, the water was collected, weighed,
and transferred into a separating funnel. Afterwards, the
lipid extraction was performed as suggested by Folch et al.
(1957). The extraction was performed twice, and the organic
phases were pooled and filtered through a Whatman filter
paper to remove any solid suspensions. The solvent was
then evaporated and the lipid matter was dissolved in 200
pL of n-hexane:isopropanol (3:2; v/v) containing 10 pg of
Sa-cholestane (internal standard, IS). According to Luise
etal. (2018), 1 pL of sample was injected in a GC-FID sys-
tem (GC-2010 Plus, Shimadzu, Kyoto, Japan) equipped with
a Rtx®-5 fused silica capillary column (20 m X 0.10 mm i.d.
X thickness 0.10 pm; Restek, Bellefonte, PA) in split mode
(1:50 ratio). The oven temperature was programmed from
100 to 350 °C at a rate of 5 °C/min. The final temperature
was maintained for 20 min. The injector and FID tempera-
ture was set at 348 °C and 350 °C, respectively. Helium was
chosen as the carrier gas with a linear velocity of 47.0 cm/s.
The free fatty acids, free and esterified cholesterol, mono-
acylglycerols, diacylglycerols, and triacylglycerols were rec-
ognized by injection of pure commercial standards under the
same analytical conditions.

Determination of Cholesterol Oxidation Products

Cholesterol oxidized products (COPs) were isolated from the
unsaponifiable matter according to Rose-Sallin et al. (1995).
Briefly, an SPE-NH, cartridge, containing 3 mm of anhy-
drous sodium sulfate, was activated with 3 mL of n-hexane.
Then, the 9/10 of the unsaponifiable fraction was loaded and
eluted with 6 mL of n-hexane:ethylacetate (95:5; v/v) and 10
mL of n-hexane:ethylacetate (9:1; v/v). Once purified, COPs
were eluted through the column with 10 mL of acetone and
collected. Subsequently, the acetone was removed under
nitrogen flow and the COPs were derivatized as described
in the “Determination of Total Cholesterol” section. Samples
were dissolved in 100 pL of n-hexane and injected into a
Shimadzu QP2010 Plus GC/MS (Shimadzu, Kyoto, Japan)
equipped with a RXi-5 ms fused silica capillary column (10
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m X 0.10 mm i.d. X thickness 0.10 um; Restek, Bellefonte,
PA, USA) as reported by Cardenia et al. (2012). The injec-
tion (1 pL) was performed in splitless mode. The tempera-
ture was programmed from 250 to 325 °C at 20 °C/min. The
injector temperature was set at 325 °C and the ion source
temperature was set at 200 °C. Helium was used as the car-
rier gas with a linear velocity of 43.0 cm/s. The COPs were
recognized by their mass spectra (TIC) and quantified by
single ion monitoring (SIM). The quantifier ion and the three
qualifier ions are shown in Supplementary Table S1 (Supple-
mentary material section). The acquisition and integration
modes were in TIC (total ion current) and SIM (single ion
monitoring), respectively, using the qualifier and quantifier
ions.

The oxidation factor was calculated according to the fol-
lowing equation:

COPs

= —— % 100
" Cholesterol ¥

where cholesterol represents the cholesterol content in pasta
sample and COPs the cholesterol oxidation products content.

Statistical Analysis

Results were reported as means and standard deviation of
three independent replicates and were statistically processed
using SPSS Statistics software (version 25.0; IBM, Chicago,
USA). Analysis of variance (ANOVA) and Tukey’s post hoc
test, with 95% confidence level, were used to identify sig-
nificant differences between the mean values of the groups
as related to the different tannins, their concentrations, the
pasta shapes, and the cooking effect. To further understand
the data variability, principal component analysis (PCA) was
carried out.

Results and Discussions
Total Phenolic Content

The effect of two tannins on the total phenolic content (TPC)
in cooked pasta as related to different shapes is depicted in
Fig. 2. In uncooked pasta, the pasta without tannins (control)
exhibited a TPC equal to 1.21 + 0.00 mg GAE/g and the
addition of tannins in the formulation increased the TPC.
These results are in agree with those reported by Bianchi
et al. (2022). The S pasta shape fortified with tannin A
showed a TPC ranged from 1.56 to 2.46 mg GAE/g, while
F shape displayed a TPC ranged between 1.55 and 2.49 mg
GAE/g. In S pasta shape, the presence of tannin A at both
0.5 and 1.0% led to the highest value of TPC, while in F
shape only with 1.0% of tannin A the greatest value was
reached. The tannin B displayed greater TPC than tannin A;
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Fig.2 Total phenolic content (TPC) (mg GAE/g dry pasta) of pasta
added with tannins before (filled bars) and after (dot-patterned bars)
cooking in (a) squared shape (S); (b) rectangular shape (F) for both
tannins (A and B). Each bar represents the mean + standard deviation

in fact, the content of phenols increased at least twice; the
TPC ranged between 2.76 and 6.31 mg GAE/g in S pasta
shape and in a similar way ranged from 2.73 to 6.10 mg
GAE/g in F pasta shape. However, it might be pointed out
that no significant differences (p > 0.05) due to the different
shapes were observed but a significant effect due to the type
and concentration of tannin was detected. In order to evalu-
ate the possible losses of the bioactive compounds due to
the cooking process, the TPC was also evaluated in cooked
samples (Table 1). In agree with literature (Lisiecka et al.,
2019), the cooking process significantly decreased the TPC
(Fig. 2). The TPC loss was more marked when tannin A was
used; both F and S shape pasta with 1% of tannin A shown
the highest loss (by 41% and 42% of TPC, respectively).
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of three independent experiments (n = 3). Each sample is named with
the combination of two letters indicating the shape (S; F) and added
tannin (A; B). Results were analyzed trough Tukey’s post hoc test.
Significance: *p < 0.05; **p < 0.01; ***p < 0.001

On the other hand, pasta with tannin B lost less phenolic
compounds since the loss was less than 15% (at 1.0% of
tannin concentration). It might be highlighted that TPC
decrease in cooked samples could be ascribed to the high
temperatures when exposed to boiling water and to their
solubilization in the cooking water as reported by literature
(Alide et al., 2020; Gunathilake et al., 2018; Simonato et al.,
2019). Furthermore, as reported by Tanaka et al. (2018) the
solubility of tannins in water is additionally influenced by
their molecular structure and flexibility. However, the TPC
found in the samples containing tannin B at each concentra-
tion and with tannin A at 0.5 and 1% was higher than that
observed by Tolve et al. (2020), where pasta fortified with
5% grape pomace powder displayed a TPC equal to 1.28

Table 1 Total phenolic content
(TPC) (mg GAE/g of dry pasta)

TPC (mg GAE?Y/g dry pasta)

RSA (pmol TEP/g dry pasta)

and radical scavenging activity Tannin Concentration S shape F shape Sig. S shape F shape Sig.
(RSA) (pmol TE/g of dry pasta)
in cooked squared (S) and 0% 0.74+0.00 070+0.01 ns. 052+0.04° 0.84+000° ns.
rectangular (F) shape added 0.25% 0.80 £ 0.06™ 0.75+0.01°> ns. 343 +£036° 647 +£0.14% e
with tannins A and B A 0.50% 103+ 003"  0.80+002° ns. 3.69+017° 7.09+015 ns.
1.00% 141 +0.10° 147 +0.02*° ns.  12.00+0.35 1072 +0.31* ns.
Sig. L3 L3 sk &
0% 0.74+£0.00  070+0.01¢ ns. 052+0.04¢ 0.84+000° ns.
0.25% 1.84+001° 1.72+0.03° ns. 26.80+0.58 24.63+039° ns.
B 0.50% 2694005 286+001° ns. 3843 +1.13° 38.66+1.62° ns.
1.00% 533 +0.07*  5.15+006° ns. 9629 +3.11* 91.07 +3.56* ns.

Each value represents the mean + standard deviation of three independent experiments (n = 3). Value with
different letters within a column are significantly different (Tukey’s test; p < 0.05)

A esters of ellagic acid, B esters of gallic acid B, S squared pasta shape, F rectangular pasta shape, Sig. sta-
tistical significance, n.s. not significant

Asterisks denote the level of significance: *p < 0.05; **p < 0.01; ***p < 0.001

4GAE gallic acid equivalents

°TE Trolox equivalent

@ Springer



Food and Bioprocess Technology

and 1.05 mg/g GAE before and after cooking, respectively.
Moreover, lower values were also found by Simonato et al.
(2019) when olive pomace powder was integrated at 5%
in pasta, obtaining a TPC of 1.29 and 0.38 mg/g GAE for
uncooked and cooked pasta, respectively.

Radical Scavenging Activity (RSA)

The antiradical activity determined in both uncooked and
cooked pasta with and without tannins for both S and F
shapes is reported in Fig. 3. In general, as the concentration
of tannins increased, the RSA significantly raised; however,
no significant differences (p > 0.05) were reported due to
different shapes. It might be pointed out that the two tan-
nins displayed a different behavior since pasta with tannin
A exhibited a lower RSA than pasta with tannin B at the
three levels of considered concentrations in both uncooked
and cooked samples. Thus, the gallic acid ester tannin was
confirmed to be the best performer in egg pasta, with a
substantial increase in both TPC and RSA values with no
significant differences due to the different pasta shapes con-
sidered. The great gap observed between the two tannins
can be again ascribed to their different chemical structure
and also reflects the results obtained for TPC. In fact, the
ability of phenolic compounds to exert antioxidant activi-
ties, including scavenging free radicals, is mainly based on
the number of hydroxyl groups and their position on the
aromatic ring characteristic of polyphenols (Kumar & Goel,
2019). In addition, the resulting activity could also be related
to the susceptibility of bioactive compounds to interact with
macromolecules present in the dough (Se¢czyk et al., 2021).
However, the ability of the functional groups present in the
chemical structure of tannins provides them with the ability
to create stable bonds with other molecules, such as proteins
or carbohydrates, reducing their antioxidant activity (Fraga-
Corral et al., 2020; Minatel et al., 2017).

Aj * Bl AS
100 H E= ASCooked
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g- 50—
E % %k
- *
1M M ﬂﬂ ]
0 T oo Ei|
0 0.25 0.50 1.00
% of tannin

Fig.3 Radical scavenging activity (RSA) (pmol TE/g dry pasta) of
pasta added with tannins before (filled bars) and after (dot-patterned
bars) cooking in (a) squared shape (S); (b) rectangular shape (F) for
both tannins. Each bar represents the mean + standard deviation of
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After cooking (Fig. 3), in pasta fortified with 0.25% of
tannin A (F shape) and with 1.00% of tannin B (S shape),
the RSA increased from 3.55 + 0.14 pmol TE/g to 6.47
+ 0.14 pmol TE/g and from 81.27 + 1.03 pmol TE/g to
96.29 + 3.11 umol TE/g (by 18.5% increase), respectively.
These results could be ascribed to changes in the structure
of tannins and the food matrix due to heat treatment. During
the cooking process, tannins can be degraded by high tem-
perature and/or hydrolyzed with a consequent leaching of
free forms (Karim et al., 2017; Moreno et al., 2018; Parada
& Aguilera, 2007). These results are consistent with those
found in pasta fortified with maqui (Bianchi et al., 2022) or
with olive pomace (Simonato et al., 2019).

Cholesterol Content in Pasta

It is well known that egg pasta contains a high amount of
cholesterol and the processing as well as ingredients could
affect its content in significant way (Verardo et al., 2017).
On the other hand, different strategies were tested for devel-
oping egg products with reduced amount of cholesterol
(Lamas et al., 2016). Since natural extracts may contain lipid
compounds, the quality control of tannins was assessed by
extraction of potential lipid matter and analysis by GC-FID.
The results confirmed that no lipids were in powder tannins
(data not shown).

In general, the pasta shape affected the presence of cho-
lesterol since its content in uncooked pasta without tannins
(control) was significantly (p < 0.05) higher in the F pasta
shape. In agree with the literature, the larger surface area of
the F shape could contribute to a higher moisture transfer
by diffusion (Srikiatden & Roberts, 2007), resulting in a
higher concentration of macro- and micro-nutrients within
the food, including cholesterol. However, as reported in
Table 2, the tannins significantly (p < 0.05) affected the

B ] Bl AF
1004 E= AFCooked
s ] ks
2 ] [ BF
Q. ]
20 : E3 BFCooked
5 so:
s =
£ *
] okk kk Hokok '—|
imm I
0- T
0 0.25 0.50 1.00
% of tannin

three independent experiments (n = 3). Results were analyzed trough
Tukey’s post hoc test. Significance: *p < 0.05; **p < 0.01; ***p <
0.001. Each sample is named with the combination of two letters
indicating the shape (S; F) and added tannin (A; B)
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Table 2 Total cholesterol
content (mg/g dry pasta) in

Cholesterol content (mg/g dry pasta)

uncooked and cooked squared Tannin Thermal treatment Concentration S shape F shape Sig.
(S) and rectangular (F) shapes tannins
added with tannins A and B
0% 21.18 + 0.49° 27.67 +0.28 o
Uncooked 0.25% 32.50 + 6.10* 31.61 +3.97 n.s.
0.50% 30.57 = 2.67* 32.08 +4.46 n.s.
1.00% 36.08 = 0.62* 33.41 +0.55 *k
Sig. * n.s.
A 0% 19.72 £ 2.15 29.15 +£5.50 n.s.
Cooked 0.25% 30.56 + 1.96 32.24 + 0.04 n.s.
0.50% 25.69 + 6.34 28.22 +2.60 n.s.
1.00% 3037 +7.11 32.74 +£ 4.90 n.s.
Sig. n.s. n.s.
0% 21.18 +0.49° 27.67 +£0.28 K
Uncooked 0.25% 23.30 + 3.99% 39.97 +7.95 n.s.
0.50% 30.34 +0.89° 3120 + 1.44 n.s.
1.00% 53.59 + 10.27% 33.72 +1.83 w®
Sig. wkE n.s.
B 0% 19.72 + 2.15°¢ 29.15 +5.50 n.s.
Cooked 0.25% 27.61 + 4.53% 34.02 +4.99 n.s.
0.50% 24.66 + 1.72° 30.59 +2.57 n.s.
1.00% 35.69 + 0.04* 32.04 +3.56 ok
Sig. wk n.s.

Each value represents the mean + standard deviation of three independent experiments (n = 3). Value with
different letters within a column are significantly different (Tukey’s test; p < 0.05)

A esters of ellagic acid, B esters of gallic acid B, S squared pasta shape, F rectangular pasta shape, Sig. sta-
tistical significance, n.s. not significant

The asterisks denote the level of significance: *p < 0.05; **p < 0.01; ***p < 0.001

content of cholesterol in the S pasta shape, while no sig-
nificant differences (p > 0.05) were found in the F pasta
shape. Moreover, while tannin A impacted the cholesterol
content only in uncooked pasta, tannin B significantly (p
< 0.01) affected cholesterol occurrence in both uncooked
and cooked pasta. Thus, the pasta shape as well as the kind
of tannin seems to influence the retention of cholesterol in
pasta. This is not unexpected, as it is well known that the
success of adding bioactive compounds into food products in
terms of not only antioxidant activity but also of food quality
and safety depends on both the type of bioactive compound
(and specifically its molecular structure) and the food matrix
(Sabaghi et al., 2022).

On the other hand, cholesterol complexing activity was
in deep investigated in egg yolk. For instance, Lamas et al.
(2016) suggested the use of chitosan as promising strategy
to reduce the presence of cholesterol in egg-derived foods.
However, no data about cholesterol complexing activity with
tannins has been reported before. These results reported in
the present paper, for the first time, demonstrated how the
use of appropriate tannin could contribute to reduce the pres-
ence of cholesterol in egg pasta. That phenomenon could be

ascribed to tannin and cholesterol coprecipitation through
ionic and hydrophobic interactions as well as intermolecu-
lar hydrogen bonds (Zeng et al., 2020). However, since the
coprecipitation may impact on cholesterol water solubil-
ity, the cholesterol content in pasta cooking water was also
investigated (“Cholesterol Content in Cooking Water”). As
stated above, the cooking process did not significantly (p
> 0.05) affect the content of cholesterol in pasta except for
tannin B added in S shape; in fact, cooked samples added by
0.50 and 1.00% of tannin B displayed a cholesterol decrease
by 18% and 33%, respectively (Supplementary Table S2).
Probably, that behavior could be due to a migration phenom-
enon of tannin-sterol complex from pasta to cooking water
as the hydrophilicity of tannin tends to prevail as reported in
the “Cholesterol Content in Cooking Water” section.

Cholesterol Content in Cooking Water
In order to confirm the hypothesis of cholesterol transfer

from the pasta to the cooking water, the latter was ana-
lyzed in terms of total cholesterol content. As reported in
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Table 3 Total cholesterol content (ng/mL) in cooking water as related
to squared (S) and rectangular (F) shapes added with tannins A and B

Cholesterol content (ug/mL)

Tannin Concentration S shape F shape Sig.
0% 0.35+£0.01 0.35 +£0.01 n.s.
0.25% 0.33 +£0.00 0.38 +£0.14 n.s.

A 0.50% 0.30 +£0.16 0.25 +0.16 n.s.
1.00% 0.32 +£0.05 0.41 £ 0.04 n.s.
Sig. n.s. n.s.
0% 0.35 +0.01° 0.35 +0.01 n.s.
0.25% 0.45 +0.03¢ 0.48 +0.09 n.s.

B 0.50% 0.56+0.03° 036+0.02 ns.
1.00% 1.04 + 0.05% 0.32 +0.01 ok
Sig. HkE n.s.

Each value represents the mean + standard deviation of three inde-
pendent experiments (n = 3). Value with different letters within a col-
umn are significantly different (Tukey’s test; p < 0.05)

A esters of ellagic acid, B esters of gallic acid B, S squared pasta
shape, F rectangular pasta shape, Sig. statistical significance, n.s. not
significant

The asterisks denote the level of significance: *p < 0.05; **p < 0.01;
*#%p < 0.001

Table 3, the cooking water of S pasta shape containing
tannin B displayed an increased amount of cholesterol
as related to the tannin concentration. The formulation
of pasta containing at least 0.50% of tannin B in S shape
increased the solubility of cholesterol in the cooking water.
The cooking water of control samples displayed a choles-
terol content about 0.35 pg/mL of water for both shapes
and then remained constant when tannin A was tested (p >
0.05). In contrast, in the case of tannin B in the S shape, a
significant rise in cholesterol content was observed as the
percentage of fortification increased, reaching a value of
0.56 + 0.03 and 1.04 + 0.05 pg/mL when tannin was added
at 0.50 and 1.00%, respectively. In order to better explain
that phenomenon, two hypotheses have been considered.
Firstly, a synergistic effect between the type of tannin and
the shape of pasta, which is distinguished by a specific
and characteristic microstructure, could be involved in
the mechanism of cholesterol loss during cooking. Food
microstructure can be defined as the organization, spatial
arrangement, and interaction of food constituents result-
ing in a particular microscopically visible spatial parti-
tion of different material phases (Verboven et al., 2018).
The microscopic organization of food products has a great
impact on their nutritional value since it contributes both to
the binding of food macromolecules and to the protection
of easily degradable components from structural changes
during processing (Parada & Aguilera, 2007). Accord-
ing to the literature, S and F pasta shapes own different
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microstructures (Aravind et al., 2012; Martin-Esparza
et al., 2018) since S shape is reported to be much more
outlined and developed than F shape. Thus, the interaction
between the components inside the pasta could be different,
leading to a link between cholesterol and tannin more or
less encouraged. In addition, the greater solubilization of
cholesterol within the cooking water could be ascribed to
the greater capacity of the water to penetrate into S shape
for higher interspace volume, combined with potential sur-
factant activity, particularly by gallic acid; however, a more
in deep investigation is required to better understand how
the tannins are able to conjugate or complex cholesterol
molecules related to its different forms (free vs esterified).
Another explanation may be related to the formation of
a surface crust during dry processing due to excessive
moisture loss (Migliori et al., 2005). In fact, during the
drying phase, a preliminary dehydration of the surface of
the dough takes place with the formation of a thin crust
with the aim of preventing pasta from sticking or becoming
deformed. However, the shape and dimension are param-
eters that determine a different transfer of moisture from
pasta to the air (Conte et al., 2021). Consequently, due to
the greater surface exposure of F shape to air, the transfer
of moisture to the outside could be faster and the formation
of the crust easier than for the S shape, where moisture is
better retained inside. Thus, the penetration of water inside
the F shape pasta during the cooking step could be reduced
resulting in a lower cholesterol solubility.

Cholesterol Oxidation Products (COPs)

Finally, it has been verified the antioxidant activity of tan-
nins in reduction or inhibition of cholesterol oxidation,
representing a suitable valid solution to be applied in pro-
cessed foods containing ingredients with a high content
of cholesterol. The COPs determined in the pasta samples
were 7a-hydroxycholesterol (0.0722-0.1890 pg/g of pasta;
7a-HC), 7B-hydroxycholesterol (0.0491-0.2183 pg/g of
pasta; 7p-HC), and 7-ketocholesterol (0.1030-0.4432 pg/g
of pasta; 7-KC). In addition, 5,6 o/p-epoxycholesterol iso-
mers, triol, and 25-hydroxycholesterol were detected in trace
amounts. The total amount of COPs was ranged from 0.16 +
0.01 t0 0.66 + 0.11 pg/g of dry pasta (Table 4).

Figure 4 shows the content of COPs in the pasta sam-
ples. Significant differences (p < 0.05) were found in
uncooked pasta as related to the type of tannin. Within F
shape, as the amount of tannin B increased up to 1.00%,
COPs’ content decreased up to 60%. On the other hand,
in S pasta shape, only 1.00% of tannin B significantly
reduced the amount of COPs. On the contrary, tannin A
led to a significant increase of COPs in both shapes. In F
shape, a significant COPs increment was found (p < 0.05)
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Table 4 Total cholesterol

oxidation products (COPs; COPs (ng/g dry pasta)
pg/g dry pasta) in uncooked Tannin Thermal treatment Concentration S shape F shape Sig.
and cooked squared (S) and tannins
rectangular (F) shapes added
with tannins A and B 0% 0.37 + 0.06° 0.41 +£0.01° n.s.
Uncooked 0.25% 0.50 + 0.02% 0.66 +0.11* n.s.
0.50% 0.45 +0.03*® 0.53 +0.08% n.s.
1.00% 0.56 +0.17* 0.43 +0.03° n.s.
A Sig. * *
0% 0.33 +0.00 0.35+0.01 *
Cooked 0.25% 0.46 + 0.02 0.39 +£0.11 n.s.
0.50% 0.45 +£0.01 0.43 +£0.02 n.s.
1.00% 0.53 +£0.21 0.53 +£0.15 n.s.
Sig. n.s. n.s.
0% 0.37 + 0.06* 0.41 + 0.00* n.s.
Uncooked 0.25% 0.41 +0.12%® 0.33 +£0.01% n.s.
0.50% 0.40 + 0.02* 0.26 + 0.08" n.s.
1.00% 0.31 +0.04° 0.16 £ 0.01° *
B Sig. * i
0% 0.33 +£0.00 0.35+0.01 #*
Cooked 0.25% 0.36 +0.02 0.34 +£0.14 n.s.
0.50% 0.32 +£0.07 0.26 + 0.01 n.s.
1.00% 0.32 +£0.01 0.32 £ 0.05 n.s.
Sig. n.s. n.s.

Each value represents the mean + standard deviation of three independent experiments (n = 3). Value with
different letters within a column are significantly different (Tukey’s test; p < 0.05)

A esters of ellagic acid, B esters of gallic acid B, S squared pasta shape, F rectangular pasta shape, Sig. sta-
tistical significance, n.s. not significant

The asterisks denote the level of significance: *p < 0.05; **p < 0.01; ***p < 0.001

rising from 0.41 pg/g (control) to 0.66 pg/g (0.25% tan-
nin concentration), while in the S shape an increase was
observed with respect to control as the concentration of
tannin increased (p < 0.05). However, in order to better
define the extent of cholesterol oxidation with respect to
the total cholesterol, the oxidation factor (F,; %) was cal-
culated. The tannin B added at 1.00% shown the lowest F,
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Fig.4 Total cholesterol oxidation products (COPs; pg/g dry pasta) in
cooked squared (S) and rectangular shape (F) added with tannins A
and B. Each bar represents the mean + standard deviation of three

on both pasta shapes F (0.5%) and S (0.7%) confirming the
tannin B as greater antioxidant tannin. On the other hand,
F pasta shape samples with tannin A displayed higher
value of F, (2.1%) with respect to control (1.8%).

From the results obtained, it seems that tannin A shows
a pro-oxidant activity. As reported by Salminen et al.
(2011), there are several studies reporting controversial
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independent experiments (n = 3). Different letters denote statistically
different means (Tukey’s test p < 0.05). Significance: *p < 0.05
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results regarding the activities of tannins, referring that
the type, dosage, and matrix into which they are added,
may be determining factors in the balance between ben-
eficial and deleterious effects. In that case, the pasteur-
ized egg product affects the pH of the dough. In fact, as
reported by Atilgan and Unluturk (2008), the pH values of
the egg product vary with temperature, due to the nature
of the chemical composition and the ionic mobility in the
liquid. Thus, the pH decreases because ionic mobility
increases with increasing temperature. In formulating the
dough, the egg product was stored at refrigeration tem-
perature and used at room temperature, thus estimating
a pH between 7.96 and 8.00 (Atilgan & Unluturk, 2008).
The high pH value and co-presence of tannin A, based on
ellagitannins, probably resulted in a pro-oxidant activity.
Direct pro-oxidant activities are based on the generation
of a phenoxyl radical or a redox complex with a transi-
tion metal ion. Phenoxyl radicals can react with oxygen
to generate O,”, H,0,, and a complex combination of
semiquinones and quinones, leading to an increase in free
radicals present in the ambient, increasing the oxidation
reactions (Barbehenn et al., 2006; Moilanen et al., 2016).
On the other hand, authors reported a superior pro-oxidant
activity of ellagitannin with respect to simple gallic acid
derivatives, gallotannins, or proanthocyanidins (Eghbal-
iferiz & Iranshahi, 2016). Finally, the effect of cooking
on the generation of COPs was evaluated (Supplementary
Table S3) and no significant differences were found (p >

0.05), indicating that, despite the exposure to high tem-
peratures, 4 min of cooking are not sufficient to trigger the
oxidation of cholesterol in significant way.

Principal Component Analysis (PCA) of All Data

All data for phenolic compounds, radical scavenging activity,
cholesterol, and COPs content of raw and cooked egg pasta
were submitted to PCA to better understand which param-
eters were the most significant for analyzing the impact of
tannins, their concentration, and pasta shape on egg pasta.

The total variability for the first two principal compo-
nents was estimated to be 73.02%. As reported in Fig. 5, the
7a-HC, 7p-HC, 7-KC, and total COPs were more correlated
to PC1, which explained the 49.20% of total variance and
fully separated from TPC and RSA. Moreover, the total cho-
lesterol found in egg pasta as well as in cooking water was
mostly correlated with PC2, with a variance of 23.82%. The
PCA score plot is shown in Fig. 6. Tannins A and B used
at high concentrations were fully recognized. In particular,
tannin A added in both pasta shapes resulted more charac-
terized by all COPs, while egg pasta formulated with the
highest concentration level of tannin B was located in the
same cluster with TPC, RSA, and total cholesterol found in
both egg pasta and cooking water. These results confirm the
antioxidant effect of gallotannin and its impact on choles-
terol water solubility.

1.0
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0s TPC 7BHC  ©
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Fig.5 PCA loadings’ plot of all COPs, cholesterol detected in egg pasta and water cooking, TPC and RSA
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Conclusions

In the present study, the effect of ellagic acid esters of glu-
cose (ellagitannins) and gallic acid esters of quinic acid (gal-
lotannins) on the content of cholesterol and oxysterols in
egg pasta was investigated also considering the contribute
of pasta shape. The results demonstrated that tannin based
on gallic acid ester was the most performing in egg pasta,
with a substantial increase in both TPC and RSA without
significant differences due to different pasta shapes consid-
ered. Again, the high antiradical activity of gallotannins sug-
gests its use as natural antioxidant able to reduce cholesterol
oxidation. In general, the results highlighted that tannins

interacted with cholesterol affecting its content in egg pasta.
However, without the use of tannins, F pasta shape collected
higher cholesterol than S pasta shape. Furthermore, due to
coprecipitation or surfactant properties of tannins, the gal-
lotannins in the S pasta shape improved the solubility of
cholesterol in water cooking revealing interesting activity to
be in deep investigated. To our knowledge, no results were
reported before about the hypocholesterolemic effect of
gallotannins, suggesting its use as promising technological
strategy for the development of more healthy foods.

In terms of cholesterol oxidative behavior, as shown for
TPC and RSA, gallotannin was more effective than ella-
gitannin in reducing the occurrence of COPs in both egg
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pasta shapes. The current study confirms that gallotannins
may be a promising alternative to synthetic antioxidants
for developing fresh egg pasta with a low content of COPs;
however, further research is needed to better understand
how tannins can bind or interact with cholesterol impacting
its water solubility also taking into account both free and
esterified forms.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s11947-023-03016-1.
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