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Abstract Cholesterol oxidation was studied in 12 sam-
ples of mass-produced egg pasta and in home-made egg
pasta produced with fresh eggs obtained from hens bred in
the open with organic methods (a), fresh eggs purchased
in a local retail shop (b) and spray-dried eggs, which are
not allowed by Italian law (c). The lipids of commercial
egg pasta contained almost twice the concentration
of cholesterol of hand-made egg pasta (2.6 vs. 1.4 mg/
100 mg lipids). Mass-produced egg pasta contained
2.2+1.5 ug oxycholesterols (cholesterol oxidation prod-
ucts, or COPs)/g of pasta, aEpo being the most repre-
sented oxycholesterol. The oxycholesterol content in
home-made pasta was 1.7, 3.5 and 3.6 ug/g pasta, for
pasta obtained with samples a, b and c, respectively. 7-
Hydroxycholesterol and S-epoxy-cholesterol were not
taken in account, because they co-eluted with campesterol
and campestanol, respectively. The home-made procedure
(eggs mixed with flour and water and dried for 48 h at
30 °C) led to the formation of 7 k and 7«, rather than
aEpo. The use of eggs from hens bred in the open reduced
the COPs content considerably. The home-made product
should be consumed within a few days after manufactur-
ing or should be immediately refrigerated.
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Introduction

The daily intake of oxidized food lipids is one of the
causes of some degenerative pathologies [1], such as
arteriosclerosis [2, 3, 4, 5, 6] and diabetes [7]. The
determination of cholesterol oxidation in egg products is
an important issue for two reasons: (a) eggs are one of the
most important natural sources of cholesterol, and (b)
eggs are consumed by themselves or can be a very
common “visible” or “invisible” ingredient of many food
products (sweet or salty snacks, pasta, cookies, cakes, ice
creams) which are widely consumed and are suspected to
contain significant concentrations of oxycholesterols [8,
9].

The extent of cholesterol oxidation in egg products is
affected by the physical status of the raw product (whole,
liquid or powdered egg) and by the thermal treatments
and the storage conditions of these ingredients. The
production of oxycholesterols in egg products is increased
during heat treatments, pre-cooking, irradiation, light and
air exposure, spray-drying, freeze drying, dehydration and
storage of thermally stressed food [10, 11] at room
temperature.

In egg pasta, cholesterol can undergo oxidation de-
pending on the raw material quality, the drying cycle or
the storage of the finished product [12]. However, the
drying cycle used for egg-containing pasta is milder with
respect to those used for pasta without eggs, as shown by
the determination of furosine in these products [13].

Unfortunately, the determination of cholesterol oxida-
tion products (COPS) is not yet a routine analysis, due
to the time-consuming purification of the analytes, the
possibility of artefact formation during sample prepara-
tion, the interferences due to plant sterols, and plant sterol
oxidation products [14], as happens when egg pasta is
analyzed [15, 16]. For these reasons, high resolution
techniques, such as high performance liquid chromatog-
raphy [17] and gas chromatography [18] have been
coupled with mass spectrometry [19, 20] in order to
confirm the identification of oxycholesterols.



The aim of this work was the study of cholesterol
oxidation in 12 samples of mass-produced egg pasta. The
results are discussed and compared with those obtained
from home-made egg pasta produced with three different
types of egg products: (a) fresh eggs obtained from hens
bred in the open with organic methods, (b) fresh eggs
obtained in a local retail shop, and (c) spray-dried eggs.
Although Italian law does not allow the use of spray-dried
eggs for the production of egg pasta, we carried out this
trial in order to verify the use of spray-dried eggs.

Materials and methods

Chemicals and materials All the solvents were analytical grade. n-
Hexane was from Merck (Darmstadt, Germany). Methanol and
chloroform were from Carlo Erba (Milan, Italy), while propan-2-ol
was purchased from Prolabo (Paris, France). The following
standards used for the identification of oxycholesterols were
purchased from Steraloids (Wilton, N.H., USA): 5-cholesten-
3B, 7a-diol (7a) and 5-cholesten-33,75-diol (7). In addition,
5-cholesten-33-0l-7-one (7 k), 5-cholestan-5¢, 6a-epoxy-3S3-ol
(aEpo), 5-cholestan-583,63-epoxy-33-ol (BEpo), 5-cholesten-3p,
19-diol (19-OH) as the internal standard, 5-cholesten-3/,20c-
diol (20-OH) and cholestane-3,50,,63-triol (Tr) were from Sigma
(St. Louis, Mo., USA), as well as betulin (lup-20[29]-en-3/3,28-
diol).

Sample preparation Twelve samples of commercial egg pasta of
different size and producer were purchased in a local supermarket;
the samples were analysed at least 8 months before their expiry
dates.

Three samples of egg pasta were prepared using a home-made
procedure. Soft wheat flour (500 g) was mixed with five whole
organic eggs (sample a), five whole commercial eggs (sample b) or
reconstituted spray-dried eggs (sample c). In order to reconstitute
the spray-dried eggs, 50 g whole egg powder were thoroughly
mixed with 200 g tap water. The pastry was rolled out and dried for
1 h at room temperature before it was cut. Afterwards, the drying
process was carried out at 30 °C for 48 h. Subsequently, egg pasta
was stored in open vessels in a dry, dark place at room temperature
for 18 days before analysis.

Each sample was analyzed in two replications and the average
value of the determinations was reported.

Lipid extraction Prior to extraction, all the samples were powdered
with a Braun Multipractic food processor (Kronberg, Germany).
The lipid fraction of the samples was extracted from the powdered
sample (25 g) using the procedure of Folch et al. [21] with slight
modifications as reported elsewhere [22].

Determination of oxycholesterols Oxycholesterols were purified
with a procedure described elsewhere [22], involving addition of
the internal standard (12.5 ug of 19-OH) to 250 mg lipids, cold
saponification [23] and NH; solid phase extraction (SPE) of the
analytes [24]. The dried eluate was silylated [25] and dried again
under nitrogen flow. An aliquot of the silylated extract was
analyzed by capillary gas chromatography using a HRGC 5300
by Carlo Erba (Rodano, Italy) equipped with a flame ioniza-
tion detector (FID). The GC separation column was a DB-1
(30 mx0.32 mm i.d.) from J&W (Folsom, Calif., USA) coated with
a 0.25 um film of 100% dimethyl-polysiloxane. The samples were
split injected with a temperature program rising from 250 to 325 °C
at 3 °C/min; the injector and detector were set to 325 °C. The
carrier gas was helium at a flow of 2 mL/min and the split ratio was
1/15. The identification of oxycholesterols was confirmed by gas
chromatography-mass spectrometric (GC-MS) analysis. A Varian
3400 (Palo Alto, Calif., USA) gas chromatograph coupled with an
ion trap ITS40 mass spectrometer by Finnigan (Manchester, UK)
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was used. The GC separation column was a ZB-5 (30 mx0.25 mm
i.d.) from Phenomenex (Torrance, Calif.,, USA) coated with a
0.25 pum film of 5% phenylpolysiloxane. The split ratio and the
temperature program were the same as in the GC-FID analysis;
however, the helium flow was 1.4 mL/min and the injector and
detector were set to 250 °C and 300 °C, respectively. The ion trap
was used in the electronic impact mode (70 eV) and a mass range of
40-650 m/z was monitored. The GC retention time and fragmen-
tation pattern of the identified peaks was compared with those of
pure standard substances.

Determination of total cholesterol An aliquot of the lipid fraction
(250 mg) was spiked with betulin (3 mg) as the internal standard,
and saponified, as reported in the previous section. After sapon-
ification, the ether fraction was extracted, dried, silylated and
injected into the GC under the same conditions as reported above.

Results and discussion

Lipid content of egg pasta

The lipid content of commercial egg pasta was 4.4+1.2 g/
100 g product (average+standard deviation, n=12). This is
a low value, compatible with the low caloric requirements
of modern alimentation; however, the fat content was
highly variable among 12 different samples, showing that
both the raw material and the processing technology are
heterogeneous.

The home-made egg pasta was fattier, 5.6+0.4 g/100 g
product. In ancient times, egg pasta was an important
caloric food and source of carbohydrates and proteins for
Mediterranean populations [26].

Cholesterol oxidation in samples
of mass-produced egg pasta

The repeatability of the quantification was evaluated by
analysing one sample of commercial egg pasta (sample
no. 11) in three replications: the average oxycholesterol
content (+standard deviation, n=3, expressed as micro-
grams per gram of lipids) was 6.6+2 for 7a, 30.5+3 for
aEpo, 2.1+0.3 for Tr, 7.8+1.6 for 7 k, 47.0+6.6 for total
oxycholesterols; thus the repeatability was acceptable.
However, the plant sterols derived from the lipidic frac-
tion of flour can interfere with the determination of
oxycholesterols. With GC-MS analysis it was observed
that 7B-hydroxycholesterol and S-epoxy-cholesterol co-
eluted with campesterol and campestanol, respectively;
thus, these oxycholesterols were not determined. The
oxycholesterol content in the 12 egg pasta samples pur-
chased in a local supermarket is reported in Table 1. Our
data agree with previous literature [12, 27], which,
however, reports the concentration of 7 k only. It should
be noted that the fat percentage of this type of noodle is
low, thus the dietary intake is low, ranging between 0.9
and 6.5 pg oxycholesterols/g of pasta. There were no
remarkable differences in the total oxycholesterol content
among samples of different size, nor differences due to
the photo-oxidation caused by the type of packaging
(transparent or opaque bag or box) or the expiration date,
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Table 1 Oxycholesterol and fat content in the lipid fraction of mass produced egg pasta. SD Standard deviation

Sample no. 7o oEpo Tr 7k

Sum of
oxycholesterols

Oxidized
cholesterol

Sum Fat content

ug/g lipids  ug/g lipids  ug/g lipids  ug/g lipids

ug/g lipids % g lipids/100 g = pg/g sample

1 17.8 30.8 3.1 23.6 75.3 0.27 2.54 1.9
2 9.1 352 2.5 12.9 59.3 0.21 3.13 1.9
3 4.7 27.9 5.5 5.8 439 0.15 3.6 1.6
4 6.2 14.8 1.2 7.3 29.5 0.10 5.02 1.5
5 5.1 34.1 23 7.0 48.5 0.18 54 2.6
6 3.0 473 <1 4.5 55.0 0.28 4.03 22
7 5.9 8.0 1.3 7.6 22.8 0.10 4.04 0.9
8 7.7 10.5 1.4 8.9 28.5 0.15 3.33 0.9
9 12.4 25.7 1.5 54.7 94.3 0.35 6.9 6.5
10 6.7 30.0 4.9 11.9 53.5 0.20 4.5 2.4
11 6.6 30.5 2.1 7.8 47.0 0.17 5.04 24
12 3.8 21.7 1.5 6.9 33.9 0.14 4.63 1.6
Mean 7.4 26.4 2.5 13.2 49.3 0.19 43 22
SD 4 11 1 14 21 0.08 1.2 1.5
as already found by other authors [12]. Moreover, there
was no correlation between the fat content and the 190H
oxycholesterol content. The rate of oxidized cholesterol
was not related to the cholesterol content of pasta. The
most represented oxycholesterol (8-35 ug/g lipids) was chol campesterol + 7p

aEpo. The second most represented oxycholesterol was
7 k (6.9-55 ug/g lipids). The B-isomers were present, but
not quantified because they overlapped with plant sterols.

Cholesterol oxidation in samples of home-made egg pasta

A chromatographic trace of oxycholesterols in pasta is
reported in Fig. 1: the trace describes the unsaponifiable
matter after SPE clean-up of oxycholesterols, not the total
unsaponifiable extract.

The data on cholesterol oxidation in home-made pasta
are shown in Table 2. The total oxycholesterol content is
high, especially considering the pasta obtained with
commercial eggs (65.7 ug/g lipids) and spray-dried eggs
(68 ugl/g lipids), as expected. However, these values are
comparable with those detected in mass-produced pasta
(49.3£21, as an average value). At the same time, pasta
obtained with organic eggs showed a smaller amount of
COPs (27.5 pg/g lipids). This could be due to the nutrition
of the hens, which was probably rich in vegetable anti-
oxidants; moreover, the breeding conditions were less
“stressing” for the animals with respect to the industrial
plants. The storage period tested here was about 18 days,
which is considered an extremely long time interval be-
fore consuming this home-made product; usually, home-
made pasta is consumed within 3—4 days of manufacture.

The oxycholesterol profile of home-made egg pasta
was different with respect to commercial samples: the
most represented was 7 k or 7a, not aEpo, showing that
the drying cycle has an influence on the formation of
oxycholesterols. Moreover, the most represented oxyc-
holesterol in egg pasta obtained with spray-dried eggs was
7a; the formation of hydroxy derivatives of cholesterol
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Fig. 1 Gas chromatographic trace of egg pasta sterolic fraction after
SPE clean-up of oxycholesterols. Chol Cholesterol, 7a 5-cholesten-
3B7a-diol, 19-OH 5-cholesten-3419-diol (internal standard), aEpo
5-cholestan-5a60-epoxy-33-ol, Tr cholestane-35506f-triol, 7 k 5-
cholesten-33-o0l-7-one, Pster P-—sitosterol, fBstan f-sitostanol. 7[-
hydroxycholesterol (78) and S-epoxy-cholesterol (8Epo) co-eluted
with campesterol and campestanol respectively
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Table 2 Oxycholesterols in the lipids and fat content of “home made” egg pasta. a, b andc are the egg sources used for the sample

Sample Ta oEpo Tr 7k

Oxidized
cholesterol

Sum of
oxycholesterols

Sum Fat content

ug/g lipids  ug/g lipids  ug/g lipids

ug/g lipids

ug/g lipids % g lipids/100 g pg/g sample

a (in the open) 8.0 4.1 2.4 13.0
b (commercial) 18.8 5.6 7.4 33.9
c (spray dried)  30.5 9.5 6.0 22.0

27.5 0.20 6.19 1.70
65.7 0.47 5.28 3.47
68 0.48 5.26 3.59

during the spray-drying process has been already reported
elsewhere [28].

Total cholesterol content

It is remarkable that the cholesterol content of the lipids in
mass-produced pasta was on average almost twofold
(2.6 mg/100 mg lipids) that of home-made pasta (1.4 mg/
100 mg). This indicates that the food industry makes a
strong use of high-cholesterol eggs for pasta production,
thus reducing the number of eggs to be mixed to the flour
(the Ttalian official method for determining the egg
content of pasta is based on the determination of
cholesterol) due to the use of semolina. Although this
practice reduces the protein content of egg pasta, it seems
to be a good approach in order to decrease the concen-
tration of COPs. In fact, the fraction of oxidized choles-
terol in the mass-produced pasta (0.19%) was similar to
that of home-made pasta containing eggs from hens bred
in the open (0.20%).

Nevertheless, the rate of oxidized cholesterol was
remarkably high and similar in home-made pasta obtained
from both spray-dried and commercial eggs.

In conclusion, 7 k has been reported as the main mark-
er for cholesterol oxidation in food. However, in ther-
mally stressed pasta (due to drying cycles or spray-drying
of the eggs) 7k represented not more than one-third of the
measured oxycholesterols. 7o and aEpo represented the
main oxycholesterols in spray-dried egg pasta, and in
products submitted to a drying cycle (mass-produced
pasta), respectively.

Eggs used for industrial production of pasta show high
concentrations of cholesterol (about twofold), with re-
spect to the eggs purchased in the retail shop. However,
this difference does not affect the quality of the lipid
fraction from the point of view of cholesterol oxidation;
conversely, the small amount of lipids in mass-produced
pasta limits the dietary assumption of COPs. It is evident
that the industrial processing technology of pasta has
evolved in recent times, thus preserving the nutritional
quality of the raw product during the processing steps.
Although the characteristics of mass-produced pasta were
remarkably heterogeneous, the quality of the products
was usually good.

A significant quality improvement could be obtained
by using eggs from hens bred in the open, in which
cholesterol oxidation was low, at least in the home-made
production of pasta. Considering spray-dried eggs, cur-

rently this technology allows the manufacture of pasta
which is not significantly different from the home-made
pasta produced with commercial eggs. However, the
home-made procedure leads to the formation of 7 k and
7a, rather than aEpo, which is the precursor of Tr. It
should be pointed out that the quality of eggs affects the
pasta quality. The home-made products should be con-
sumed within a few days after manufacture or should be
refrigerated in order to decrease the rate of formation of
oxycholesterols.

Future research should be carried out on the study of a
larger sample amount (if available), the determination of
natural antioxidants of eggs and pasta (e.g. isoflavones,
carotenoid pigments) and the study of their influence on
processing and storage of egg pasta of different origin.
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