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Abstract

Antioxidants like carotenoids play a major role in the pre-
vention of the destructive influence of free radicals in our
skin. Carotenoids, as well as all other antioxidants, are sub-
stantial substances which must be supplied by nutrition.
Resonance Raman spectroscopy (RRS) allows measure-
ment of the carotenoid content of eggs, representing arich
carotenoid sourceinour nutrition. A previous study showed
that eggs from organic production contain higher carot-
enoid levelsin contrastto eggsfrom conventionally housed
chicken. The uptake of these organically produced eggs
led to an increased antioxidant concentration in the skin.

In this study, the effects of different storage modalities,
conservation techniques, and the effects of food process-
ing on the carotenoid levels in eggs were investigated with
RRS. Common storage modalities and preservation tech-
niques showed only a limited influence on egg-derived ca-
rotenoid concentrations. However, a colder environment
(at least for shell eggs) and high-pressure preservation had
the best preservative influence on the carotenoid content.
Surprisingly, food processing such as boiling increased the
carotenoid concentrationin eggs, whilst broiling destroyed
the carotenoids almost completely. In conclusion, RRS is
suitable for monitoring egg-derived carotenoid levels, and
carotenoid levels in eggs are generally stable under com-
mon storage and preservation modalities. Boiling in con-
trast to broiling of eggs might be superior in terms of ca-
rotenoid preservation within food processing.
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Introduction

Free radicals exert destructive effects on the human
organism if they exceed a critical level, leading to the
damage of cells and compartments as well as elastic fi-
bres of the skin. This damage results in furrows and
wrinkles, as visible signs of skin aging. Extrinsic factors
such as sun exposure, smoking, and excessive alcohol
intake lead to an increased production of free radicals of
the human organism, promoting the effects of prema-
ture skin aging [1]. The human organism has developed
a protective network based on antioxidants, capable of
the neutralization of free radicals, thereby preventing
tissue damage [2, 3]. The most common antioxidants are
the vitamins A, C, E, and carotenoids, as well as various
enzymes [4, 5].

Recently, resonance Raman spectroscopy (RRS) has
been established for the rapid measurement of carotenoid
concentrations in vitro and in vivo, i.e., in the skin, in
contrast to more elaborate established techniques such as
high-pressure liquid chromatography [6]. Therefore,
RRS represents a valuable tool for the determination of
the antioxidative network of cutaneous tissue in vivo.

Since the human organism is incapable of synthesizing
these antioxidants they need to be incorporated by nutri-
tion, such as through eating fruits and vegetables [7].
However, not only plants represent a rich source of anti-
oxidants, but also meat and, in particular, eggs contain
high amounts [8]. In this context it has been shown that
particularly egg yolk contains a high concentration of dif-
ferent antioxidants, including carotenoids [9, 10] funda-
mental for the foetal development of the chick. Eggs
therefore represent a rich source for antioxidants such as
lutein, zeaxanthin, B-cryptoxanthin, B-carotene, and ly-
copene [11]. Egg-derived carotenoid uptake has been
shown to lead to a significant increase in the carotenoid
concentrations in human skin [9], as already shown for
other antioxidant-rich food supplementation, i.e. f-
carotene and lycopene [12].

Recent RRS analyses showed that eggs from chicken
that had access to green fodder contained approximately
twice as much carotenoid compared to the egg yolk of
hens housed in battery cages. These studies highlighted
the nutritional value of eggs from chicken that were or-
ganically farmed [13].

In this study, we investigated the effects of storage mo-
dalities such as temperature and light exposure, food
preservation techniques such as pasteurization, high-
pressure preservation (HPP), high-intensity pulsed elec-
tric fields, and treatment with ozonated water on the ca-
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rotenoid contents of eggs over time. Food processing by
boiling and broiling was also investigated with respect to
their influence on the carotenoid levels.

Materials and Methods

RRS Measurements

The experimental set-up for the in vivo and in vitro detection
of carotenoids in biological samples used in the present experi-
ments has previously been described in detail [14].

Source and Preparation of Eggs

Eggs were purchased from the supermarket Extra, Berlin, Ger-
many, and originated from chicken that were organically farmed
according to the guidelines of the European Union (VU/VO EWG
2092/91).

Figure 1 gives an overview of the different conservation and
storage experiments of shell and liquid whole eggs (LWE). The
conservation experiments were performed only once, after which
the eggs (shell and LWE) were stored for 8 weeks without light at
4°C. The content of carotenoids was quantified prior to conserva-
tion and storage procedures and then weekly in two eggs for the
given situation over a period of 8 weeks (for conservation tech-
niques and in storage modalities of LWE) or 12 weeks (for storage
modalities of shell eggs).

The preservation techniques were performed at the Depart-
ment of Food Biotechnology and Food Process Engineering, Tech-
nische Universitit, Berlin, Germany. Shell eggs were pasteurised
in a water bath at 59 °C for 60 min. Liquid eggs were pasteurised
using 100 mL of egg yolk in a tin can placed in a water bath with
the can constantly moving. After reaching a temperature of 63°C,
treatment was continued for another 2.5 min following immediate
refrigeration. Ultrasound preservation of the eggs was performed
in the ultrasound bath (Sonorex RK 100, Bandelin Electronic KG,
Germany) for 10 min at 105 W at a frequency of 35 kHz. A tem-
perature increase of 5.2 °C (20.3-25.5 °C) was measured. Ultra-
sound treatment of the liquid eggs (egg yolk) was performed in a
tin can using a sonotrode (UIP 1000, Dr. Hielscher GmbH, Ger-
many) emitting sound waves for 10 min at 235 W. During this
process the temperature increased by 18.5°C (19-37.5°C). Ozone
treatment of the eggs was performed at the Leibniz Institut fiir
Agrartechnik Potsdam, Brandenburg, Germany. Eggs were placed
in a water bath for 5 min containing ozonated water (3 ppm O3) at
a temperature of 8 °C. For this purpose, the water circulated be-
tween a water tank and an ozone generator (Legiomed, BWT, Ger-
many), generating 2 g ozone/h and circulating 1,000 L/h until the
final concentration of ozone was achieved. A pressure treatment
of 200 mL of egg yolk was performed in cylinder-shaped plastic
bags. At a process temperature of 5°C, the egg yolk was subjected
for 10 min to a pressure of 250 MPa until an increase of 4°C up to
a final temperature of 9 °C was reached. High-intensity pulsed
electric field treatment of liquid eggs was performed at a frequency
of 5 Hz. The flow through to the treatment cell was 6 L/h. The en-
trance temperature of liquid eggs was 21 °C and the exit tempera-
ture was 25°C, with a field intensity of 21 kV/cm and energy input
of 13 kJ/kg.

To test the influence of food processing techniques, eggs were
either boiled or broiled without any additives. The content of ca-
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rotenoids was quantified before and after 5 and 10 min of boiling
and broiling in eight eggs for the given situation.

Statistical Analyses

The carotenoid level reduction in eggs depending on storage
and conservation techniques was assessed by linear regression.
The carotenoid level decrease per week was given as a percentage
of the initial content. The effect of food preparation on carotenoid
levels is presented as mean values with their standard deviation
(SD). The effect of cooking was tested by means of the Wilcoxon
rank-sum test. All statistical analyses were performed using SPSS
13.0 and R 3.4.1 (www.r-project.org). p values <0.05 were consid-
ered statistically significant.

Results

Effects of Storage and Conservation on the Carotenoid

Levels in Eggs

There was a statistically significant decline of carot-
enoid content in all conservation assays. Within common
storage and conservation modalities (Fig. 1), carotenoid
levels were shown to be very stable with a mean overall
decrease of 2.18% (for pooled data of all storage modali-
ties) and 1.2% (for pooled data of all conservation tech-
niques) from baseline per week. Figure 2 depicts in detail
the carotenoid level reduction depending on the different
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storage and conservation techniques as shown by linear
regression (change per week and standard error).

Limitations of the Results

Due to a defect of the Raman spectrometry the values
for week 6 could not be used for analysis and the eggs
stored under a nitrogen atmosphere were affected by fun-
gus growth, and therefore could not be properly inter-
preted.

Effects of Food Preparation on the Carotenoid Levels

in Eggs

The mean P-carotene and lycopene content of eight
eggs before boiling was 160 ug/g (SD 4.3) and 58 pg/g (SD
5.5), respectively. After 5 min of boiling these values were
150 ug/g (SD 4.1) and 58 pg/g (SD 2.4), and after 10 min
were 250 pg/g (SD 31) and 99 ug/g (SD 9.7), respectively.
Figure 3a shows that boiling for 5 min had an impact on
the B-carotene content (p = 0.027) but not on the lyco-
pene content (p = 1) in the eggs. Interestingly, boiling the
eggs for 10 min led to a massive increase in the carotenoid
content (p-carotene/lycopene: p = 0.00076/0.00077).

The mean B-carotene and lycopene content of six eggs
before broiling was 160 pg/g (SD 6.1) and 54 pg/g (SD
3.6), respectively. After 5 min of broiling these values
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Fig. 2. Carotenoid level reduction in eggs depending on storage and conservation techniques shown by linear
regression (change per week and standard error).

were 180 ug/g (SD 68) and 54 pg/g (SD 29), and after 10
min were 1.2 pg/g (SD 0.092) and 1.2 pg/g (SD 0.36), re-
spectively. Figure 3b shows no significant increase in ca-
rotenoid levels in eggs broiled for 5 min (B-carotene/ly-
copene: p = 0.34/0.34), while after 10 min of broiling no
carotenoids were detected any more (p-carotene/lyco-
pene: p = 0.00038/0.00039).

Discussion

Our study shows that carotenoid levels in eggs mea-
sured by RRS are overall stable with a mean overall de-
crease of 2.18% (pooled mean carotenoid reduction of all
storage modalities) and 1.2% (pooled mean carotenoid
reduction of all conservation techniques) from baseline
per week. A colder environment (at least for shell eggs)
and HPP represented the best preservative influence of
the carotenoid content in eggs. Surprisingly, food pro-
cessing such as boiling increased the carotenoid concen-
tration in eggs whilst broiling destroyed the carotenoids
almost completely.
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Comparing the carotenoid levels in eggs stored at
room temperature and at 4°C, a decrease of f-carotene as
well as lycopene could be observed in the groups of eggs
stored at 20°C (Fig. 2). These experiments demonstrated
the positive preservative influence of a colder environ-
ment on the carotenoid content of shell eggs. The refrig-
erating process seems to support the preservation of the
carotenoid lycopene to a higher extent (Fig. 2), which
therefore can be considered more stable. It can be con-
cluded that carotenoids are generally well protected when
stored under conventional conditions as is typical for
household purposes.

HPP preserved the carotenoids better than preserva-
tion by high-intensity pulsed electric fields, which led to
some carotenoid loss. HPP of food causes a depletion of
peroxides (free radicals), thereby lowering the lipid oxi-
dation [15]. High-pressure treatment might protect ca-
rotenoids from oxidative degradation. Similar results
have been reported from HPP of tomatoes [16], leading
to an increased stability of lycopene after applying 500
MPa pressure in comparison with untreated tomatoes.
Since the carotenoid content increased immediately after
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the high-pressure treatment, isomerization processes
were discussed [17].

Further research will show whether homogenization
and heating generally increase the bioavailability of carot-
enoids in vegetables. It needs to be elucidated whether
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HPP might even increase the carotenoid content in liquid
eggs since the potential of HPP to destroy peroxides
might help to prevent the destruction of carotenoids. This
hypothesis is supported by the comparison of the regres-
sion coefficients of untreated liquid eggs and HPP-treat-
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ed liquid eggs, with the latter showing a higher carotenoid
content than untreated liquid eggs.

The effect of high-intensity pulsed electric field-treat-
ment on carotenoids has not been fully investigated yet.
However, Martin-Beloso et al. [18] reported decreasing
carotenoid levels that correlated with increasing electric
field densities. Based on our results of the tested preserva-
tion techniques, preservation using ultrasound and ozon-
ated water as well as pasteurization appeared not to affect
the carotenoid content in the tested eggs, as no significant
difference between the regression coefficients of the pres-
ervation techniques were observed.

Treatment of liquid eggs with ozonated water is im-
possible for technical reasons. However, when shell eggs
were treated with ozonated water the shell seemed to suf-
ficiently protect the egg from the well-known oxidative
effects of the ozone [19]. Zenker et al. [20] preserved or-
ange juice by ultrasound and demonstrated almost no de-
velopment of free radicals following this procedure. In
our experiments we have not observed any decrease in
carotenoid levels using ultrasound either.

The mean carotenoid level of eggs increased signifi-
cantly (B-carotene/lycopene: p = 0.00076/0.00077) after
boiling for 10 min. These effects have been described by
Stahl et al. [21], who showed that heat led to isomeriza-
tion effects of B-carotene and lycopene as they investi-
gated the influence of heat on carotenoids in tomato
products. The same effects have been proven in carrots
[22]. Overall, increased temperature leads to cleavage of
carotenoid-protein bonds, and thus to increased carot-
enoid egg levels. The destruction of cells by the heating
procedure probably leads to an increased bioavailability
of carotenoids [23].

Carotenoid levels in eggs broiled for 5 min again in-
creased (not significantly, B-carotene/lycopene: p =
0.34/0.34), while after 10 min of broiling no carotenoids
were detected any more (p-carotene/lycopene: p =
0.00038/0.00039; Fig. 3b). The heating of the eggs during
the first 5 min might lead again to an increased bioavail-
ability by cell destruction and isomerization effects of the
carotenoids in some eggs. Because of the direct oxygen
influence of light exposure and heat during the broiling
procedure, the carotenoids appeared to have been de-
stroyed completely.

Reports indicate a high prevalence of low vitamin D
intake and vitamin D deficiency or inadequate vitamin D
status in Europe [24]. Vitamin D plays a well-known role
in skeletal health and is considered to modulate innate
and adaptive immune function, cardiovascular function,
and proliferation and differentiation of both normal and
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malignant keratinocytes [24]. Diet can also be an impor-
tant determinant of vitamin D status and eggs are one of
the main dietary sources [24]. Interestingly, the vitamin
D content of eggs from organically farmed chicken (hav-
ing access to sunlight) is significantly higher compared
with chicken reared indoors [25]. Data on the influence
of storage and preservation techniques on egg-derived vi-
tamin D are lacking and should be further investigated.

In conclusion, RRS was suitable for easy and quick
analysis of the carotenoid content of eggs and can be con-
veniently used to monitor the carotenoid levels in food
during food preservation procedures. Most preservation
techniques, except high-intensity pulsed electric field ap-
plication, can be efficiently used without affecting the ca-
rotenoid content. Some techniques, such as preservation
using high pressure, can even increase the carotenoid lev-
els of food. HPP has been shown to eliminate Salmonella
bacteria and therefore seems to represent the most prom-
ising preservation technique with regard to carotenoid
protection. Concerning the processing of the eggs, boil-
ing should be preferred to broiling in order to prevent
carotenoid destruction.
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