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ABSTRACT

alleviate proinflammatory action of ice cream at the
level of facial skin, thus decreasing diet-associated acne
development risk in young consumers.
Key words: lycopene, ice cream, antioxidant effect,
serum, skin surface

The health-promoting dietary antioxidant lycopene
has limited natural bioavailability, but lycopene-rich
functional foods can improve its bioavailability. We assessed a new lycopene-enriched ice cream for systemic
antioxidant effects and influence on morphological
characteristics of facial skin surface in healthy volunteers. In a randomized crossover study, we used 4-wk
dietary interventions with either control or lycopeneenriched ice cream. Samples of serum and residual skin
surface components (RSSC) from facial skin were taken
before interventions, at 2 wk, and at intervention end.
Lycopene concentration, conventional blood biochemistry, and oxidative stress biomarkers comprising inflammatory oxidative damage and low-density lipoprotein
peroxidase proteins were assessed in the serum. Lycopene-associated immunofluorescence, lipid droplet size,
corneocyte desquamation, and microbial presence were
measured in the RSSC. The results show that lycopene
concentrations in the serum and skin steadily increased
during lycopene-enriched ice cream consumption.
Whereas we found no intervention-dependent changes
in conventional biochemical parameters, both inflammatory oxidative damage and low-density lipoprotein
peroxidase protein values significantly decreased by the
end of intervention with lycopene-enriched ice cream,
but remained unchanged during control ice cream
consumption. Control ice cream significantly increased
corneocyte desquamation and bacterial presence in
the RSSC. These adverse effects, which could potentially predispose consumers to acne development, were
absent when volunteers consumed lycopene-enriched
ice cream. We concluded that lycopene-enriched ice
cream is a new functional food with clear antioxidant
properties. In addition, enrichment with lycopene may

INTRODUCTION

As humans are not able to synthesize carotenoids,
they depend entirely on consumption of fruits, vegetables, and nutritional supplements for dietary intake
of carotenoids. Thus, regular consumption of fruits and
vegetables rich in carotenoids exerts protective effects
against the development of major chronic diseases,
including type 2 diabetes, cardiovascular disease, and
cancer (Kaulmann and Bohn, 2014). These beneficial
effects are primarily attributed to antioxidant properties of carotenoids that reduce generation of reactive
oxygen species that induce oxidative stress and are
greatly implicated in disease causation and pathogenesis as well as aging process (Rao and Rao, 2007; Davies
et al., 2017). In this sense, lycopene has been regarded
as the most effective singlet oxygen quencher among
all carotenoids due to its apolar and acyclic molecular
structure (Tang et al., 2015).
Lycopene is a red-colored, lipid-soluble carotenoid
phytonutrient that is naturally produced in tomato
and abundantly present in tomato-based products. It
has been proven to possess high antioxidant and antitumor potentials that mitigate the damaging effects
of oxidative stress (Thies et al., 2017). Consumption
of lycopene-rich foods (especially tomatoes) or dietary
supplements containing this carotenoid has been repeatedly demonstrated to produce health-promoting
and antiaging effects (Moran et al., 2013; Petyaev, 2016;
Costa-Rodrigues et al., 2018). Nevertheless, no clarity
exists on the comparative efficiency of natural foods
versus traditional pure supplements (Burton-Freeman
and Sesso, 2014), and new versions of functional foods
that can be defined as conventional foods enriched with

Received June 26, 2018.
Accepted September 27, 2018.
*Corresponding author: petyaev@lycotec.com

1

2

CHERNYSHOVA ET AL.

health-promoting components (Rodgers, 2016; Hunter
and Hegele, 2017) are actively being developed and investigated. Our previous studies have demonstrated the
antihypertensive and oxidative stress-reducing effects
of both lycopene combined with whey protein (Petyaev
et al., 2012) and lycopene-containing dark chocolate
(Petyaev et al., 2014).
Another intriguing aspect of this theme has emerged
from our recent study, showing that the antioxidant
action of another carotenoid, astaxanthin, not only produces beneficial systemic effects, but also appears to reverse skin aging (Chalyk et al., 2017b). Oxidative stress
constitutes one of the key mechanisms responsible for
both intrinsic and extrinsic (provoked by UV exposure
and other external factors) skin aging (Kammeyer and
Luiten, 2015), but in young people it is can also lead
to inflammatory changes, as it is a major component
of acne pathogenesis (Al-Shobaili et al., 2013; Sahib et
al., 2013). Human skin is a well-known target of lycopene, and its accumulation in this tissue during dietary
supplementation is well proven (Blume-Peytavi et al.,
2009; Meinke et al., 2010; Ross et al., 2011).
In the present study, we investigated blood lipids
and oxidative stress markers as well as morphological
changes of residual skin surface components (RSSC)
from the facial skin surface in a group of healthy volunteers consuming lycopene-enriched ice cream. Fat-rich
ice cream is a food well suited for combination with
lipophilic lycopene, potentially providing both lowtemperature stabilization and increased bioavailability
of carotenoids. However, ice cream consumption is also
known to be associated with an increased risk of acne
development (Ismail et al., 2012; Karadağ et al., 2017);
therefore, it was interesting to find out whether lycopene antioxidant action may alleviate this risk. Our
recently proposed method for noninvasive RSSC sampling (Chalyk et al., 2017a) provides a convenient tool
for assessing early manifestations of oxidative stress on
the surface of the facial skin. Therefore, we applied this
new methodology in the study described in the current
paper.
MATERIALS AND METHODS
Ice Creams

Raw Materials Used for Ice Cream Manufacturing. The following ingredients were employed for
ice cream manufacturing (weight percentage of each
ingredient is shown in parentheses): whole cow milk,
3.5% fat (41.8%); cow butter, 82% fat (1.7%); whipping
cream, 33% fat (36.4%); nonfat dried powdered milk
(5.1%); sugar powder (14.2%); vanillin (0.11%); gelatin
(0.6%); and lycopene 15% oleoresin (0.09%). Lycopene
Journal of Dairy Science Vol. 102 No. 1, 2019

was not added to the control ice cream. Lycopenecontaining and control vanilla ice cream mixes were
formulated to contain above 40% TS (14% milk fat,
14.2% sucrose, and 12% SNF) and have a freezing point
of −2.7°C.
Ice Cream Preparation Process. A flowchart of
ice cream preparation is shown in Figure 1. Unmodified
lycopene 15% oleoresin (Lycored SARL, Schaffhausen,
Switzerland) was used for preparing lycopene-enriched
ice cream. Lycopene-containing ice cream was prepared
by initially blending 934 mg of lycopene 15% oleoresin
with 17 g of dairy butter at 40° and then adding the
resulting blend to the heated mix of liquid ingredients.
The final lycopene concentration in the ice cream was
0.14 mg/g. Eight identical batches of ice cream were
prepared for the study (each consumed by volunteers
within 1 wk, as described below). Microscopic characteristics of melted lycopene-enriched and control ice
creams were assessed using Olympus BX41 laboratory
microscope (Olympus, Tokyo, Japan) at 1,000× magnification. In addition, volunteers taking part in the
study were asked to provide feedback on comparative
sensory properties of the 2 ice creams.
Subjects

The present study was undertaken by Lycotec Ltd.
(Cambridge, UK) in collaboration with the Institute
of Cardiology of the Ministry of Health of the Russian
Federation (Saratov, Russian Federation). The protocol
of the study was duly approved by the local Ethics
Committee in Saratov (FGBU SarNIIK 18.02.2014).
All volunteers taking part in the study provided written informed consent. This study constitutes a part
of an ongoing larger project that is registered as ISRCTN89815519 in the ISRCTN registry.
Ten healthy volunteers (5 men and 5 women, aged
between 21 and 47 yr) that agreed to take part in the
study were recruited in Saratov from the existing volunteer pool. All recruited volunteers were free of systemic
chronic disorders, conditions affecting skin, and food
allergies. None of them received lycopene-containing
food supplements apart from those given during the
study.
Study Design and Dietary Intervention

We used a randomized crossover study design with
two 4-wk periods of dietary intervention and a washout
period of 1 mo between them. During dietary intervention periods, study participants received daily ice
cream portions of 50 g with the evening meal. For the
lycopene-containing ice cream, the daily dose of lycopene was 7 mg.
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Figure 1. Flowchart outlining the preparation of lycopene-enriched ice cream.

At the beginning and end of each dietary intervention period, study participants had their body mass
index determined by measuring body mass and height
in the morning and then calculating the index in kilograms per meter2. Blood pressure measurements were
also taken at these time points.

Sample Collection and Preparation

Blood samples were collected from all volunteers by
phlebotomy in the morning after overnight fast. Blood
sample collections were performed at the beginning
of each dietary intervention period, after 2 wk of ice
Journal of Dairy Science Vol. 102 No. 1, 2019
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cream consumption, and at the end of each intervention
period (4 wk). The serum was separated by centrifugation (15 min, 3,000 rpm, 4°C), aliquoted, placed in
code-labeled tubes for blinded analysis, and stored at
−80°C until use.
For collecting RSSC samples from the surface of the
facial skin, all volunteers were requested to avoid facial
hygienic manipulations for 24 h before sampling, which
was carried out in the morning in parallel with blood
sample collection, but only at the beginning and end
of each dietary intervention. Sample collection and
preparation was carried out as previously described
(Chalyk et al., 2017a). Briefly, samples were taken using polyester swabs from the sides of the nose. During
the procedure, 2 samples were taken (1 swab per side)
and smears were prepared on 4 microscope slides. All
prepared smears were thoroughly dried, coded to provide sample anonymity for blinded analysis, and stored
at −20°C until use.
Lycopene Quantification in Serum Samples

Lycopene concentration in serum samples was measured using HPLC (Diwadkar-Navsariwala et al., 2003)
with modifications. Only samples from volunteers
receiving lycopene-enriched ice cream were analyzed.
Briefly, 400 μl of serum was mixed with 400 μL of
ethanol and extracted twice with 2 mL of hexane. The
combined hexane layers were evaporated to dryness
under vacuum (Scan Speed 32 centrifuge, Labogene,
Copenhagen, Denmark), and the residue was reconstituted to 100 μL in sample solution (absolute ethanol:
methylene chloride, 5:1 vol/vol). The specimens were
centrifuged again (15 min at 10,000 × g at 4°C) and
the supernatant was transferred to HPLC vials. The
extract (5 µL) was injected into an Acquity HSS T3
75 × 2.1 mm, 1.8-μm column (Waters, Milford, MA)
preceded by a Acquity HSS T3 1.8-μm VanGuard precolumn (Waters) and eluted isocratically at 45°C with
the mobile phase (acetonitrile:
0
.08
% phosphoric acid
solution:
tert
-Butyl methyl ether, 70:5:25 vol/vol/vol)
at a flow rate of 0.5 mL/min. The peaks corresponding to lycopene isomers were detected by a Photodiode
Array Detector (Waters) at 474 nm. The peak areas
were measured using Empower 3 software (Waters). Lycopene concentrations were calculated by reference to
an analytical standard (lycopene from tomato, L9879,
Sigma-Aldrich, St. Louis, MO).
Lycopene Detection in RSSC Samples

Immunofluorescent staining for lycopene was performed using dried RSSC smears collected from the
surface of the facial skin. Desquamated corneocytes
Journal of Dairy Science Vol. 102 No. 1, 2019

and sebum present in the samples were stained with
fluorescein isothiocyanate-conjugated monoclonal antibodies against lycopene that were generated by our
group (Tsibezov et al., 2017). Fluorescent staining
intensity was assessed using Eclipse 50i microscope
(Nikon, Tokyo, Japan) with a fluorescence attachment.
Fluorescence levels in desquamated corneocytes and
sebum background were evaluated semiquantitatively
in 20 random microscope fields of view at 200× magnification. Fluorescence intensity in the samples was
classified using the following scoring system: 0 = no
fluorescence; 0.5 = traces of fluorescence; 1 = weak
fluorescence; 2 = moderate fluorescence; 3 = strong
fluorescence of occasional corneocytes or areas of sebum
background; and 4 = uniformly strong fluorescence of
corneocytes or sebum. Fluorescence assessment in each
smear with separate scores for corneocytes and sebum
was repeated blindly 3 times.
Determination of Biochemical Profiles and Oxidative
Damage Biomarkers in Serum Samples

Total cholesterol, triglycerides, high-density lipoproteins (HDL), low-density lipoproteins (LDL),
glucose, C-reactive protein, total bilirubin, aspartate
aminotransferase, and alanine aminotransferase were
measured using commercially available analytical
kits according to manufacturers’ instructions (SigmaAldrich) at the beginning of dietary interventions, after
2 wk of ice cream consumption, and at the end of each
intervention period (4 wk). In addition, oxidative damage biomarkers were measured. Inflammatory oxidative
damage (IOD) was determined as previously described
by our group (Petyaev et al., 2016). Activity of serum
LDL peroxidase proteins (LDL-Px) was measured as
described elsewhere (Petyaev et al., 1998; Petyaev and
Coussons, 1999).
RSSC Morphology Analysis

For morphological analysis of RSSC samples, one of
the prepared slides was stained with hematoxylin and
eosin to identify any cells or cell remnants. Lipid visualization and lipid droplet size evaluation on the second slide was performed using Oil Red O (Lipid Stain,
ab150678, Abcam, Cambridge, UK). One more slide was
stained with crystal violet solution (Gram staining) for
assessing gram-positive microorganism presence level.
The remaining slides were kept for future use.
All microscopy was performed using Olympus BX41
laboratory microscope (Olympus) at 1,000× magnification by analyzing 40 fields of view within each smear.
An Olympus DP71 camera was used for preparing photomicrographs.
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The RSSC analyses comprised lipid droplet size
measurement, counting desquamated corneocytes, and
bacterial presence evaluation. Details of these analytical procedures, including bacterial presence grading
according to our bacterial presence assessment scale
(BPAS), are described in our previous paper (Chalyk
et al., 2017a). All samples were anonymized before microscopy to guarantee blind analysis.
Data Analysis

Results of all quantitative measurements (or microbial contamination degree counts) were analyzed using descriptive statistics (mean, SD, SE, median, and
range values as well as 95% CI were determined). A
paired t-test (2-sided P-values calculated) was applied
to determine statistical significance for the differences
between time points during dietary interventions. Line
charts were employed for presenting result changes during dietary intervention periods. All data handling and
statistical analyses were performed using IBM SPSS
19.0 statistical package (IBM Inc., Armonk, NY).
RESULTS
Characterization of Control and LycopeneEnriched Ice Creams

Feedback received from study participants indicated
that lycopene-enriched ice cream had a distinct orange
appearance. However, no difference in terms of sensory
characteristics of the 2 ice creams was noted, and lycopene addition did not result in any change of ice cream
flavor or texture. Subjects consumed ice creams only
after short storage periods; therefore, long storage effects could not be assessed.
Microscopic analysis of melted ice cream samples (see
Figure 2) has shown the expected presence of numerous
fat globules, predominantly varying in size between 1
and 2 µm; however, much larger fat globule clusters
were occasionally observed as well. In the lycopeneenriched ice cream, some fat globules were stained (orange-brownish color) stronger than others, and much
denser particles, most probably lycopene crystals, were
sometimes seen within confluent fat globule clusters
(see Figure 2b).
Lycopene Measurement in Serum and RSSC
Samples During Consumption of Ice Cream

Repeated measurements of serum lycopene concentration during lycopene-enriched ice cream consumption have demonstrated immediate rapid increase of
lycopene concentration, which was significantly higher
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(paired t-test P = 0.006 for comparison between intervention beginning and 2-wk points) after 2 wk of
dietary intervention (see Figure 3A). Serum lycopene
concentrations continued to grow after 2 wk, but more
slowly, and we found no statistically significant difference (P > 0.05) between 2-wk point and the end of
dietary intervention.
Likewise, immunofluorescent detection of lycopene in
RSSC samples has demonstrated steady increases in
fluorescence intensity in both desquamated corneocytes
and sebum (see Figures 3B and 3C). The increase of lycopene presence in corneocytes was faster in the second
half of dietary intervention period. Whereas average
levels of lycopene did not differ significantly between the
beginning of the intervention and 2-wk point, the difference in comparison to d 0 became highly significant
at the end of intervention (paired t-test P = 0.006 for
comparison between intervention beginning and 4-wk
points). In addition, we noted a significant increase of
lycopene concentration in corneocytes during the last 2
wk of lycopene-enriched ice cream intake (paired t-test
P = 0.037 for comparison between 2- and 4-wk points).
It is interesting that lycopene increase pattern in the
unstructured sebum appeared to be different, as it was
mostly confined to the first half of the intervention period (paired t-test P = 0.007 for comparison between
intervention beginning and 2-wk points). Although a
further increase was observed during the last 2 wk of
intervention, we observed no statistically significant
difference of lycopene presence in the sebum between
2- and 4-wk points.
General Characteristics of Study Participants
and Serum Biochemistry Results

Table 1 demonstrates the general characteristics
of volunteers taking part in the study as well as results of routine biochemical tests. It shows that study
participants were young people (average age 33.4 yr)
with normal average BMI and normal blood pressure
that remained stable throughout dietary intervention
periods. Levels of the main classes of serum lipids
(total cholesterol, triglycerides, LDL, and HDL) were
certainly within the normal range, and dietary interventions did not result in any significant changes.
Likewise, serum levels of glucose, C-reactive protein,
and aspartate aminotransferase were normal and not
affected by dietary interventions. Slight, but statistically significant increases (P < 0.05) of total bilirubin
and alanine aminotransferase levels were observed at
the end of dietary intervention periods for both control
and lycopene-enriched ice cream (see Table 1); however,
the values remained securely within the normal range.
Journal of Dairy Science Vol. 102 No. 1, 2019
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Figure 2. Photomicrographs of melted ice cream samples showing (A) control ice cream and (B) lycopene-enriched ice cream. Fat globules
varying in size are present in the both samples, but stained globules apparently containing lycopene are present only in the lycopene-enriched
ice cream. Some of the stained globules also contain denser material deposits that can be interpreted as the presence of crystallized lycopene.
Journal of Dairy Science Vol. 102 No. 1, 2019

Figure 3. Lycopene concentration increases during dietary intervention with lycopene-enriched ice cream in (A) serum, (B) residual
skin surface components (RSSC) desquamated corneocytes, and (C)
RSSC unstructured sebum. Mean values and 95% CI are shown.

a–d

10
33.4 ±
23.2 ±
118.0 ±
75.8 ±
160.85 ±
85.88 ±
51.35 ±
78.92 ±
5.51 ±
1.43 ±
0.75 ±
16.20 ±
22.11 ±

2.7
1.4
2.7
2.0
8.18
4.62
1.63
3.92
0.18
0.30
0.02a
1.60
2.55c

Before
intervention

10
33.4 ±
23.3 ±
120.8 ±
77.4 ±
160.62 ±
87.44 ±
51.28 ±
80.32 ±
5.57 ±
1.41 ±
0.78 ±
17.25 ±
25.07 ±

2.7
1.4
3.6
1.9
9.16
5.12
1.64
4.21
0.20
0.30
0.02a
1.78
2.96c

After 4 wk
of intervention

10
33.4 ±
23.2 ±
117.4 ±
75.8 ±
158.03 ±
83.15 ±
51.42 ±
77.82 ±
5.18 ±
1.39 ±
0.70 ±
14.79 ±
20.72 ±

2.7
1.4
3.1
2.4
8.19
4.1
1.59
3.58
0.21
0.29
0.03b
1.66
2.37d

Before
intervention

10
33.4 ±
23.2 ±
118.6 ±
75.9 ±
158.79 ±
84.73 ±
51.48 ±
78.46 ±
5.42 ±
1.41 ±
0.74 ±
15.14 ±
22.58 ±

2.7
1.4
2.7
2.1
8.40
3.97
1.61
3.38
0.19
0.30
0.03b
1.48
2.55d

After 4 wk
of intervention

Ice cream enriched with lycopene

Statistically significant results of paired t-tests within intervention periods are shown by superscripts: aP = 0.009; bP = 0.012; cP = 0.003; dP = 0.001.

Number of subjects
Age (yr)
Body mass index (kg/m2)
Blood pressure (systolic)
Blood pressure (diastolic)
Total cholesterol (mg/dL, normal <200.0 mg/dL)
Triglycerides (mg/dL, normal <150.0 mg/dL)
High-density lipoprotein (mg/dL, normal >40.0 mg/dL)
Low-density lipoprotein (mg/dL, normal <100.0 mg/dL)
Glucose (mmol/L, normal <7.1 mmol/L)
C-reactive protein (mg/L, normal <3.0 mg/L)
Total bilirubin (mg/dL, normal <1.2 mg/dL)
Aspartate aminotransferase (IU/L, normal <40.0 IU/L)
Alanine aminotransferase (IU/L, normal <56.0 IU/L)

Measured parameter

Nonsupplemented ice cream

Table 1. Descriptive characteristics and blood biochemical parameters in study participants during consumption of nonsupplemented and lycopene-enriched ice cream (means ±
SE)
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Oxidative Damage Biomarkers in Serum Samples

An obvious difference between dietary intervention
periods was revealed for oxidative damage biomarkers.
Figure 4 shows that although IOD remained practically
unchanged throughout the whole period of control ice
cream consumption, lycopene-enriched ice cream induced gradual IOD decline, which did not reach statistical significance after 2 wk but became significant at the
end of the dietary intervention (paired t-test P = 0.022
for comparison between intervention beginning and
end points). A similar pattern of changes was observed
for LDL-Px (see Figure 5), with its level dropping by
46.4% at the end of the period of lycopene-enriched
ice cream consumption (paired t-test P = 0.008 for
comparison between intervention beginning and end).
In contrast, LDL-Px level remained unchanged when
volunteers received control ice cream.

Figure 4. Inflammatory oxidative damage (IOD) dynamics during
dietary interventions with control ice cream (white symbols, dotted
line) and lycopene-enriched ice cream (black symbols, solid line). Mean
values and 95% CI are shown.
Journal of Dairy Science Vol. 102 No. 1, 2019

Morphological Analysis of RSSC from Facial Skin
Collected During Dietary Interventions

Results of RSSC sample analysis are presented in
Table 2. Measurements of lipid droplet size in the collected RSSC samples indicated that average lipid droplet size tended to decrease following 4 wk of control ice
cream consumption, whereas lycopene-containing ice
cream seemed to result in a slight increase of droplet
size. Nevertheless, these changes failed to reach statistical significance.
Analysis of corneocyte desquamation showed that
control ice cream significantly stimulated the process of
corneocyte desquamation (paired t-test P = 0.023 for

Figure 5. Serum low-density lipoprotein peroxidase protein activity (LDL-Px) dynamics during dietary interventions with control ice
cream (white symbols, dotted line) and lycopene-enriched ice cream
(black symbols, solid line). The LDL-Px values at the beginning of
dietary intervention periods were 100%, and LDL-Px levels at later
points are expressed in relation to the starting point. Mean values and
95% CI are shown.
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Table 2. Quantitative morphological characteristics of residual skin surface components collected from the
surface of the facial skin before and after 4-wk consumption of ice cream and lycopene-enriched ice cream
(means ± SEM)
Measured parameters
and study groups
Lipid droplet size (µm)
Control ice cream
Lycopene-enriched ice cream
Corneocyte desquamation (number)
Control ice cream
Lycopene-enriched ice cream
Microbial presence (BPAS grade1)
Control ice cream
Lycopene-enriched ice cream

Before dietary
intervention

After dietary
intervention

P-value obtained
using paired t-test

4.25 ± 0.29
3.91 ± 0.16

4.06 ± 0.22
4.08 ± 0.29

0.191
0.519

113.30 ± 17.40
114.90 ± 15.77

136.60 ± 18.31
126.80 ± 20.45

0.023
0.422

2.03 ± 0.11
2.16 ± 0.12

2.30 ± 0.08
2.01 ± 0.18

0.028
0.521

1

Bacterial presence assessment scale (BPAS), as described in our previous paper (Chalyk et al., 2017a).

comparison between intervention beginning and endig
points). Lycopene enrichment weakened this effect, as
only a nonsignificant desquamation increase was observed after lycopene-enriched ice cream consumption.
Likewise, the presence of gram-positive bacteria in
the RSSC significantly increased by the end of the
period of dietary intervention when control ice cream
was consumed (paired t-test P = 0.028 for comparison
between intervention beginning and ending points). In
contrast, bacterial presence in the RSSC slightly decreased during consumption of lycopene-enriched ice
cream, but this decrease was not statistically significant
(see Table 2).
DISCUSSION

Functional foods containing nutraceuticals have become an essential part of the growing range of diseasepreventing strategies, but the difficulty in incorporating nutraceutical agents into commercial food products
should not be underestimated (McClements, 2015).
Although lycopene is a well-known antioxidant with
proven health-promoting properties and widely used as
a dietary supplement (Cheng et al., 2017; Thies et al.,
2017; Costa-Rodrigues et al., 2018), its lack of solubility
in water, high melting point, limited chemical stability,
and poor bioavailability (Reboul et al., 2006; SalviaTrujillo and McClements, 2016) present a challenge for
successfully preparing new functional foods containing
this carotenoid. As lycopene is fat-soluble, its bioavailability may be considerably increased if the functional
food matrix is rich in fat. Indeed, an increased bioavailability of lycopene was recently demonstrated when
tomato juice was ingested in combination with oil-in
water excipient emulsions (Salvia-Trujillo and McClements, 2016). Ice cream is a multiphase food colloid
that can be characterized as an artificially prepared
frozen oil-in-water emulsion containing fat globules,
air bubbles, and ice crystals that are dispersed in a

freeze-concentrated solution of proteins, salts, polysaccharides, and sugars (Goff et al., 1999). Being an
extremely popular milk-based dessert possessing high
nutritional and caloric value, it is, however, poor in
natural nutraceuticals. For this reason, attempts to
improve the health-promoting properties of ice cream
by supplementing it with probiotics (Cruz et al., 2009),
dietary fiber (Akalin et al., 2018), and plant-derived
antioxidants (Erkaya et al., 2012; Karaman et al., 2014;
Sanguigni et al., 2017) have been undertaken. It should
be stressed that lycopene has never been prepared in
combination with ice cream before the present study. In
addition, lycopene-enriched ice cream has a high content of milk fat, and it is proven that lycopene addition
significantly improves milk fat stability during storage
(Siwach et al., 2016). Although long-term storage effects on ice cream components were not assessed in
the current study, our present work may be potentially
useful for increasing stability of functional dairy-based
foods enriched with lycopene.
Lycopene-containing ice cream used in our pilot
study had lycopene dissolved in milk fat and incorporated in fat globules. Carotenoid dissolution during ice
cream preparation could sometimes be incomplete, as
occasionally lycopene crystals appeared to be present
in some larger fat globules (see Figure 2B). As lycopene
crystallization negatively affects its bioavailability (Shi
et al., 2004), further investigation and possible optimization of lycopene preparation, such as encapsulation
(Xue et al., 2013), may also be considered. Nevertheless, our early findings show that continuous consumption of lycopene-enriched ice cream clearly results in a
steep increase of serum lycopene concentration during
dietary intervention period (see Figure 3A).
We have previously demonstrated that lycopene
supplementation improves serum lipid profiles in
middle-aged patients with hypercholesterolemia (Petyaev et al., 2012, 2016), but participants of the present
study were healthy young people; therefore, it was not
Journal of Dairy Science Vol. 102 No. 1, 2019
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surprising that dietary intervention with either control
or lycopene-enriched ice cream did not produce any
notable changes in serum lipid patterns. In contrast,
significant decreases of oxidative stress biomarkers,
IOD and LDL-Px, in the serum were observed when
volunteers consumed lycopene-enriched ice cream. This
obvious systemic effect was also manifested by lycopene
accumulation in the skin, where an initial increase of
lycopene concentration in the sebum was followed by a
slightly delayed depositing of the carotenoid in desquamated corneocytes. This delay can be explained by the
transit of terminally differentiated corneocytes through
the stratum corneum that takes about 14 d (Haftek,
2014).
Several groups previously observed that consumption
of diets rich in lycopene or dietary supplementation with
this carotenoid resulted in lycopene concentrations increasing in parallel in the serum and skin (Mayne et al.,
2010; Meinke et al., 2010; Scarmo et al., 2010). Dietary
lycopene also protects human skin from adverse effects
of UV radiation (Rizwan et al., 2011; Grether-Beck et
al., 2017) and even prevents skin aging (Jenkins et al.,
2014). Another aspect of human skin health that had a
special interest in the context of the present study was
related to observations indicating that acne development risk in young individuals increases in relation to
consumption of diets rich in dairy products (Melnik,
2015; Ulvestad et al., 2017) and, in particular, ice cream
(Ismail et al., 2012; Karadağ et al., 2017). Therefore,
it was interesting to examine if lycopene addition to
ice cream may be potentially protective against this
adverse effect as well.
The stratum corneum is the most superficial layer of
the epidermis, and efficient maintenance of its homeostasis through renewal and replacement of desquamated
corneocytes is extremely important for skin barrier
functions protecting human body from environmental
influences. It is notable that corneocyte desquamation
is now regarded as pyroptosis (Lachner et al., 2017),
which is defined as a specific type of necrotic cell death
mediated by inflammatory caspases and associated with
the release of proinflammatory cytokines IL-1β and IL18 (Yuan et al., 2016). Moreover, it is now becoming
evident that these proinflammatory changes may be
stimulated in the skin by dietary factors, such as milk.
Indeed, milk whey proteins were shown to activate
mechanistic target of rapamycin complex 1 (mTORC1),
one of the key regulators of sebum production, and
milk-derived microRNA-21 and microRNA-29a appear
to contribute to IL-1β secretion upregulation in the skin
(Melnik, 2015). These molecular events are likely to be
responsible for keratinocyte hyperproliferation, leading
to enhanced formation of corneocytes and increased
Journal of Dairy Science Vol. 102 No. 1, 2019

desquamation. In addition, elevated sebum production
promotes Propionibacterium acnes overgrowth on the
surface of the facial skin (Zouboulis et al., 2014) and
may eventually lead to the development of acne.
Our analysis of samples collected before and after
dietary interventions has demonstrated that control
ice cream consumption for 4 wk results in statistically
significant increases (P < 0.05) of both corneocyte
desquamation from the SC and the presence of grampositive microorganisms in the RSSC (see Table 2).
Although continuous ice cream consumption did not
result in acne development (this was not expected, as
most of our volunteers were close to 30 yr old), morphological alterations of the RSSC associated with control
ice cream intake were likely to reflect manifestations
of oxidative stress and mild proinflammatory changes.
In contrast, neither corneocyte desquamation level
nor bacterial presence in the RSSC increased during
dietary intervention with lycopene-enriched ice cream.
Interestingly, convincing experimental evidence exists
demonstrating that lycopene inhibits proinflammatory
cytokines, including IL-1β (Palozza et al., 2011; Zhao
et al., 2017); thus, our results can be interpreted as
a manifestation of antioxidant and anti-inflammatory
lycopene action at the level of the facial skin. The observed prevention of bacterial overgrowth by lycopene
may be caused by sebum production normalization;
however, direct antibacterial action of the carotenoid is
impossible to exclude, as it was certainly present in the
sebum of our volunteers during consumption of lycopene-enriched ice cream. Lycopene’s bactericidal effect
against Escherichia coli was previously described (Lee
and Lee, 2014), but this remains poorly investigated.
Our study had limitations. Lycopene-enriched ice
cream is a new product that needs further characterization (e.g., investigation of long-term storage effects
on ice cream characteristics and lycopene stability)
and possible modifications in manufacturing technology (e.g., lycopene encapsulation). Further work should
address these points. Moreover, we assessed only 10
volunteers; thus, our findings need to be confirmed in
a larger study. Precise lycopene dosing may be difficult
to determine, as crystallized lycopene still detectable
in the lycopene-enriched ice cream could affect carotenoid bioavailability. In addition, the RSSC analysis
applied in our study used only morphological and
immunofluorescent approaches, so it was not possible
to fully characterize bacteria present in this material
or precisely quantify lycopene concentration changes.
Nevertheless, we were able to observe a few interesting phenomena associated with the difference between
dietary interventions based on consuming either control
or lycopene-enriched ice cream.

HEALTH EFFECTS OF LYCOPENE-ENRICHED ICE CREAM

CONCLUSIONS

Taken together, our results allow several conclusions.
(1) Ice cream enrichment with lycopene did not alter
sensory characteristics of the product, (2) consumption
of lycopene-enriched ice cream resulted in a steep increase of lycopene concentration in the serum and skin
of volunteers undergoing the dietary intervention, and
(3) significant decreases of systemic oxidative stress
biomarkers (IOD and LDL-px) were observed during
consumption of lycopene-enriched ice cream, whereas
control ice cream did not provoke any changes. (4) Continuous consumption of control ice cream affected facial
skin by increasing both corneocyte desquamation and
gram-positive microbiota presence in the RSSC collected from the surface of the skin. Finally, (5) continuous
consumption of lycopene-enriched ice cream was not associated with any changes of facial RSSC composition.
It appears that lycopene incorporated in the ice cream
exerts beneficial antioxidant effects both systemically
and at the level of the facial skin. The latter action may
be especially useful in terms of preventing the potential
acne-promoting influence of ice cream consumption in
young individuals.
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