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Abstract
Background: Cellular metabolism and exposure to solar irradiation result in generation 
of free radicals which are destructive and can lead to premature aging. Antioxidants 
and free radical scavengers such as carotenoids successfully protect from these free 
radicals by quenching and neutralizing them thereby strengthening skin barrier which 
leads to improved skin moisturization, desquamation, and a more youthful look. This 
study was designed to evaluate the consumer-perceived efficacy of an oral supple-
ment (Lumenato™) containing a mix of tomato carotenoids and oil-soluble vitamins in 
improving skin appearance after 12 weeks of supplement use.
Materials and Methods: Plasma levels of phytoene, phytofluene, zeta-carotene, and 
lycopene were quantitated before and after 1-, 2-, 3-, and 4-week administration of 
Lumenato by 24 healthy volunteers. Part II of the study addressed skin visual attrib-
utes as assessed by validated tools (questionnaires). A total of 60 females, aged 35 
to 55 years, completed part II of the study. The subjects answered questionnaires 
pertaining to their assessment of skin appearance before and after 12 weeks of taking 
the supplement.
Results: There was a significant increase (p < 0.001) in plasma levels of phytoene, 
phytofluene, and zeta-carotene after 1- to 4-week treatment with Lumenato. After 
12  weeks of using the supplement, the score of different skin parameters was re-
ported to significantly improve (p < 0.001). Improvement was recorded in skin elas-
ticity, firmness, brightness, skin tone, reduction in dark spots and periorbital dark 
circles, skin hydration, texture and fine lines and wrinkles. A significant (p < 0.001) 
improvement in overall skin condition after using the supplement was observed. The 
subjects noticed statistically significant (p  <  0.001) improvement in skin elasticity, 
firmness, brightness, skin tone, reduction in dark spots and periorbital dark circles, 
skin hydration, texture and fine lines and wrinkles after 12 weeks of using the supple-
ment. The overall skin condition also exhibited a significant improvement (p < 0.001). 
Self-assessed improvement of the face was identified at the first time point (4 weeks) 
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1  |  INTRODUC TION

Aging and the degenerative diseases associated with it have been 
declared to be attributed to the deleterious strikes of free radi-
cals on cell constituents and connected tissues.1 Free radicals are 
continuously generated in the body as a result of cellular metabo-
lism2 exposure to irradiation with UV, visible light (VIS), and infra-
red.3–5 These extremely reactive molecules can destroy cells and cell 
compartments, disrupt skin barrier, and display signs of premature 
aging.6,7

The stratum corneum of the skin at the interface between body 
and environment is directly exposed to a prooxidative environment, 
including UV irradiation, chemical oxidants, air pollutants, and mi-
croorganisms.8 It acts as the primary barrier to block penetration 
of undesirable molecules into the body and water loss from the 
body. It is comprised of a unique, highly lipophilic 2-compartment 
system of structural, enucleated cells (corneocytes) embedded in a 
lipid-enriched intercellular matrix, forming stacks of bilayers that are 
rich in ceramides, cholesterol, and free fatty acids.9 The stratum cor-
neum lipid composition and structure play a key role in determining 
barrier integrity, which is essential for skin moisturization, normal 
desquamation, and healthy, young-looking skin.10

Oxygen radicals and other activated oxygen species cause mod-
ifications of the amino acids of stratum corneum proteins that result 
in functional changes in structural or enzymatic proteins.11 Protein 
carbonyls may be formed either by oxidative cleavage of proteins 
or by direct oxidation of lysine, arginine, proline, and threonine res-
idues. In addition, carbonyl groups may be introduced into proteins 
by reactions with aldehydes (4-hydroxy-2-nonenal, malondialde-
hyde) produced during lipid peroxidation or with reactive carbonyl 
derivatives generated as a consequence of the reaction of reducing 
sugars or their oxidation products with lysine residues of proteins.12 
Increase in carbonyl groups and protein oxidation has been associ-
ated with disrupted skin barrier and signs of premature aging.13,14 The 
protein oxidation can be counteracted by antioxidants.

Increased levels of free radicals can reach a critical level lead-
ing to oxidative stress15,16 which can manifest as premature skin 
aging,17,18 immunosuppression, and even cancer.19,20  Thus, it is 
extremely important to control and quench these free radical ac-
cumulations. Fortunately, the human body possesses an efficient 

antioxidant network to protect from the destructive effect of these 
free radicals.3,21–23 Interaction of antioxidants with free radicals 
gives rise to the destruction of antioxidants and neutralization of 
free radicals.24  Many of these antioxidants cannot be synthesized 
by the human body entirely or in sufficient amounts and must be 
administered via rich nutrition of phytonutrients.25–28

Human skin is equipped with a network of enzymatic and non-
enzymatic antioxidant systems to neutralize and combat oxidative 
insult of the environment.29 Studies have found a gradient of an-
tioxidants such as vitamin E, glutathione, uric acid, catalase, and 
ascorbate gradient in the stratum corneum of healthy human skin, 
with the lowest antioxidant concentrations on the surface and the 
highest in the deepest stratum corneum layers.30–32 In addition to 
protection from lipid peroxidation, antioxidants are reported to sta-
bilize the lipid bilayer,33 thereby strengthening the skin barrier.

Topically applied34 and systemically administered antioxidants 
provide protection from UV-induced oxidative damage in stratum 
corneum.29 Antioxidants such as carotenoids accumulate in the stra-
tum corneum and retard oxidation and cross-linking of the keratin 
chains, resulting in a diminution of UVB radiation reaching potential 
epidermal target sites29,35 thereby protecting the skin tissues includ-
ing skin barrier.

The interaction of free radicals with antioxidants is of impor-
tance in the development of prevention strategies against skin 
aging. The richly colored carotenoids such as lutein, lycopene, and 
β carotene have been shown to provide cosmetic improvements to 
skin when applied topically on skin36 or used as oral supplements.37 
Carotenoids are able to repulse several attacks of free radicals be-
fore being destroyed.38,39 These antioxidant and anti-inflammatory 
properties of carotenes provide protection from the damaging ultra-
violet irradiation.

Decades of research support indicate that several skin products 
that include carotenoids are effective in restoring some of the qual-
ities identified with more youthful, healthier skin. It is well accepted 
that beauty can arise from within the body. Consumers are increas-
ingly comfortable with ingesting nutrients to enhance skin beauty 
and a healthful appearance.37,40 A variety of treatments with col-
ored carotenoids show that they may be helpful in cosmetic roles 
to provide some UV protection and reduce oxidation and inflam-
mation damage. Ingestion of colored carotenoids may also produce 

and improved significantly (p < 0.001) for the 12 weeks of use. Interestingly, these 
improvements persisted even after treatment was stopped.
Conclusion: Based on the confines and conditions of this study, the use of oral supple-
ment containing a mix of tomato carotenoids significantly increased plasma levels of 
phytoene, phytofluene, and zeta-carotene, and continuous use resulted in improved 
facial skin attributes which were palpable by the consumers and continued even after 
treatment was stopped.
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some darkening or color change in complexion, desired by some 
consumers.

It is well known that consumption of carotenoid-rich toma-
toes is associated with decreased risks for several chronic dis-
eases, most notably prostate cancer and cardiovascular disease 
(CVD).41–43 Lycopene and other colorless carotenoids found in 
tomatoes, such as phytoene and phytofluene, are postulated to 
have biological activity. Ingested carotenoids are absorbed into 
the enterocyte and packaged into chylomicrons which are se-
creted into the lymph, entering the systemic circulation primarily 
via the thoracic duct. They are repackaged by hepatic lipoprotein 
production and shuttled in the plasma to tissues by lipoproteins.44 
Carotenoids from plasma are partitioned into different tissues of 
the body including the skin.

Carotenoids of human plasma can be increased by moder-
ate alterations in diet within a short time.45,46 Literature indicates 
substantial interindividual heterogeneity in blood levels of carot-
enoids47; nevertheless, several studies indicate that ingestion of ca-
rotenoid result in their increase in skin stipulating that carotenoid 
concentration in the skin reflects the lifestyle of individuals.48–50 A 
high level of carotenoids can be achieved with a healthy diet rich, 
for instance, in fruit and vegetables. Stress factors such as illness, 
UV and IR radiation of the sun, smoking, and alcohol consumption 
reduce the concentration of the carotenoids in the skin. Meanwhile, 
premature skin aging is less pronounced in people with high levels of 
antioxidants in their tissues.48

Claims associated with the reversal of aging signs such as reduced 
facial wrinkling are often subjected to intense scrutiny both from the 
regulators and competitors. Instrumental evaluation is often used 
in an attempt to provide data to support claims,51 and a deluge of 
instruments is available to measure changes in skin that can provide 
quantitative results. However, this approach has been criticized since 
the changes measured by instruments can be too small to be percep-
tible by the consumers. It is thus a good recommendation to meld 
the instrumental measurement with subject self-assessments.52 
Furthermore, the final approval of consumers is what signifies the 
success of a product. Therefore, subject self-assessment is of the 
most importance in the determination of the efficacy of a product. 
This clinical study was designed to study the effect of a supplement 
on improving skin visual attributes perceived by subject. A study by 
Tarshish et al.37 reports the instrumental measurement of changes in 
skin after using a carotenoid supplement ingestion, while this report 
only addresses the subject self-assessment of perceived changes in 
signs of skin aging after using the supplement for 12 weeks.

2  |  AC TIVE INGREDIENTS

The capsules being evaluated in this study contain tomato actives 
such as carotenoids with ability to absorb light in the damaging UV 
wavelengths and provide anti-inflammation and anti-oxidation ef-
fects.40 They are expected to have the potential to restore skin to 
more youthful structural features and healthier appearance. Other 

studies with carotenoid-rich extracts demonstrate that users per-
ceive their skin as healthier and more youthful and beautiful after 
ingesting tomato-based supplements.37,53

Colorless carotenoids phytoene and phytofluene are precursors 
of well-known and colorful carotenoids. These two molecules are 
major dietary carotenoids and are present in common foods such 
as melon, banana, carrot, pepper, avocado, and tomatoes. Normal 
dietary intakes of phytoene and phytofluene have been shown to 
be 2.0 and 0.7 mg, respectively,54 and these carotenoids have been 
shown to accumulate in human blood and other tissues. In human 
skin, phytoene and phytofluene accumulate at higher concentra-
tions than lycopene.53

A variety of health-promoting activities have been attributed to 
the colorless carotenoids. These include the quenching of hydroxyl 
radicals; activation of the antioxidant response element and thereby 
possible decreases in DNA damage in lymphocytes and reduction 
in inflammation.55 Lumenato supplement has been shown to induce 
low levels of collagen-3 that may contribute to skin protection by 
inhibiting free radicals secreted from neutrophils.56 Phytoene and 
phytofluene absorb light maximally in the range of UV radiation 
(which explains why they appear colorless) protecting from both 
UVA- and UVB-induced damage. An earlier study has demonstrated 
that UVB-induced inflammation and immunosuppression activity is 
modulated by a tomato extract rich in multiple carotenoids includ-
ing phytoene and phytofluene.40 Products containing these actives 
have been deemed safe for human ingestion and topical use.54

The study product is tomato oleoresin obtained from yellow dry 
tomato pulp in a high-pressure process. While it does contain tomato 
components, it does not contain other known standard allergens. It 
is Kosher and Halal certified, non-GMO, contains no animal products 
and is suitable for vegetarians. The product is provided at the dose 
of ~110  mg softgel. Analytic specifications indicate that the oleo-
resin contains 10%–12% of total carotenoids.

This study was designed to evaluate the perceived efficacy of 
an oral supplement (Lumenato™) containing a mix of carotenes in 
improving skin visual attributes after 12  weeks of use. Skin con-
dition was assessed by validated tools (questionnaires). A total of 
63 females completed the study. Participants were supplied with 
Lumenato supplement softgel every day for 12 weeks (84 days). The 
softgels were taken after a primary meal such as breakfast, lunch, 
or dinner.

The primary objective of this study was to assess the consumer-
perceived effectiveness of the Lumenato supplement through sub-
jective skin health and appearance indicators as measured by the 
“FACE-Q™ Satisfaction with Skin” scale at four time points (baseline, 
Week 4, Week 8, and Week 12) and then again two weeks after ces-
sation of treatment.

3  |  MATERIAL S

Lumenato supplement (Trade name: Lumenato); Oleoresin obtained 
from yellow tomato pulp. The supplement contains a mix of tomato 
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carotenes predominantly phytoene and phytofluene, zeta-carotene, 
and other naturally occurring tomato phytonutrients.

Part I: Plasma levels
The study was approved by the Helsinki Committee of the Soroka 

University Medical Center (approval No: 0012-15-SOR). The 
study was a multiple-dose oral administration of the Lumenato 
capsules to healthy volunteers. Plasma phytoene, phytoflu-
ene, and zeta-carotene levels were measured as a primary 
study outcome, and plasma lycopene levels (i.e., not contained 
in the Lumenato capsules) were used as an additional control.

Twenty-four (24) healthy, nonsmoking volunteers, aged 24–
36  years, were recruited to this study, out of which 5 were 
males and 18 females.

Subjects with liver or pancreatic disease, bowel disease, resec-
tion, abnormal fat metabolism, and those using medication 
suspected of interfering with fat-soluble-vitamin absorption, 
such as cholestyramine or aluminum hydroxide were excluded 
for the study. The subjects who consumed alcohol in excess of 
40 g/d and those using multi-vitamins or carotenoid supple-
ments in the month preceding the study were also excluded.

The subjects came to the Endocrine Laboratory in a fasting state 
(overnight). The baseline blood sample was collected. Blood 
(11 ml) was collected using a butterfly needle and a vacuum 
tube (Vacutainer).

The subjects received individual packages of the Lumenato cap-
sules for the 28-day treatment period. 1, 2, 3, and 4  weeks 
later, the subjects came to the Endocrine Laboratory in a 
fasting state (overnight), the blood samples were collected, 
and subjects’ adherence to the experimental protocol was 
assessed by counting the unconsumed pills after the fourth 
week.

The collected blood samples were immediately placed in the dark 
and further sample handling was performed in subdued light. 
Plasma was separated and frozen at −70°C pending analysis 
of phytoene, phytofluene, lycopene, and zeta-carotene. All 
plasma samples from an individual were analyzed together to 
minimize between-analysis variability.

Plasma samples (0.5  ml) were mixed with an equal volume of 
ethanol and with astaxanthin as an internal standard (USP, 
standard lot# R006L0) and were extracted by hexane/di-
chloromethane (4/1), as described before.57 The extract was 
collected, evaporated, and re-dissolved in 0.2 ml 2-propanol. 
The samples thus obtained were analyzed using a Dionex 
Ultimate 3000 UHPLC system including quaternary pump, 
degasser, column oven, autosampler, and PDA detector. 
Gradient elution was applied on a C18 reverse-phase HPLC 
column in the multi-wavelength mode. Mobile phase A: ace-
tonitrile:methanol:ammonium acetate buffer  =  25:25:50. 
Mobile phase B: acetonitrile:methanol:dichloromethane:hex-
ane  =  70:25:2.5:2.5. Gradient: 0  min—A 100%, 3.8  min—B 
100%, 9.7 min—B 100%, 9.8 min—A 100%, and 14.0 min—A 
100%. Lycopene, phytoene, phytofluene, and zeta-carotene 
were in-house standards. The reported lycopene concentra-
tions were calculated from the sum of the lycopene isomers’ 
peak area.

Part II: Visual skin attributes

4  |  SUBJEC TS

Healthy women between the ages of 35 and 55 interested in improv-
ing health and appearance of normal facial skin were recruited for 
the study. The subjects downloaded an app (ClaimIt, Obvio Health 
USA Inc.) which is an online and mobile app interface to execute 
clinical trials. This setup eliminates physical site visits and brings the 
trial directly to the mobile device of each subject.

The participants signed an electronic informed consent (eIC) be-
fore beginning the screening process after which they completed a 
study-specific screening questionnaire with the inclusion/exclusion 
criteria, including self-reported ethnicity and skin type. On qualifi-
cation, they completed medical history and concomitant medication 
forms and enrolled in the study (Figure 1).

The qualified participants were shipped the study product. The 
participants took 1 softgel each day for 12 weeks around the time 
of a primary meal (breakfast, lunch, or dinner). They were required 

F I G U R E  1  Subject recruitment chart
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to complete questionnaires within the app as they are rolled out at 
predefined time points throughout the study.

The weekly e-diary was used to measure compliance with con-
suming the study product as well as any reported changes in health 
or medication to determine adverse event if any. At the end of the 
study (12 weeks of use), the participants were instructed to safely 
discard any remaining softgels containing the study product and to 
complete a series of questionnaires relating to their experience with 
the study product.

Two weeks after completing the treatment period, the 
participants completed the FACE-Q™ Satisfaction with 
Skin, End of Study Skin Questionnaire, and ClaimIt Experience 
Survey (Figure 2).

5  |  STUDY ENDPOINTS PRIMARY 
ENDPOINT

Participant perception of the improvement in skin health and ap-
pearance from baseline to Week 12 using the questionnaire re-
sponses from FACE-Q™ Satisfaction with Skin scale (baseline, Week 
4, Week 8, and Week 12).

Adverse events (AEs) observed during the study, classified by the 
investigator as to severity, relationship to the study product/proto-
col, and seriousness.

Compliance to the daily use of the Lycored 
Lumenato supplement through monitoring within ClaimIt (weekly 
e-diary).

Sustainability of effect after two weeks without supplementa-
tion as assessed by the Week 14 FACE-Q™ Satisfaction with Skin 
scale and End of Study Skin Questionnaire.

5.1  |  Statistical considerations

A total of 72 female participants were recruited for the study 
out of which 63 completed the study. Nine subjects discon-
tinued due to non-product-related reasons. Using Excel pack-
age statistical package, descriptive statistical analysis was 
performed on all parameters pertaining to the primary and sec-
ondary objectives.

Comparisons were made between baseline and 12-week 
use. Skin update was administered at Weeks 4, 8, and 12 when 
the participants answered subjective skin health questionnaires 

F I G U R E  2  Skin is exposed to the environmental impact of challenges such as ultraviolet irradiation, smoke and pollutants as well as 
topical irritants. These challenges lead to generation of free radicals (ROS: reactive oxygen species) which can deplete the inherent reservoir 
of antioxidant system of skin thereby leading to release of a cascade of inflammatory mediators such as interleukins and arachidonic acid. 
Inflammatory response leads to various changes that disrupt the barrier including incorrect differentiation that changes ceramides of the 
stratum corneum, increase in fluidity of lipid bilayers as well as peroxidation of stratum corneum lipid and oxidation of stratum corneum 
proteins including keratin. The inflammatory response leads to degradation of collagen and elastin in the dermis which over time leads to 
unhealthy skin that looks prematurely aged. Treatment with carotenoids results in its accumulation in the skin, so it is available to quench 
the free radicals thereby preventing the inflammatory cascade from disrupting the barrier. Such protection leads to reduction in the aging 
process of skin thereby displaying a healthy look with reduced signs of age
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using repeated measures ANOVA. Descriptive statistics (fre-
quencies and percentages) summarized responses from the Study 
Product.

6  |  RESULTS

6.1  |  Part I

Plasma levels before and after multiple oral administration of 
Lumenato capsules (µM) are expressed in Figure 3. Baseline level of 
the carotenoids was consistent with published data.46 Baseline level 
of phytoene was very low (0.07 µM); however, it increased signifi-
cantly (p < 0.001), almost 4 times within the first week of treatment, 
and by 3–4 weeks, the plasma level of phytoene was 0.37–0.32 µM 
which is almost 5 times the baseline level. Similarly, the levels of 
phytofluene and zeta-carotene also increased significantly after 
treatment with Lumeneto.

The baseline plasma level of lycopene was high (1.58 µM), and it 
did not change over the course of treatment since the treatment did 
not contain this active.

6.2  |  Part II: Visual skin attributes: 
Improvement scores

Figure 4 exhibits the average scores of different parameters before 
and after 12-week use of the supplement. Figure 4A shows various 
measurements of skin tonality. As observed in the graph, although 
there was no improvement in pigmented spots, there was still a 21% 
improvement in evenness of skin tone (p < 0.001). The skin appeared 
29.75% brighter (p < 0.001) and dark spots of the face reduced by 
10.96% (p < 0.001). Periorbital dark circles also appeared to diminish 
by 17.9% (p < 0.001). Figure 4 exhibits the average scores of differ-
ent parameters before and after 12-week use of the supplement. 
As observed in Figure 4B, there was a highly significant (p < 0.001) 

F I G U R E  3  Plasma levels before and after multiple oral administrations of Lumeneto capsules (µM). Phytoene level increased significantly 
(p < 0.001); almost 4 times within the first week of treatment and by 3–4 weeks the plasma level of phytoene was 0.37–0.32 µM which is 
almost 5 times the baseline level. Phytofluene level in the plasma increased 55% (p < 0.05) within the first week of treatment and continued 
to increase significantly (p < 0.001) for the course of the study. After 4 weeks of use, there was about 2.5 times the baseline level. There 
was a marked increase in blood plasma level of zeta-carotene after treatment; it reached over 5 times baseline after 4 weeks of treatment 
(p < 0.001). The baseline plasma level of lycopene was high (1.58 µM), and it did not change over the course of treatment

F I G U R E  4  Exhibits the average scores of different parameters before and after 12-week use of the supplement. As observed in (B) 
there was a highly significant (p < 0.001) improvement in skin elasticity (21.54%) and firmness (27.18%) after using the supplement for 
12 weeks. (A) Shows various measurements of skin tonality. As observed in the graph, although there was no improvement in pigmented 
spots, there was still a 21% improvement in evenness of skin (p < 0.001) =. The skin appeared 29.75% brighter (p < 0.001), and dark spots 
of the face reduced by 10.96% (p < 0.001). Periorbital dark circles also appeared to diminish by 17.9% (p < 0.001). (C) Displays that there 
was 21.6% (p < 0.001) perceived improvement in skin hydration and 18.18% improvement in skin texture (p < 0.001) after 12 weeks of 
using the supplement. (D) Shows that although there was no improvement in deep wrinkles, there was a significant improvement of 12.97% 
(p < 0.001) in fine lines and wrinkles of the face after 12 weeks of supplement use. As observed in (E) there was a slight improvement in 
the tendency of the skin to develop redness. The general look of aged/unhealthy skin reduced significantly (p < 0.001) after using the 
supplement with a 23.53% reduction. (F) Shows the average score of overall skin condition before and after 12-week treatment of the 
supplement. As observed in the graph, there was a highly significant (p < 0.001) improvement of 28.22% in the overall skin condition after 
using the supplement



4048  |    TARSHISH et al.



    |  4049TARSHISH et al.

F I G U R E  5  exhibits results from FACE-QTM Satisfaction with Skin Scale before treatment and after 4, 8, and 12 weeks of treatment and 
again after treatment was stopped for 2 weeks. The data presented are from satisfaction score where score 1 was very dissatisfied, 2 was 
somewhat dissatisfied, 3 was somewhat satisfied, and 4 was very satisfied. The number of subjects reporting a score of 3 and 4 was counted 
and expressed in the graph as percent of population showing approval. (A) Shows “how does your facial skin look” first thing in the morning 
and at the end of the day. Initially, the score was at the edge of satisfied and dissatisfied; however, after treatment, there was a steady 
improvement up to eight weeks of 84%–75% (p < 0.001), after which there was a levelling off. The effect retained after the treatment was 
discontinued for two weeks. (B) Shows a similar trend for perception of healthy and attractive look of the face. For both these parameters, 
there was steady improvement over the course of 12-week treatment at which point there was a statistically significant (p < 0.001) 
improvement of 74.6% and 65.08% (p < 0.001) for healthy and attractive skin, respectively. These perceptions continued to improve despite 
discontinued treatment for 2 weeks. (C) Perception of refreshed and radiant face. For these two parameters, there was steady improvement 
over the course of 12 weeks of treatment at which point there was a statistically significant (p < 0.001) change as compared to baseline. 
These perceptions continued to improve despite discontinued treatment for 2 weeks. (D) Facial skin tonality. After treatment there was a 
steady improvement up to eight weeks of 61.9%–74.6% (p < 0.001) in evenness of color and tonality. By the 12th week of treatment over 
71% (p < 0.001) of the population professed that the treatment was effective for skin tonality and evenness of tone. After treatment was 
discontinued for two weeks, there was a further improvement of 81% and 72.41% in evenness of skin tone and tonality, respectively. (E) 
Shows that 38.71% of the population noticed a reduction in skin redness after using the supplement for 4 and 8 weeks, increasing to 41.94% 
after 12 weeks of supplement use. Improvement in the look and feel of healthy skin was observed by 35% of the population after 4 weeks 
of use increasing to 56.45% and 58.06% after 8- and 12-week use, respectively. The overall appearance of skin improved in 35.48% of the 
subjects after 4 weeks of use increasing to 66.13% and 62.9% after 8 and 12 weeks, respectively
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improvement in skin elasticity (21.54%) and firmness (27.18%) after 
using the supplement for 12 weeks. Figure 4A shows various meas-
urements of skin tonality. As observed in the graph, although there 
was no improvement in pigmented spots, there was still a 21% im-
provement in evenness of skin (p < 0.001). The skin appeared to be 
29.75% brighter (p < 0.001) and dark spots of the face reduced by 
10.96% (p < 0.001). Periorbital dark circles also appeared to diminish 
by 17.9% (p < 0.001).

Figure 4C displays that there was 21.6% (p < 0.001) perceived 
improvement in skin hydration and 18.18% improvement in skin tex-
ture (p < 0.001) after 12 weeks of using the supplement.

Figure  4D shows that although there was no improvement in 
deep wrinkles, there was a significant improvement of 12.97% 
(p < 0.001) in fine lines and wrinkles of the face after 12 weeks of 
supplement use. As observed in Figure  4E, there was a slight im-
provement in the tendency of the skin to develop redness. The gen-
eral look of aged/unhealthy skin reduced significantly (p  <  0.001) 
after using the supplement with a 23.53% reduction.

Figure 4F shows the average score of overall skin condition be-
fore and after 12 weeks of treatment of the supplement. As observed 
in the graph, there was a highly significant (p < 0.001) improvement 
of 28.22% in the overall skin condition after using the supplement.

Figure  5 exhibits results from FACE-Q™ Satisfaction with Skin 
Scale before treatment and after 4, 8, and 12 weeks of treatment 
and again after treatment was stopped for 2 weeks. The data pre-
sented are from satisfaction score where score 1 was very dissat-
isfied, 2 was somewhat dissatisfied, 3 was somewhat satisfied, and 
4 was very satisfied. The number of subjects reporting a score of 3 
and 4 was counted and expressed in the graph as percent of popu-
lation showing approval. Figure 5A shows “how does your facial skin 
look” first thing in the morning and at the end of the day. Initially, the 
score was at the edge of satisfied and dissatisfied; however, after 
treatment, there was a steady improvement up to eight weeks of 
84%–75% (p < 0.001), after which there was a levelling off. The ef-
fect retained after the treatment was discontinued for two weeks. 
Figure 5B shows a similar trend for perception of healthy and attrac-
tive look of the face. For these both parameters, there was steady 
improvement over the course of 12-week treatment at which point 
there was a statistically significant (p < 0.001) improvement of 74.6% 
and 65.08% (p < 0.001) for healthy and attractive skin, respectively. 
These perceptions continued to improve despite discontinued treat-
ment for two weeks.

Figure  5C: Perception of refreshed and radiant face. For these 
two parameters, there was steady improvement over the course 
of 12  weeks of treatment at which point there was a statistically 
significant (p < 0.001) change as compared to baseline. These per-
ceptions continued to improve despite discontinued treatment for 
two weeks.

Figure 5D: facial skin tonality. After treatment, there was a steady 
improvement up to eight weeks of 61.9%–74.6% (p < 0.001) in even-
ness of color and tonality. By the 12th week of treatment, over 71% 
(p < 0.001) of the population professed that the treatment was ef-
fective for skin tonality and evenness of tone. After treatment was 

discontinued for two weeks, there was a further improvement of 
81% and 72.41% in evenness of skin tone and tonality, respectively.

Figure 5E shows that 38.71% of the population noticed a reduc-
tion in skin redness after using the supplement for 4 and 8 weeks, in-
creasing to 41.94% after 12 weeks of supplement use. Improvement 
in the look and feel of healthy skin was observed by 35% of the pop-
ulation after 4 weeks of use increasing to 56.45% and 58.06% after 
8 and 12-week use, respectively.

The overall appearance of skin improved in 35.48% of the sub-
jects after 4 weeks of use increasing to 66.13% and 62.9% after 8 
and 12 weeks, respectively.

7  |  DISCUSSION

Skin is the main interface of an organism with its environment and 
skin structure, and function is affected by endogenous and environ-
mental factors. Market is teeming with an array of topical products, 
and there is a growing awareness of the opportunity for using di-
etary supplements to optimize skin conditions. The skin requires an 
optimal supply of nutrition including antioxidant carotenoids, such 
as beta carotene, lycopene, as well as phytoene and phytofluene 
which have been reported to be useful nutritional supplements 
with photoprotective effects.19,46,60,61,62 It has been suggested that 
under stress conditions, topical and/or systemic treatment with an-
tioxidants contribute to skin moisturization, normal desquamation, 
overall balance of oxidative, and inflammatory status and thereby 
healthy, young-looking skin.10–23 As observed in this study, the gen-
eral look of aged/unhealthy skin reduced significantly (p < 0.001) 
after using the supplement for 12 weeks and was noticed by 54.84% 
of the population after 12 weeks of use. Antioxidants from diet or 
supplementation provide continuous nourishment for the skin, 
while with topical products, the maintenance of antioxidants in 
skin is local and transient. Lumenato has been shown to elevate 
collagen-3 that may contribute to skin protection by inhibiting free 
radicals secreted from neutrophils.56 Studies report that ingestion 
of carotenoids results in their increase in skin48,49; thus, it can be 
inferred from this study that the Lumenato supplement accumu-
lated in the skin and provided a prolonged benefit even after treat-
ment was discontinued (as measured two weeks following the end 
of supplementation).

Carotenoids are dietary compounds of great interest in food 
science, nutrition, and health. Carotenoids like beta carotene are 
known to be converted into retinoids exhibiting vitamin-A like anti-
aging activities in skin. As observed in this study, there was a con-
sistent increase in plasma levels of carotenoids such as phytoene, 
phytofluene, and zeta-carotene after ingesting Lumenato supple-
ment. Carotenoids accumulate in skin where, besides promoting 
health by protecting from UV damage, they can provide cosmetic 
benefits by contributing to improved skin appearance and specific 
skin characteristics.37,55,56

Phytoene has been reported to be a carotenoid with the high-
est bio-accessibility followed by phytofluene.58 The dietary source 
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that provides highest amounts of potentially absorbable phytoene/
phytofluene has been declared as tomato juice.58 As observed in this 
study, the use of carotenoid supplement for 12 weeks significantly 
(p < 0.001) improved the appearance of skin elasticity, firmness, skin 
hydration, and texture as well as evenness of skin tone and facial 
brightness. These effects were noticed by close to 50% of the pop-
ulation. There was also a statistically significant reduction in facial 
dark spots of the face, and periorbital dark circles noticed by 32% 
and 38% of the population, respectively.

Facial lines and wrinkles are the most scrutinized manifestation 
of aging. It has been reported that the furrows and wrinkles are 
deeper and denser in the skin of individuals with a low antioxidant 
level.48 In the current study, there was a significant reduction in the 
fine lines and wrinkles after 12 weeks of product use. Most subjects 
in this study exhibited a very low score for deep wrinkles; never-
theless, 61% of the subject population noticed an improvement in 
wrinkles after treatment with the supplement.

Daily ingestion of carotenoids for 12 weeks has shown to signifi-
cantly increased serum level of lycopene and total skin carotenoids. 
Studies indicate that such increase is linked to improved protection 
from photodamage.46 UV exposure increases skin inflammation; 
thus, it is possible that ingestion of the supplement reduced the no-
ticeable skin inflammation due to the photoprotective effect of the 
carotenoids.

Studies have shown that administration of carotenoids elevates 
the levels of skin filaggrin protein which is instrumental in improv-
ing skin barrier.59 A strengthened barrier further improves skin hy-
dration, smoothness, and firmness elasticity as well as reduces fine 
lines and wrinkles.10,23 Accumulation of carotenoids in the stratum 
corneum35 possibly provides a prolonged benefit as a result of which 
that the subject self-assessed improvement persisted after treat-
ment was stopped.
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