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Abstract

Rosa damascena has long been cultivated for its essential oil and consumed as
an edible flower. It is a rich source of phytochemicals including phenolic acids
and flavonoids exhibiting strong antioxidant properties, making it a promis-
ing candidate for mitigating the adverse effects of exposome-related oxidative
stress. This study evaluated the antioxidant potential of dietary supplementa-
tion with an upcycled Rosa damascena extract (RE) derived from a by-product
of fresh rose hydrodistillation, used alone or in combination. Its composition
and antioxidant activity were assessed using the Folin-Ciocalteu assay, HPLC
methods and the total antioxidant power assay both in vitro (PAOT Liquid®)
and 7n vivo (PAOT Skin®). Two exploratory clinical studies were conducted:
in study 1, volunteers received a single oral dose of 40 or 140 mg of RE; in
study 2, volunteers took a blend of RE and melon concentrate, standardized
in Superoxide Dismutase, daily for 8 weeks. Both the single oral dose of RE
and the 8-week daily supplementation with the combined formulation signif-
icantly improved skin antioxidant status. These findings suggest that RE, ei-
ther alone or in combination, offers a promising strategy for protecting the
skin against oxidative stress and preventing its associated consequences.

Keywords

Antioxidants, Food Supplement, Polyphenols, Rosa damascena, Superoxyde
Dismutase, Skin Protection

1. Introduction

The skin is the largest human body organ, accounting for approximately 15% of
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the total body weight. It is a complex, flexible, and resistant tissue that serves as
the body’s external protective barrier. The skin barrier plays several critical roles,
including protecting against external agents and maintaining homeostasis [1] [2].

Oxidative stress refers to an imbalance between the production of free radicals,
particularly reactive oxygen species (ROS), and the body’s capacity to neutralize
them using antioxidants. This imbalance leads to cellular damage, affecting lipids,
proteins and DNA [3]. In the skin, oxidative stress accelerates skin aging by de-
grading collagen and elastin, two essential proteins for firmness and elasticity [4]
[5]. Oxidative stress also promotes the appearance of wrinkles, pigmented areas,
and the loss of natural radiance. Furthermore, it compromises the skin barrier,
leading to increased dryness, dullness, and a higher susceptibility to inflammation
and blemishes, ultimately diminishing the skin’s vitality and youthful appearance
[6]-[8].

Antioxidant properties of plant-based dietary supplements have been researched
for their role in neutralizing free radicals. They prevent cellular damage and sup-
port body defenses and well aging. More recent studies have highlighted the ben-
efits of antioxidant supplementation for improving skin elasticity, reducing fine
lines and wrinkles, and restoring a radiant, even skin tone [9] [10]. Research on
supplementation with specific plant-based ingredients is a new approach for main-
taining and even improving skin condition. Indeed, while cosmetic and topical
products are extensively used by consumers, food supplements represent another
complementary way to maintain skin health and beauty from within with a more
global approach.

Roses are widely recognized for their longstanding applications in traditional
uses. Derivative products such as essential oil, concrete, absolute, and rose water
are widely employed in perfumery, pharmaceuticals, and the food industry for
their fragrant, gustatory, and health-enhancing properties [11]. Moreover, rose
petals are edible and have long been used in the preparation of jams, teas, cakes,
flavorings, and candies in various cultures. Among rose species, the damask rose
(Rosa damascena Mill.), often referred to as the “Queen of Flowers”, is one of the
most important members of the Rosaceae family, with a long history of global
consumption. The abundance of phytochemicals—particularly phenolic compounds
and flavonoids—makes rose flowers a highly bioactive ingredient. Traditionally,
damask roses have been used to treat inflammation, depression, cough, fever, and
hypertension. It is also employed in the management of skin diseases, allergies,
and conjunctivitis, and is known for its tonic and astringent effects on the skin’s
capillaries [12] [13].

The leading producers of rose essential oil—Bulgaria, Turkey, and Iran—ac-
count for more than 90% of global production, reflecting deep-rooted expertise
and specialized cultivation techniques in these regions. Their know-how in pro-
ducing high quality rose essential oil and rose water has solidified their dominance
in the industry, highlighting both the commercial importance of Rosa damascena

and its profound cultural value in traditional medicine [14] [15]. While essential
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oil and rose water are the primary products, rose hydrodistillation generates tons
of wastewater every year. This non-distillated by-product is usually discarded alt-
hough rich in highly valuable active polar phenolic compounds [16].

To valorize this underutilized resource, a novel Rosa damascena extract (RE)
was developed from hydrodistillation wastewater. It harnesses its bioactive poten-
tial for the cosmetics and nutraceutical industries and allows a reduction of the
environmental impact. RE contains high levels of bioactive compounds, including
polyphenols particularly flavonoids and phenolic acids, all known for their strong
antioxidant and anti-inflammatory properties [11] [15] [17]-[21]. To enhance its
efficacy, RE was combined with a specific melon concentrate rich in superoxide
dismutase (SOD) and an extract of Malpighia glabra, commonly known as acer-
ola, a natural source of vitamin C. This formulation, named Rose Extract Melon
Concentrate (REMC), aims to provide a synergistic approach to skin health. Oral
supplementation with melon concentrate has been shown to increase endogenous
antioxidant defenses and reduce oxidative stress [22]-[25]. A clinical study indi-
cated that daily supplementation with melon concentrate, standardized to provide
280 U of SOD, enhanced skin protection by reducing the oxidative load and pro-
tecting against the damages caused by free radicals [25]. Vitamin C is well known
for its role in skin health thanks to its potent antioxidant properties and its ability
to stimulate collagen synthesis. It protects the skin from environmental damage
and supports the skin’s natural repair mechanisms [19] [26] [27]. In the REMC
formulation, the combined mechanisms of RE, SOD-rich melon concentrate, and
vitamin C offer a comprehensive strategy to enhance skin resilience and provide
protection from environmental damage to prevent premature aging.

This study investigated the potential benefits of RE, administered either alone
or as part of the REMC formulation, for improving skin health and mitigating
oxidative stress. First, the composition of RE and REMC was analyzed using the
Folin-Ciocalteu assay and High-Performance Liquid Chromatography (HPLC),
and their antioxidant capacities were assessed in vitro using Pouvoir AntiOxidant
Total (PAOT) Liquid® technology [28]. Then, two exploratory clinical studies
were conducted. A first clinical study evaluated the antioxidant effect of a single
administration of RE at two doses on the skin. In a second 8-week randomized
clinical study, the antioxidant effect of REMC daily supplementation was meas-
ured versus placebo. In both studies, the assessment of the oxidative state of the
skin was carried out using PAOT Skin® Technology, enabling precise and direct
assessment of skin oxidation level and underlying the benefits of RE and REMC
[29]-[31].

2. Materials and Methods

2.1. Chemicals and Reagent

Folin-Ciocalteu’s phenol reagent, 3,4,5-trihydroxybenzoic acid (Gallic acid) were
purchased from Merck (Darmstadt, Germany). All HPLC-MS grade solvent (Ac-
etonitrile, water and formic acid) and anhydrous disodium carbonate were pur-
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chased from CARLO ERBA Reagents (Val de Reuil, France). Electrocardiogram

conductive gel was provided by Dermedics (Veauche, France).

2.2. Plant Material and Extraction

In this research work, Rosa damascena extract (RE) was the main active ingredi-
ent. This upcycled ingredient is a fresh rose flower water extract. It’s a non-distil-
lated by-product of the hydrodistillation of fresh Rosa damascena petals according
to the patent N° PCT/EP2024/059606_FR2307532. A composition combining this
RE with melon concentrate rich in SOD (Robertet, Grasse, France) and acerola,
referred to as REMC was formulated. Detailed information about the antioxidant
content of this melon concentrate has been previously published [32]. In this
study, it contains 14 U SOD/mg powder (280 U of SOD in 300 mg of REMC)
measured according to the method of Zhou and Prognon [33]. Dehydrated juice
from Acerola (Malpighia glabra L.) was used in powder form.

2.3. Physicochemical Characterization
2.3.1. Total Phenolic Compounds (TPC)

The determination of total polyphenols was carried out according to the Folin-
Ciocalteu method. Briefly, samples were prepared at 0.5 g/L in distillated water
and centrifugated. Then, 5 mL of the diluted sample were mixed with 37.5 mL of
distillated water, 1.5 mL of Folin-Ciocalteu reagent and 1.5 mL of saturated diso-
dium carbonate 30% (w/v) solution and incubated for 1 hour. The absorbance of
the mixture was measured at 675 nm using a Spectrophotometer UV-Vis Perkin-
Elmer Lambda 20 against a blank of 1.5 mL of Folin-Ciocalteu reagent and 1.5 mL
of saturated disodium carbonate 30% (w/v) solution in 42.5 mL distillated water.
The polyphenol concentrations were calculated from a calibration curve estab-
lished with standard solutions of Gallic acid (concentration ranging from 0 to 20
mg/mL). Results were expressed as mg Gallic acid equivalents per gram of dry
sample (mg GAE/g), thus providing a quantitative measure of the polyphenol con-

tent in the sample.

2.3.2. HPLC-DAD-ELSD-MS Analysis

The phenolic compounds of RE were also characterized by High-Performance
Liquid Chromatography (HPLC) analysis coupled with diode detection (DAD),
Evaporative light scattering detector (ELSD) and electrospray ionization mass
spectrometry (MS-ESI) in positive and negative modes. The analysis was carried
out on an Agilent Poroshell 120 S-C18 column (4.6 x 150 mm x 2.7 um) with a
mobile phase composed of water (A) and acetonitrile (B) containing both 0.15%
formic acid, at a flow rate of 1 mL/min. The elution program includes an isocratic
phase at 5% B (0 - 5 min), followed by a linear gradient up to 60% B (5 - 35 min),
then 60% to 85% B (35 - 50 min) and finally 85% to 95% B (50 - 55 min). The
system remains in an isocratic phase at 95% B for up to 60 min. System delay
volume is 1.04 ml. The column is maintained at 30°C and 20 pL of a 1% (w/w)

rose extract solution in MeOH/water (1/9 w/w) is injected. The compounds were
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identified by comparing retention times as well as UV spectra, obtained at 280 and
330 nm with a DAD detection, and mass spectra with the one of pure molecules.
Mass spectra were acquired by performing MS-ESI detection with a scan of m/z
from 100 to 1000 under the specified conditions: drying gas temperature at 3550°C
and flow at 10.0 L/min, nebulization pressure at 50 psi, and capillary voltage at
3000 V.

2.3.3. Total Antioxidant Power Measurement (PAOT® Score)

The PAOT Liquid® Technology is a patented technology (WO 2020/109736A1)
allowing total antioxidant capacity determination in various matrices, such as raw
materials and processed food products, cosmetic and medicinal preparations, bi-
ological fluids or plant extract [28] [34]. To evaluate RE and REMC antioxidant
effectiveness, 1 g of extract was used in each PAOT Liquid® measurement. Two
microelectrodes, the working and the reference electrode, were used to record the
electrochemical changes following addition of extracts. These variations are trig-
gered by changes in the concentrations of oxidized/reduced forms of a molecule
in a state of free radicals called mediator (M) in the presence of antioxidants. The
PAOT Liquid® activity was estimated by measuring a decrease in the solution elec-
trochemical potential and a PAOT Liquid® score was determined. Thus, PAOT
Liquid® technology is suitable for assessing non-enzymatic antioxidants, but be-
cause it relies on chemical redox reactions, it seems not appropriate for measuring

enzymatic antioxidants such as SOD.

2.4. Exploratory Clinical Studies
2.4.1. Subjects Consent

For each study, the trial objectives, study design, risks, and benefits were explained
to the subjects. The study was authorized by “Comité de Protection des Personnes
of CHU Liége” under N* 177/2021. The study was conducted in accordance with
the 1964 Declaration of Helsinki and the European guidelines for good clinical
practice. Before inclusion in the study, subjects received an information sheet and
an informed consent form. The investigator explained the study procedures and
allowed ample time for subjects to decide before collecting the signed consent
forms. Subjects were informed of their right to withdraw from the study at any

time. Written informed consent was obtained from all subjects.

2.4.2. Subjects and Eligibility Criteria

Both exploratory studies had the same inclusion and exclusion criteria. The inclu-
sion criteria required subjects to be healthy women between 40 - 60 years old,
non-smokers or occasional smokers. The subjects provided written informed con-
sent, agreeing to follow specific study requirements to limit potential bias in the
analysis. These included avoiding medications, dietary supplements, and topical
products on the forearms before and during the study, as well as ensuring they
were not fatigued or recently tanned. In the first study, a maximum baseline

PAOQOT Skin® score < 40 was also part of the selection criteria to ensure similar
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antioxidant status between groups.

According to literature [30], the distribution of PAOT Skin® Scores among the
population of 263 healthy volunteers followed a typical Gaussian curve. A mean
value of 31.09 with 16.25 as standard deviation (SD) were found. Due to normal
distribution, we could apply the formula Mean value * 1.96 x SD which allowed
to determine normal reference values for PAOT skin® Score ranging from 0 to
62.94. The PAOT skin® score is inversely proportional to oxidative stress status.

For both studies, the exclusion criteria were: having taken a nutritional supple-
ment and/or medication during the last month preceding the start of the study
(i.e analgesic, anti-inflammatory, antibiotic), having used any product with anti-
aging/wrinkle or antioxidant action in addition to the consumption of any
fruit/fruit juice or alcohol in the 24 hours preceding the start of the study, or to
have allergies, scars or sunburn. To be a postmenopausal, pregnant and/or breast-
feeding woman, with systemic diseases or dermatological diseases, medical treat-
ment, or medical or surgical history that could affect and compromise the result
of the study were also exclusion criteria. Both studies were conducted double
blind.

2.4.3. Protocol Details and Study Organization
Following the evaluation of the antioxidant effectiveness of RE and REMC using
PAOT Liquid® Technology, two double-blind, randomized exploratory clinical
studies were conducted. The main objective of the first exploratory clinical study
(study 1) was to evaluate and compare the bioavailability and antioxidant effec-
tiveness of two doses of RE following a single oral intake. In contrast, the second
exploratory study (study 2) involved an 8-week daily supplementation period,
comparing a formulation containing REMC to a placebo.

1) Single intake supplementation: Study 1

In study 1, two quantities of RE were tested: 40 mg for RE1 and 140 mg for RE2,
respectively. At TO, a PAOT skin® measurement was performed on the forearm of
all 36 subjects. They were then randomized into two groups of 18 subjects to re-
ceive a single oral administration of either RE1 or RE2 (Figure 1). Additional
PAOT skin® measurements were performed at 2 hours, 4 hours, 6 hours and 8
hours after RE supplementation. For this study, the dosage was one capsule taken
with a glass of water immediately after the TO measurement. After the measure-
ment taken 4 hours after supplementation, a standardized meal was provided to
subjects.

2) Two months Supplementation Trial: Study 2

In study 2, subjects were randomly assigned to two groups of 20 individuals
each. Subjects took either a placebo or REMC supplement daily (one capsule be-
fore breakfast) over an 8-week period. The REMC formulation was composed of
140 mg RE, 140mg of acerola extract and 20 mg of melon concentrate, corre-
sponding to 280 U of SOD. REMC was standardized in polyphenols (>24 mg) and
vitamin C (>12 mg). PAOT skin® measurements were conducted in both groups
at baseline (W0), Week 4 (W4) and Week 8 (W8). Subjects took their supplement
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under usual condition in the morning prior to the measurements. The schematic

design of the clinical study is illustrated in Figure 1.

Study 1 SM
PSMO PSM2 PSM4 PSM6 PSMS$
YPOA I I v,
HO H2 H4 H6 pg Hours
Study 2
PSMO PSM4 PSM8
$DPOA v v
Wo w4 WsWeeks

Figure 1. Schematic representation of clinical study designs. Study 1: H: Hours post
oral administration; POA: Product Oral Administration; PSM: PAOT skin® measure-
ments; SM: Standardized Meal. Study 2: W: Weeks of daily oral supplementation;
DPOA: Daily Product Oral Administration; PSM: PAOT Skin® Measurements.

2.4.4. SKkin Antioxidant Activity Measurements

The PAOT Skin® measurements were analyzed using the method described in lit-
erature [29]-[31], which employs a patch system (gel mediator) involving an elec-
tron giver (antioxidant) and acceptor (oxidant). Prior to analysis, the skin of sub-
jects was meticulously cleaned and dried using absorbent paper. This patch was
applied to specified areas of the skin, ensuring secure connections to both working
and reference microelectrodes attached to the forearms. Over a 10-minute period,
the shift in electrochemical potential within the gel mixture was recorded to esti-
mate the Skin Oxidative Stress Status (SOSS). This shift reflects interactions be-
tween the oxidized and reduced forms of the gel mediator with skin antioxidants
and oxidants, respectively. Results were calculated using the following formula:

Antioxidant Efficiency (%) = ((PAOTw, — PAOT,)/PAOTy) x 100

where PAOT,,: Total antioxidant Power of skin at tn of supplements intakes,
PAOT}: Total antioxidant Power of skin at baseline (before supplements intakes).

PAOT Skin® measures the total antioxidant activity of the skin, indicating the
effectiveness of a product in reducing skin oxidative stress. This method effec-
tively validates the bioavailability and the biological activity of the active ingredi-
ents present in the formulation. For the daily kinetics, the maximum antioxidant
efficiency value was selected for each participant. Since individual responses vary,
each participant may reach peak antioxidant efficiency at different rates and time
following supplementation. This variation depends on pharmacokinetics which
defines how a live organism affects the absorption, distribution, metabolism and

excretion of active molecules [35].

2.4.5. Descriptive Analysis
A descriptive analysis was performed on the demographic data and the assess-

ments data. Quantitative variables were evaluated by calculating the mean antiox-
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idant efficiency, the standard deviation, the standard error of mean (SEM).

2.4.6. Statistical Analysis

In the first clinical study, maximum antioxidant efficiency was compared to the TO
in both RE1 and RE2 groups. In the second study, antioxidant efficiency was meas-
ured at week 4 and week 8. The results were compared with the T0 and intergroup
comparisons were made versus placebo group. To assess product efficiency, one-
factor ANOV A was employed for each group in study 1 and Wilcoxon and Mann-
Whitney tests were used for intragroup comparison and to compare REMC to pla-
cebo at T4 and T8. Statistical analyses were conducted with Excel and Prism soft-

ware with a significant threshold set at 5% and results expressed as means of values.

3. Results
3.1. Phytochemical Composition and Antioxidant Activity

The TPC of RE and REMC has been evaluated by Folin-Ciocalteu method (Table
1) and accounted for about one-seventh of the dry extract. RE contained a higher
level of total phenolics than REMC with respectively 148 mg GAE/g and 129 mg
GAE/g highlighting the importance of RE’s polyphenols in REMC.

HPLC-DAD-ELSD-MS analysis of RE has led to the identification of 19 com-
pounds including flavonoids and phenolic acids as summarized in Table 2. Among
them, 13 flavonols namely glycosides of kaempferol and quercetin and their agly-
cones, were identified. Beside flavonols, RE also contained organic acids such as
quinic acid and phenolic acids mainly derived from gallic acid and ellagic acid.

REMC composition was very close to RE except for the presence of ascorbic
acid due to the addition of acerola. The amount of the main phenolic compounds
of RE and the REMC formulation has been evaluated by HPLC-DAD as shown in
Table 1.

Table 1. Phenolic contents of RE and REMC formulation by Folin Ciocalteu (FC) and
HPLC methods and antioxidant capacity obtained via the PAOT Liquid® Technology.

Extract
RE REMC
Total phenolic content (mg GAE/g DW)* 148 129
Phenolic compounds amount (mg/g DW)®
Gallic acid 44 21
Ellagic acid 10 6
Astragalin 6 3
Ascorbic acid content - 53
PAOT Liquid® Scores (unit x10/g) 3551.46 2943.45

*mg gallic acid equivalent per gram of dried extract determined by Folin Ciocalteu method.
®mg per gram of dried extract determined by HPLC-DAD method.
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Table 2. Compounds identified by HPLC-DAD-ELSD-MS in Rose Extract (RE). MW: mo-
lecular weight; Rt: retention time.

Peak no. Rt (min) MW Identified compounds Synonym CAS no.
1 1.63 192 Quinic acid 77-95-2
2 345 170 3,4,5-Trihydroxybenzoic acid Gallic acid 149-91-7
3 701 154  3.4-Dihydroxybenzoic acid PrOtO::itzChuic 99-50-3
4 1537 284 2-Phenylethyl-glucoside 18997-54-1
5 16.55 610 Quercetin-3-O-rutinoside Rutin 153-18-4
6 16.69 302 Ellagic acid 476-66-4
7 17.02 464 Quercetin-3-0-galactoside Hyperoside ~ 482-36-0
8 17.09 464 Quercetin-3-O-glucoside Isoquercitrin ~ 482-35-9
9 17.74 594 Kaempferol-3-O-rutinoside Nicotiflorin ~ 17650-84-9
10 17.89 448 Kaempferol-7-O-glucoside Populnin 16290-07-6
11 18.33 448 Kaempferol-3-O-glucoside Astragalin 480-10-4
12 18.46 448 Quercetin-3-O-rhamnoside Quercitrin 522-12-3

2-phenylethanol-O-(6-O-galloyl)

13 19.11 436
glucoside

1007865-86-2

14 19.12 418 Kaempferol-3-O-arabinoside Juglalin 99882-10-7
15 19.27 594 Kaempferol-3-O-glucosylrhamnoside Multiflorin B 52657-01-9
16 19.94 432 Kaempferol-3-O-rhamnoside Afzelin 482-39-3

Kaempferol-3-O-(6”-O-trans-p-

. Tiliroside 20316-62-5
coumaroyl) glucoside

17 22.28 617

18 22.46 302 Quercetin 117-39-5
19 25.20 286 Kaempferol 520-18-3

Results showed that phenolic acids concentration was significantly higher than
that of flavonoid derivatives. Gallic acid, in particular, seems to be the most abun-
dant phenolic compound in RE with 44 mg/g DW followed by ellagic acid with 10
mg/g DW. Among the flavonols, astragalin (Kaempferol-3-O-glucoside) was pre-
dominant in RE and REMC with 6 mg/g and 3 mg/g DW respectively.

The analytical study of RE and REMC has shown a relatively high amount of
phenolics known for their antioxidant capacity. This was assessed in vitro by the
PAOT Liquid® test (Table 1). Products with a PAOT Liquid® score higher than
1000 are considered to have very effective antioxidant efficacy. RE and REMC
have shown very high antioxidant levels almost 3 times higher than the upper limit
of the PAOT Liquid® scale. As for the previous dosage of phenolic content, RE, in
particular, had a very high PAOT Liquid Score® (3551.46 + 150.5). Both showing
promising in vitro antioxidant activities, formulations containing Rosa dama-
scena were incorporated into oral supplements aimed at improving skin health

and combating oxidative stress and were tested on human subjects.
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3.2. Evaluation of Oxidative Stress Level
3.2.1. Study of Antioxidant Efficiency of RE: Single Intake
Supplementation
Thirty-six subjects aged between 44 and 60 years (mean 49.4) were recruited and
randomly assigned into two groups of 18 subjects. As shown in Figure 2, the RE1
group achieved a significant increase of 27.1% in maximum antioxidant efficacy
relative to baseline (p-values < 0.01). The group supplemented with RE2 exhibited
a significant increase in maximum antioxidant efficiency, reaching 74.0% (p-val-
ues < 0.01) after a single intake compared to baseline. These findings indicate that
a low dose of RE (40 mg) has already a significant antioxidant efficacy while a
higher dose of RE (140 mg) induces a greater antioxidant efficacy than a lower
dose. The difference between the two doses was approaching significance with p-
value = 0.078.

100.00 +
90.00 +
80.00 T
70.00 T
60.00 T

50.00 +
40.00 + Kk
30.00 +

20.00 +

Maximum antioxidant efficiency (%)

10.00 +

0.00 -

RE1 RE2

Figure 2. Influence of RE at two doses on maximum antioxidant efficiency. The results are
expressed in maximum antioxidant efficiency (%) as mean + SEM. Antioxidant Efficiency
(%) = (PAOTwu — PAOT1)/PAOTy) x 100, **p-values < 0.01 compared to the time 0, t p-
value < 0.1 compared with REI.

3.2.2. Evolution of Antioxidant Efficiency during an Eight-Week
Supplementation

Forty subjects aged between 40 and 60 years (mean 51.4) were recruited and ran-
domly assigned into two groups of 20 subjects.

Antioxidant efficiency is represented in Figure 3. After 4 weeks of supplemen-
tation, the REMC group exhibited a 137.4% significant increase (p < 0.0001) in
antioxidant efficiency (versus baseline), compared to a 29.1% non-significant in-
crease in the placebo group. After 8 weeks of daily supplementation, the REMC
group maintained a significant positive antioxidant response throughout the study
with a 91.4% significant increase in antioxidant efficiency versus baseline. In con-
trast, the placebo group showed a 7.2% non-significant antioxidant efficiency ver-

sus baseline over the same period. At both time points, REMC demonstrated sig-
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nificantly greater antioxidant efficiency compared to the placebo.

250.0 ~

—

200.0 +
Kk

150.0

100.0 A

Antioxidant efficiency (%

a1

o

o
1

HHH# #
| = —

4 weeks 8 weeks

H Placebo REMC

Figure 3. Antioxidant efficiency of REMC and placebo after 4 and 8 weeks of supplemen-
tation. The results are expressed in antioxidant efficiency (%) as mean + SEM. Antioxidant
Efficiency (%) = ((PAOTu — PAOTw)/PAOTw) x 100, **p-values < 0.0001 and *p-values
< 0.05 compared to the time 0, **p-values < 0.01 and *p-values < 0.05 compared to the
placebo group.

4. Discussion

This study first assessed the phytochemical composition of RE and REMC by eval-
uating the TPC by UV-vis spectrophotometry, identifying and quantifying mole-
cules by HPLC. The TPC of RE and REMC results highlight that RE seems to be
the main source of polyphenol in REMC. RE and REMC contain a relatively high
amount of total phenolics and the dosages of the present study are in concordance
with Sabahi and al, 2020 and Dina and al, 2021 [36] [37], where wastewater of
Rosa damascena, shown a TPC of 167.76 + 0.29 mg GAE/g of extract and 170.0
mg GAE/g of extract respectively. Liu et al (2020) [38] studied the Rosa dama-
scena pulverized flower residue (DRFR) extracted three times with water (10 min
each time) by using smashing tissue extraction at room temperature. DRFR TPC
was quantified 386.4 + 6.5 mg GAE/g meaning that other by-products of Rose
hydro-distillation could also be valuable [39].

According to literature, Rosa damascena primarily contains flavonol glycosides,
especially glycosylated derivatives of quercetin (notably hyperoside, isoquercitrin,
rutin, quercitrin) and kaempferol (mainly nicotiflorin, afzelin, astragalin, and tri-
folin) [14]-[16] [18]. Additionally, phenolic acids, primarily gallic acid, as well as
some gallotannins, ellagic acid derivatives, phenylethyl alcohol derivatives, and
anthocyanins are present, contributing significatively to the extract’s antioxidant
and anti-inflammatory properties [37] [38] [40]-[42]. HPLC-DAD-ELSD-MS re-
sults in Table 1 corroborate with previous reports on Rosa damascena wastewater
[15] [16] [37] [43] and other rose by-product extracts [14] [18] [38]. The compo-

sition of RE was especially similar to wastewater of Rosa damascena from Bul-
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garia, as described by Solimine et al 2016 [16]. However, one flavonol, namely
Kaempferol-7-glucoside (Populnin), seems to be identified here for the first time
in rose wastewater. Gallic acid has not been identified in Solimine et a/ 2016 study
of the Bulgarian Rosa damascena wastewater although its composition was very
similar to RE [16]. Nevertheless, Osman et al 2023 [43] reported the presence of
gallic acid in wastewater and Rusanov ef al. 2014 and Solimine et al. 2016 noted
the presence of ellagic acid in this by-product [15] [16]. The predominance of
gallic acid in Rosa damascena extracts has been reported by some authors [41]
[44]. Mohsen et al. 2020 also reported the preponderance of gallic and ellagic acid
in a methanol extract of Egyptian Rosa damascena [45]. Furthermore, ellagic acid
was identified in rose wastewater, along with kaempferol and quercetin, as tyrosi-
nase inhibitor in vitro [16]. Glycoside of kaempferol has been identified by many
authors in rose wastewater [15] [16] [37] and other rose by-product extracts [18]
[38]. Schieber et al also found that astragalin was the most abundant flavonol quan-
tified in an acetone/water extract of distilled rose petals with a similar amount than
in RE (4.1 mg/g). Furthermore, a study of 24 Iranian Rosa damascena genotype
revealed that astragalin (6.1 - 12.9 mg/g DW) was among the main flavonoids
along with isoquercitin and quercetin 7-(6”-galloylglucoside) in methanolic ex-
tracts of dried petals [40].

Many authors acknowledged the in vitro antioxidant capacity of rose byprod-
ucts including wastewater and other extracts, but the comparison of results is haz-
ardous in reason of the different methods and units used [14] [37] [38] [43].
PAOT Liquid® was used in this study because it provides a more accurate and
comprehensive measurement of antioxidant molecules present in the extract, of-
fering a higher level of precision compared to traditional methods. Unlike con-
ventional tests, PAOT Liquid® considers the nature and specificity of antioxidants,
as well as the interaction between the solvent and the extract, ensuring more reli-
able results. RE and REMC have a PAOT Liquid® score 3 times higher than the
upper limit of 1000 of the PAOT Liquid® scale, they are considered to have a very
effective antioxidant efficacy. In REMC, both complementary primary antioxi-
dants (SOD) and secondary antioxidants, such as the polyphenols of RE and vita-
min C, are associated to potentiate the effect. However, the PAOT Liquid® score
of REMC was lower than the one of RE. This is linked to the fact that PAOT Liq-
uid® technology is not adapted to SOD present in REMC as it is an enzymatic
antioxidant. In real-life conditions, certain physiological mechanisms in the skin
and body can trigger the production of endogenous antioxidants through the stim-
ulation of exogenous antioxidant molecules, via processes such as adaptive oxida-
tive stress or hormesis [30] [31]. To more accurately assess the effectiveness and
bioavailability of REMC, an in vivo assay considering both primary and secondary
antioxidant activity such as PAOT Skin®, was conducted.

The first exploratory clinical study allowed to demonstrate the antioxidant ac-
tivity and fast bioavailability of RE after only one oral intake. This is consistent

with studies from the literature, where Rosa damascena extracts have demon-
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strated antioxidant activity in vitro [37] [46]. Besides, a dose effect was observed
as the higher dose of 140 mg had a stronger effect than the lower dose of 40 mg.
The antioxidant effectiveness of polyphenols on the skin depends on several key
factors, including dose, bioavailability, type of polyphenols, and interactions with
other compounds [47]. Greater amount of available polyphenols increase the abil-
ity to neutralize free radicals [48]. Meanwhile, the concentration of polyphenols
in blood after ingestion, directly affects their availability to skin tissues [49].
Higher doses of RE increase blood concentration, thus improving antioxidant ef-
fectiveness. In addition, S. Grether-Beck ef al. 2016 [50] have shown that polyphe-
nols such as lycopene and lutein improve skin parameters like roughness and den-
sity. Polyphenols neutralize ROS by direct reactions with free radicals, inhibit or
enhance the action of numerous enzymes, and chelate pro-oxidant metal ions.
Additionally, they can boost the effectiveness of other antioxidants [51]. Based on
these preliminary results and data from the literature, it was hypothesized that
combining the highest RE dose (140 mg) with other well-known antioxidants:
melon concentrate standardized in SOD and acerola containing vitamin C could
enhance antioxidant efficiency.

The second clinical study confirmed the antioxidant efficacy of REMC after 4
and 8 weeks of supplementation. This effect can be attributed to the presence of
antioxidant molecules and the complementarity between primary and secondary
antioxidants provided by REMC. Non-enzymatic antioxidants, including poly-
phenols, scavenge free radicals and modulate signaling pathways involved in oxi-
dative stress. In contrast, enzymatic antioxidants, such as SOD, play a crucial role
in neutralizing ROS by catalyzing their conversion into less harmful molecules
[52] [53]. Vitamin C acts synergistically with these compounds by directly reduc-
ing ROS and regenerating other antioxidants, such as vitamin E, thereby reinforc-
ing the overall antioxidant network [54] [55]. Individual variability in antioxidant
responses can be influenced by environmental and lifestyle factors, including diet,
stress levels, physical activity and overall health status [56] [57]. These variables
may modulate the effectiveness of antioxidant supplements over time. These find-
ings align with numerous studies that emphasize the potential of plant natural
ingredients in the field of natural care [58]-[61]. Oral administration of REMC
offers several advantages over topical administration, including more uniform
systemic distribution, which may enhance the effectiveness of active compounds
at the skin level.

The approach based on food supplementation of natural ingredients offers an
in-depth and efficient way to address skin needs [9] [25] [62]-[65]. The selection
of ingredients is not only crucial, but their combination also plays a key role in
overall efficacy. In these studies, REMC was demonstrated as an effective antiox-
idant allowing to reduce skin oxidative stress.

Given the central role of oxidative balance in maintaining skin health, future
investigations should aim to explore the broader skin benefits of REMC supple-

mentation. In particular, alternative methods to measure the oxidative status of
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the skin could be explored. In addition, the bioactive compounds identified in the
RE extract, such as ellagic acid, exhibits tyrosinase-inhibiting properties and may
contribute to improved pigmentation and overall skin luminosity [16]. Therefore,
benefits of the supplementation on skin conditions such as tone, brightness and
pigmentation would provide valuable insights into its potential as a holistic ap-

proach to skin care.

5. Conclusions

The study emphasized the often-overlooked value of co-products rich in flavo-
noids and polyphenols obtained from rose hydrodistillation. Upcycling those co-
products contributed to both environmental sustainability and the development
of innovative nutraceutical solutions. Indeed, RE significantly supported antioxi-
dant defense, with dose-dependent effects. When combined with melon concen-
trate rich in SOD, the association between primary and secondary antioxidants
allowed to enhance skin antioxidant efficiency and prevent oxidative stress and its
associated consequences.

Further studies are needed to confirm those preliminary results and should in-
vestigate deeper the composition and the broader benefits of REMC on skin pa-
rameters such as skin luminosity, skin tone uniformity or pigmentation disorders.
These additional skin benefits are crucial for assessing the full impact of REMC

on skin health.

Author Contributions

Conception and design, acquisition of data, or analysis and interpretation of data:
M.H,, SK, LL, A.G,, MK, S.M. Drafting the article or revising it: M.K., S.M.,
S.K., A.G., M.H., L.L. Final approval of the version to be published: All authors.
Agreement to act as guarantor of the work: A.G., M.H., S.M.

Funding

This research was funded by Robertet S.A. AG, SK, MH and IL are employees of
Robertet S.A.

Conflicts of Interest

The authors declare no conflict of interest.

References

[1] He, X,, Gao, X. and Xie, W. (2024) Research Progress in Skin Aging and Immunity.
International Journal of Molecular Sciences, 25, Article 4101.
https://doi.org/10.3390/ijms25074101

[2] Kolarsick, P.A.J., Kolarsick, M.A. and Goodwin, C. (2011) Anatomy and Physiology
of the Skin. Journal of the Dermatology Nurses Association, 3, 203-213.
https://doi.org/10.1097/jdn.0b013e3182274a98

[3] Birben, E., Sahiner, U.M., Sackesen, C., Erzurum, S. and Kalayci, O. (2012) Oxidative

DOI: 10.4236/fns.2025.1612107

1841 Food and Nutrition Sciences


https://doi.org/10.4236/fns.2025.1612107
https://doi.org/10.3390/ijms25074101
https://doi.org/10.1097/jdn.0b013e3182274a98

M.-M. Kaci et al.

(4]

(5]

(6]

(7]

(8]

(9]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

Stress and Antioxidant Defense. World Allergy Organization Journal, 5, 9-19.
https://doi.org/10.1097/wox.0b013e3182439613

Rizzi, V., Gubitosa, J., Fini, P. and Cosma, P. (2021) Neurocosmetics in Skincare—
The Fascinating World of Skin-Brain Connection: A Review to Explore Ingredients,
Commercial Products for Skin Aging, and Cosmetic Regulation. Cosmetics, 8, Article
66. https://doi.org/10.3390/cosmetics8030066

Venkatesh, S., Maymone, M.B.C. and Vashi, N.A. (2019) Aging in Skin of Color.
Clinics in Dermatology, 37, 351-357.
https://doi.org/10.1016/j.clindermatol.2019.04.010

Jager, J., Vahav, I, Thon, M., Waaijman, T., Spanhaak, B., de Kok, M., et al. (2024)
Reconstructed Human Skin with Hypodermis Shows Essential Role of Adipose Tis-
sue in Skin Metabolism. 7issue Engineering and Regenerative Medicine, 21, 499-511.
https://doi.org/10.1007/s13770-023-00621-1

Petitjean, A., Sainthillier, J., Mac-Mary, S., Muret, P., Closs, B., Gharbi, T., et al
(2007) Skin Radiance: How to Quantify? Validation of an Optical Method. Skin Re-
search and Technology, 13, 2-8. https://doi.org/10.1111/j.1600-0846.2006.00174.x

Birch-Machin, M.A. and Bowman, A. (2016) Oxidative Stress and Ageing. British
Journal of Dermatology, 175, 26-29. https://doi.org/10.1111/bjd.14906

Nobile, V., Schiano, I., Peral, A., Giardina, S., Sparta, E. and Caturla, N. (2021) Anti-
oxidant and Reduced Skin-Ageing Effects of a Polyphenol-Enriched Dietary Supple-
ment in Response to Air Pollution: A Randomized, Double-Blind, Placebo-Con-
trolled Study. Food & Nutrition Research, 65, Article 5619.
https://doi.org/10.29219/fnr.v65.5619

Valko, M., Leibfritz, D., Moncol, J., Cronin, M.T.D., Mazur, M. and Telser, J. (2007)
Free Radicals and Antioxidants in Normal Physiological Functions and Human Dis-
ease. The International Journal of Biochemistry & Cell Biology, 39, 44-84.
https://doi.org/10.1016/j.biocel.2006.07.001

Mahboubi, M. (2016) Rosa damascena as Holy Ancient Herb with Novel Applica-
tions. Journal of Traditional and Complementary Medicine, 6, 10-16.
https://doi.org/10.1016/j.jtcme.2015.09.005

Hegde, A.S., Gupta, S., Sharma, S., Srivatsan, V. and Kumari, P. (2022) Edible Rose
Flowers: A Doorway to Gastronomic and Nutraceutical Research. Food Research In-
ternational, 162, Article 111977. https://doi.org/10.1016/j.foodres.2022.111977

Vinokur, Y., Rodov, V., Reznick, N., Goldman, G., Horev, B., Umiel, N., et al. (2006)
Rose Petal Tea as an Antioxidant-Rich Beverage: Cultivar Effects. Journal of Food
Science, 71, S42-5S47. https://doi.org/10.1111/§.1365-2621.2006.tb12404.x

Slavov, A., Denev, P., Panchev, 1., Shikov, V., Nenov, N., Yantcheva, N., et al (2017)
Combined Recovery of Polysaccharides and Polyphenols from Rosa damascena
Wastes. Industrial Crops and Products, 100, 85-94.
https://doi.org/10.1016/j.indcrop.2017.02.017

Rusanov, K., Garo, E., Rusanova, M., Fertig, O., Hamburger, M., Atanassov, 1., et al.
(2014) Recovery of Polyphenols from Rose Oil Distillation Wastewater Using Ad-
sorption Resins—A Pilot Study. Planta Medica, 80, 1657-1664.
https://doi.org/10.1055/s-0034-1383145

Solimine, J., Garo, E., Wedler, J., Rusanov, K., Fertig, O., Hamburger, M., et al. (2016)
Tyrosinase Inhibitory Constituents from a Polyphenol Enriched Fraction of Rose Oil
Distillation Wastewater. Fitoterapia, 108, 13-19.

https://doi.org/10.1016/j.fitote.2015.11.012
Susa, F. and Pisano, R. (2023) Advances in Ascorbic Acid (Vitamin C) Manufactur-

DOI: 10.4236/fns.2025.1612107

1842 Food and Nutrition Sciences


https://doi.org/10.4236/fns.2025.1612107
https://doi.org/10.1097/wox.0b013e3182439613
https://doi.org/10.3390/cosmetics8030066
https://doi.org/10.1016/j.clindermatol.2019.04.010
https://doi.org/10.1007/s13770-023-00621-1
https://doi.org/10.1111/j.1600-0846.2006.00174.x
https://doi.org/10.1111/bjd.14906
https://doi.org/10.29219/fnr.v65.5619
https://doi.org/10.1016/j.biocel.2006.07.001
https://doi.org/10.1016/j.jtcme.2015.09.005
https://doi.org/10.1016/j.foodres.2022.111977
https://doi.org/10.1111/j.1365-2621.2006.tb12404.x
https://doi.org/10.1016/j.indcrop.2017.02.017
https://doi.org/10.1055/s-0034-1383145
https://doi.org/10.1016/j.fitote.2015.11.012

M.-M. Kaci et al.

(18]

(19]

(20]

(21]

(22]

(23]

(24]

(25]

[26]

(27]

(28]

(29]

(30]

(31]

ing: Green Extraction Techniques from Natural Sources. Processes, 11, Article 3167.
https://doi.org/10.3390/pr11113167

Schieber, A., Mihalev, K., Berardini, N., Mollov, P. and Carle, R. (2005) Flavonol Gly-
cosides from Distilled Petals of Rosa damascena Mill. Zeitschrift fiir Naturforschung
C, 60, 379-384. https://doi.org/10.1515/znc-2005-5-602

Pullar, J.M., Carr, A.C. and Vissers, M.C.M. (2017) The Roles of Vitamin C in Skin
Health. Nutrients, 9, Article 866.

Park, B., Hwang, E., Seo, S.A., Zhang, M., Park, S.Y. and Yi, T.H. (2017) Dietary Rosa
damascena Protects against UVB-Induced Skin Aging by Improving Collagen Syn-
thesis via MMPs Reduction through Alterations of c-Jun and c-Fos and TGF-41 Stim-
ulation Mediated Smad2/3 and Smad7. Journal of Functional Foods, 36, 480-489.
https://doi.org/10.1016/j.jff.2017.07.028

Nichols, J.A. and Katiyar, S.K. (2010) Skin Photoprotection by Natural Polyphenols:
Anti-Inflammatory, Antioxidant and DNA Repair Mechanisms. Archives of Derma-
tological Research, 302, 71-83. https://doi.org/10.1007/s00403-009-1001-3

Milesi, M.A., Lacan, D., Brosse, H., Desor, D. and Notin, C. (2009) Effect of an Oral
Supplementation with a Proprietary Melon Juice Concentrate (Extramel) on Stress
and Fatigue in Healthy People: A Pilot, Double-Blind, Placebo-Controlled Clinical
Trial. Nutrition Journal, 8, Article No. 40. https://doi.org/10.1186/1475-2891-8-40

Carillon, J., Notin, C., Schmitt, K., Simoneau, G. and Lacan, D. (2014) Dietary Sup-
plementation with a Superoxide Dismutase-Melon Concentrate Reduces Stress, Physi-
cal and Mental Fatigue in Healthy People: A Randomised, Double-Blind, Placebo-
Controlled Trial. Nutrients, 6, 2348-2359. https://doi.org/10.3390/nu6062348

Lemaire, B., Le Quéré, S., Simoneau, G. and Lacan, D. (2016) Etude clinique d’une
SuperOxide Dismutase de melon naturelle et bioactive (SOD B Dimpless®) sur la
cellulite. Phytothérapie, 14, 23-28. https://doi.org/10.1007/s10298-015-0977-4
Egoumenides, L., Gauthier, A., Barial, S., Saby, M., Orechenkoff, C., Simoneau, G., et
al. (2018) A Specific Melon Concentrate Exhibits Photoprotective Effects from Anti-
oxidant Activity in Healthy Adults. Nutrients, 10, Article 437.
https://doi.org/10.3390/nu10040437

Al-Niaimi, F. and Chiang, N.Y.Z. (2017) Topical Vitamin C and the Skin: Mecha-
nisms of Action and Clinical Applications. Journal of Clinical and Aesthetic Derma-
tology,; 10, 14-17.

Pinnell, S.R., Yang, H., Omar, M., Riviere, N.M., DeBuys, H.V., Walker, L.C,, et al
(2001) Topical L-Ascorbic Acid: Percutaneous Absorption Studies. Dermatologic Sur-
gery, 27, 137-142. https://doi.org/10.1046/j.1524-4725.2001.00264.x

Pincemail, J., Kaci, M.M., Kevers, C., Tabart, J., Ebabe Elle, R. and Meziane, S. (2019)
PAOT-Liquid® Technology: An Easy Electrochemical Method for Evaluating Antiox-
idant Capacity of Wines. Diseases, 7, Article 10.

Meziane, S., Magand, J., Mathé, M., et al (2021) Bioavailability of Natural and Syn-
thetic Vitamins: A Significant Difference on Oxidative Stress Status (OSS). Integra-
tive Food, Nutrition and Metabolism, 8, 1-10. https://doi.org/10.15761/ifnm.1000301
Joél, P., Mouna-Messaouda, K., Jean-Paul, C., Jean-Olivier, D. and Smail, M. (2019)
Electrochemical Methodology for Evaluating Skin Oxidative Stress Status (SOSS).
Diseases, 7, Article 40. https://doi.org/10.3390/diseases7020040

Pincemail, J., Rousseau, A.F., Kaux, J.F., ef al (2022) Oxidative Stress Status and Its
Correlation with Redox Status as Measured by an Electrochemical (PAOT®) Method-
ology: A Pilot Study in Critical COVID-19 Pneumonia Survivors. Free Radical Biol-

DOI: 10.4236/fns.2025.1612107

1843 Food and Nutrition Sciences


https://doi.org/10.4236/fns.2025.1612107
https://doi.org/10.3390/pr11113167
https://doi.org/10.1515/znc-2005-5-602
https://doi.org/10.1016/j.jff.2017.07.028
https://doi.org/10.1007/s00403-009-1001-3
https://doi.org/10.1186/1475-2891-8-40
https://doi.org/10.3390/nu6062348
https://doi.org/10.1007/s10298-015-0977-4
https://doi.org/10.3390/nu10040437
https://doi.org/10.1046/j.1524-4725.2001.00264.x
https://doi.org/10.15761/ifnm.1000301
https://doi.org/10.3390/diseases7020040

M.-M. Kaci et al.

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

(40]

(41]

[42]

(43]

(44]

ogy and Medicine, 177, S120. https://doi.org/10.1016/j.freeradbiomed.2021.08.193

Carillon, J., Del Rio, D., Teissédre, P., Cristol, J., Lacan, D. and Rouanet, J. (2012)
Antioxidant Capacity and Angiotensin I Converting Enzyme Inhibitory Activity of a
Melon Concentrate Rich in Superoxide Dismutase. Food Chemistry, 135, 1298-1302.
https://doi.org/10.1016/j.foodchem.2012.05.064

Zhou, J.Y. and Prognon, P. (2006) Raw Material Enzymatic Activity Determination:
A Specific Case for Validation and Comparison of Analytical Methods—The Exam-
ple of Superoxide Dismutase (SOD). Journal of Pharmaceutical and Biomedical Anal-
ysis, 40, 1143-1148. https://doi.org/10.1016/j.jpba.2005.09.022

Kaci, M., Belhaffef, A., Meziane, S., Dostert, G., Menu, P., Velot, E., et al (2018)
Nanoemulsions and Topical Creams for the Safe and Effective Delivery of Lipophilic
Antioxidant Coenzyme Q10. Colloids and Surfaces B: Biointerfaces, 167, 165-175.
https://doi.org/10.1016/j.colsurfb.2018.04.010

Le, J. (2022) Revue générale de la pharmacocinétique.
https://www.msdmanuals.com/fr/professional/pharmacologie-clinique/pharmacoci-

nétique/revue-générale-de-la-pharmacocinétique

Sabahi, Z., Farmani, F., Mousavinoor, E. and Moein, M. (2020) Valorization of Waste
Water of Rosa damascena Oil Distillation Process by Ion Exchange Chromatography.
The Scientific World Journal, 2020, 1-6. https://doi.org/10.1155/2020/5409493

Dina, E., SKlirou, A.D., Chatzigeorgiou, S., Manola, M.S., Cheilari, A., Louka, X.P., et
al. (2021) An Enriched Polyphenolic Extract Obtained from the By-Product of Rosa
damascena Hydrodistillation Activates Antioxidant and Proteostatic Modules. Phy-
tomedicine, 93, Article 153757. https://doi.org/10.1016/j.phymed.2021.153757

Liu, W.Y., Chen, L.Y., Huang, Y.Y., Fu, L., Song, L.Y., et al. (2020) Antioxidation and
Active Constituents Analysis of Flower Residue of Rosa damascena. Chinese Herbal
Medicines, 12, 336-341.

Miiller, L., Frohlich, K. and B6hm, V. (2011) Comparative Antioxidant Activities of
Carotenoids Measured by Ferric Reducing Antioxidant Power (FRAP), ABTS Bleach-
ing Assay (aTEAC), DPPH Assay and Peroxyl Radical Scavenging Assay. Food
Chemistry, 129, 139-148. https://doi.org/10.1016/j.foodchem.2011.04.045

Ahadi, H., Shokrpour, M., Fatahi, R., Naghavi, M.R. and Mirjalili, M.H. (2023) Essential
Oil, Flavonoids and Anthocyanins Profiling of Some Iranian Damask Rose (Rosa dam-
ascena Mill.) Genotypes. Industrial Crops and Products, 205, Article 117579.
https://doi.org/10.1016/j.indcrop.2023.117579

Bortolini, D.G., Barros, L., Maciel, G.M., Brugnari, T., Modkovski, T.A., Fachi, M.M.,
et al. (2022) Bioactive Profile of Edible Nasturtium and Rose Flowers during Simu-

lated Gastrointestinal Digestion. Food Chemistry, 381, Article 132267.
https://doi.org/10.1016/j.foodchem.2022.132267

Li, J., Li, C., Peng, X., Li, S., Liu, B. and Chu, C. (2023) Recent Discovery of Tyrosinase
Inhibitors in Traditional Chinese Medicines and Screening Methods. Journal of Eth-
nopharmacology, 303, Article 115951. https://doi.org/10.1016/j.jep.2022.115951

Osman, E.E.A., Bazaid, S.A. and Abdel-Hameed, E.S. (2023) Chemo-Profiling and
Bioactivities of Taif Rose (Rosa damascena Mill.) Industrial By-Products after Hy-

drodistillation. Journal of Applied Pharmaceutical Science, 13, 119-131.
https://doi.org/10.7324/japs.2023.116845

Ni, M., Chen, J., Fu, M,, Li, H., Bu, S., Hao, X., et al (2024) UPLC-ESI-MS/MS-Based
Analysis of Various Edible Rosa Fruits Concerning Secondary Metabolites and Eval-
uation of Their Antioxidant Activities. Foods, 13, Article 796.

https://doi.org/10.3390/foods13050796

DOI: 10.4236/fns.2025.1612107

1844 Food and Nutrition Sciences


https://doi.org/10.4236/fns.2025.1612107
https://doi.org/10.1016/j.freeradbiomed.2021.08.193
https://doi.org/10.1016/j.foodchem.2012.05.064
https://doi.org/10.1016/j.jpba.2005.09.022
https://doi.org/10.1016/j.colsurfb.2018.04.010
https://www.msdmanuals.com/fr/professional/pharmacologie-clinique/pharmacocin%C3%A9tique/revue-g%C3%A9n%C3%A9rale-de-la-pharmacocin%C3%A9tique
https://www.msdmanuals.com/fr/professional/pharmacologie-clinique/pharmacocin%C3%A9tique/revue-g%C3%A9n%C3%A9rale-de-la-pharmacocin%C3%A9tique
https://doi.org/10.1155/2020/5409493
https://doi.org/10.1016/j.phymed.2021.153757
https://doi.org/10.1016/j.foodchem.2011.04.045
https://doi.org/10.1016/j.indcrop.2023.117579
https://doi.org/10.1016/j.foodchem.2022.132267
https://doi.org/10.1016/j.jep.2022.115951
https://doi.org/10.7324/japs.2023.116845
https://doi.org/10.3390/foods13050796

M.-M. Kaci et al.

(45]

[46]

(47]

(48]

[49]

(50]

(51]

(52]

(53]

(54]

(55]

(56]

(57]

Mohsen, E., Younis, LY. and Farag, M.A. (2020) Metabolites Profiling of Egyptian
Rosa Damascena Mill. Flowers as Analyzed via Ultra-High-Performance Liquid
Chromatography-Mass Spectrometry and Solid-Phase Microextraction Gas Chroma-
tography-Mass Spectrometry in Relation to Its Anti-Collagenase Skin Effect. Indus-
trial Crops and Products, 155, Article 112818.
https://doi.org/10.1016/j.indcrop.2020.112818

Sopharadee, S., Kittipitchakul, J., Srisawas, N., Neimkhum, W., Yawootti, A., Rades,
T., etal. (2025) Green Approach for Rosa Damascena Mill. Petal Extract: Insights into
Phytochemical Composition, Anti-Aging Potential, and Stability. Antioxidants, 14,
Article 541. https://doi.org/10.3390/antiox14050541

Rudrapal, M., Rakshit, G., Singh, R.P., Garse, S., Khan, J. and Chakraborty, S. (2024)
Dietary Polyphenols: Review on Chemistry/Sources, Bioavailability/Metabolism, An-
tioxidant Effects, and Their Role in Disease Management. Antioxidants, 13, Article
429. https://doi.org/10.3390/antiox13040429

Dzah, C.S., Zhang, H., Gobe, V., Asante-Donyinah, D. and Duan, Y. (2024) Anti- and
Pro-Oxidant Properties of Polyphenols and Their Role in Modulating Glutathione
Synthesis, Activity and Cellular Redox Potential: Potential Synergies for Disease Man-
agement. Advances in Redox Research, 11, Article 100099.
https://doi.org/10.1016/j.arres.2024.100099

Elejalde, E., Villaran, M.C., Esquivel, A. and Alonso, R.M. (2024) Bioaccessibility and
Antioxidant Capacity of Grape Seed and Grape Skin Phenolic Compounds after Sim-

ulated in Vitro Gastrointestinal Digestion. Plant Foods for Human Nutrition, 79,
432-439. https://doi.org/10.1007/s11130-024-01164-2

Grether-Beck, S., Marini, A., Jaenicke, T., Stahl, W. and Krutmann, J. (2017) Molec-
ular Evidence That Oral Supplementation with Lycopene or Lutein Protects Human
Skin against Ultraviolet Radiation: Results from a Double-Blinded, Placebo-Con-
trolled, Crossover Study. British Journal of Dermatology, 176, 1231-1240.
https://doi.org/10.1111/bjd.15080

Farhan, M. (2024) The Promising Role of Polyphenols in Skin Disorders. Molecules,
29, Article 865. https://doi.org/10.3390/molecules29040865

McCord, ].M. and Fridovich, I. (1988) Superoxide Dismutase: The First Twenty Years
(1968-1988). Free Radical Biology and Medicine, 5, 363-369.
https://doi.org/10.1016/0891-5849(88)90109-8

Scalbert, A., Johnson, I.T. and Saltmarsh, M. (2005) Polyphenols: Antioxidants and
Beyond. The American Journal of Clinical Nutrition, 81, 215S-217S.
https://doi.org/10.1093/ajcn/81.1.215s

Arrigoni, O. and De Tullio, M.C. (2002) Ascorbic Acid: Much More than Just an An-
tioxidant. Biochimica et Biophysica Acta— General Subjects, 1569, 1-9.
https://doi.org/10.1016/s0304-4165(01)00235-5

Gegotek, A. and Skrzydlewska, E. (2022) Antioxidative and Anti-Inflammatory Ac-
tivity of Ascorbic Acid. Antioxidants, 11, Article 1993.
https://doi.org/10.3390/antiox11101993

Giorgio, M. and Rigobello, M.P. (2024) The Role of Antioxidant Foods and Nutraceu-
ticals in Ageing. Antioxidants, 13, Article 839.
https://doi.org/10.3390/antiox13070839

Dato, S., Crocco, P., D’Aquila, P., De Rango, F., Bellizzi, D., Rose, G., et al. (2013)
Exploring the Role of Genetic Variability and Lifestyle in Oxidative Stress Response

for Healthy Aging and Longevity. International Journal of Molecular Sciences, 14,
16443-16472. https://doi.org/10.3390/ijms140816443

DOI: 10.4236/fns.2025.1612107

1845 Food and Nutrition Sciences


https://doi.org/10.4236/fns.2025.1612107
https://doi.org/10.1016/j.indcrop.2020.112818
https://doi.org/10.3390/antiox14050541
https://doi.org/10.3390/antiox13040429
https://doi.org/10.1016/j.arres.2024.100099
https://doi.org/10.1007/s11130-024-01164-z
https://doi.org/10.1111/bjd.15080
https://doi.org/10.3390/molecules29040865
https://doi.org/10.1016/0891-5849(88)90109-8
https://doi.org/10.1093/ajcn/81.1.215s
https://doi.org/10.1016/s0304-4165(01)00235-5
https://doi.org/10.3390/antiox11101993
https://doi.org/10.3390/antiox13070839
https://doi.org/10.3390/ijms140816443

M.-M. Kaci et al.

(58]

(59]

(60]

(61]

(62]

(63]

[64]

(65]

Rona, C. and Berardesca, E. (2008) Aging Skin and Food Supplements: The Myth and
the Truth. Clinics in Dermatology, 26, 641-647.
https://doi.org/10.1016/j.clindermatol.2007.09.002

Ribeiro, A., Estanqueiro, M., Oliveira, M. and Sousa Lobo, J. (2015) Main Benefits
and Applicability of Plant Extracts in Skin Care Products. Cosmetics, 2, 48-65.
https://doi.org/10.3390/cosmetics2020048

Michalak, M. (2023) Plant Extracts as Skin Care and Therapeutic Agents. Interna-
tional Journal of Molecular Sciences, 24, Article 15444.
https://doi.org/10.3390/ijms242015444

Mosae Selvakumar, P.M. (2024) Application of Plant-Based Molecules and Materials
in Cosmetics. Cosmetics, 11, Article 211. https://doi.org/10.3390/cosmetics11060211

Boisnic, S., Keophiphath, M., Serandour, A., Branchet, M., Le Breton, S., Lamour, L.,
et al. (2019) Polar Lipids from Wheat Extract Oil Improve Skin Damages Induced by
Aging: Evidence from a Randomized, Placebo-Controlled Clinical Trial in Women
and an Ex Vivo Study on Human Skin Explant. Journal of Cosmetic Dermatology,
18, 2027-2036. https://doi.org/10.1111/jocd.12967

Nobile, V., Michelotti, A., Cestone, E., Caturla, N., Castillo, J., Benavente-Garcia, O.,
et al. (2016) Skin Photoprotective and Antiageing Effects of a Combination of Rose-
mary (Rosmarinus officinalis) and Grapefruit ( Citrus paradisi) Polyphenols. Food &
Nutrition Research, 60, Article 31871. https://doi.org/10.3402/fnr.v60.31871

Navarro, P., Castillo, J., Jones, J., Garcia, A. and Caturla, N. (2025) Skin Photoprotec-
tion and Anti-Aging Benefits of a Combination of Rosemary and Grapefruit Extracts:
Evidence from in Vitro Models and Human Study. International Journal of Molecu-
lar Sciences, 26, Article 4001. https://doi.org/10.3390/ijms26094001

Nobile, V., Burioli, A., Yu, S., Zhifeng, S., Cestone, E., Insolia, V., et al. (2022) Pho-
toprotective and Antiaging Effects of a Standardized Red Orange ( Citrus sinensis (L.)
Osbeck) Extract in Asian and Caucasian Subjects: A Randomized, Double-Blind,
Controlled Study. Nutrients, 14, Article 2241. https://doi.org/10.3390/nul4112241

DOI: 10.4236/fns.2025.1612107

1846 Food and Nutrition Sciences


https://doi.org/10.4236/fns.2025.1612107
https://doi.org/10.1016/j.clindermatol.2007.09.002
https://doi.org/10.3390/cosmetics2020048
https://doi.org/10.3390/ijms242015444
https://doi.org/10.3390/cosmetics11060211
https://doi.org/10.1111/jocd.12967
https://doi.org/10.3402/fnr.v60.31871
https://doi.org/10.3390/ijms26094001
https://doi.org/10.3390/nu14112241

M.-M. Kaci et al.

Abbreviations

The following abbreviations are used in this manuscript:

DAD
DwW
ELSD
FC
GAE
HPLC
MS-ESI
MS
MW
PAOT
POA
PSM
RE
REMC
ROS
Rt
SD
SEM
SM
SOD
SOSS
TPC
UV-Vis

Diode Array Detector
Dry Weight
Evaporative light scattering detector
Folin Ciocalteu
Gallic Acid equivalents
High-Performance Liquid Chromatography
Mass Spectrometry ElectroSpray Ionization
Mass Spectrometry
Molecular Weight
Pouvoir AntiOxidant Total
Product Oral Administration
PAOT Skin® Measurements
Rose Extract
Rose Extract Melon Concentrate
Reactive Oxygen Species
Retention time
Standard Deviation
Standard Error of the Mean
Standardized Meal
SuperOxide Dismutase
Skin Oxidative Stress Status
Total Polyphenol Compounds
UltraViolet-visible light

DOI: 10.4236/fns.2025.1612107

1847

Food and Nutrition Sciences


https://doi.org/10.4236/fns.2025.1612107

	Oral Supplementation with Rosa damascena Extract Improves Skin Antioxidant Status: Exploratory Clinical Studies
	Abstract
	Keywords
	1. Introduction
	2. Materials and Methods
	2.1. Chemicals and Reagent
	2.2. Plant Material and Extraction
	2.3. Physicochemical Characterization
	2.3.1. Total Phenolic Compounds (TPC)
	2.3.2. HPLC-DAD-ELSD-MS Analysis
	2.3.3. Total Antioxidant Power Measurement (PAOT® Score)

	2.4. Exploratory Clinical Studies
	2.4.1. Subjects Consent
	2.4.2. Subjects and Eligibility Criteria
	2.4.3. Protocol Details and Study Organization
	2.4.4. Skin Antioxidant Activity Measurements
	2.4.5. Descriptive Analysis
	2.4.6. Statistical Analysis


	3. Results
	3.1. Phytochemical Composition and Antioxidant Activity
	3.2. Evaluation of Oxidative Stress Level
	3.2.1. Study of Antioxidant Efficiency of RE: Single Intake Supplementation
	3.2.2. Evolution of Antioxidant Efficiency during an Eight-Week Supplementation


	4. Discussion
	5. Conclusions
	Author Contributions
	Funding
	Conflicts of Interest
	References
	Abbreviations

