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Abstract

Sustainable sourcing of bioactive ingredients is an important direction in the development
of topical formulations. Fruit by-products generated during food processing such as apple
pomace, represent a promising resource for skincare applications. The aim of this study
was to evaluate the safety, effectiveness, and consumer perception of a three-step facial
skincare regimen consisting of a cleansing gel, serum, and face cream containing upcycled
apple pomace extract. Unlike most cosmetic studies focusing on single products, this
research assessed a complete skincare routine to better reflect real-life usage conditions. All
formulations underwent dermatological safety evaluation prior to the in vivo study. The
clinical assessment was conducted on 30 healthy female volunteers aged 25–55 years. Skin
hydration, pH, transepidermal water loss, sebum level, and skin gloss were measured on
untreated skin, after the first use, and after four weeks. User perception was assessed using
a questionnaire completed by 58 participants. Short-term changes in skin parameters were
observed after application, while four weeks of use maintained them within physiological
ranges. Skin gloss increased significantly by 4.2%, and no adverse reactions were reported.
These results indicate that the tested skincare regimen containing apple pomace extract
was well-tolerated and cosmetically acceptable under the study conditions.

Keywords: apple pomace; facial skin; fruit by-product; in vivo tests; natural origin index;
skincare regimen; topical formulation

1. Introduction
Topical formulations intended for daily facial care are commonly used as part of

multi-step skincare routines rather than as single, isolated formulations [1]. In everyday
practice, cleansing, targeted treatment, and skin care products are applied sequentially,
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and their combined effect determines both immediate skin response and the overall skin
condition during regular use [2]. Despite this, many cosmetic studies continue to focus on
the evaluation of individual products, often neglecting the cumulative impact of complete
skincare regimens under real-life conditions [1].

From a formulation and research perspective, the performance of cosmetic products
is determined not only by their composition, but also by their interaction with the skin
during repeated use [3]. Contemporary topical formulation development therefore requires
the integration of functional efficacy, skin compatibility, and sensory acceptance, supported
by objective in vivo evaluation [2]. Non-invasive instrumental methods, combined with
dermatological assessment and subjective user feedback, play a central role in verifying
whether cosmetic formulations maintain skin homeostasis while delivering the intended
cosmetic benefits [4,5].

In parallel with these methodological considerations, increasing attention has been
directed toward the use of raw materials derived from secondary production streams [6].
Such ingredients are no longer viewed solely through the lens of sustainability, but also as
a functional group of cosmetic raw materials offering reproducible quality and bioactive
potential [7–9]. Their incorporation into cosmetic formulations responds to the growing de-
mand for products that combine effective performance with a high proportion of naturally
derived ingredients [10–14].

Apple pomace, a by-product of apple juice and cider production, represents a particu-
larly promising example of this group of raw materials [15,16]. It is rich in polyphenols,
flavonoids, organic acids, and other bioactive compounds associated with antioxidant and
skin-conditioning properties [17,18]. While apple pomace has been extensively studied in
food science and nutrition [19], its application in cosmetic formulations remains relatively
limited, especially regarding in vivo studies assessing its effects on human skin [20,21].
According to Nanashima et al., in vitro studies conducted on human skin fibroblasts have
demonstrated that apple pomace stimulates fibroblast proliferation and enhances the pro-
duction of key skin anti-aging factors, including type I collagen and hyaluronan [22]. Fur-
thermore, the moisturizing properties of cosmetic formulations have been associated with
the presence of organic acids and carbohydrates naturally occurring in apple pomace [23].

Importantly, existing topical formulations studies investigating fruit by-products
frequently assess isolated ingredients or single formulations, often under short-term or
laboratory-controlled conditions. However, such approaches do not fully reflect everyday
skincare practice, where products are applied repeatedly and as part of multi-step routines.
The evaluation of complete skincare routines is therefore essential to better understand the
real-life performance and tolerability of cosmetic products [24].

In this context, the aim of this study was to evaluate a three-step facial skincare
regimen consisting of a cleansing gel, serum, and face cream containing an upcycled
apple pomace extract. The assessment focused on skin physiological parameters, overall
effectiveness, user subjective perception, and percentage of natural ingredients [25]. Prior
to application in human subjects, all formulations underwent dermatological evaluation to
confirm their safety.

This study introduces an apple pomace extract incorporated into a complete three-
step facial skincare regimen under real-life conditions. Unlike previous reports focused
on isolated ingredients or single apple pomace product assessment, the present work
emphasizes the unique development of a complementary skincare routine with upcycled
apple pomace extract [20,23,26].

To the best of our knowledge, this is one of the first studies to apply an integrated,
multi-level assessment strategy combining instrumental in vivo measurements, dermato-
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logical safety testing, Natural Origin Index calculation, and consumer-based performance
evaluation of three-step cosmetic formulations containing apple pomace extract.

2. Materials and Methods
The studies were conducted on a three-step skincare routine composed of cosmetic

formulations enriched with apple pomace extract as an agro-industrial waste-derived
ingredient [27]. Each formulation contained a different concentration of the active ingredi-
ent: cleansing gel—1%, facial cream—2%, and serum—3%. Together, the three products
constituted a complete skincare routine and were evaluated as a complementary set, ap-
plied sequentially (cleansing gel, serum, and face cream) once daily over a four-week
home-use period.

The study involving human subjects was conducted in accordance with the guidelines
set forth in the Declaration of Helsinki (1964) and its subsequent amendments [28]. The
study was approved by the local Bioethical Committee (Poznan University of Medical
Sciences, no. 350/24, approved on 9 May 2024, Poznan, Poland), and written informed
consent was obtained from all participants. The study was carried out in compliance with
Regulation (EC) No. 1223/2009 of the European Parliament and of the Council on cosmetic
products and Regulation (EC) No. 655/2013 on cosmetic product claims [29–31].

2.1. Materials

In this study, a commercial apple pomace extract (Pomarage) provided by Provital
(Poznan, Poland) was employed. According to the producer’s specification, the apple
pomace extract is standardized for polyphenol content (minimum 300 ppm, expressed as
gallic acid equivalents) and sugar content (min. 1% total sugars). The cosmetic formu-
lations contained the following ingredients: Apriglu CG-GO 400v2 (Stockmeier, Neuss,
Germany), cetyl alcohol and shea butter (Zarzeccy, Sieradz, Poland), citric acid (Brenntag,
Essen, Germany), Coco glucoside AC818 (HSH, Hamburg, Germany), Euxyl K712 (Barentz,
Hoofddorp, Holland), Euxyl K903 (Barentz, Hoofddorp, Holland), Euxyl PE9010 (Barentz,
Hoofddorp, Holland), fragrance (Arcon, Warsaw, Poland). Glycerine (Brenntag, Essen,
Germany), grape seed oil (Aurum Chemicals, Katowice, Poland), Hyaluron DHA/BA 3
(Mabelle, Vitória, Brasil), Jolee 775 (Surfachem, Leeds, UK), Leraamph CAB 35 (Stock-
meier), N-Hance 3196 (Barentz), Olivem 1000 (HSH, Hamburg, Germany), Panthenol 75
(Enzym, Koszalin, Poland), purified water (meeting cosmetic-grade requirements), sodium
gluconate (Brenntag, Essen, Germany), Tegin M Pellets (Adara, Warsaw, Poland), and
xanthan gum (Brenntag, Essen, Germany). All substances were stored in accordance with
the manufacturers’ recommendations until the formulation process.

2.2. Preparation of Formulations for the Three-Step Skincare Regimen

The cosmetic products were prepared according to the formulations described below,
with detailed ingredient lists provided in Tables 1–3, and were subsequently packaged in
cosmetic containers, as shown in Figure 1.

Table 1. Chemical composition of the cleansing gel.

No. Trade Name INCI Company Quantity
(% w/w, ±0.01)

1 Water Aqua - 80.09

2 Sodium gluconate Sodium Gluconate Brenntag 0.20

3 Glycerine Glycerine Brenntag 5.00
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Table 1. Cont.

No. Trade Name INCI Company Quantity
(% w/w, ±0.01)

4 N-Hance 3196 Guar Hydroxypropyltrimonium Chloride Barentz 1.30

5 Leraamph CAB 35 Aqua, Cocamidopropyl Betaine, Sodium Chloride Stockmeier 3.00

6 Coco glucoside AC818 Aqua, Coco Glucoside HSH 7.00

7 Apriglu CG-GO 400v2 Aqua, Coco-Glucoside, Glyceryl Oleate, Citric Acid Stockmeier 0.50

8 Fragrance Parfum Arcon 0.20

9 Euxyl K712 Sodium Benzoate, Potassium Sorbate, Aqua Barentz 1.50

10 Pomarage Propanediol, Aqua, Apple Pomace Extract Provital 1.00

11 Citric acid Citric Acid Brenntag 0.21

Table 2. Chemical composition of the serum.

No. Trade Name INCI Company Quantity
(% w/w, ±0.01)

1 Water Aqua - 90.70

2 Sodium gluconate Sodium Gluconate Brenntag 0.20

3 Euxyl K712 Sodium Benzoate, Potassium Sorbate, Aqua Barentz 0.50

4 Euxyl PE9010 Phenoxyethanol, Ethylhexylglycerin Barentz 0.75

5 Glycerine Glycerine Brenntag 2.00

6 Xanthan gum Xanthan gum Brenntag 0.70

7 Panthenol 75 Panthenol Enzym 2.00

8 Pomarage Propanediol, Aqua, Apple Pomace Extract Provital 3.00

9 Fragrance Parfum Arcon 0.10

10 Citric acid Citric acid Brenntag 0.05

Table 3. Chemical composition of the face cream.

No. Trade Name INCI Company Quantity
(% w/w, ±0.01)

1 Water Aqua - 73.70

2 Sodium gluconate Sodium Gluconate Brenntag 0.20

3 Euxyl K712 Sodium Benzoate, Potassium Sorbate, Aqua Barentz 0.70

4 Euxyl K903 Benzyl Alcohol, Benzoic Acid, Dehydroacetic Acid,
Tocopherol Barentz 0.50

5 Olivem 1000 Cetearyl Olivate, Sorbitan Olivate HSH 4.00

6 Tegin M Pellets Glyceryl Stearate Adara 1.00

7 Cetyl alcohol Cetyl alcohol Zarzeccy 2.00

8 Shea butter Butyrospermum Parkii Butter Zarzeccy 2.00

9 Grape seed oil Vitis Vinifera Seed Oil Aurum
Chemicals 6.00

10 Jolee 7750 Isoamyl Laurate Surfachem 4.00

11 Panthenol 75 Panthenol Enzym 3.00

12 Hyaluron DHA/BA 3 Aqua, Sodium Hyaluronate, Hyaluronic Acid,
Dehydroacetic Acid, Benzyl Alcohol Mabelle 0.50

13 Pomarage Propanediol, Aqua, Apple Pomace Extract Provital 2.00

14 Fragrance Parfum Arcon 0.20

15 Citric acid Citric Acid Brenntag 0.20
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Figure 1. Products of the 3-step cosmetic skincare regimen.

2.2.1. Cleansing Gel—First Skincare Step

Sodium gluconate (2) was first dissolved in distilled water (1). Subsequently, glycerine
(3) and N-Hance 3196 (4) were incorporated. In the following step, ingredients 5–10 were
gradually introduced. Citric acid (11) was then added to adjust the pH to 5.2. Throughout
the entire process, the mixture was continuously stirred using an automatic stirrer (Table 1).

2.2.2. Serum—Second Skincare Step

The components were dissolved in distilled water (1) in the sequence of 2–9, with
constant stirring by an automatic mixer. Citric acid (10) was then added to reach a pH of
5.2 (Table 2).

2.2.3. Face Cream—Third Skincare Step

Distilled water (1) was heated to 70 ◦C, after which sodium gluconate (2), Euxyl
K712 (3), and Euxyl K903 (4) were added. Simultaneously, the oil-phase ingredients (5–10)
were heated to 70 ◦C. Once the oil phase had fully melted, the aqueous phase was slowly
incorporated and homogenized. The emulsion was then cooled to below 40 ◦C, followed
by the addition of active ingredients (11–14) and subsequent homogenization. Finally, citric
acid was added to achieve a pH of 5.2, and mixing continued until the formulation reached
its final viscosity (Table 3).

2.3. Natural Origin Index

To quantitatively assess the natural origin of cosmetic formulations, the Natural Origin
Index (NOI) was calculated in accordance with the ISO 16128-1:2016 and ISO 16128-2:2017
guidelines [32,33]. The NOI of each product was determined based on the percentage
concentration of individual ingredients in the total formulation, considering their natural
origin index values (ranging from 0 to 1) provided by raw material suppliers. Water was
considered 100% natural (NOI = 1.00), in accordance with ISO 16128 [25,32–34].

The formula used for calculating the NOI of the finished product is expressed
as follows:

NOIproduct =
n

∑
i=1

(
Ci

100
× NOIi

)
where:

• Ci is the concentration (%) of ingredient i in the total formulation,
• NOIi is the Natural Origin Index of ingredient i,
• n is the total number of ingredients in the formulation.
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2.4. Study Groups

The study involved healthy women aged 25–55 years of European origin, of II and III
skin phototype in [35,36], who actively care for their skin. This relatively homogeneous
group was selected to reduce inter-individual variability in this in vivo evaluation. Selected
participants represent female adults with fully developed skin with early to moderate
age-related changes. The volunteers were in good health and had no dermatological
diseases. A total of 58 healthy female volunteers participated in the overall product use
study and completed the subjective evaluation questionnaire after the application period.
Among them, a subgroup of 30 participants underwent instrumental measurements of skin
physicochemical parameters. In addition, preliminary dermatological patch testing was
carried out in a separate group of 5 individuals as an initial safety screening step prior to
the in vivo use study. Before the study, volunteers were instructed to refrain from applying
any facial cosmetics for at least eight hours. On the day of testing, participants were
asked to stay in the testing room for at least 15 min prior to measurements, allowing their
skin to acclimate to the environmental conditions. The study focused on facial skin, with
all measurements performed specifically on the cheeks. Additionally, participants were
also instructed not to introduce any new skincare products or undergo facial cosmetic or
aesthetic procedures during the test period. The detailed study population and assessment
scheme are shown in the Supplementary Materials as Table S1.

2.5. Protocol of Three-Step Skin Regimen

During the study period, volunteers followed a standardized skincare protocol applied
once daily to the designated test area.

Step 1. Cleansing gel
The facial skin was cleansed using a cleansing gel (approximately 0.5–1.0 mL). The

gel was gently massaged onto slightly moistened skin for 30 s, then rinsed with lukewarm
water, and the skin was dried with a disposable paper towel. After cleansing, a 5-minute
equilibration period was allowed.

Step 2. Serum application
The serum was applied at a standardized dose of approximately 2 mg/cm2 and evenly

distributed over the designated test area.
Step 3. Cream application
After a serum absorption period of 3–5 min, a face cream was applied to the same area

at approximately 2 mg/cm2. Participants followed this routine once daily (in the morning)
throughout the study period and were instructed to avoid using any additional cosmetic or
topical products on the test area.

2.6. Dermatological Tests (Patch Test)

A semi-occlusive patch test was performed as a preliminary dermatological safety
screening in a small cohort (n = 5) to evaluate the potential for irritation and sensitization.
Serum and cream were tested at 100% concentration, while the cleansing gel (a rinse-
off product) was diluted to 10%. Products were applied to 12 mm filter paper discs
(SmartPractice, Phoenix, AZ, USA) and placed on the upper arm or interscapular area
using adhesive tape. Two control sites (blank and water) were included. Patches were
removed after 48 h, with dermatological assessments performed at 48- and 72-h post-
application [37,38].

2.7. Measurement of the Skin Parameters

The effects of the cosmetic skincare daily routine were evaluated and measured on
the facial skin (cheeks) of the volunteers: (1) untreated skin—before the application of the
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tested products (control), (2) skin after 20 min of the first application, and (3) skin after four
weeks of daily at-home use [39].

All skin assessments were performed under controlled environmental conditions (tem-
perature 22–25 ◦C, relative humidity ~50%) [35]. Before each measurement, participants
remained in the testing room for at least 15 min to allow their skin to acclimate. The
designated measurement site was the left cheek, where the tested products (cleansing gel,
serum, cream) were applied following a standardized protocol.

Non-invasive biophysical methods were used to evaluate skin parameters. Measure-
ments were performed three times for each parameter, and the mean value was calculated
for statistical analysis. The following probes (Courage + Khazaka MPA system, Cologne,
Germany) were used: Corneometer® CM 825 (skin hydration), Sebumeter® SM 815 (sebum
content), Tewameter® TM 300 (transepidermal water loss), Skin-pH-Meter® PH 905 (skin
surface pH), and Skin-Glossymeter® GL 200 (skin surface gloss/shine) [5,40].

2.8. Subjective Formulations Evaluation Questionnaire

A total of 58 volunteers who used the tested skincare routine completed an online
questionnaire at the end of the application period. The survey included 55 questions and
covered three main areas: evaluation of physicochemical and usability properties, subjective
impressions of product performance, and overall perception. Participants evaluated the
products using a 5-point Likert scale, where 5 = very good, 4 = good, 3 = moderate,
2 = poor, and 1 = very poor. For subjective product performance, the percentages of
positive responses (ratings 4 or 5 on the Likert scale) were calculated [41,42].

2.9. Statistical Analysis

Statistical analysis of instrumental skin measurements was performed using tests
for repeated-measures data. Differences between measurements obtained at three time
points (untreated skin (control), 20 min after application, and after four weeks of use)
were analyzed using the Friedman test. When statistically significant differences were
observed, post hoc pairwise comparisons were conducted using Dunn’s test with Bonferroni
correction. For parameters fulfilling the assumptions of parametric analysis, one-way
repeated-measures analysis of variance (ANOVA) followed by Tukey’s HSD post hoc test
was applied. Results are presented as mean values ± standard deviation (SD). Statistical
significance was accepted at p < 0.05.

Statistical analysis of the distribution of responses did not reveal statistically significant
differences between the evaluated preference categories for any of the tested products
(p > 0.05). However, a trend toward a higher frequency of positive responses (“strongly
like” vs. “neutral”) was observed for the serum (p = 0.0914) and the face cream (p = 0.0813).

3. Results and Discussion
3.1. Natural Origin Index

The obtained NOI values for all three products were above 0.95 (cleansing gel 0.98,
serum 0.97 and face cream 0.97) which confirms the very high content of natural origin
ingredients in each of the three formulations. Among them, the cleansing gel exhibited the
highest overall NOI value of 0.9823. The observed differences in NOI between products
are primarily due to the presence of synthetic ingredients such as preservatives like Euxyl
PE9010 (phenoxyethanol, ethylhexylglycerin) and Euxyl K903 (benzyl alcohol, benzoic acid,
dehydroacetic acid, tocopherol) used in serum and cream or panthenol used in serum and
cream. It should also be noted that the high NOI values were influenced by the high-water
content typical of gel and emulsion formulations, since water was assigned an NOI value
of 1.0 according to ISO 16128.
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The high Natural Origin Index values observed in all formulations are consistent with
current trends in cosmetic product development, where both regulatory frameworks and
consumer expectations increasingly emphasize transparency and natural origin of ingredi-
ents. Previous reports indicate that formulations with a high proportion of naturally derived
components are more likely to be perceived as safer and more environmentally friendly,
although this perception does not necessarily correlate with objective efficacy [25,43]. In
this context, the present results demonstrate that a high NOI can be achieved without
compromising formulation stability, safety, or consumer acceptance.

3.2. Dermatological Test

Dermatological assessments confirmed that all tested formulations exhibited good skin
compatibility under the study conditions (Figure 2). Throughout the semi-occlusive patch
test, no signs of irritation, sensitization, erythema, or other adverse dermatological reactions
were observed at any application site. These findings indicate that the formulations were
well-tolerated by the skin in this preliminary screening, including both leave-on and rinse-
off products in this study. Although apple pomace extract contains bioactive compounds,
including organic acids and phenolic constituents with potential irritant activity, its use
at the tested concentrations did not result in visible intolerance reactions in the evaluated
group. These observations are consistent with previous reports on plant-derived cosmetic
ingredients demonstrating good skin tolerability when appropriately formulated [44–48].

 

Figure 2. Patch test application on the skin (W—distilled water, Z—cleansing gel, S—serum, K—facial
cream, P—blank).

3.3. Skin Parameters

Instrumental assessment of skin parameters revealed both responses following the
first application (after 20 min) and effects after four weeks of daily use of the skincare
routine enriched with apple pomace extract. While several parameters showed transient
fluctuations, these changes are consistent with normal physiological reactions to topical
product application and remained within the manufacturer-defined reference ranges, indi-
cating preserved skin homeostasis. Results are presented in Table 4 and Figure 3. Figure 3
is intended to facilitate visual interpretation of the measured changes against the reference
ranges provided by the probe manufacturers, while detailed numerical values and statisti-
cal analyses are provided in Table 4. It should be noted that the observed effects reflect the
performance of the complete formulation regimen rather than the isolated contribution of
apple pomace extract.
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Table 4. Skin parameters.

Parameter Control
(Mean ± SD)

After 1. Use
(Mean ± SD)

After 4 Weeks
(Mean ± SD) p-Value Statistical Test

Skin hydration
(Corneometer) (a.u.) 63.17 ± 15.81 69.34 ± 12.34 61.63 ± 10.90 0.0239 Friedman

Skin pH (pH meter) 5.73 ± 0.58 6.14 ± 0.25 5.67 ± 0.53 <0.0001 Friedman

TEWL (Tewameter)
(g/h/m2)

15.04 ± 3.85 16.71 ± 4.68 14.87 ± 4.16 0.0072 Friedman

Skin gloss (Glossymeter)
(a.u.) 26.00 ± 3.22 25.59 ± 2.66 27.10 ± 3.09 0.0005 ANOVA

Sebum (Sebumeter)
(µg/cm2)

92.07 ± 52.35 82.97 ± 39.50 103.63 ± 56.07 0.2907 Friedman

Instrumental skin parameter measurements at control, 20 min after first application, and after 4 weeks of use.
Values are presented as mean ± standard deviation (SD). Statistical significance was assessed using the Friedman
test or one-way ANOVA, depending on the data distribution.

Figure 3. Instrumental skin parameter values (mean ± SD) presented in relation to the reference
ranges provided by the probe manufacturers: (A) Skin hydration, (B) Skin pH, (C) TEWL, (D) Skin
gloss—No reference range was available according to the manufacturer’s information, (E) Sebum
(* p < 0.05; *** p < 0.001; **** p < 0.0001).

3.3.1. Skin Hydration

Skin hydration, measured with a Corneometer, increased significantly 20 min after the
first application indicating a short-term moisturizing effect (Friedman test, p = 0.0239). This
immediate rise reflects the humectant action of glycerine and other hydrophilic components,
which attract water into the upper layers of the stratum corneum. This observation is
consistent with previous reports on moisturizing formulations, where humectants such as
glycerine produce rapid increases in stratum corneum hydration [5,35]. After four weeks,
hydration values were comparable to baseline (control) and remained within the reference
range for adequately moisturized skin (>40 a.u.) according to the device manufacturer
(Figure 3A). Therefore, the results suggest maintenance of physiological hydration status
rather than a sustained increase in skin hydration over time.
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3.3.2. Skin pH

Skin pH showed a comparable pattern, with a short-term elevation after the initial
application (Friedman test, p < 0.0001). Such temporary increases are commonly observed
for emulsions and aqueous formulations and result from short-lived interactions between
product components and the acid mantle. Importantly, all pH values remained within
the acceptable physiological range for female facial skin (pH = 4.5–6.0), and by week four
returned toward the baseline, demonstrating that four weeks daily use did not disturb the
acid–base equilibrium. Maintaining skin pH within the physiological range is essential for
preserving skin barrier function and microbiome balance [35,40–42].

3.3.3. Transepidermal Water Loss

A transient increase in transepidermal water loss (TEWL), measured with a Tewameter,
was also observed 20 min after first application (Friedman test, p = 0.0072). This effect likely
reflects brief evaporation-related shifts accompanying product spreading, as well as the
modulation of superficial hydration gradients. TEWL values subsequently decreased at
four weeks and remained within the normal manufacturer-defined range (10–25 g/h/m2),
indicating that the formulation did not impair epidermal barrier integrity. Similar transient
increases in TEWL have been described as a short-term physiological response rather than
an indication of barrier impairment [35,39].

3.3.4. Skin Gloss

Skin gloss, assessed using a Glossymeter, remained stable shortly after the first applica-
tion but increased significantly by 4.2% after four weeks (ANOVA, p = 0.0005). The increase
in skin gloss observed after four weeks indicates a measurable change in skin surface
optical properties. Its clinical relevance should nevertheless be interpreted cautiously. This
finding may reflect improved surface optical characteristics associated with routine product
use. Because all physiological parameters remained within the normal reference limits, the
observed increase in gloss may be considered a cosmetic effect rather than a sign of barrier
disturbance [17,23,49].

3.3.5. Sebum

Sebum levels measured with a Sebumeter showed no significant changes over time
(Friedman test, p = 0.2907). Values remained within the normal range for the cheek area
(according to the manufacturer’s reference values) throughout the study, indicating that
the regimen did not disrupt sebaceous activity.

Overall, although short-term fluctuations occurred immediately after application,
which is an expected and well-documented response to topical cosmetic products, the
skin returned to stable values within physiological ranges. The facial routine maintained
hydration, pH, TEWL, and sebum levels within the manufacturer-recommended limits
while improving surface gloss, supporting its compatibility with skin physiology and its
suitability for daily use. A limitation of this study is the absence of a vehicle-control group
or comparator formulations without apple pomace extract. Therefore, the observed effects
cannot be attributed specifically to the extract itself but should be interpreted as the perfor-
mance of the complete three-step skincare regimen. Since the formulations also contained
established moisturizing and skin-conditioning ingredients, such as glycerine, panthenol,
and hyaluronic acid, their contribution to the measured outcomes cannot be separated
under the present study design. In addition, the tested regimen combined three products
containing different concentrations of apple pomace extract (1%, 2%, and 3%), selected
in accordance with the supplier’s raw material specification, which makes it impossible
to determine which formulation step or concentration contributed most to the observed
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effects. Although apple pomace is known to contain polyphenols and other bioactive
constituents with reported antioxidant and skin-conditioning potential, no mechanistic
biomarkers, biochemical endpoints, or dose–response relationships were assessed in the
present study. Therefore, any mechanistic interpretation remains hypothetical and should
be treated as supportive background rather than direct evidence. Another limitation of the
study is that it included only healthy women aged 25–55 years with Fitzpatrick phototypes
II–III. Therefore, the findings should not be directly generalized to broader populations.

3.4. Subjective Evaluation Questionnaire

Subjective evaluation was conducted to complement the instrumental measurements
and to capture the participants’ perceptions of the tested skincare routine under real-life
conditions. The questionnaire-based assessment focused on sensory attributes, perceived
cosmetic performance, and overall user acceptance after four weeks of regular use.

3.4.1. Evaluation of Physicochemical and Usability Properties

Subjective evaluation of the physicochemical and usability properties of the three-step
facial routine was performed using a 5-point Likert scale, and the results are presented in
Figure 4. All products achieved high mean scores across all assessed sensory attributes
and perceived efficacy parameters, with values ranging from 4.17 to 4.83, indicating very
good user acceptance. Fragrance and color were rated favorably for all formulations, with
mean scores between 4.45 and 4.67. Consistency received the highest ratings among the
evaluated attributes, particularly for the serum and face cream, with mean values of 4.79
and 4.83, respectively. Spreadability was also rated positively across all products, with
mean scores ranging from 4.28 to 4.38. Perceived efficacy achieved high scores for each step
of the regimen, with mean values between 4.17 and 4.47. The relatively symmetrical shape
of the radar chart reflects balanced sensory and functional performance, with no parameter
rated substantially lower than others.

Figure 4. Scores of sensory attributes (fragrance, color, consistency, spreadability) and perceived
efficacy of the cleansing gel, serum, and face cream, as assessed by the participants using a 5-point
scale (mean values).

3.4.2. Subjective Impressions of Product Performance

Subjective impressions of product performance were evaluated using declarative
statements describing both desirable cosmetic effects and potential adverse sensations.
Participants rated their agreement with each statement using a 5-point Likert scale, and
responses rated as 4 (good) or 5 (very good) were considered positive. As summarized in
Tables 5–7, high percentages of positive responses were recorded for statements related to
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skin hydration, comfort, smoothness, and overall skin feel. In contrast, lower percentages
of positive responses were observed for statements describing undesirable sensations, such
as skin tightness after cleansing or a greasy film after cream application, suggesting that
these effects were generally not perceived by most users. Overall, the subjective evaluation
indicates favorable user perceptions of the cleansing gel, serum, and face cream, with low
reporting of negative sensory effects.

Table 5. Performance-related statements for the cleansing gel based on subjective evaluation.

Declarative Statement Positive Responses (%)
The gel provides a feeling of freshness after application. 93.1%
The gel leaves the skin feeling pleasantly cleansed after
application. 93.1%

The gel causes a feeling of skin tightness after application. 29.3%

Table 6. Performance-related statements for the serum based on subjective evaluation.

Declarative Statement Positive Responses (%)
The serum provides a feeling of skin hydration after
application. 88.0%

The serum perceptibly improves skin firmness after
application. 82.8%

The serum has a soothing and calming effect on the skin 79.4%

Table 7. Performance-related statements for the face cream based on subjective evaluation.

Declarative Statement Positive Responses (%)
The cream provides a feeling of smooth and radiant
skin after application. 86.3%

The cream visibly smooths the skin after application. 81.1%
The cream provides a soothing sensation on irritated
skin after application. 86.2%

The cream provides a feeling of intensive skin
hydration after application. 77.6%

The cream provides a feeling of skin firmness after
application. 67.3%

The cream causes a feeling of a greasy film on the skin
after application. 12.1%

3.4.3. Overall Perception of the Products

The overall perception of the products is presented in Figure 5. All three formulations
were evaluated positively by most participants. The highest proportion of strongly like
responses was observed for the cleansing gel (53.4%), followed by the serum (51.7%) and
the face cream (48.3%). When strongly like and like responses were considered jointly,
positive overall evaluations exceeded 85% for each product.

Neutral responses accounted for a minor proportion of answers, with the highest
share observed for the face cream (15.5%), while negative evaluations (dislike and strongly
dislike) were reported only sporadically across all formulations. These results indicate a
high level of user acceptance and confirm that the tested products were perceived favorably
under real-life conditions. Detailed results of the subjective perception of the products
are provided in the Supplementary Materials (Tables S2–S4). The agreement between
instrumental measurements and subjective perception is consistent with previous studies
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indicating that perceived skin improvements often correlate with measurable biophysical
changes [41,42].

Figure 5. Overall perception of the products after 4 weeks of use (no responses for the “strongly
dislike” category). No statistically significant differences between response categories were observed
(p > 0.05); however, trends toward higher frequencies of positive responses (“strongly like” vs.
“neutral”) were noted for the serum and face cream (p ≈ 0.09).

4. Conclusions
The present study demonstrates that apple pomace extract, an upcycled by-product of

the food industry, can be successfully incorporated into a three-step skincare regimen and
evaluated under real-life conditions. The investigated facial skincare regimen (a cleansing
gel, serum, and face cream) exhibited good skin tolerance in the preliminary dermatological
assessment. No visible irritation reactions were observed during patch testing in this study.

Instrumental assessments revealed only transient, short-term changes in the selected
skin parameters following the first application, which represents a typical physiological
response to topical cosmetic products. Importantly, after four weeks of regular use, skin
hydration, pH, transepidermal water loss, and sebum levels remained within the physiolog-
ical reference ranges, indicating preserved skin homeostasis. At the same time, a significant
increase in skin gloss was observed, reflecting an improvement in surface optical properties
without compromising epidermal barrier function.

Subjective evaluation further supported the instrumental findings. The tested prod-
ucts were rated highly in terms of sensory attributes, usability, and perceived cosmetic
performance. High percentages of positive responses were recorded for most performance-
related statements, while negative sensations such as skin tightness after cleansing or a
greasy film after cream application were reported infrequently. Overall perception data
confirmed high user acceptance and a favorable reception of the skincare regimen under
everyday use conditions.

It should be noted that the observed effects reflect the performance of the complete
formulation regimen rather than the isolated contribution of apple pomace extract.
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Taken together, the results indicate that the tested three-step skincare regimen contain-
ing apple pomace extract was safe, well-accepted, and compatible with skin physiology
under the conditions of this study. However, the contribution of the extract itself can-
not be distinguished from that of the complete formulations. The high Natural Origin
Index of all formulations further supports their relevance in the context of increasing con-
sumer expectations for natural and transparent products. This approach extends previous
studies by evaluating a complete multi-step skincare regimen under real-life conditions
rather than isolated formulations. The findings also demonstrate the practical potential of
agro-industrial waste valorization as a source of functional cosmetic ingredients.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/app16094088/s1, Table S1. Study population and assessment
scheme.; Table S2. Cleansing gel—overall perception; Table S3. Serum—overall perception; Table S4.
Face cream—overall perception.
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