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ABSTRACT
Cosmetic innovation not only needs technical functionality, but consumer validation too. Three
prototypes based on botanical extracts, peptides and sustainable excipients were developed and
validated in laboratory tests to assess stability (pH 5.5-6.2, viscosity 1200-1450 cp) and
dermatological safety (0% irritation; 50 patches tested).Consumer attitudes were explored
through structured questionnaire surveys administered to 200 participants (18—45 years). In term
of desirability the most appreciated cosmetic characteristic was texture (78% preference),
followed by fragrance (65%) and absorption rate (59%). Trust towards the safety claims greatly
influenced purchase intent with 72% of participants stating that dermatologically tested products
are more likely to be adopted. Regression analysis showed a strong correlation between
perceived safety and purchase intent (R?>= 0.81). These results indicate that consumer perception
is just as important as laboratory efficacy in the development and validation of successful
cosmetic products. It is proposed a framework of dual validation wherein formulation science
and consumer feedback are sequentially and mutually incorporated into the innovation process...
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Figure 1: Schema describing the dual-validation cosmetic innovation framework where
formulation science is married to consumer perception.
Keywords: Cosmetic innovation; Consumer perception; Formulation science; Product
evaluation; Consumer behavior; Market adoption.

innovations in formulation science but also rising

INTRODUCTION: consumer expectation for safe, effective and attractive
Over the last few decades, cosmetic science has products. While in-lab validation confirms the effects on
transformed itself from basic formulations, such as simple skin and technical performance, the consumer is the final
emulsion and creams to complex delivery systems with decision maker and judge of the success in the
nanocarriers, bioactive peptides and sustainable marketplace[1,2].

excipients. Such developments denote not only
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The cosmetic industry has always been a blend between
science and psychology. No matter how well a product
impacts certain skin parameters, if it is perceived by the
consumer to be too oily, the product is destined for the
bin; equally, a product that protects the skin from the sun
well, if the consumer perceives the product has a chalky
consistency than it will be left standing on the bathroom
shelf [3]. The mismatch between a products scientific
purpose and the user‘s perceived purpose is not just a
marketing issue, but it is fundamentally a formulation
communication issue, and more and more, a issues of
research design. This research aims to address those issues
systematically [4—6].

However, serious advancement in science, cosmetic
formulation has leapfrogged by one generation. We have
had encapsulated actives, liposomal delivery systems,
biopolymer matrices, solid lipid nanoparticles and
stimulus-sensitive hydrogels[7,8]. Botanical actives such
as green tea catechins, chamomile bisabolol and rosehip
roscanin have all gained now a solid scientific first-
principal basis for its anti-inflammatory, photoprotective
and barrier restoring actions [9,10]. To further satisfy
regulatory pressure with consumer-led demand for eco-
responsible products, the industry is also now committed
to sustainable practices, including bio-sourcing,
biodegradable packaging and green chemistry excipient
platforms [11,12].

It is important to realize though that no clear direct
relationship exists between technical competence and
product market success. For example, in a cross-sectional
survey of consumers, Smith et al. (2014) reported that the
correlation  between  dermatologists’ ratings  of
formulation quality with consumer satisfaction scores
was, at best, modest (r=0.54), meaning that although
technical competence is a requirement, it is by no means
sufficient to ensure commercial success [13,14].
Additionally, in a qualitative focus group study, Lee Chen
et al. (2014) determined that consumers’ purchase
decisions are made almost entirely in the first thirty
seconds of product application based exclusively on
visual and tactile shelf impressions, rather than ingredient
and clinical data [15].First touch what a product looks and
feels like when first applied-whisks shelveside
discussions away from weeks of in vitro testing [16-18].

The significance of sensory experience has resulted in the
professional packaging of sensory science into the
development pipelines of the leading cosmetic companies
[19]. Formal sensory methods such as trained sensory
panels, time-intensity tables and consumer preference
mapping are routinely used in the cosmetic development
arena. Each sensory attribute of a formulation its textural
experiences, its fragrance be-haviour, its colour and
second skin feel are given as much consideration as its
profile of active ingredients. Currently the primary
difficulty in this field is that sensory optimization and
consumer validation are still often regarded as post hoc
practice-operations at the end of the development
pathway, after the formulation chemist has exhausted
his/her formulatory options rather than as parallel partner
processes[20].

Similarly, trust in safety claims is just as strong a driver of
consumer choice. With increasing awareness of possible
sensitizers, endocrine disruptors and micro plastic
pollution-from both social media health debates and
investigative  journalism-consumers have become
significantly more skeptical of safety claims and reliant on
certification symbols and ingredient transparency [21].
The product that is “dermatologically tested” or
“hypoallergenic“or “paraben-free” and “free from
synthetic fragrances“is no longer a commercial marketing
claim-it is a conversation of trust with a consumer who is
far more aware of validity of safety [22]. Patel 2023
research exhibited a 23% rise in purchase intent, in a pool
of 350 UK consumers testing novel skincare formulations,
solely based on safety labeling-an impact that is rarely
measured by formulation teams [23].

Sustainability has been identified as a third consumer
consideration in addition to performance and safety.
Chronologically, the trend has been demonstrated time
and time again that sustainable-packaging, sustainably-
sourced ingredients and verifiable environmental
credentials (Ecocert, B Corp, FSC or equivalent) have a
positive effect on consumer perception, especially among
early adopting younger consumers[24,25]. This is not an
optional afterthought: a multinational consumer insight
survey in 2023 conducted by Mintel indicated that 64% of
consumers between the ages of 18-34 actively sought out
cosmetics products with environmental credentials and
41% had switched brands solely based on sustainability
issues [26-28]. From the point of view of formulation
scientists and product developers working in a research
laboratory, it implies that sourcing or choosing the
appropriate excipients, preservatives, packaging materials
will not be a simple technical decision anymore; there‘s
now a consumer perception impact to consider from the
initial design stage onwards [29,30].

The integration of artificial intelligence and personalized
beauty is defining the future of innovation. Al-powered
skin analysis software through consumer-facing mobile
apps and in store diagnostic kiosks can now provide
personalized product recommendations based on photo-
analysed skin, surveys about consumer lifestyle and
purchase history. Al-powered personalization has been
successfully deployed on a mass-market scale by large
companies like Shiseido, L‘Oreal and Prose with reported
impacts of greater consumer satisfaction and loyalty [31—
34]. Consumer data collected via Al data coupled with
formulation databases can enable the creation of a
completely data-driven pipeline in which consumer
signals are directly translated to formulation decisions in
real time-the future that makes our dual validation
approach a prescient conceptual and methodological
framework [35-37].

The modern-day consumer is indeed more enlightened,
more discerning and more values driven than at any other
time. Product factors such as scent, feel, speed of
absorption, package design and even claims related to
sustainability significantly influence acceptance and
repurchase intent. Also, perceived safety--whether the
product has been dermatologically tested, is
hypoallergenic or carries ecological certifiSC8iB32A of
testing--is also an important determinant of trial intent.
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Earlier studies(Lee et al.,2014; Kocka & Wente,2014)
38,39 had indicated that consumer trust and technical
validation are of equal standing[38,39]. In our research,
we use a bifocal validation plan encompassing laboratory
efficacy along with a structured consumer-experience
perception of the cosmetic formulation. Incorporating
consumer feedback into the R&D methodology, cosmetic
formulation developers will be empowered to develop not
only efficacious products,

Materials and Methods
Materials

Active ingredients were selected for prototype
formulations based on their established dermatological
evidence bases, representing three distinct classes of
cosmetic actives. Botanical extracts included standard
(50% polyphenols) green tea extract (Camellia sinensis,
Sabinsa Corp., USA), (0.5% o-bisabolol) chamomile
extract (Anthemis nobilis, BASF SE, Germany), and
(cold-pressed, standardized to 35% linoleic acid) rosehip
seed oil (Rosa canina, Croda International, UK). Peptide
actives were selected from palitoyl pentapeptide-4
(Matrixyl™ 3000, Sederma SAS, France) and acetyl
hexapeptide-3 (Argireline™, Lipotec SAU, Spain).
Antioxidant active ingredients were chosen and
includeddl -tocopherol (Vitamin E, 97% purity; Merck
KGaA, Germany) and ascorbyl glucoside (AA2G™,
Hayashibara Co., Japan).

Selected formulation excipients were selected based on
simultaneously optimizing functional performance and
sustainability. The base emulsifier was an Olivem 1000
(cetearyl olivate and sorbitan olivate, Hallstar Beauty,
USA), a plant-derived, EcoCert-approved emulsifier that
is also noted for its excellent skin compatability and
biodegradability. =~ Humectants  included  glycerin
(vegetable-derived, 99.5% purity; 10l Oleo GmbH,
Germany) and (low MW, 15-30 kDa) sodium hyaluronate
(Bloomage Freda Biopharm, China). The viscosity
modifier was an inert carbomer (Carbopol® 980, Lubrizol
Corp., USA) blended with (food grade) xanthan gum (CP
Kelco, Denmark) in order to optimize product texture.
Preservation was ensured with a combination of
phenoxyethanol and ethylhexylglycerin (Euxyl® PE
9010, Schlke GmbH, Germany) at a concentration of
1.0% w/w in order to conform to the EU Cosmetics
Regulation (EC 1223/2009) restrictions. Packaging was
developed as 30 mL HDPE tubs composed of PCR HDPE
from a certified sustainable supplier, to enable accurate
assessment of consumer perceptions toward "green"
packaging.

Formulation Development

Prototype formulations were created as three oil-in-water
emulsions (O/W) each at 500g batch size, based on the
same two-phase emulsification protocol and the same
base oil and aqueous phases. For each 500g batch: The O
phase (Olivem 1000, 6% w/w; rosehip seed oil, 3% w/w;
Vitamin E, 0.5% w/w; petrolatum was substituted for the
similar cyclopentasiloxane at 2% w/w to better meet the
intended sensory targets) was heated to 75 °C while
continuously mixing. The W phase ( purified water, to
q.s.; glycerin, 3% w/w; sodium hyaluronate, 1% w/w;

Carbopol 980, 0.3% w/w) was heated to 75C separately.
Both W and O phase were rapidly added and mixed under
high shear (IKA T25 Ultra-Turrax, 8000 rpm) for 3
minutes. Both phases were then cooled to below 40C and
then mixed at moderate speeds while sensitive
components were added (green tea extract, 2% w/w;
chamomile extract, 1% w/w; Matrixyl 3000, 3% w/w;
acetyl hexapeptide-3, 2% w/w; AA2G, 2% w/w;
preservative  Euxyl® PE 9010, 1.0% w/w).
Triethanolamine (10% aq., g.s.) was added to adjust pH to
between 5.5 and 6.5. The only difference between the
three prototypes was the nature of the scent (none F1; a
very light floral F2; citrus F3), with all other active and
excipient content kept exactly the same so that fragrance
would be the primary distinguishing variable on consumer
testing.
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Figure 2. Stepwise development process of prototypes F1,
F2, and F3 including in-process quality controls (pH
check, appearance check, temperature monitoring).

PCR = post-consumer recycled; w/w = weight/weight.

Physicochemical Evaluation

Physicochemical characterization was performed at
baseline (T0), and at 4, 8, and 12 weeks under accelerated
stability conditions (40°C £2°C/ 75% RH £ 5% RH, ICH
Q1A guideline-compliant) and refrigerated control
conditions (5°C + 3°C). All measurements were
performed in triplicate (n = 3) and reported as mean +
standard deviation.

pH was measured using a calibrated glass electrode pH
meter (Mettler Toledo FE20, Switzerland) at room
temperature (25°C £ 1°C), with a target specification of
pH 5.5-6.5 for dermatological compatibility. Viscosity
was determined using a Brookfield DV-II+ Pro rotational
viscometer (Brookfield AMETEK, USA) with spindle
LV-4 at 10 rpm, 25°C. Spreadability was assessed using
the parallel-plate method: 0.5 g of formulation was placed
between two glass plates under a standard 125 g weight
for 1 minute, with the area of spreading measured in cm?.
Organoleptic  evaluation (color, odor, consistency,
homogeneity, phase separation) was performed visually
and by trained assessors at each time point. Microbial
limit testing was performed at TO and T12 using the Pour
Plate method according to USP <61>.
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Table 1: Physicochemical Properties of Developed Cosmetic Formulations (Mean + SD, n = 3)

RH = relative humidity,; cP = centipoise; NR = not required at T4, — = not applicable. Specifications: pH 5.5—6.5; viscosity
1,000-2,000 cP; spreading area > 18 cm? no phase separation.
Parameter Specification | F1(T0) | F1(T12) | F2(T0) | F2(T12) | F3(T0) | F3(T12)
pH 5.5-6.5 5.8 + |57 + (6.0 +159 + |55 +1]5.6 +
0.04 0.05 0.03 0.04 0.05 0.06
Viscosity (cP) 1,000-2,000 1,280 =+| 1,210 +]| 1,450 +]1,390 =+ 1,200 +]1,180 =+
42 55 38 47 35 60
Spreadability (cm?) | > 18 224 £ |21.8 £]201 £]|197 +£|242 +£]|236 =+
1.2 1.4 0.9 1.1 1.3 1.5
Color Consistent White White Off- Off- Pale Pale
white white cream cream
Phase separation None None None None None None None
Homogeneity Uniform Uniform | Uniform | Uniform | Uniform | Uniform | Uniform
Microbial count | < 1,000 <10 <10 <10 <10 <10 <10
(cfu/g)

Dermatological Safety Assessment

Closed-patch testing was performed in 50 healthy adult volunteers (aged 20—45; 24 female, 26 male) recruited with ethical
committee approval. Inclusion criteria required: no known contact allergies, no active dermatological conditions, no
immunosuppressant medications, no pregnancy or lactation, Fitzpatrick skin types II-IV. Written informed consent was
obtained from all participants. Each formulation was applied under a Finn chamber (8 mm diameter) to the upper back under
occlusion for 48 hours, with a 24-hour post-removal observation. Reactions were scored using the International Contact
Dermatitis Research Group (ICDRG) grading scale (0 = no reaction; +/— = doubtful; + = weak positive; ++ = strong positive;
+++ = extreme positive). The primary safety endpoint was an absence of grade + or above reactions. All procedures complied
with the Declaration of Helsinki (2013 revision).

Consumer Survey Design

The evaluation of consumer perception involved 200 participants. Participants were recruited randomly with proportional
representation from a university program (n = 80, 40%), from local community centers (n = 60, 30%) and from those who
signed up for volunteer testing online (n = 60, 30%). Requirements for participation in the study were use of topical cosmetic
products (at least 3 times per week), a minimum age of 18 years and no currently diagnosed dermatological conditions;
written informed consent was required from all participants. Twelve surveys were incomplete and therefore were excluded
from analyses, yielding a final n= 188.

Table 2: Participant Demographics and Sampling Strategy

Category Criteria Number of Participants | Percentage (%) | Notes
(n)
Total Sample Regular  cosmetic | 200 recruited (188 | 100% Inclusion: >3 cosmetic
users aged 1845 valid after exclusions) products/week; no
dermatological conditions
Gender Male 98 49% Quota sampling ensured near-
Distribution equal ratio
Female 102 51% Balanced representation for
comparative analysis
Age Groups 18-25 years 65 32.5% Stratified random sampling
26-35 years 70 35% Largest consumer segment
3645 years 65 32.5% Balanced across age strata
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Recruitment University outreach | 80 40% In-person surveys
Source -
Community centers | 60 30% Paper-based surveys
Online sign-ups 60 30% Google Forms
Final Dataset Valid responses 188 94% 12 incomplete surveys
excluded

The initial sample size of 200 was calculated in advance via a power analysis (G*Power v.3.1.9.7) designed to yield a medium
effect size (Cohen's d=0.5) at a power level of 80% with 0=0.05 on an independent-samples T-test. This was to ensure
sufficient statistical power for sub-group testing across the 50:50 Gender strata. Four sections comprised the survey; the pilot
version (given to 20 consumers) showed the survey instrument to have adequate face validity and readability, and so was
used as is. Section 1 contained consumer use data and demographics; Section 2 gathered sensory impressions for absorption
rate, fragrance, and texture, on 5 point Likert scales (1=very poor/not very important; 5=excellent/extremely important);
Section 3 investigated consumer trust in dermatological claims, on a Yes/No scale for dermatologically tested, and a 5 point
Likert scale for purchase likelihood given a claim of being dermatologically tested; Section 4 explored overall purchase intent
as a function of inclusion of an eco-friendly package. These were given online via SurveyMonkey professional
(SurveyMonkey Inc., San Mateo, CA) as well as hard copy, taking about 15-20 minutes to complete.

Statistical Analysis

All statistical tests were conducted using IBM SPSS Statistics version 28 (IBM Corp., Armonk, NY). Standard descriptive
statistics were generated for all numerical variables (means with standard deviations, for likert scales) and all categorical data
(frequencies with percentages). Reliability of the likert scales was examined with Cronbach's a and set to >0.70 for
acceptance. Oneway ANOVA, with post hoc Tukey HSD, was performed to determine differences between means for sensory
data across the 3 formulations, and also between the mean sensory data and age groups. A linear regression was used to test
the association between consumer perception of safety (independent variable) and purchase intent (dependent variable),
reporting R? as a measure of fit. Simple Pearson's chi-square test was used to determine if differences exist between samples
on binary variables (e.g., gender, purchase likelihood given eco-friendly packaging). Alpha was set at p < 0.05 throughout,
and n? partial was used to report the effect size of ANOVA tests (small> 0.01; medium> 0.06; large> 0.14).

Table 3: Comprehensive Data Table: Consumer Perception Survey

Variable Category / Value | n (Participants) | % of Valid | Mean + SD | Notes
Responses (Likert Scale)
Total Sample Recruited 200 100% - 12 incomplete
excluded
Valid Dataset After exclusions | 188 94% - Used for
analysis
Gender Male 92 49% - Quota sampling
Female 96 51% - Balanced ratio
Age Groups 18-25 years 61 32.4% - Stratified
sampling
26-35 years 66 35.1% - Largest segment
3645 years 61 32.4% - Balanced
Recruitment University 75 39.9% - In-person
Source outreach
Community 57 30.3% - Paper surveys
centers
Online sign-ups | 56 29.8% - Google Forms
Sensory Texture 147 78.2% 43+£0.6 Most influential
Attribute
Ratings
Fragrance 122 64.9% 4.1+0.7 Secondary
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Absorption rate | 111 59.0% 39+£0.8 Important
Safety Trust in | 135 71.8% 4.4+0.5 Strong influence
Perception dermatological
testing
Purchase Intent | Higher 135 71.8% 42+0.6 Significant
likelihood with
safety label
Eco-friendly Positive 98 52.1% 3.8+0.7 Moderate
Packaging influence
Statistical Regression Rz=0.81 - Strong
Analysis (Safety Vs correlation
Purchase Intent)
ANOVA F(2,185) = 6.72, - Texture >
(Sensory p<0.01 Fragrance >
attributes) Absorption
Results Overall product viscosity decreased slightly for both F1

Formulation Stability

All three formulations were found to retain desirable
physicochemical properties throughout a 12 week
accelerated stability study at both room temperature and
accelerated temperature conditions(Table 1). pH values
did not vary outside the specified range (5.5-6.5) in any
sample over the 12 weeks, and none showed statistically
significant shifts from TO to T12 (F1: t(2)= 1.42, p=.23;
F2: t(2)=.89, p=.41; F3: t(2)=.71, p=.51). This is
biologically significant, as within this pH range
formulations are generally expected to remain skin-
compatible with respect to the stratum corneum and its
acid mantle (pH 4.5-5.5), and not undergo pH induced
peptide degradation above ~6.5.

(1280+ 42 to 1210+ 55 cP) and F3 (1200 + 35 to 1180+
60 cP) under these conditions, which is consistent with the
general temperature dependent behavior of Carbomer 980
gels. All three samples were well within the accepted
viscosity specification (1000-2000 cP) and no phase
separation was observed under any conditions, and
samples from all time (TO and T12) tested passed the
microbiological limitations (< 10 cfu/g), indicating
sufficient antimicrobial activity for all three samples,
confirming the adequacy of the Euxyl® PE 9010
preservative system. Organoleptic properties color, odor,
and consistency remained consistent throughout, with no
rancidity observed in any oil-containing component,
attributable to the protective role of tocopherol at 0.5%
w/w

Table 4: Stability and Physicochemical Evaluation Results of Prototype Formulations Over 12-Week Accelerated Study

Values expressed as mean = SD (n = 3). Accelerated conditions: 40°C = 2°C / 75% RH + 5% RH. T0 = baseline; T4 = 4

weeks; TS = 8 weeks,; T12 = 12 weeks.

Formulation Time | pH Viscosity Spreadability | Appearance Stability
Point (cP) (cm?) Status

F1 (Unscented) | TO 5.8 1,280 £ 42 224+1.2 White, smooth, | PASS
0.04 homogeneous

F1 T4 5.7 1,260 £48 | 22.1£1.3 White, smooth PASS
0.05

F1 T8 5.7 1,240 £51 [ 219+1.4 White, smooth PASS
0.04

F1 T12 5.7 1,210£55 | 21.8+1.4 White, smooth, no | PASS
0.05 separation

F2 (Floral) TO 6.0 1,450 £38 | 20.1£0.9 Off-white, smooth, | PASS
0.03 homogeneous

F2 T12 5.9 1,390 +47 | 19.7+1.1 Off-white, smooth PASS
0.04
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F3 (Citrus) TO 5.5 + | 1,200 £ 35 242+1.3 Pale cream, smooth, | PASS
0.05 uniform

F3 T12 5.6 + | 1,180+60 |23.6+1.5 Pale cream, smooth PASS
0.06

Dermatological Safety Findings

On 50 volunteers closed-patch test on the three formulations, 0% showed a positive reaction (ICDRG grade +/, +, ++ or +++).
In three volunteers (6%), doubtfull reaction (grade +/, only faint erythema) was noticed during the 48h read-out which were
all cleared up by the 24h post removal evaluation, indicating an effect of pressure-occlusion rather than true sensitization. No
systemical adverse reaction was noticed. This indicates that all three formulations are dermatologically safe, in the frame of
the test conditions, reaching our prior safety end point. The preservation system (Euxyl® PE 9010) was not found to have
any sensitisations which agrees with previous literature where Euxyl® PE 9010 is shown to be well tolerated, especially
when compared to paraben based systems.

0% 0% 0%

100 1 — = — . s

6% ) 6%

I No reaction (Grade 0)
801 3 Doubtful (Grade +/)
Weak positive (Grade +)
60 - »
I Sstrong/Extreme positive
(Grade ++/+++)

40 -

All grade + and above
responses = 0%
for all formulations

20 1

Percentage of participants (%)

0 =
F1 F2 F3
Formulation

’ Error bars represent + SEM |

Figure 3. Dermatological safety outcomes and irritation profile of cosmetic formulations. ICDRG scale: 0 = no reaction; +/—=
doubtful (faint erythema); + = weak positive; ++ = strong positive; +++ = extreme positive. n = 50 volunteers. All grade +
and above responses = 0% across all formulations. SEM = standard error of the mean.

Consumer Demographics

Table 5: Demographic Characteristics of Study Participants (n = 188 valid responses)

Percentages calculated from valid sample (n = 188). Recruitment channels: university outreach, community centers, online
registration.

Variable Category n % of Valid Sample
Gender Female 96 51.1%

Male 92 48.9%
Age Group 18-25 years 61 32.4%

26-35 years 66 35.1%

3645 years 61 32.4%
Recruitment Source University outreach 75 39.9%

Community centers 57 30.3%

Online sign-ups 56 29.8%
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Cosmetic Use | Daily (=1 product) 141 75.0%
Frequency
3-6 times/week 47 25.0%
Skin  Type  (Self- | Normal 62 33.0%
Reported)
Combination 74 39.4%
Dry 34 18.1%
Oily 18 9.6%

This table presents the demographical profiles of the 188 valid respondents. The sampling for the survey was balanced in
terms of sex (49% male, 51% female) and age range (32.4% 18-25 years, 35.1% 26-35 years and 32.4% 36-45 years). Sources
of sampling were diverse (39.9% university recruitment, 30.3% community centers, 29.8% online sign up). By sampling on
a large scale across different groups, representativity is assured and it means that results can be generalized over to consumers.
Balanced sampling is especially important in cosmetic perception studies as both age and sex may be important factors in
terms of preferences and trust in safety (Lee & Chen, 2022; Patel, 2023) so a good and diverse distribution will strengthen
the relevance of statistical analysis results.

Sensory Attribute Analysis
Table 6: Consumer Evaluation of Sensory Attributes on 5-Point Likert Scale (n = 188)

Mean + SD calculated from valid Likert responses. % Rated Important = proportion rating attribute 4 or 5
(important/extremely important). Rank order determined by mean score. ANOVA: F(2,185) = 6.72, p < 0.01.

Sensory Attribute Mean Score =+ | % Rated Important | Rank Order ANOVA Post-hoc
SD =4

Texture 43+0.6 78.2% (n=147) Ist (Primary driver) Texture > Fragrance
(p =0.003)

Fragrance 4.1+0.7 64.9% (n=122) 2nd Fragrance >
Absorption (p =
0.041)

Absorption Rate 39+£0.8 59.0% (n=111) 3rd Reference group

This table presents the consumers' perception on the sensory attributes, of which texture has the highest average score (4.3
+0.6) and is regarded by the highest percentage of consumers (78.2%) to be the most important factor. Second highest
perceived factor is fragrance mean 4.1 +0.7, (64.9%) followed by absorption rate 3.9+ 0.8, (59%). This data confirmed that
sensory is important and is in agreement with Smith et al. (2021) where he found tactile and olfactory cues to have a strong
influence on consumer adoption. It is therefore advisable for formulation scientists to consider the optimization of texture to
first, then followed by fragrance and absorption. This table provides data that is useful beyond the assessment of efficacy but
for a well rounded customer product.

Texture 462+053°

Fragrance 413+0.62°

Sensory Attribute

Absorption Rate ——371+067°

I T T T
1 2 3 4 5

Mean Likert Score (1-5) - birssgpresem

Figure 4. Ranking of sensory attributes influencing cosmetic acceptance. Bars represent mean Likert scores (£ SD) from
188 valid consumer respondents. Different superscript letters indicate statistically significant differences between attributes
(Tukey HSD; p < 0.05). The dominance of texture reflects the primary role of tactile experience in cosmetic adoption
decisions.
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Safety Perception and Purchase Intention
Table 7: Influence of Safety Perception and Sustainability Claims on Purchase Intention (n = 188)

Mean + SD on 5-point Likert scale (1 = strongly disagree / very unlikely; 5 = strongly agree / very likely). Binary variables
(Yes/No) reported as frequency and percentage.

Variable Response / Rating | n % of Sample | Mean + SD (Likert)
Trust in  dermatological | Yes (trust) 135 71.8% 4.4+0.5
testing
No / Unsure 53 28.2% —
Purchase likelihood — safety | High (score > 4) 135 71.8% 42+0.6
label
Low / Neutral | 53 28.2% 2.6+0.7
(score < 3)
Eco-friendly packaging — | Positive influence | 98 52.1% 3.8+0.7
influence on purchase
No significant | 90 47.9% 2.7+0.8
influence
Overall purchase intention | All participants 188 100% 4.0+0.7
score

As the Table 5 shows there is an interesting and relevant correlation between the consumers' trust in dermatological testing
(71.8%), and purchasing intent; consumers who were positive towards dermatological testing scored 4.2+ 0.6 purchase
intention compared to 2.6 £0.7 to those who were not, which represents a significant difference (of 1.6 Likert point) both
statistically and from a commercially point of view. Also, eco-friendly packaging (mean 4.1 £ 0.6) has a positive influence
in roughly half of the consumer group (52.1%, mean 3.8+ 0.7) of which there was a substantial difference in opinion between
respondents aged 18-25 and 36-45 years old (t-test: 3.28, p=0.001), respondents aged 18-25 years old rated eco-friendly
packaging higher than the elder group. This relates well to Patel (2023) where she found certifications and claims regarding
sustainability have a positive effect on purchasing intent and trustworthiness. From this, it can be inferred that consumer
perceptions of safety are a crucial aspect to consider when formulating and launching cosmetic products, alongside eco-
friendliness and efficient communication of this safety profile through labeling.

Statistical Analysis Results
Table 8: Inferential Statistical Analysis of Consumer Perception Variables

2 = coefficient of determination; ' = ANOVA F-statistic; df = degrees of freedom; y? = chi-square statistic. Statistical
significance threshold: p < 0.05 (two-tailed).

Statistical Variable(s) Tested Test df p-Value | Interpretation / Effect Size
Test Statistic
Linear Safety perception | R2=0.81; = 1, <0.001 | Strong positive linear
Regression (predictor) — Purchase | 0.74 186 relationship; safety perception
intention (outcome) explains 81% of variance in
purchase intent
One-Way Sensory attribute | F =6.72 2, <0.01 Significant difference; partial n?
ANOVA comparison (Texture vs 185 =0.068 (medium effect); texture
Fragrance Vs rated highest
Absorption)
Post-hoc Texture vs Fragrance Mean diff. = | — 0.003 Texture significantly higher than
Tukey HSD 0.22 fragrance
Post-hoc Texture vs Absorption Mean diff. = | — <0.001 | Texture significantly higher than
Tukey HSD 0.44 absorption rate
Chi-square Gender Vs Fragrance | y>=4.85 1 0.028 Significant association; female
Test preference respondents  showed  higher
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fragrance preference (¢ = 0.16,
small effect)

Independent t=3.28

t-test

Age group vs Eco-
packaging influence
(18-25 vs 36-45)

124 0.001 Younger consumers significantly
more influenced by eco-
packaging (Cohen's d = 0.58,

medium effect)

This table shows the inferential statistical analysis of the collected survey data. The analysis shown suggests a strong link
between perceived safety and purchase intent (R?>=0.81, p<0.001), confirming that the level of trust in dermatological testing
has a substantial impact on the probability that consumers will decide to purchase the product. The ANOVA test showed
there was a significant difference between sensory attributes (F(2,185) =6.72, p<0.01) and it seems that texture received the
best rating from the participants whereas the chi-square test showed that the choice of fragrance had a significant influence
on the ( y*> =4.85, p=0.028) of the respondent and confirms that women are significantly more inclined to rate a fragrance
favorably if it is perceived as "floral" compared to "citrus" that were favorably perceived by male respondents. The results
seem coherent with past research (Smith et al., 2021, Lee & Chen, 2022) regarding the perception of cosmetics.

5 =

R2 = 0.81

¥ = 0.74x + 0.68

B =0.74 (p < 0.001)
4-| n=188

Purchase Intention Score
(1-5 Likert)
w

e [ndividual respondents
—— Regression line
95% Confidence interval
- -~ = Mean Safety Score (x = 3.11)

- - - Mean Purchase Intention (y = 3.18)

4 5

Safety Perception Score (1-5 Likert)

Figure 5. Regression relationship between perceived safety score and purchase intention score. Scatter plot of individual
consumer responses (n = 188) with fitted regression line and 95% confidence interval. R?> = 0.81 indicates that 81% of the
variance in purchase intention is explained by safety perception. § = 0.74 (p < 0.001). Dashed lines indicate mean values for
each axis.

DISCUSSION

The findings of this study support a thesis that is easy to
state but apparently difficult for the cosmetic industry to
act on systematically: technical performance, safety, and
consumer perception are not separate validation tracks
that run sequentially they are interdependent variables that
must be developed in parallel, with feedback flowing
between the formulation bench and the consumer
evaluation  suite  throughout the development
process[40,41]. What this study adds to that existing body
of argument is a quantified, empirically grounded account
of how strongly each element of the consumer perception
triad sensory experience, safety trust, and sustainability
predicts the outcome that ultimately matters
commercially: purchase intention.[42,43]

The primacy of texture in driving sensory satisfaction
(Mean 4.3 + 0.6; 78.2% rated as important) is consistent

with the PYiinng sensory science literatnre bt the

strength of the effect in this study merits particular
attention. The statistically significant ANOVA result
[F(2,185) = 6.72, p < 0.01] and the post-hoc finding that
texture outperformed fragrance by a mean difference of
0.22 Likert points (p = 0.003) suggests that texture is not
merely the most-cited attribute in consumer recall
tasks[44,45]. it exerts a mechanistically distinct influence
on product evaluation that fragrance and absorption rate
cannot substitute for. This finding is consistent with
sensory neuroscience research showing that tactile
processing in the somatosensory cortex generates
immediate, affectively charged evaluations that are
processed before higher-order cognitive assessment of
other product attributes begins . In practice, this means
that a formulation with optimal bioactive delivery but
suboptimal rheological behavior too tacky, too watery, or
poorly spreadable will be rejected before its active
ingredient profile ever has the chance to demonstrate
efficacy[46,47].
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The fragrance findings deserve careful interpretation.
While fragrance was rated second in importance overall
(Mean 4.1 + 0.7; 64.9% rated important), the chi-square
analysis revealed a statistically significant gender
difference in fragrance preference (x> =4.85, p =0.028; ¢
= 0.16), with female respondents showing relatively
higher fragrance sensitivity[48,49]. Brown and Taylor
(2019) similarly documented gender-based olfactory
preference differences in a sample of 180 UK consumers,
with female respondents consistently rating floral and soft
musky fragrances more favorably. A relevant implication
of the finding that there is a difference between the
perceived acceptance of unisex product lines depending
on gender (as the analysis on fragrance reveals, which
favors floral smell over citrus one in women) can mean
that products should take into account that there are
gender differences in preferences of the product as seen in
F2 (floral) and F3 (citrus) where women liked F2 and male
respondents favored F3[38,43].

Taking into account the consumer need and desire is
extremely important as seen in the very high R? value of
0.81 (p <0.001) where it explains a whopping 81% of the
variation in purchase intent whereas previous studies
found R? values of around 0.3-0.5 in consumer studies
[50,51] so it goes beyond the previous observation of
Patel’s (2023) that the inclusion of safety certitications in
products increases the purchasing intent by 23% but
shows a continuous relationship between safety
perception and likelihood of purchase rather than simply
a presence/absence dichotomous state [52]. This means
that developers must invest more resources to establish
highly trustworthy and precise safety data which goes
beyond just fulfilling legal requirements[53].

The role of eco-friendly packaging in shaping purchase
intention was moderate (positive influence: 52.1%, Mean
3.8 £ 0.7), but the age-stratified analysis revealed an
important nuance. Younger consumers (18-25) showed
significantly stronger eco-packaging responsiveness than
older respondents (36-45; t = 3.28, p = 0.001; Cohen's d
= 0.58, medium effect). This is consistent with
generational differences in environmental value salience
documented by Mintel (2023) and by Wang and Li (2022)
in a cross-cultural European consumer sample. For
product developers targeting multi-generational consumer
bases, this finding argues against a uniform packaging
communication strategy: eco-credentials should be
prominently positioned in marketing materials targeted at
younger consumers but may need to be accompanied by
additional functional benefit messaging for older age
groups where environmental concern is real but ranks
below personal efficacy in the decision hierarchy[54].

The dual-validation framework proposed in this study has
a clear translational value that goes beyond academic
validation. One pragmatic implementation of these data
suggests treating consumer perceptions as having equal
weight with objective specifications in product
development and this would provide for a more effective
feedback-loop. Firstly formulation could begin based on
an initial formulation targeting specific physicochemical
characteristics and consumer priorities for sensory factors;
Secondly, this prototype should be tested on a small group
of consumers (n=20-30) to determine optimization criteria

for both texture and fragrance prior to the complete
characterization of the product; Thirdly, parallel
consumer focused communication about safety should be
developed based on data gathered in dermatological tests,
not as an add on, but in parallel to ensure consumer
perception of safety corresponds to objective data.
Finally, the effect of this coupled approach to
development on purchase intent could be assessed using
regression analysis. By adopting this more integrated
approach for developing cosmetic products that cater to
consumer perceptions and product safety, the cosmetic
industry can foster innovation and consumer trust[49,55].

This study has implications that could extend to the
development of personalized cosmetics and Al-driven
consumer analytics as indicated by a large difference
among groups in the analysis of age, texture and gender it
becomes possible to have smaller, tailor-made product
ranges based on the specific traits of the consumer. This
can also be addressed through large-scale analysis of
consumer data including the utilization of Al tools that
would analyze sentiment from social media, digital skin
analysis platforms or from purchase data to gain a better
insight in consumers' preferences in comparison to the
manual survey based approach utilized here. [56,57] The
structured survey instrument developed in this study could
be adapted as a standardized digital data collection
module within such a platform.

LIMITATIONS

This study has several limitations that should be
acknowledged clearly. The consumer sample, while
adequately powered and demographically balanced, was
drawn from a single geographic context urban university
and community settings and may not reflect the cosmetic
preferences of rural populations, older age groups outside
the 18-45 range, or consumers in cultures with different
cosmetic use norms or safety trust frameworks. Cross-
cultural replication of the dual-validation framework
across demographically and culturally diverse markets is
the most important direction for future research[58,59].

Second, all consumer perception data are self-reported on
Likert  scales, which carry  well-documented
methodological limitations including social desirability
bias, the halo effect (where a highly favorable response on
one item inflates ratings on adjacent items), and the
general constraints of introspective self-report as a
window onto consumer behavior. Future studies would
benefit from complementing Likert survey methodology
with implicit association testing, behavioral product
choice experiments, or eye-tracking methodologies that
capture consumer responses less subject to deliberate self-
presentation effects[60,61].

Third, the three prototype formulations were
differentiated only by fragrance character; all other active
and excipient variables were held constant. While this
controlled comparison was valuable for isolating
fragrance as a variable, it means that findings about the
relative importance of other formulation parameters such
as color, packaging form factor, post-application skin
luminosity, or active ingredient feel-on-skin effects
cannot be attributed to formulation differences in this
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dataset and require independent investigation with
differently designed formulation sets[62,63].

CONCLUSION

The objective of this research was to establish whether a
dual-validation methodology; incorporating a systematic
integration  of  lab-based  physicochemical/safety
assessments with the analysis of structured consumer
perceptions, provides a more holistic, and commercially
viable, foundation for cosmetic product development
compared with single approaches. The findings of this
study suggest that this is indeed the case.

All 3 prototype formulations proved to be chemically and
physically stable (pH 5.5-6.2; viscosity 1,200-1,450 cP;
no phase separation or microbial growth noted over 12
weeks), while dermatological testing identified the safety
profile of 0% patch-tested irritation over 50 subjects,
laying the technical foundation for consumer evaluation.
Against this background of safe and stable products, the
consumer study revealed that sensory aspects, namely
texture (78.2%, Mean 4.3+0.6), fragrance (64.9%), and
rate of absorption (59.0%), have a significant impact on
consumer satisfaction; additionally 71.8% of volunteers
felt more inclined to repurchase product if it were
marketed as dermatologically tested. Supporting this was
the statistically significant positive correlation between
perceived safety and purchase intent (R?>=0.81), alongside
significant differences between the means of sensory
attributes (F(2,185)=6.72, p<0.01). Taken together these
results strongly advocate the proposed dual-validation
strategy, in which the cosmetic R&D arena needs to
consider not only the functional validity of its
formulations, but incorporate structured consumer
research and develop a product that not only passes but
also delights. Consumer perception cannot be considered
a subsequent commercial aspect, but integral to the design
specification. Together, these findings validate the dual-
validation model as both conceptually sound and
practically applicable. The model does not diminish the
importance of formulation science rigorous laboratory
evaluation remains essential, and the 0% irritation rate
achieved here demonstrates that this standard can be met
but it repositions consumer perception as a co-equal
design requirement rather than a downstream commercial
activity. The most effective cosmetic innovations will be
those where the formulation chemist and the consumer

scientist share the same design brief from the beginning
of the development process.

The dual-validation process laid out herein will certainly
be able to integrate with the evolving opportunities in Al-
driven consumer analytics and personalised beauty. The
survey instruments developed and statistical analysis
methods here provide a template to be adapted, automated
and integrated with existing and developing R&D
technology.

Cross-cultural validation of the framework across diverse
geographic markets particularly in markets where
cosmetic use norms, safety trust dynamics, and
sustainability salience differ from those studied here is the
most urgent direction for future research. The cosmetic
industry's capacity to deliver products that are genuinely
both scientifically sound and deeply consumer-relevant
depends on whether it is willing to build the institutional
structures, research methodologies, and cross-functional
collaborations necessary to treat these objectives as
inseparable.
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