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Abstract: The authentication of lipid sources in cosmetic products is essential due to
regulatory, ethical, and religious concerns, particularly regarding the potential
presence of porcine-derived ingredients. This study aimed to evaluate the
applicability of Fourier Transform Infrared (FTIR) spectroscopy combined with
Principal Component Analysis (PCA) for differentiating lipid profiles in olive oil-based
facial mask formulations. Reference lipids, including porcine fat and olive oil, as well
as lipid extracts from five commercial cosmetic products, were analyzed using FTIR
spectroscopy within the mid-infrared region (4000-650 cm™). Characteristic
absorption bands corresponding to triglyceride structures were observed in all
samples, while differences between lipid sources were primarily identified within the
fingerprint region (1500-1000 c¢cm™). PCA was applied to enhance spectral
discrimination and revealed clear separation between porcine fat and olive oil along
the principal components. Most cosmetic samples (HCN, LTL, NR, and QN) were
positioned closer to the olive oil reference, whereas one sample (MDG) showed
spectral proximity to porcine fat. However, these results reflect spectral similarity
rather than definitive confirmation of lipid origin. The findings indicate that FTIR
spectroscopy combined with chemometric analysis can provide a rapid and non-
destructive approach for preliminary screening of lipid sources in cosmetic matrices.
Nevertheless, due to the limited number of samples and the complexity of cosmetic
formulations, further studies incorporating broader sample sets and confirmatory
analytical methods are required to support its application in halal authentication and

quality control.

Introduction

Reliable analytical methods such as FTIR spectroscopy
combined with chemometric techniques have become
important tools for differentiating halal and non-halal
ingredients in complex cosmetic matrices (1, 2). Previous
studies have demonstrated the successful application of
FTIR-chemometrics in halal authentication of various
products, including gelatine (3), toothpaste matrices (4),
and edible oils (2). These approaches enable rapid and
non-destructive screening of potential porcine-derived
adulterants, supporting regulatory compliance and
consumer protection (5).

The detection of non-halal ingredients in cosmetic
products remains analytically challenging, particularly for
lipid components such as porcine fat (lard), which exhibit
physicochemical properties similar to other animal and
vegetable lipids. This similarity makes discrimination

difficult when using conventional analytical techniques.
FTIR spectroscopy combined with chemometric analysis
has been widely applied for authentication of edible oils
and fats, allowing differentiation based on spectral
characteristics in key regions such as 3100-2900, 1800-
1700, and 1500-1100 cm™ (6). These methods utilize the
fingerprint region to capture subtle molecular differences,
even among compounds with similar functional groups (6,
7).

Although FTIR-based approaches have been applied
in lipid authentication, studies specifically focusing on
cosmetic products particularly olive oil-based facial mask
formulations remain limited. In addition, cosmetic matrices
often contain complex mixtures of emulsifiers, humectants,
and other additives that may interfere with spectral
interpretation. Therefore, further investigation is needed to
evaluate the applicability of FTIR-chemometric techniques
in real cosmetic samples within the context of halal
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authentication.

In response to this gap, the present study evaluates
the use of FTIR spectroscopy combined with Principal
Component Analysis (PCA) to assess lipid profiles in
selected facial mask products labeled as containing olive
oil. The objectives of this study are (1) to investigate
potential spectral differences between reference lipids and
cosmetic samples and (2) to examine clustering patterns
based on chemometric analysis. This study is expected to
provide preliminary insight into the potential of FTIR-
chemometric methods as a rapid screening tool for lipid
source evaluation in cosmetic products.

Methodology

Study Design and Rationale

This study employed an experimental analytical design
integrating Fourier Transform Infrared (FTIR) spectroscopy
with chemometric analysis to evaluate potential lipid
source differences in commercially available facial mask
products labeled as containing olive oil. FTIR spectroscopy
was selected due to its established capability as a rapid,
non-destructive, and environmentally friendly analytical
technique for lipid characterization (8, 9).

Because triglycerides from different lipid sources
share similar functional groups, particularly ester carbonyl
and aliphatic C-H bonds, spectral discrimination in
complex matrices requires multivariate  statistical
enhancement. Therefore, Principal Component Analysis
(PCA) was applied to improve classification performance,
especially within the fingerprint region (1500-1000 cm™),
where characteristic differences associated with lipid
composition have been reported (10, 11).

Sample Selection and Sampling Criteria

Five commercial facial mask products labeled as
containing olive oil (Olea europaea L.) were selected using
purposive sampling to represent products available in the
market. Inclusion criteria included explicit labeling of olive
oil, absence of verified halal certification at the time of
sampling, and commercial availability.

Samples were coded as NR, HCN, LTL, QN, and MDG
to maintain analytical objectivity. Reference materials
consisted of pure olive oil and porcine fat (lard) prepared
under controlled laboratory conditions. All measurements
were conducted in triplicate to ensure reproducibility.

Materials and Instrumentation

Analytical-grade n-hexane (299% purity) was used for lipid
extraction, and spectroscopy-grade potassium bromide
(KBr) was used for pellet preparation. Spectral acquisition
was performed wusing an FTIR spectrophotometer
equipped with a deuterated triglycine sulfate (DTGS)
detector.

Spectra were recorded over the mid-infrared range of
4000-650 cm™ with a resolution of 4 cm™ and 32 scans
per sample to ensure adequate signal quality. Instrument
calibration and background correction were performed
prior to analysis.

Experimental Procedures
Porcine fat reference material was prepared by rendering
adipose tissue at 90-100 °C until complete liquefaction,
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followed by filtration and storage at 4 °C prior to analysis,
consistent with established protocols (12, 13).

Cosmetic samples (5.00 g) were subjected to Soxhlet
extraction using 150 mL of n-hexane for six h at
approximately 60 °C to isolate lipid fractions. Extracts were
concentrated using a rotary evaporator at 40 °C and dried
to constant weight before analysis.

FTIR analysis was performed using two sampling
approaches depending on sample characteristics. The KBr
pellet method was applied for solid or semi-solid extracts
(Samples NR, HCN, and LTL), where approximately 1 mg of
lipid was mixed with 100 mg of dry KBr and pressed into a
pellet. The ATR (Attenuated Total Reflectance) method was
used for liquid samples (Samples QN, MDG, pure olive oil,
and porcine fat reference) to allow direct measurement
without additional preparation. To ensure cross-method
spectral comparability, key absorbance peaks of a control
sample were cross-verified using both methods, showing
no significant shift in key wavenumbers within the
analyzed range.

Spectral interpretation focused on key absorption
bands, including the ester carbonyl (~1745 cm™), C-H
stretching (2850-2950 c¢cm™), and the fingerprint region
(1500-1000 cm™), where characteristic patterns associated
with lipid composition have been reported (8, 10).

Data Processing and Chemometric Analysis
Spectral data were preprocessed using baseline correction
and normalization to minimize instrumental variation. In
selected cases, s-derivative transformation was applied to
improve resolution of overlapping peaks.

Principal Component Analysis (PCA) was conducted
using multivariate analysis software to reduce spectral
dimensionality and identify clustering patterns among
samples. The PCA model was constructed using spectral
variables within the fingerprint region, which has been
widely reported as the most informative region for lipid
discrimination (14, 15).

Score plots were used to evaluate the relative
positioning of cosmetic samples with respect to reference
lipids, while loading plots were examined to identify
wavenumbers contributing to separation. Interpretation of
clustering was performed cautiously, where proximity to
reference samples was considered indicative of spectral
similarity ~ rather  than  definitive = compositional
confirmation.

Variables and Quality Control

The independent variable was the lipid source (olive oil,
lard, and cosmetic extracts), while the dependent variable
was the infrared absorbance across the measured
wavenumber range.

Controlled variables included extraction conditions,
solvent type, instrumental parameters, and environmental
conditions. All measurements were performed in triplicate,
and repeatability was evaluated using relative standard
deviation (RSD), with values below 5% considered
acceptable.

Results and Discussion

FTIR Characterization of Reference Lipids
The FTIR spectra of porcine fat and olive oil are presented
in Figure 1. Both samples exhibited characteristic
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absorption bands typical of triglyceride structures,
including peaks at approximately 2928 ¢cm™ and 2854
cm™ corresponding to asymmetric and symmetric C-H
stretching vibrations, as well as a strong band at 1747 cm™
attributed to ester carbonyl (C=0) stretching.

Despite these similarities, differences were observed
in specific spectral regions. Olive oil showed an additional
absorption band near 3006 cm™, associated with cis C=C~
H stretching, indicating a higher degree of unsaturation.
More pronounced differentiation between the two lipid
sources was observed within the fingerprint region (1500-
1000 cm™), where porcine fat exhibited characteristic
absorption patterns distinct from olive oil. These findings
are consistent with  previous FTIR-based lipid
authentication studies, which indicate that discrimination
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is primarily based on subtle variations in this region rather
than major functional group differences (8).

Spectral Evaluation of Cosmetic Samples

All extracted cosmetic samples exhibited spectral features
consistent with lipid-based matrices, including absorption
bands in the regions of 2928-2854 cm™ and 1747 cm™.
However, variations in peak intensity and distribution were
observed within the fingerprint region.

Samples HCN, LTL, NR, and QN displayed spectral
patterns more closely resembling those of olive oil,
particularly within the 1200-1000 cm™ range. In contrast,
sample MDG showed spectral characteristics that
appeared more similar to the porcine fat reference in
certain regions.
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Figure 1. FTIR spectra of porcine fat (A) and olive oil (B).
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Figure 2. PCA score plot of FTIR spectral data.

It is important to note that cosmetic formulations contain
complex mixtures of ingredients, including emulsifiers,
humectants, and stabilizers, which may influence FTIR
spectral profiles. Therefore, visual spectral similarity alone
cannot be used as definitive evidence of lipid origin but
should be interpreted as indicative of compositional
resemblance within the analyzed spectral range.

Chemometric Discrimination by PCA

To enhance objectivity and reduce subjective
interpretation, Principal Component Analysis (PCA) was
applied to the FTIR spectral dataset. The PCA score plot
(Figure 2) demonstrated separation between porcine fat
and olive oil along the first principal component (PC1),
suggesting that the primary variance in the dataset is
associated with differences in lipid composition

Cosmetic samples were distributed in the score plot
according to their spectral proximity to the reference
materials. Samples HCN, LTL, NR, and QN were located
closer to the olive oil cluster, whereas sample MDG was
positioned nearer to the porcine fat reference.

However, it should be emphasized that PCA is an
exploratory multivariate technique that identifies patterns
and clustering based on variance in the dataset but does
not provide direct chemical confirmation of sample
composition. The observed proximity of sample MDG to
the porcine fat cluster therefore indicates spectral
similarity rather than definitive evidence of porcine-
derived content. The observed proximity of sample MDG
to the porcine fat cluster therefore indicates spectral
similarity rather than definitive evidence of porcine-
derived content. This spectral proximity could alternatively
be attributed to matrix effects from cosmetic additives or
the presence of non-porcine saturated fatty acid
components (such as stearic acid or palmitic acid)
commonly used as thickening agents or emulsifiers in
facial masks, which may overlap with the lipid profile
within the fingerprint region.

The separation observed in the PCA model is primarily
influenced by variables within the fingerprint region
(1500-1000 cm™), which is widely recognized as a critical
region for lipid discrimination due to variations in C-O
stretching and ester-related vibration (16-21). These
spectral differences reflect underlying variations in fatty
acid composition and molecular structure between lipid
sources.
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Overall, the integration of FTIR spectroscopy with PCA
provides a useful approach for preliminary differentiation
of lipid profiles in cosmetic samples. Nevertheless, due to
the complexity of cosmetic matrices and potential spectral
overlap, confirmatory analytical techniques such as
chromatographic or mass spectrometric methods are
recommended for definitive identification.

Conclusion

The present study demonstrates that FTIR spectroscopy
combined with Principal Component Analysis (PCA) can be
applied to differentiate lipid profiles of porcine fat and
olive oil based on spectral variations, particularly within
the fingerprint region (1500-1000 cm™). The chemometric
approach enabled visualization of clustering patterns
among reference lipids and cosmetic samples, indicating
varying degrees of spectral similarity. Although several
cosmetic samples showed closer proximity to olive oil, one
sample (MDG) exhibited spectral characteristics more
comparable to the porcine fat reference. However, these
findings should be interpreted cautiously, as PCA is an
exploratory technique and does not provide definitive
confirmation of lipid origin. Overall, the integration of FTIR
spectroscopy and chemometric analysis shows potential as
a rapid and non-destructive screening method for
preliminary evaluation of lipid sources in cosmetic
products. Further validation using a larger sample set and
confirmatory analytical techniques is recommended to
strengthen its applicability in halal authentication and
regulatory assessment.
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