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Abstract

Carmine is a natural colorant allowed to be used in cosmetics, while rhodamine is non-
allowable. For some reason, carmine may be substituted with rhodamine to get economic
profits. Therefore, some analytical methods are proposed and developed. This study

September 2024 developed fourier transform infrared (FTIR) spectroscopy in conjunction with utilizing
Keywords: multivariate calibration to determine carmine (CAR) and rhodamine B (RHB) levels in
Carmine, lipstick samples. Lipstick samples were placed directly into an attenuated total reflectance
FTIR spectroscopy, (ATR) crystal and scanned in the 4,000-650 cm™ wavenumber range. The CAR and RHB
IE;I;tsit;fll(éast . levels were also determined using HPLC to be used as actual values. Partial least squares
Rhodamine Bquare’ regression (PLSR) was used to stimulate the correlation between actual CAR and RHB

values and predicted FTIR values. Based on optimization in terms of the selection of
DOI:

wavenumbers region, for CAR and RHB prediction modeling, absorbance values at
wavenumbers of 1,357-673 cm™ were used. The developed methods, besides having high
validity, are rapid and exclusive of extensive solvents with minimum sample preparation;
therefore, this technique is environmentally friendly.
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1. Introduction agents in lipstick products subject to
restrictions from regulatory authorities such as the Badan
Pengawas Obat dan Makanan (BPOM) Indonesia or
Indonesia National Agency of Drug and Food Control
(NADFC) (BPOM, 2019) and the U.S. Food and Drug
Administration (FDA) (FDA, 2022). Currently, a list of
allowed and prohibited coloring agents to be used in
lipstick products is available (Salvador and Chisvert,
2007). Carmine (CAR) is one of the allowed coloring

agents in lipstick products, while rhodamine B (RHB) is

are some

Pharmaceutical products as essential daily human
needs include drugs, foods, and cosmetics (Mursyidi,
2013). In the last few decades, the use of cosmetic
products in particular, especially by women in modern
society, has increased tremendously. Among the most
common cosmetic products are lipsticks (Waskitho et al.,
2016). Nowadays, lipsticks signify not only beauty but
also a trend. Of the diverse array of cosmetic products,
lipsticks are inexpensive relative to the rest, giving

everyone easy access to lipstick preparations in the
commercial cosmetics market (Ogilvie and Ryan, 2011).
Unfortunately, lipstick use may pose some risks to
human health. The harm posed by lipsticks increases if
they are delivered on mucous membranes. They pose an
even bigger risk by direct oral ingestion, which can
amplify the negative impacts of the constituent
chemicals (Soares and Nascentes, 2013).

Lipsticks contain coloring agents (dyes) to give
preferred colors, raise acceptability, and specify the
cosmetic products (Nevitasari et al., 2019). The coloring
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non-allowable. Normally applied to textile products,
RHB presents some risks when used for lipstick
preparations. Some unethical producers have tried to
replace CAR with RHB because the latter is cheaper than
the former. In addition, the good color obtained from the
use of RHB allows RHB to find applications in food
products and cosmetic preparations, but these
applications are illegal. As a result, some analytical
methods for simultaneous analysis of CAR and RHB
have been developed and designed to ensure the safety
and authenticity of cosmetic products (Guerra et al.,
2018). Figure 1 depicts the chemical structures of CAR
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and RHB. The structure of these two compounds
contains functional groups C=C, C=0, and C-N which
were detected by FTIR.
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Figure 1. The chemical structures of carmine and rhodamine
B.

Because of its capability to separate components in
cosmetic products, chromatography-based methods are
the most reported analytical methods for the analysis of
cosmetic dyes such as CAR and RHB. High-
Performance Liquid Chromatography (HPLC) with a
diode-array detector for RHB and CAR simultaneous
analysis is one of these methods (Shi and Chen, 2014;
Pan et al, 2018; Nevitasari et al., 2019), liquid
chromatography-mass spectrometry as reviewed by
Guerra et al. (2018), and thin layer chromatography
(Seal et al., 2013). Chromatographic methods are time-
consuming and inclusive of some chemical reagents used
as mobile phase. Therefore, spectroscopy-based methods
can be an alternative strategy for dye analysis in
cosmetics.

FTIR spectroscopy is one of the vibrational
spectroscopy methods capable of offering selective
identification of analytes because of FTIR spectra's
nature as fingerprint analytical techniques (Sharma ef al.,
2020). Combined  with  chemometrics, FTIR
spectroscopy has been applied for analysis of lard in
cream (Rohman et al., 2014), lotion (Lukitaningsih et al.,
2012), and lipstick formulations (Waskitho et al., 2016).
FTIR spectra are also used for analysis of selected dyes
(Bartosova et al., 2017) and for the authentication of
natural dyes from adulterants of synthetic dyes (Lohumi
et al., 2017). However, dye analysis in cosmetics
applying FTIR spectroscopy is limited; therefore, this
study developed a method for analyzing CAR and RHB
in lipstick formulations that combines FTIR
spectroscopy and multivariate calibration.
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2. Materials and methods
2.1 Materials

Reference standards of carmine and rhodamine B
from the National Agency of Drug and Food Control in
Indonesia were used for HPLC analysis and FTIR
spectra measurements. E. Merck provided all of the
mobile phase solvents, which were of the HPLC grade
(Darmstadt, Germany). Meanwhile, aquabidest was
acquired from Ikapharmindo (Indonesia). Some lipstick
samples were obtained from local markets in and around
Yogyakarta, Indonesia.

2.2 Carmine and rhodamine B analysis using HPLC

A semi-micro analytical balance with a sensitivity of
0.01 mg (Metler Toledo MX5) was used to accurately
weigh some CAR and RHB reference standards, each
weighing 5.00 mg and being dissolved in the mobile
phase. Using an analytical balance with a 0.1 mg
sensitivity, 1,000.0 mg of lipstick products was
accurately weighed and dissolved in the mobile phase for
sampling. Using a photo-diode array (PDA) detector
(Shimadzu LC 20AD, M20A PDA Detector, Japan), the
standards and sample solutions were injected into the
HPLC system. The analytes (CAR and RHB) were
separated using a Cosmosil C18 column (250 mm x 4.6
mm i.d., u5 m) with an acetonitrile-phosphate buffer
mobile phase at pH 3.4 (55:45 wv/v), delivered
isocratically at a flow rate of 1.1mL/min and at a column
temperature of 35°C. The concentrations of CAR and
RHB obtained were used as actual values during
modelling using multivariate calibration (Nevitasari et
al., 2019).

2.3 Lipstick samples analysis with FTIR spectroscopy

The lipstick samples were analyzed using FTIR
spectrophotometer Nicolet iS10 (Thermo Fisher
Scientific Inc, Madison, USA) and accessories of
horizontal attenuated total reflectance (SMART iTR™-
ATR) according to Waskitho et al. (2016). The samples
were placed in close proximity to a ZnSe HATR crystal
and scanned at wavenumbers 4,000-650 cm’ with
resolutions of 16 cm™ and a number of scannings of 32
against a background of air spectra. The software
OMNIC and TQ Analyst included in the FTIR
spectrophotometer were used for spectral processing and
chemometric analysis, respectively. The FTIR spectra of
the samples were scanned using absorbance modes to
facilitate the quantitative analysis of CAR and RHB.

2.4 Chemometric analysis

To facilitate modeling between HPLC-based actual
and predicted CAR/RHB ratio values, multivariate
calibration of partial least squares (PLS) was used. The
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constructed models were evaluated using the R-value,
root mean square of calibration (RMSEC), and root
mean error of prediction (RMSEP) (Miller and Miller,
2010). All statistical calculations were carried out using
TQ Analyst software version 9 included in the FTIR
spectrophotometer.

3. Results and discussion
Due to its capability to provide separation of CAR
and RHB, reversed-phase HPLC was optimized,

validated, and used for quantitative analysis of CAR and
RHB in lipstick. The CAR and RHB concentrations
were used as actual values during the prediction of both
analytes using FTIR spectroscopy, facilitated with
multivariate calibration. Figure 2 exhibits the reversed-
phase HPLC chromatogram of lipsticks spiked with
CAR and RHB, indicating good separation, with a
resolution value (Rs) higher than 2.0. HPLC has been
validated and subjected to a system suitability test, and
the results showed that the developed method fitted to
the acceptance criteria set by the International
Conference on Harmonization (ICH) (FDA, 2015). The
retention times (tR) were approximately 2.20 min for
CAR and 5.63 min for RHB.
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Figure 1. The chemical structures of carmine and rhodamine
B.
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Figure 3 shows the FTIR spectra of the lipstick

samples spiked with CAR and RHB at various
concentrations. Each peak in the FTIR spectra
corresponded to vibrations of functional groups

stretching and bending in the analyzed objects. The
stretching vibrations of hydrogen bonds caused the peak
at 3,360 cm™. This peak might have come from -OH of
CAR or -OH of carboxylic acid in RHB. Peaks at 2,952
cm” and 2,872 cm” came from the asymmetric and
symmetric stretching vibrations of methyl (-CHj3), while
the peak at 2,922 cm™ originated from the asymmetric
stretching vibration of methylene (-CH,). CAR and RHB
contain methyl and methylene groups in their chemical
structures. The carbonyl (C=0) group caused the peak at
1,730 cm™, while C=N vibrations and conjugated double
bonds (-C=C) caused the peaks at 1,565 and 1,580 cm™.
Bending vibrations of methylene and methyl groups
caused peaks at 1,462 cm™ and 1,372 cm™, respectively.
Because of their locations in the fingerprint region, the
1,500 cm” peaks were difficult to assign. This is in
accordance with Figure 1 where the structure of these
two compounds contains C=C, C=0, and C=N functional
groups detected by FTIR. The difference in the spectrum
of thodamine B and carmine can be seen from the C=N
functional groups. Figure 3 is the result with different
concentrations. It is also seen in the result that the
intensity of the responses is different. When associated
with the results of HPLC (Figure 2), according to a study
carried out by Chen ef al. (2021) HPLC was carried out
to separate and detect the presence of compounds
according to the polarity and migration of the sample, in
this study with a PDA detector. FTIR is based on the
functional group that the compound has. In this case, the
wavenumber is the parameter and the response of
functional groups according to their structure will
appear.

FTIR spectroscopy was used to perform a
quantitative analysis of CAR and RHB in lipstick
samples. was performed by scanning the same samples
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Figure 3. Attenuated total reflectance (ATR)-FTIR spectra of lipstick samples spiked with different concentrations of carmine
and Rhodamine B scanned at wavenumbers region of 4,000-650 cm’.
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previously analyzed using HPLC. The levels of CAR and
RHB as determined using HPLC were used as actual
values. Partial least squares regression (PLSR) was
utilized for developing the correlation model between
actual values and predicted values by absorbance values
as variables (Nevitasari et al., 2019). A wavenumbers
region was optimized for this purpose, and the
wavenumbers providing the highest R? values and lowest
RMSEC values were selected. Table 1 compiles the
optimization results in terms of wavenumbers region.
Normal FTIR spectra at 1,357-673 cm” wavenumbers
were selected for simultaneous CAR and RHB analysis
in lipstick samples based on the highest R* and lowest
RMSEC values. The combination of FTIR and PLSR to
examine CAR and RHB in lipstick samples yielded the
results shown in Table 2. There was a bit of difference in
results obtained by HPLC and FTIR spectroscopy, as
indicated by R? values of 0.65 and 0.601 for the
correlation between HPLC and FTIR spectroscopy,
respectively. The developed method was rapid and
suitable to be used for screening the CAR and RHB
levels in lipstick products. The R? in relation to HPLC
and FTIR with PLSR indicated that the two methods had

Edityaningrum et al. / Food Research 8 (5) (2024) 152 - 157

similar results. The application of FTIR in combination
with multivariate calibration thus demonstrated some
advantages related to lipstick preparation.

4. Conclusion

FTIR spectroscopy in combination with partial least
squares regression has been developed as an alternative
method for HPLC analysis for quantitative analysis of
CAR and RHB. For the simultaneous analysis of CAR
and RHB in lipstick samples, the normal FTIR spectra at
1,357-673 cm™ wavenumbers were chosen. The R? in
relation to HPLC and FTIR with PLSR indicated that the
two methods had similar results. This method was quick
and did not require extensive sampling preparation.
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Table 1. PLS regression was used to analyze carmine and rhodamine B in spiked lipstick samples at the same time.

Carmine
Wavenumbers (cm™) Calibration Validation

Factors 5 5

RMSEC R RMSEP R
1357-673 5 0.533 ¢” 0.9999 0.0603 0.9900
1742-673 3 0.533 ¢” 0.9999 0.0917 0.9850
1742-1502 4 0.0258 0.9982 0.4840 0.1603
1742-1502 and 1357-673 3 0.169 ¢ 0.9999 0.0844 0.9859

Rhodamine

1357-673 3 0.0336 0.9999 0.0562 0.9909
1742-673 3 0.0228 1.0000 0.6840 0.9817
1742-1502 1 0.5480 0.9795 0.9320 0.9445
1742-1502 and 1357-673 3 0.0301 0.9999 0.6900 0.9812

Table 2. The correlation between rhodamine B actual values determined by HPLC and predicted values using FTIR spectroscopy

in conjunction with chemometrics.

The levels of Rhodamine B and Carmine (png/g)

Samples Rhodamine B Carmine
Actual (HPLC) Predicted (FTIR-PLS) Actual (HPLC) Predicted (FTIR-PLS)

A 1.27 2.16 1.04 1.68
B 1.21 2.38 1.58 2.14
C 1.24 2.25 2.21 2.43
D 1.17 2.16 3.42 3.76
E 1.35 2.22 4.95 4.25
F 0.63 2.16 3.85 6.75
G 0.88 2.28 3.84 5.06
H 0.34 1.93 1.66 2.07
I 0.36 1.66 2.90 2.78
J 0.49 1.36 4.25 2.13
K 0.35 1.24 5.31 7.05
L 0.52 1.41 9.21 8.18

Equation ¢ =0.8384c + 0.9455 ¢=0.8075c +1.2880
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