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A facial freshener, also known 
as toner, is a cosmetic product 
that is commonly used to 
invigorate the face after a busy 
day. Ethanol serves as a key 
component in toner, serving 
multiple purposes such as being 
a solvent, preservative, and 
antimicrobial agent. However, 

it’s important to note that toner formulated for normal skin types typically contain ethanol in small 
concentrations, adhering to a limit of not more than 10%. Therefore, this study aims to determine ethanol 
levels in toner using the NIR spectroscopy and chemometric techniques. The NIR spectra of the simulated 
samples were correlated with ethanol concentration using chemometric calibration model. The calibration 
models used were partial least square (PLS), principal component regression (PCR), and support vector 
regression (SVR). The calibration model was validated by leave one out cross validation (LOOCV) as well 
as the external validation, and the precision and accuracy of the method was evaluated. Among the 
calibration models, the PLS model exhibited the best performance, yielding an impressive R2 0.9976; with 
an RMSEC value of 0.4364 and RMSECV value of 0.4704. The internal validation yield R2 value more than 
0.99 and RMSE of less than 0,4198. Furthermore, external validation showed the R2 and RMSEP value of 
0.989 and 0.920 respectively. The %recovery and RSD value were 101.2% and 0.129%. Comparing 
ethanol measurements obtained through the NIR chemometric method with those obtained using gas 
chromatography as the reference method, no significant difference was observed at a 95% confidence 
levels, as indicated by a significance value of 0.231.
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INTRODUCTION
Cosmetics refer to substances or mixtures used externally on the human body, such as the skin, scalp 

hair, nails and the outer parts. They serve the purpose of cleaning, maintaining, enhancing attractiveness, 
and protecting the body, excluding the medicinal applications.1 One of facial cosmetics that is commonly 
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used by women, especially Indonesia, is a face freshener (toner). Toner is used to cleanse the face after 
daily activities, refresh the pH balance of facial skin, and achieve optimal equilibrium.2 They are typically 
composed of various natural ingredients. For normal skin types, toner often include moisturizing agents 
to restore hydration after using facial cleansers.3 In the formulation of toner, ethanol can be used as a 
solvent, preservative and antimicrobial. It helps in dissolving active ingredients or substances that are 
insoluble in water.4 Toner are usually recommended for individuals with normal and oily skin types.5 The 
concentration of ethanol used in toner for normal skin is limited to no more than 10%, as it provides the 
desired therapeutic effect.6 

According to previous studies, the determination of ethanol content was carried out using several 
method. In a study by Almeida et al (2021), the determination of ethanol and fragrance content in cosmetics 
was carried out using gas chromatography method.7 According to the study by Pinu et al (2017), ethanol 
content in fermented foods and beverages were determined using the gas chromatography method.8 
Valentina et al (2010) examined the determination of ethanol content in branded foods using chemometric 
NIR (Near Infrared) spectroscopy method.9 Mmaabo (2022) examined the determination of ethanol 
content in various types of alcoholic beverages using the gas chromatography method.10 Rebecca’s (2021) 
explored the determination of ethanol content in beer using gas chromatography method.11 However, no 
study has reported the determination of ethanol content in cosmetic samples, especially toner, using either 
gas chromatography or NIR spectroscopy method. The gas chromatography method offers numerous 
benefits, including high sensitivity, but it has the drawback of being time-consuming and requiring the 
preparation of a chemical mixture. In this study, the determination of ethanol content was carried out 
using the NIR spectroscopy method. This method is not only applicable to cosmetic toner samples but 
also enables the assessment of alcohol content in beverages like beer.12 One of the major advantages of 
the NIR spectroscopy is its ability to provide quick analysis results without causing pollution, as it solely 
relies on simple preparations without the need for chemical compounds.13 However, the NIR spectroscopy 
has drawbacks, including spectra that require further interpretation due to spectrum overlap and low 
sensitivity. To overcome these challenges, chemometric method are employed in conjunction with the NIR 
spectroscopy to rapidly identify and analyze spectra.14 In this study, toner simulation samples with ethanol 
concentrations ranging from 0% to 30% were used for the NIR method.

This study aims to determine ethanol content in toner using the NIR chemometric method and compare 
the results with gas chromatography as a reference method in order to ascertain if there is a significant 
difference between the NIR spectroscopy method and gas chromatography. 

MATERIALS AND METHOD
Materials

In this study, the materials used were ethanol (Merck), n-butanol (Merck), cucumber extract, lemon 
extract, tween 80 (GBM), propylene glycol (Brataco), NaOH (Merck), nipagin (GBM), nipasol (GBM), 
lemon perfume (GBM), aquabidest (Wida). The real sampels of toner were purchased from the market in 
Jember, East Java, Indonesia.

Instrumentation
The tool used were the NIR Spectroscopy (Brimrose Luminar 3070), gas chromatography (GC-FID 

Thermo Scientific-Trace 1300), Software The Unscrambler X 10.4 (Oslo, Norway), pH meter, and laboratory 
glassware.

Sample Simulation Preparation
Sample simulation preparation involved the creation of a sample training set and a test set. The 

formulation ingredients, including cucumber extract, lemon extract, tween 80, propylene glycol, NaOH, 
nipagin, nipasol, and lemon perfume, were mixed together. Ethanol and aquabidest were then added to 
achieve various concentrations in the training set samples (ranging from 0% to 30% v/v) and the test set 
samples (ranging from 2.5% to 29.5% v/v).
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Sample Measurement Using the NIR Spectroscopy
Sample measurements were carried out using the Brimrose NIR spectroscopy instrument. Furthermore, 

200 µL of each sample was placed on the sample compartment using a micropipette. Each simulation 
sample was scanned in the range of 850-2000 nm. The measurements were replicated three times, with 10 
shooted in each replication. The NIR spectroscopy used consisted of a 3070 brimrose luminar spectrometer 
with a sampling area measuring 5 x 3 mm and assisted by a computer set. The NIR Spectroscopy technique 
was based on measuring the light reflected by a sample. The NIR spectrum was obtained by converting 
the energy transferred from the radiation into mechanical energy through the movement of atoms and 
chemical bonds within molecules. Initially, the sample was exposed to a light source at a wavelength 
between 780-2500 nm and the light reflected or transmitted by the sample collected on the detector which 
was then converted into a spectrum.

Model Calibration and Validation
For model calibration and validation, the NIR spectras obtained were analysed by The Unscrambler 

X 10.4. The multivariate analysis used for calibration model were partial least square (PLS), principal 
component regression (PCR), and support vector regression (SVR).15 The calibration models (PLS, PCR, 
and SVR) were formed by correlating the transmittance of the NIR spectra with ethanol concentration. The 
selected model was validated using leave one out cross validation (LOOCV) using 30 concentation samples 
training set and external validation using 10 concentration samples test set.16 LOOCV was evaluated by 
remove one set of data in training set and the remaining data were used to form new calibration model. 
The precision and accuracy of the method was evaluated based on BP 2022.17 

Real Sample Application
The selected calibration model that has been validated was applied to determine ethanol content in the 

commercial sample. For each commercial sample, 200 µL was placed on the NIR spectroscopy sample 
compartment and scanned three times for replicability. The real samples analyzed were five samples of 
toner containing ethanol purchased from the market in Jember, Indonesia.

The determination of ethanol by gas chromatography and validation method
To prepare the standard ethanol solution, ethanol was diluted in aquabidest (distilled water) to achieve 

a concentration range of 2-29% ethanol, with 1.0% n-butanol as the internal standard.18 Real sample 
preparation involved adding 0.99 mL of the sample to 0.01 mL of n-butanol. The real samples were then 
subjected to gas chromatography analysis with three replicates. Subsequently, ethanol content was 
analyzed using the gas chromatography method with a detector temperature of 300 °C and an injector 
temperature of 200 °C, and the analysis was carried out by directly injecting 1 µL of sample in split mode 
with a split flow ratio and split ratio of 1:143. The initial temperature on the heater (oven) was set at  
40 °C and held for the first 1 minute, after which it was increased by 10 °C per minute until reaching  
70 °C. Subsequently, the temperature was increased at a rate of 70 °C per minute until reaching the final 
limit temperature of 200 °C, which took 6 minutes. The pressure in the carrier gas was maintained on the 
column at 60 kPa. The gas flux used for the detector was 350 mL per minute for synthetic gas and 35 mL 
per minute for hydrogen. Precision and accuracy were evaluated using three levels of simulated samples 
and replicated three times.

To compare ethanol levels in the real samples determined using the NIR chemometric and gas 
chromatography, a paired t-test was performed on the samples. The significance levels (p-value) for the 
test was set at 0.05 (two-tailed).

Febriyanti, W. E.; Kristiningrum, N.; Wulandari, L. 



36

RESULTS AND DISCUSSION
The simulation sample consists of 31 samples calibration set with a concentration range of 0%-30% v/v 

and 10 samples test set with a concentration range of 2.5%-29.5% v/v. The concentration range was wider 
than concentrations commonly used in commercial toner (1% - 10% v/v). The wider the range of calibration 
set sample used the better the calibration model obtained.

The spectra of ethanol, simulated samples of 0%, 10% ethanol concentrations and commercial 
samples are shown in Figure 1. Ethanol spectrum, simulated samples and commercial samples has the 
same pattern, only the transmittance intensity is different as shown in Figure 1.

Figure 1. IR spectra of ethanol, simulation sample with ethanol concentration 0%, 10% (SS 0%, SS 10%) and 
commercial sample toner (A, B, C, D, E).

The calibration model for the NIR method was established using spectral data from a training sample 
set comprising 750 data points. Each concentstins in the training set samples was scanned using the NIR 
spectroscopy, resulting in 25 spectrum data for each concentration. In total, there were 30 concentrations, 
which produced 750 spectrum data used to build a calibration model. Among the calibration model tested, 
the best performance was achieved by the PLS using one latent variable with R2 0.9976; RMSEC 0.4364 
and RMSECV 0.4704 (Table I). The R2 of internal validation (LOOCV) was more than 0.99 and RMSE less 
than 0,4198. When evaluating the calibration models, the key figures of merit considered were R2, RMSE 
and RMSECV.19 A higher R2 value closer to 1 indicates a better calibration model, as it signifies a stronger 
correlation between the NIR spectra and ethanol concentrations. A smaller RMSE and RMSECV value 
suggest a better model calibration, as they indicate lower average prediction errors and better predictive 
performance.

Braz. J. Anal. Chem. 2024, 11 (42), pp 33-40.
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Figure 2. Graph of variations in the RMSECV values of the calibration samples in the PLS model.

Table I. The results of the formation of the calibration model

No Model RMSE R2

1. PLS Calibration
Validation

0.4364
0.4704

0.9976
0.9972

2. PCR Calibration
Validation

0.6909
0.7081

0.9940
0.9937

3. SVR Calibration
Validation

0.4199
0.4194

0.9959
0.9959

The PLS model was selected as the optimal calibration model because it demonstrated an R2 value 
of 0.9976, which is very close to 1. This high R2 value indicates an excellent fit of the model to the data, 
suggesting a strong correlation between the NIR spectra and ethanol concentrations. Additionally, the 
PLS model exhibited a small RMSE value of 0.4364, which is below the threshold of 1.5. The RMSE 
value measures the average prediction error of the calibration model, and a smaller value indicates better 
accuracy in predicting ethanol concentrations. The selected PLS model satisfied the requirements for a 
good calibration model, as it had an R2 value close to 1 and an RMSE value below 1.5. These criteria 
ensure that the model is capable of accurately predicting ethanol levels in toner samples based on the NIR 
spectra.20

Figure 3. External validation of the PLS model.

The Determination of Ethanol Levels in Facial Freshener 
Using the NIR Spectroscopy and Chemometric Method
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The comparison method has been validated with the results of the parameter assessment of each 
validation stage listed in Table II. 

Table II. Method validation results

Validation Parameters GC method NIRS method
(PLS model)

Linearity

Linierity range (%v/v) 2 – 29 0 – 30

Correlation coefficient (r) 0.999 -

Correlation coefficient (R2) - 0.989

Coefficient of variation (Vx0) 2.511%

RMSEP - 0.920

LOD 1.70 µg mL-1 -

LOQ 5.12 µg mL-1 -

Accuracy (%recovery, n=3x3) 101.9% 101.2%

Precision (RSD, n=3x3) 0.197% 0.129%

The results in Table II, show that GC method have the correlation coefficient of 0.999 and the coefficient 
of variation of 2.511%. This means that this method meets the requirements of linearity, the correlation 
coefficient (r) ≥ 0.99, and the function variation coefficient (Vx0) < 5%. The % recovery and RSD value 
were 101.9% and 0.197%, respectively. These results meet the accuracy and precision requirements that 
were % recovery within 95.0-105.0% and RSD value less than 2%.21 For the NIR spectroscopy method, 
the external validation showed good results. The R2 and RMSEP value using one of latent variable were 
0.989 and 0.920 and the % recovery and a RSD value were 101.2% and 0.129%, respectively (Figure 3).

The commercial sample toner used were five samples with sample codes A, B, C, D and E. The results 
of ethanol levels in commercial samples are listed in Table III.

Table III. Results of the determination of ethanol content in commercial samples

Sample code
Ethanol content (%v/v) ± SD (n=3)

NIR spectroscopy Gas chromatography

A 15.548 ± 0.032 15.212 ± 0.128

B 7.669 ± 0.009 7.481± 0.136

C 12.169 ± 0.012 12.131± 0.159

D 5.404 ± 0.012 5.468± 0.141

E 12.121 ± 0.019 12.114± 0.341

The comparison of ethanol levels in toner was conducted using the NIR-chemometric method and gas 
chromatography through a paired sample t-test. In order to proceed with the analysis, it was necessary to 
ensure that the data met the assumption of normal distribution (p > 0.005).22 To assess the normality of the 

Braz. J. Anal. Chem. 2024, 11 (42), pp 33-40.
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variables, a Kolmogorov-Smirnov test was performed using the IBM SPSS program. The normality test 
results obtained from the NIR method and gas chromatography were 0.702 and 0.615 respectively, the 
condition for normally distributed data is significant if the value is > 0.05. These data met the requirements, 
meaning both method were normally distributed and suggest the paired sample t-test could be continued. 
The paired t-test yielded a significant value of 0.231 with a 95% confidence levels. The results of the 
comparison obtained are said to be meaningful if the p value (sig.) in the 2 groups is> 0.05 with a degree 
of confidence reaching 95%, meaning that there is no significant difference between the two method.

CONCLUSION
In conclusion, ethanol content in toner sample was successfully determined using the NIR spectroscopy 

and chemometric method using PLS model with R2 0.9976; RMSEC 0.4364 and RMSECV 0.4704. The 
PLS calibration method exhibited favorable results with an R2 value of 0.9976, RMSEC of 0.4364, and 
RMSECV of 0.4704. The validation tests also met the requirements, demonstrating an R2 value exceeding 
0.99 and an RMSE below 0.4198. External validation showed an R2 and RMSEP of 0.989 and 0.920. The 
% recovery and RSD value were 101.2% and 0.129%, respectively. There was no significant difference 
between ethanol content obtained from the NIRS-chemometric method and the gas chromatography 
method, as confirmed by the paired sample t-test with a significance value of 0.231 (> 0.05). Therefore, 
the NIRS-chemometric method can be considered reliable, relatively fast, easy and simple method for 
determining ethanol content in toner.

Conflicts of interest
There are no conflicts to declare.

Acknowledgements
The authors would like to thank the Pharmaceutical Analysis and Chemometrics Research Group, at 

the Faculty of Pharmacy, University of Jember, for supporting this research.

REFERENCES
(1) BPOM, RI – Indonesia’s Drug and Food Control Agency, Regulation Number 30 of 2020 concerning 

Technical Requirements for Cosmetic Marking. Available at: https://notifkos.pom.go.id/upload/
informasi/20220805174357.pdf  (accessed on: July 2022).

(2) Jiang, B.; Jia, Y.; He, C. Promoting new concepts of skincare via skinomics and systems biology – 
From traditional skincare and efficacy-based skincare to precision skincare. J. Cosmet. Dermatol. 
2018, 17 (6), 968-976. https://doi.org/10.1111/jocd.12663

(3) Zirwas, M. J. Contact dermatitis to cosmetics. Clin. Rev. Allergy Immunol. 2019, 56, 119-128. https://
doi.org/10.1007/s12016-018-8717-9 

(4) Retno, A.; Materials Safety Data Sheet (MSDS), ethanol, NCP Alcohols, 2018, pp 11-15. Available 
at: https://www.alconcp.com/products-ethanol.html (accessed on: July 2022).

(5) Pavlou, P.; Siamidi, A.; Varvaresou, A.; Vlachou M. Skin care formulations and lipid carriers as skin 
moisturizing agents. Cosmetics 2021, 8 (3), 89. https://doi.org/10.3390/cosmetics8030089

(6) Shah, H.; Jain, A.; Laghate, G.; Prabhudesai, D. Pharmaceutical excipients. In: Adejare, A. (Ed.) 
Remington, The Science and Practice of Pharmacy (Twenty-third Edition), Academic Press, 2021, 
Chapter 32, pp 633-643. https://doi.org/10.1016/B978-0-12-820007-0.00032-5

(7) Almeida, R.; Hartz, J.; Costa, P.; Rodrigues, A.; Vargas, R.; Cassel, E. Permeability coefficients and 
vapour pressure determination for fragrance materials. Int. J. Cosmet. Sci. 2021, 43 (2) 225-234. 
https://doi.org/10.1111/ics.12686

(8) Pinu, F. R.; Villas-Boas, S. G. Rapid quantification of major volatile metabolites in fermented food 
and beverages using gas chromatography-mass spectrometry. Metabolites 2017, 7 (3), 37. https://
doi.org/10.3390/metabo7030037

Febriyanti, W. E.; Kristiningrum, N.; Wulandari, L. 

https://notifkos.pom.go.id/upload/informasi/20220805174357.pdf
https://notifkos.pom.go.id/upload/informasi/20220805174357.pdf
https://doi.org/10.1111/jocd.12663
https://doi.org/10.1007/s12016-018-8717-9 
https://doi.org/10.1007/s12016-018-8717-9 
https://www.alconcp.com/products-ethanol.html
https://doi.org/10.1016/B978-0-12-820007-0.00032-5
https://doi.org/10.1111/ics.12686
https://doi.org/10.3390/metabo7030037
https://doi.org/10.3390/metabo7030037


40

(9) Di Egidio, V.; Oliveri, P.; Woodcock, T.; Downey, G. Confirmation of brand identity in foods by 
near infrared transflectance spectroscopy using classification and class-modelling chemometric 
techniques - The example of a Belgian beer. Food Res. Int. 2011, 44 (2), 544-549. https://doi.
org/10.1016/j.foodres.2010.11.021

(10) Hunter, R. A. Analysis of Ethanol in Beer Using Gas Chromatography: A Side-by-Side Comparison 
of Calibration Methods. J. Chem. Educ. 2021, 98 (4), 1404-1409. https://doi.org/10.1021/acs.
jchemed.0c00962

(11) Tsenang, M.; Pheko, T.; Mokgadi, J.; Phokedi, G. N. A Validated Liquid-Liquid Extraction Method for 
The Quantitative Analysis of Ethanol in the Different Types of Home-Brewed Alcoholic Beverages of 
Botswana Using Gas Chromatography Flame Ionization Detector. Chemistry Africa 2023, 6, 417–
427. https://doi.org/10.1007/s42250-022-00520-3

(12) Wójcicki, K. NIR spectroscopy coupled with chemometrics as a tool for quality analysis of beer 
samples. Towaroznawcze Problemy Jakości. (Polish J. of Commodity Sci.) 2019, 3 (60), 27-34. 
https://doi.org/10.19202/j.cs.2019.03.03

(13) Psimadas, D.; Georgoulias, P.; Valotassiou, V.; Loudos, G. Molecular Nanomedicine Towards Cancer: 
111In-Labeled Nanoparticles. J. Pharm. Sci. 2012, 101 (7), pp 2271-2280. https://doi.org/10.1002/
jps.23146

(14) Gad, H. A.; El-Ahmady, S. H.; Abou-Shoer, M. I.; Al-Azizi, M. M. Application of chemometrics in 
authentication of herbal medicines: A review. Phytochem. Anal. 2013, 24 (1), 1-24. https://doi.
org/10.1002/pca.2378

(15) Cheng, J-H.; Sun, D-W. Recent Applications of Spectroscopic and Hyperspectral Imaging Techniques 
with Chemometric Analysis for Rapid Inspection of Microbial Spoilage in Muscle Foods. Compr. Rev. 
Food Sci. Food Saf. 2015, 14 (4), 478-490. https://doi.org/10.1111/1541-4337.12141

(16) Wulandari, L.; Idroes, R.; Noviandy, T. R.; Indrayanto, G. Application of chemometrics using direct 
spectroscopic methods as a QC tool in pharmaceutical industry and their validation. In: Al-Majed, 
A. A. (Ed.). Profiles of Drug Substances, Excipients and Related Methodology. Academic Press, 
Elsevier, 2022. Volume 47, Chapter Six, pp 327-379, https://doi.org/10.1016/bs.podrm.2021.10.006

(17) BP, SC. Validation of Analytical Procedures. Br Pharmacopoeia 2, 2022, pp 2021-2023.
(18) Fu, C.; Liu, H.; Fu, S.; Chai, X. Rapid and simultaneous determination of acetone, butanol, and 

ethanol in butanol fermentation broth by full evaporation headspace gas chromatography Cellul. 
Chem. Technol. 2015, 49 (9-10) pp 813-818.

(19) Watanabe, L. S.; Bovolenta, Y. R.;  Acquaro Junior, V. R.; Barbin, D. F.; Madeira, T. B.; Nixdorf, S. 
L. Investigation of NIR spectra pre-processing methods combined with multivariate regression for 
determination of moisture in powdered industrial egg. Acta Scientiarum. Technology 2018, 40 (1), 
e30133. https://doi.org/10.4025/actascitechnol.v40i1.30133

(20) Ziegel, E. R. Statistics and Chemometrics for Analytical Chemistry. Technometrics 2004, 46 (4), 498-
499. https://doi.org/10.1198/tech.2004.s248

(21) Blumberg, L. M. Theory of Gas Chromatography. In: Poole, C. F. (Ed.) Gas Chromatography (Second 
Edition). Handbooks in Separation Science. Elsevier Inc., 2021, Chapter 2, pp 19-97. https://doi.
org/10.1016/b978-0-12-820675-1.00026-5

(22) Ujhelyi, Z.; Vecsernyés, M.; Fehér, P.; Kósa, D.; Arany, P.; Nemes, D.; Sinka, D.; Vasvári, G.; Fenyvesi, 
F.; Váradi, J.; Bácskay, I. Physico-chemical characterization of self-emulsifying drug delivery systems. 
Drug Discovery Today: Technol., 2018, 27, 81-86. https://doi.org/10.1016/j.ddtec.2018.06.005

Braz. J. Anal. Chem. 2024, 11 (42), pp 33-40.

https://doi.org/10.1016/j.foodres.2010.11.021
https://doi.org/10.1016/j.foodres.2010.11.021
https://doi.org/10.1021/acs.jchemed.0c00962
https://doi.org/10.1021/acs.jchemed.0c00962
https://doi.org/10.1007/s42250-022-00520-3
https://doi.org/10.19202/j.cs.2019.03.03
https://doi.org/10.1002/jps.23146
https://doi.org/10.1002/jps.23146
https://doi.org/10.1002/pca.2378
https://doi.org/10.1002/pca.2378
https://doi.org/10.1111/1541-4337.12141
https://doi.org/10.1016/bs.podrm.2021.10.006
https://doi.org/10.4025/actascitechnol.v40i1.30133
https://doi.org/10.1198/tech.2004.s248
https://doi.org/10.1016/b978-0-12-820675-1.00026-5
https://doi.org/10.1016/b978-0-12-820675-1.00026-5
https://doi.org/10.1016/j.ddtec.2018.06.005

