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s AW R 100 pg » mL I —FAE A IR T
IR (4 °C) H# B BB . 23R 5 mL GA®, 10 mL p-
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Table 1 Samples preparation concentration
Sample GAa p-HA RE
C1 1.0 6 0.01
C2 1.5 5.6 0.02
C3 2.0 4.8 0. 04
C4 2.2 4.0 0. 05
C5 2.4 5.0 0.03
C6 2.6 5.2 0. 04
C7 2.8 4.4 0. 05
C8 3.0 4.2 0.03
T1 2.0 4.0 0.02
T2 2.3 5.6 0.03
T3 2.5 5.2 0. 04
T4 3.0 4.8 0. 05
L1 2.1 4.4 0.02
L2 2.4 5.2 0.03
L3 2.8 5.6 0. 04

T #h Cl—C8 ARIERA . T1I—T4 BFFMAA, L1—L3 A
Al it 10 75 DA A
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Fig. 1 Spectra of p-HA at a concentration of 4 pg + mL™" dissolved in three solvents
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Fig. 2 Comparison of fluorescence peak intensities

of p-HA in three different solvents
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Fig. 3 Decomposition of excitation and emission spectrum
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Table 2 Determination of the concentration and recovery of GA®, p-HA and GC using the AWRCQLD algorithm

Concentration oj Predicted risull Recovery/ %
Sample sample/(pg + mL™1) /(pg+ mL™1H)
GA® p-HA RE GA? p-HA RE GA? p-HA RE

T1 2.0 4.0 0.02 1. 98 3. 89 0.019 99.0 97.3 95.0

T2 2.3 5.6 0.03 2.24 5.57 0.029 97.4 99. 5 96. 7

T3 2.5 5.2 0. 04 2.44 5.13 0.041 97. 6 98. 7 102. 5

T4 3.0 4.8 0. 05 3.12 4. 85 0.053 104. 0 101. 0 106. 0

L1 2.1 4.4 0.02 2.02 4. 30 0.019 96. 2 97.8 95.0

L2 2.4 5.2 0.03 2.32 5.09 0. 029 96.7 97.9 96. 7

L3 2.8 5.6 0. 04 2.73 5.42 0.038 97.5 96. 8 95.0
Average recovery/ % — — — - — — 98.3+1.5 98.4+1.6 98.1F1.2
RMSEP/(pg « L™1) — - - — — — 0. 081 0.111 0. 001

IR IEAT o R B ROR BUF . T = R IE S 1 AWRC-

445 ® QLD $L M 74 19 B I 3k R I A% S0 3% A X A B4 3 A 2
W AbEE ., BT LA B AWRCQLD %k 68 96 52 3 fk ol 5 b
45 SR 22 W Y ik 3% s BRI AWRCQLD 533 % GA*, p-HA # RE iy Pesd . w8 &5
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Three-Dimensional Fluorescence Combined with AWRCQLD to Measure
Three Additives in Cosmetics

WANG Yu-tian', ZHANG Yan'* , SHANG Feng-kai', ZHANG Jing-zhuo®*, ZHANG Hui', SUN Yang-yang',

WANG Xuan-rui' , WANG Shu-tao'

1. Measurement Technology and Instrument Key Lab of Hebei Province, Yanshan University, Qinhuangdao 066004, China
2. Tianjin ZuoPiaoJun Robot Technology Co. , Ltd. , Tianjin 300450, China

Abstract Gallic acid (GAa), known as 3, 4, 5-trihydroxybenzoic acid (C7H605), usually in the form of hydrates, as an
important organic raw material, is widely found in plants. Studies have shown that GAa has many effects such as anti-oxidation,
anti-inflammatory. anti-tumor, anti-viral and anti-mutation. Therefore, GAa is often added to cosmetics as an antioxidant.
P-Hydroxybenzoic acid (p-HA), whose molecular formula is C7TH603, wherein the R group is methyl, ethyl, propyl, butyl or
heptyl, respectively, referred to as ethyl p-hydroxybenzoate, Propyl p-hydroxybenzoate, butyl p-hydroxybenzoate and heptyl
p-hydroxybenzoate. The p-HA ester has strong antibacterial property, low toxicity, and antibacterial action against pH, so it is
often used as a preservative in cosmetics and medicines. Resorcinol (RE) is also known as 1,3 benzenediol or m-diphenol
(formula C6H602). RE has a bactericidal action and can be added to cosmetics as a preservative. In this paper, three kinds of
cosmetic additives such as gallic acid (GAa), p-hydroxybenzoic acid (p-HA) and resorcinol (RE) were used as target analytes,
and four-dimensional fluorescence spectra were constructed by introducing a fourth dimension solvent. Three sets of experimental
samples were obtained for methanol (spectral level) , ethanol (spectral level) , and ultrapure water, and the configuration of the
three groups was the same as that of the added drug. Using the FS920 steady-state fluorescence spectrometer (spectral wave-
length response range of 200~900 nm., liquid nitrogen refrigeration range of 77~320 K, excitation source power is 450 W, sig-
nal-to-noise ratio is 6 000 : 1) to test the sample, and setting the excitation wavelength to 210~330 nm, a piece of data was re-
corded at intervals of 4 nm; the emission wavelength was 280~480 nm, and a piece of data was recorded at intervals of 2 nm.
The initial emission wavelength always lagged the excitation wavelength by 10 nm, thereby eliminating the interference of the
first-order Rayleigh scattering. The initial fluorescence data were then pretreated using a blank subtraction method to remove
Raman scattering of the solvent. Finally, the nuclear consistent diagnosis method was used to determine the number of compo-
nents of the sample to be tested to be 3, and the three-dimensional fluorescence spectrum data after pretreatment were decom-
posed using the alternating weighted residual constrained quadratic decomposition (AWRCQLD) algorithm. The results showed
that the AWRCQLD algorithm decomposes the excitation and emission spectra of GAa, p-HA and RE almost overlapping with
the target spectrum. and can achieve rapid qualitative and quantitative analysis of GAa, p-HA and RE with severe spectral over-
lap. Using the AWRCQLD algorithm to decompose the samples, the average recoveries of GAa, p-HA and RE were 98. 3%,
98.4% and 98. 1%, respectively, and the root mean square error (RMSEP) was 0. 081, 0. 111 and 0. 001 pg * mL~'. Three-di-

mensional fluorescence combined with the AWRCQLD algorithm enables rapid detection of GAa, p-HA and RE in cosmetics.

Keywords Three-dimensional fluorescence spectroscopy; Alternating weighted residual constrained quadratic decomposition;

Gallic acid; p-hydroxybenzoic acid; Resorcinol
(Received Dec. 22, 2018; accepted Apr. 5, 2019)
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Table 1 Sample concentrations (pg * mL™")
Sample p-HA CA HQ Cosmetic/plL
1 6. 00 0. 50 2. 00 —
2 5.50 0.70 1.75 —
3 5. 00 0. 80 1. 50 -
4 4. 50 1. 00 1. 25 -
5 4. 00 1. 10 1. 00 —
6 3.50 1. 20 0.75 —
7 3. 20 1. 40 0. 50 —
8 3. 00 1. 50 0.25 —
9 6. 00 0. 60 0. 30 —
10 5. 00 0.90 0. 60 -
11 4. 00 1. 30 1. 00 —
12 3. 20 1. 10 1. 50 -
13 5. 50 0. 70 0. 40 50
14 4. 50 0. 80 0.70 50
15 3. 50 1. 00 1. 10 50
16 3. 00 1. 20 1. 60 50
3 ZERHiNE
3.1 pHEXRABENEM

Relative fluorescence intensity/a.u.

LB 4153 16 W E 2 CCAD S

500

Contour map

s =2 5Ouu gk a1
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Fig. 1 Three-dimensional spectrum of CA
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Fig. 2 Emission spectrum of CA in different pH
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Table 2 Concentration prediction results
Actual/Predicted concentration/(pg * mL™!)[Recovery rate/ % |
Sample
p-HA CA HQ
9 6.00/6.05[100. 8] 0.60/0. 64[106. 7] 0.30/0.29[96.7]
10 5.00/5.10[102. 0] 0.90/0.88[97. 8] 0.60/0.64[106.7]
11 4.00/4.01[100. 2] 1.30/1.33[102. 3] 1.00/1.02[102. 0]
12 3.20/3.18[99. 4] 1.10/1.18[107. 3] 1.50/1. 44[96. 0]
AR+RE/% 100. 6£0. 050 103. 5+0. 054 100. 4£0. 062
RMSEP/(pg «+ mL™1) 0. 06 0. 05 0. 04
13 5.50/5.45[99. 1] 0.70/0.68[97.1] 0.40/0.41[102.5]
14 4.50/4.51[100. 2] 0.80/0. 83[103. 8] 0.70/0.72[104. 3]
15 3.50/3.60[102. 8] 1.00/0.99[99. 0] 1.10/1.10[100. 0]
16 3.00/3.11[103.7] 1.20/1.20[100. 0] 1.60/1.63[101. 9]
AR+RE/% 101.44+0. 052 100. 0+0. 058 102. 2£0. 060
RMSEP/ (g » mL~1) 0.08 0.02 0. 02
0. 065 kM B F 2 18] Y 5 CAR) 2y 100. 0% ~102. 2%, i pH {E A4 2 70 4E £ 408 19 & JL: . APQLD %32 68 8 58 Ak Ak

M 3477 # 5 2% (RMSEP) i F 0. 08,

4 45 ®

IR S 2 A 2 v I ol T R 6 0 DB [ I R P R AT . E Y
i il 5 bR AW G BN BRI TS E
TR B e ARG AR T RIE i

BIE T pH (B X £ 90 BT 98 O B R R R R . Ul AR 4
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Determination of Phenolic Acids in Cosmetics by Three-Dimensional
Fluorescence Spectroscopy Combined with Quadratic
Decomposition Algorithm

ZHANG Hui, WANG Shu-tao, ZHANG Li-juan, SHANG Feng-kai, ZHANG Yan, LI Ming-shan, WANG Yu-tian
Measurement Technology and Instrument Key Lab of Hebei Provice, Yanshan University, Qinhuangdao 066004, China

Abstract For phenolic acids in cosmetics, some are added as active ingredients, such as caffeic acid with skin-repairing effects,
gallic acid capable of anti-inflammatory and anti-allergic, etc. ; some are added as preservatives, such as p-hydroxybenzoic acid,
sorbic acid, etc. ; some are prohibited substances illegally added by bad businesses, such as hydroquinone, resorcinol and so on.
In order to monitor the quality of cosmetics, the detection of phenolic substances in cosmetics is particularly important. Many
researchers have done related work for this purpose. The method of separation and analysis based on chromatography has
achieved certain success, but the disadvantages such as being time-consuming and costly and complicated operation are also obvi-
ous. Three-dimensional fluorescence spectroscopy has a high sensitivity, but fluorescence interference and spectral overlap have a
large impact on detection, and complex cosmetic samples often fail to achieve the desired results. In order to realize simultaneous
qualitative and quantitative detection of phenolic acids in cosmetics, the paper combines three-dimensional fluorescence spectros-
copy with four-dimensional calibration of chemometrics (also called third-order correction) to overcome unknown interference and
the effect of collinearity with the data while ensuring high sensitivity. First, select in the linear range of caffeic acid (CA),
p-hydroxybenzoic acid (p-HA), hydroquinone ( HQ). At the appropriate concentration, calibration samples, verification
samples and cosmetic samples were prepared at the four pH values of 7. 00, 7. 30, 7. 50, 7. 80, respectively, so that the excita-
tion-emission-pH-sample (EX-EM-pH-Sample) four-dimensional data were obtained. Secondly, in order to verify the effect of
pH on the fluorescence intensity, 320 nm was chosen as the excitation wavelength to obtain the emission wavelength of caffeic
acid at four pH values. It was found that the fluorescence intensity of caffeic acid increased with the increase of pH value, indica-
ting the introduction of pH. The value was reasonable as the fourth dimension. Finally, the appropriate component number was
selected to decompose and predict the four-dimensional data matrix by alternating penalty quadrilinear decomposition (APQLD).
The decomposed spectrum was compared with the actual spectrum, and the predicted concentration was compared with the actual
concentration. The experimental results showed that the decomposition spectrum can be consistent with the actual spectrum
whether it is a validation sample or a cosmetic sample. The average recovery (AR) of the validation sample was 100.4% to
103. 5%, and the predicted root mean square error (RMSEP) was less than 0. 06. The average recovery (AR) of cosmetics sam-
ple was 100. 0% ~102. 2%, and the predicted root mean square error (RMSEP) was less than 0. 08. Compared with chromato-
graphic studies, the recovery rate increased by about 4% . and the operation was simple, time-saving and labor-saving, and has
high sensitivity. Compared with the second-order correction method, multiple components in the complex cosmetic system can be
realized under unknown interference. Replacing “physical and chemical separation” with “mathematical separation” is fast, effi-
cient, economical and environmentally friendly; and third-order correction can overcome certain data collinearity problems and

improve sensitivity to some extent.
Keywords Phenolic acids; Three-dimensional fluorescence spectroscopy; Alternating penalty quadrilinear decomposition
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