2024 4E 8 H & % Vol.42 No.8
August 2024 Chinese Journal of Chromatography 749 ~757

504 L DOI: 10.3724/SP.J.1123.2023.08012

FEE ANHARE AT T80, AR i 40 048 08 B 101 23 R S 2R A0 Bl & P 38 5 T2 . R
TG SR, b e RS T e AL T AR RS ST R A AR AR I A — 2 A B R (i A R 2R
R MR BRI R ER AL & W), I HIAN R AR . SR, 2@ AR s L3 B JE 701, IR 2 X T 2% 5 R R AR R
S, ASBF ST LT = A 23 2 4E- WA MR IR ( 3P-HF-LPME ) - 25 200 AR 8,33 | FE 7 7 — i [5) I 0 52 00 P o v
2SR 2K R K 7 Fhout Y2 3 2K TR R R 2S B JE 7 04 o 7 7 i . XHUER S 40 HF-LPME &4 #E 1701k , 2R F Agilent
Poroshell 120 EC-C18 {245 (100 mmx3 mm, 2.7 pm) X%f 9 5 HI#E4T 385, L EE 0. 02 mol/L Z Rk ¥
W 0.5% TR M CHEVE T SIAHIEATRE EE VR, K2 1 4 226 nin (R F R ) A1 258 nm ( IIFLFR A 7 F X} #53k
AHBREREAEGY) . U CBNZEBUA R, 15 mL 5% (pH 4) kS, E &K (pH 12) 32
AH,7E 800 r/min FHEFEAEHL 30 min, SCHREERFHA 9 Bl HAR BT 7E 4 B BU LMV BBl N2 2C R AP HHOGC R B
(r)=0.996 7, K HiBR 4 0. 02~0. 07 mg/kg, E &R K 0. 08~0. 24 mg/kg, & HEMEECH 30. 6~91. 1, 7E 3 M NFRAKF
T BN 82. 2% ~ 115. 7% , AHXTFRIER 2% (n=5) < 15. 0%, %5 12 {1 i ok, MR T & R A0RE e 3 I T 20 T
Bk B A PR O

KIR P2 S - TR B ; R SSOBORH (5 B IS AR 5 R A

FE S .0658 XkiRIAEG A

Abstract: Tobacco flavors are extensively utilized in traditional tobacco products, electronic

nicotine, heated tobacco products, and snuff. To inhibit fungal growth arising from high mois-
ture content, preservatives such as benzoic acid (BA), sorbic acid (SA), and parabens are
often incorporated into tobacco flavors. Nonetheless, consuming preservatives beyond safety
thresholds may pose health risks. Therefore, analytical determination of these preservatives is
crucial for both quality assurance and consumer protection. For example, BA and SA can in-
duce adverse reactions in susceptible individuals, including asthma, urticaria, metabolic acido-
sis, and convulsions. Parabens, because of their endocrine activity, are classified as endocrine-
disrupting chemicals. Despite extensive research, the concurrent quantification of trace-level
hydrophilic (BA and SA) and hydrophobic ( methylparaben, ethylparaben, isopropylparaben,
propylparaben, butylparaben, isobutylparaben, and benzylparaben) preservatives in tobacco
flavors remains challenging. Traditional liquid phase extraction coupled with high performance
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liquid chromatography (HPLC) often results in high false positive rates and inadequate sensitiv-
ity. In contrast, tandem mass spectrometry offers high sensitivity and specificity ; however, its
widespread application is limited by laborious sample preparation and significant operational
costs. Therefore, it is crucial to establish a fast and sensitive sample pretreatment and analysis
method for the nine preservatives in tobacco flavors. In this study, a method for the simultane-
ous determination of the nine preservatives ( SA, BA and seven parabens) in tobacco flavor was
established based on three phase-hollow fiber-liquid phase microextraction ( 3P-HF-LPME )
technology combined with HPLC. To obtain the optimal pretreatment conditions, extraction sol-
vent type, sample phase pH, acceptor phase pH, sample phase volume, extraction time, and
mass fraction of sodium chloride, were examined. Additionally, the HPLC parameters, inclu-
ding UV detection wavelength and mobile phase composition, were refined. The optimal extrac-
tion conditions were as follows: dihexyl ether was used as extraction solvent, 15 mL sample
solution (pH 4) was used as sample phase, sodium hydroxide aqueous solution (pH 12) was
used as acceptor phase, and the extraction was carried out at 800 r/min for 30 min. Chromato-
graphic separation was accomplished using an Agilent Poroshell 120 EC-C18 column ( 100 mmX
3 mm, 2.7 pm) and a mobile phase comprising methanol, 0.02 mol/L ammonium acetate
aqueous solution ( containing 0. 5% acetic acid) , and acetonitrile for gradient elution. Under the
optimized conditions, the nine target analytes showed good linear relationships in their respec-
tive linear ranges, the correlation coefficients () were =0.9967, limits of detection (LODs)
and quantification (LOQs) were 0. 02-0. 07 mg/kg and 0. 08-0. 24 mg/kg, respectively. Under two
spiked levels, the enrichment factors (EFs) and extraction recoveries (ERs) of the nine target
analytes were 30. 6-91. 1 and 6. 1%-18. 2%, respectively. The recoveries of the nine target analytes
ranged from 82.2% to 115. 7% and the relative standard deviations (RSDs) (n=5) were less than
14. 5% at low, medium and high levels. The developed method is straightforward, precise, sensi-
tive, and well-suited for the rapid screening of preservatives in tobacco flavor samples.

Key words: hollow fiber-liquid phase microextraction ( HF-LPME ) ; high performance liquid
chromatography (HPLC) ; preservative; tobacco flavor
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Fig. 1 Schematic diagram of three phase-hollow fiber-
liquid phase microextraction (3P-HF-LPME)
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Fig. 2 Ultraviolet absorption spectra of
the nine target analytes
BA: benzoic acid; SA. sorbic acid; MeP: methylparaben;
EtP. ethylparaben; iPrP. isopropylparaben; PrP. propylpara-
ben; iBuP. isobutylparaben; BuP:. butylparaben; BzP.
benzylparaben.
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Fig. 3 Effects of volume fraction of acetic acid on
separation efficiencies of the nine target
analytes
Peak identifications: 1. BA; 2. SA; 3. MeP; 4. EtP; 5. iPrP;
6. PrP; 7. iBuP; 8. BuP; 9. BzP.
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Fig. 4 Effects of (a) extraction solvent type, (b) sample phase pH, (c) acceptor phase pH, (d) sample phase
volume, (e) extraction time and (f) mass fraction of sodium chloride on the extraction recoveries ( ERs)
or enrichment factors ( EFs) of the nine target analytes (n=3)
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(b 4 50 10 5 R TR A RE i, AR 7K i
PERES ) FIR 1.3 WA BRARAS AR A, Z )5 TEAR
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x1 IFERSTYHEZEEE BXRH AHR EER . EEFHREREKE (n=5)
Table 1 Linear ranges, correlation coefficients (r), limits of detection (LODs) and quantification (LOQs),
EFs and ERs of the nine target analytes (n=5)

Compound Linear range/ LOD/ LOW/ EFs ERs/%
(pg/L) (mg/kg) (mg/kg) 3.75 mg/kg®  37.5 mg/kg® 3.75 mg/kg*  37.5 mg/kg”
BA 2.0-2000 0.9997 0.02 0.08 91.1 74.9 18.2 15.0
SA 2.0-2000 0.9967 0.03 0.10 45.5 37.3 9.1 7.5
MeP 2.0-1000 0.9990 0.03 0.11 34.5 32.1 6.9 6.4
EtP 2.0-1000 0.9989 0.04 0.13 56.6 51.1 11.3 10.2
iPrP 2.0-1000 0.9990 0.03 0.10 67.8 55.8 13.6 11.2
PrP 2.0-1000 0.9980 0.03 0.10 68.3 61.4 13.7 12.3
iBuP 2.0-1000 0.9977 0.04 0.13 46.9 41.3 9.4 8.3
BuP 2.0-1000 0.9996 0.04 0.14 38.1 30.6 7.6 6.1
BzP 4.5-2250 0.9997 0.07 0.24 40.6 32.5 8.1 6.5
a, b; spiked levels of BzP were 8. 44 mg/kg and 84. 4 mg/kg, respectively.
x2 9FBERSTHHEKRERSHENIRERE (n=5)
Table 2 Recoveries and relative standard deviations (RSDs) of the nine target analytes (n=5)
Compound 0.15 mg/kg® 3.75 mg/kg! 37.5 mg/kg®
Recovery/% RSD/% Recovery/% RSD/% Recovery/% RSD/%
BA 95.3 5.2 98.1 8.0 90.9 6.2
SA 105.1 7.8 102.3 7.8 102.3 8.0
MeP 97.4 6.9 115.7 9.3 82.2 7.1
EtP 82.6 8.6 86.7 10.6 91.7 6.8
iPrP 82.4 4.9 114.7 9.1 88.5 3.2
PrP 96.5 4.3 112.6 9.7 87.9 3.7
iBuP 97.8 9.8 87.8 8.4 107.6 11.5
BuP 114.9 10.0 95.6 11.2 90.8 10.5
BzP 112.0 15.0 104.7 13.3 93.2 14.5

c, d, e: spiked levels of BzP were 0. 34, 8. 44 and 84. 4 mg/kg, respectively.
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Fig. 5 Chromatograms of tobacco flavor spiked sample
(a) before and (b) after 3P-HF-LPME treatment
The spiked levels were 84. 4 mg/kg for BzP and 37.5 mg/kg
for the other eight analytes.
For peaks, see Fig. 3.
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Table 3 Test results of actual samples mg/kg

Sample No. BA SA MeP EtP iPrP PrP iBuP BuP BzP

1 55.4 - - 0.3 - 0.1 - - -

2 21.9 - - 0.7 - - - - -

3 —_ —_ —_ _ _ —_ _ —_ —_

4 30.3 1.4 - 2.0 - - - - -

5 3.5 14.1 - - - - - - -

6 3 12.6 - - - - - - -

7 - 13.7 - - - - - - -

8 9.3 13.9 - - - - - - -

9 19.3 61.5 0.1 0.1 - - - - -

10 36 5.8 - 0.1 - - - - -

—: not detected.

F4 XFESEMBENLLE
Table 4 Comparison between this method and other methods
Analytes Sample Detec'tion Recoveries/ LODs/ Ref.
pretreatments technique % (mg/kg)

BA, SA and four PBs LLE HPLC-UV 93.2-98.5 1.8-6.0 [7]
BA, SA and four PBs LLE, UAE HPLC-UV 97.0-99.6 0.08-0.2 [9]
BA, SA, four PBs and other eight analytes LLE, UAE UPLC-PDA 93.0-121.0 0.48-2.51 [10]
Six PBs dSPE SFC-MS/MS 88.3-106.6 0.03-0.09 [11]
BA, SA and seven PBs 3P-HF-LPME HPLC-DAD 82.2-115.7 0.02-0.07 this study

3

PBs: parabens; LLE: liquid-liquid extraction; UAE: ultrasound-assisted extraction; dSPE. dispersive solid-phase extraction; SFC.
supercritical fluid chromatography.
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