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Determination of caffeine and taurine in electronic cigarette
oil by high performance liquid chromatography-

tandem mass spectrometry
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Abstract: Electronic cigarette refers to electronic delivery systems designed to generate aerosols
for human inhalation. In recent years, the global electronic cigarette market has experienced rapid
expansion, drawing widespread international attention to its potential health impacts. To protect
consumer health, China’s mandatory National Standard for electronic cigarettes issued in 2022
explicitly prohibits the addition of additives and stimulants associated with energy and vitality in
electronic cigarette oil. However, to attract consumers, many illicit manufacturers illegally in-
corporate various stimulating substances into e-liquids. While detection methods have been reported
for some illegal additives such as industrial cannabinoids and sweeteners in electronic cigarette oil,

there is no fast and reliable detection method for the determination of caffeine and taurine in
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electronic cigarette oil available to this day. In order to ensure human health, a method was
developed for the simultaneous determination of caffeine and taurine in electronic cigarette oil using
high performance liquid chromatography-tandem mass spectrometry (HPLC-MS/MS) with a mixed-
functional column. Sample preparation involved a simple dilution and filtration step, which was
optimized prior to analysis. The analytes were separated on a FMD Comixsil ACRP column (100 mmx
2.1 mm, 3.0 pm). The column temperature was maintained at 30 ‘C. The mobile phase consisted
of acetonitrile and a 0.1% formic acid solution containing 10 mmol/L. ammonium formate with gradient
elution. The flow rate was 0.2 mL/min and the injection volume was 1wL. Mass spectrometric de-
tection was carried out using electrospray ionization in positive mode (ESI") with multiple reaction
monitoring (MRM). Under the optimized conditions, both caffeine and taurine were well retained
on the chromatographic column, exhibiting excellent, tailing-free peak shapes. The method
demonstrated that the limits of detection of caffeine and taurine were 0.100 and 1.00 mg/kg, and
the limits of quantification were 0.250 and 2.50 mg/kg, respectively. The linear correlation coefficient
(r) was =0.997. The average recovery of each component was 88.2%-99.0%, with relative standard
deviation (RSD, n=6) between 2.2% and 6.6%. These results indicate that the method is simple, rapid
and accurate. It has been successfully applied to the detection of caffeine and taurine in real
electronic cigarette oil samples.

Key words: high performance liquid chromatography-tandem mass spectrometry (HPLC-MS/

MS) ; electronic cigarette oil; caffeine; taurine
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Fig.1 Structural formulas of taurine and caffeine
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1.1 28GR F 5

SCIEX Triple Quad 7500 QTRAP Wi #H & 3% - =
UM AT BT 3% X (25 [ SCIEX A A)) 5 20 #r K F XP
105 (#i+ Mettler 23 7] ) ; Milli-Q Advantage A10 #
afi 7K ML (2% [E Millipore A &) .

OO DR A o 00 T (i B 99.7% ) W A 42 58 A b
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Al W b S B R A PR E 5 S
FH K S 8l K 5 o 00 T AR T 2R S AR Y
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1.2 XWEH
1.2.1  ARVE R &R 5 R A AR v VA B9 T 4

3 SRS % Bk B Mk PR AR R bR o ) T G A
FH K % % 0F E 2 & 10 mL, BC ) Rk E R
1 000 mg/L W bRifERE . —18 THROLLEAE . KK
YA W b3 2 A b o i A WG B 50% S K
VS W E 25 A 25 mL, B B ME Rl 1 mg/L A B R
10 mg/L (IR A bR W o 1B I B R TR A bR v
Wy TR RS H, FH 50% 201 7K 1 T D S i e )
R N 1.00~100 wg/L 4 fif ik 5t o ik 2 A 10.0~
1 000 wg/L %) 3 51 bR fE T AR W, % H o
1.2.2 F&ATA#

PR BBCHRL 1~ 08 3 RE 29 0.20 g ORE T 2 0.001 g)
B 50 mL 50% & /K W, 8 5E 1 min {f IR 2
J5 o 4 B 15 min, 22 022 um R WU 2 K
(PTFE ) g JE ik 8 , 6 W 4 H -

1.2.3 &4t

3k % |7 FMD Comixsil ACRP & 3% #: (100
mmx2.1 mm,3.0 pm) ;s A B ZE,B A 0.1%
R K (3% 10 mmoV/L YR B ) 5 B 2 v it

¥ : 0~2.0 min, 95%A; 2.0~7.0 min, 95%A~70%A ;
7.0~10.0 min, 70%A. A= i : 30 C; ¥ # : 0.2
mL/min; #FH . 1 pL.
1.2.4 i &t

SR FH EL W 257 B8 IR OE 25 7 RLC(EST) , 2 0
W (MRM) |, 55 A0S PR AR S /AL R
%¥ X (CUR) JE J1 2 276 kPa (40.0 psi) , & 1k <
(GS1)JE /124 241 kPa (35.0 psi) , il B < (GS2) J&
7174 483 kPa (70.0 psi) , HL {25 L 20 3.0 kV, 2
A BE (TEM) 24 350 °Co Wi R | 25 B R A9 13 41
ik fE B W% 1.
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Table 1 Optimized mass spectrometric parameters of
caffeine and taurine

Compound Q1 mass Q3 mass DP/V CE/eV
Caffeine 195.2 110.2 10.0 31.0
138.1° 28.0
Taurine 126.1 44.4 10.0 27.0
108.0" 16.0

* Quantitative ion; DP: declustering potential; CE: colli-
sion energy.
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Fig.2 Total ion chromatograms for the separation of caf-
feine and taurine on three different columns
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Fig.3 Extracted ion chromatograms of a blank electronic cigarette oil sample spiked with caffeine and taurine
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Table 2 Linear ranges, correlation coefficients (r), lim-
its of detection (LODs) and limits of quantifica-

tion (LOQs) of caffeine and taurine

F3 FESEIKFETHERKEMBIIRERZE (n=6)
Table 3 Recoveries and relative standard deviations of
each component at three levels (n=6)

Spiked level/

Compound (mg/ke) Recovery/% RSD/%
Caffeine 0.250 88.2 6.6
0.500 91.8 6.5
2.50 97.2 5.3
Taurine 2.50 95.6 3.6
5.00 95.7 2.2
25.0 99.0 3.4

Linear range/ LOD/ LOQ/
Compound
(ng/L) (mg/kg) (mg/kg)
Caffeine 1.00-100 0.997 0.100 0.250
Taurine 10.0-1000 0.998 1.00 2.50
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