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Determination of 13 prohibited alkaloids in essential oil-based
cosmetics by ultra performance liquid chromatography-tandem
mass spectrometry combining QuEChERS purification
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Abstract: Alkaloids represent a class of naturally-occurring nitrogen-containing compounds widely
distributed across diverse plant species. Owing to their well-documented potential to induce adverse
effects on human health, certain alkaloids are explicitly prohibited from being used in cosmetic
formulations. The escalating global popularity of essential oil-based cosmetics, which commonly
incorporate complex botanical extracts, presents a potential avenue for the inadvertent introduction
of these prohibited substances. Consequently, the development of robust, sensitive, and efficient

analytical methods for their monitoring is of utmost significance for consumer safety and regulatory
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compliance. This study devises a reliable, high-throughput approach for the simultaneous deter-
mination of 13 prohibited alkaloids in essential oil-based cosmetics. It integrates optimized
QuEChERS sample preparation with ultra performance liquid chromatography-tandem mass
spectrometry (UPLC-MS/MS). The sample preparation procedure was meticulously designed to
maximize efficiency and minimize analyte loss. Chromatographic separation was accomplished on
a Waters ACQUITY UPLC HSS T3 column (100 mm X 2.1 mm, 1.8 wm) maintained at a constant
temperature of 30 C. The mobile phase was composed of (A) acetonitrile and (B) 0.1% (volume
fraction) formic acid aqueous solution. A gradient elution program was implemented at a stable flow
rate of 0.3 mL/min according to the following profile: an initial 5, a linear increase to 15 (0-2 min),
a rapid rise to 70 (2-4.5 min), followed by an immediate reversion to the initial 5 (4.5-5.5 min),
which was maintained for re-equilibration until 7.0 min. The injection volume was 5 pL. Detection
and quantification were conducted using a triple quadrupole mass spectrometer equipped with an
electrospray ionization (ESI) source operating in positive ion mode (ESI'). Data acquisition was
carried out in the multiple reaction monitoring (MRM) mode to ensure superior specificity and
sensitivity. For each of the 13 alkaloids, two specific ion transitions were monitored: one for
quantitative analysis and the other for confirmatory identification. The method was rigorously
validated in accordance with accepted analytical guidelines. All 13 target alkaloids displayed excellent
linearity within a mass concentration range of 0.2 to 50 ng/mL, with correlation coefficients (R*)
consistently exceeding 0.99. The limits of detection (LODs) and limits of quantification (LOQs),
determined with acceptable accuracy and precision, ranged from 1 pg/kg to 4 pg/kg and 2 pg/kg
to 10 wg/kg, respectively. Method accuracy and precision were assessed through recovery tests at
three spiking levels, with six replicates at each level. The mean recoveries for all analytes ranged
from 83.9% to 119.1%, with associated relative standard deviations (RSDs) all being <7.3%, validating
the method’s high reliability and repeatability. Systematic evaluation indicated that the matrix effects
for the 13 analytes were negligible; hence, the solvent calibration curve was adopted for quantitative
analysis. The practical applicability of the validated method was demonstrated through the analysis
of 50 batches of commercially available essential oil-based cosmetics. This market survey encom -
passed 15 products specifically marketed for infants or children and 35 products intended for adult
use. As a result, none of the 13 target prohibited alkaloids were detected in any of the tested samples
above their respective LOQs. A particularly notable accomplishment of this work is the successful
development of a sensitive and reliable quantification strategy for oleandrin, a potent cardiotoxic
alkaloid for which standardized detection methods in complex cosmetic matrices such as essential
oils have been conspicuously absent. In conclusion, this study successfully establishes a simple,
rapid, sensitive, and robust QUEChERS-UPLC-MS/MS method. It is comprehensively validated and
clearly well-suited for the routine screening, risk monitoring, and quality control of 13 prohibited
alkaloids in a wide array of essential oil-based cosmetics. The method offers reliable technical support
for regulatory bodies to enforce safety standards and for manufacturers to ensure the safety and

compliance of their products, thereby effectively contributing to the protection of consumer health.

SIRAZRS X, EEM W H, W, R E &, IV BRI . QUEChERS B Ak 25 4 o5 R0 €233 - R 166 5T 335 36 0 5 A il 28
At b 13 Fh AR AR M. (538 2026, 44(6) : 667-674.

LIU Zhen, WANG Yumei, PAN Jianbin, ZONG Lingli, SONG Yuhan, SUN Xiaojie, CHEN Hongyuan. Determination of 13
prohibited alkaloids in essential oil-based cosmetics by ultra performance liquid chromatography-tandem mass spectrom-
etry combining QUEChERS purification. Chinese Journal of Chromatography, 2026, 44(6) : 667-674.



X, 2% : QUEChERS #4545 8 o RCRORE €385 - 5 I 003 ok 0 i 26 At i o

5 6 1]

13 Fl 2% FH A 9 - 669 -

Keywords: QuEChERS purification; ultra performance liquid chromatography-tandem mass

spectrometry (UPLC-MS/MS) ; essential oil-based cosmetics; prohibited alkaloids

AR ZAETHRREYD T —KE
RAWAL A, BA W E A TE . B4
E. 7 Z Rk Y e 8 2 34 FH BA 8 90T & R IR T
2y Bt 5 T S R AR OR IR L A 1 7 R L AR 4 4
YAE At fh R B B 35 R I S R R
R TR B T A 1= 7/ R TR 6 5 a0 e 42
o SR, A ) SRR 7 7 OF 6 1 B 43 1) (] isf
A RE T N AR fg B A B R W 1 TR A AR 3
—— WY R N, AT Bk A 4R )
HAP LN B T 2R Y, 55 AF
PR S A BRIE AT RE T o i SCBR R IE 2o E IR
IV ) B8 e TR 249 O 20 ng/mLY, H 2 4 K
[ N N | 0 NS VB R O BT 5 OB TE B L S N 3
HL Z T VR VR o R e AR A e, a0 H AT R TR B o
FHR VS AT 55 SR 2 A o, i — 25 il T Akt
R Y

Jhyhnsie WA B R 2 ah W B R AE 2021 4
KA (Aot i 25 R TEORE H SR R R PR T ke
P B 55 22 Bl AR W a5 S AR R R Ay o R, H R
A 22 4 R LG (2015 Ji) D' K AH 56 58 #h 2
e oA TR L B AR I D v R ORI 2 A 11
W AR BR 28 (1, ME LU B5C0R 3 9% 3 1 otk &
4o UG, Bk —FE TR T 2 Aot S rh 22 A
FH A= B 10 R 50 A R DUy v, LA A S
oA,

R, 2= 9 6l 10 G 00 AT 5 2 AR T AR
B A R R 2y AR AU A Akt i 3 T R
Gy T T AT R R A B R e IR ST 7 Bk
L o 78 RS Il 2 Aotk R B R DU T R D iR
QuEChERS 3 A & #7 H 3£ E 4 I #B Anastassiades
AR A BAIE & 5 AR S 2 Rl Ak A W G TR o b
SR . W R B % 5 A AR U R R A T L
SERRPE LA W Jr R B W T
FHFAE 0 U5 PR R S P AR 25 R B AR I . MR T AR
S5 Wi 4b ¥ 7 ¥, QUEChERS 4% A FL A7 &b B 3 e |
AR D DR R R DL R AR AR
SER B, BT K B S A Ak B T R
B2 o B X RTR R B O AR B S e HR 13 Fh
7 RIS 2 ven 1 28 A W ik (0 465 W AR T 5 K e 477 Bk
1 4%) % QuEChERS Hif4b #4755 A £ 3 - 3 Bk

DS g TR i < VAN VBT R TR H S
P it 58 T A PR e ORI T 7

1 TWEHS

1.1 FENHE FRSEF

Agilent 1290-6470B Vi FH {4 3% - 53 BX T % R 4t
i £ FL IS 25 B 1 VR (EST, 26 1 2 518 /A 7)) ; Heido-
Iph Multi Reax 4 Jig 4k 1% # (1 18 /R FAL AR 5 & (1
) A R ) 5 KQ-250 5 xX M 75 I i ve (R Tl
B AL g A BR A 7)) s Thermo Fisher LYNX 4000 5
P B0 L (35 E R R R B A FED o 0.22
pm A ALJE T 8 B (1 2 S B AR A BR A F] ) .

SCUS BT Ak bR E S R - 8 7 (99.9
pwg/mL) | 7 A B B (100.4 pg/mL) | Bk 7K il 5 (99.8
pg/mL) | BB 25 F 6 (99.7 wg/mL) (FE Al T (100.2
pwg/mL) | 1l #F 3% 6 (100.0 wg/mL) . B #E & (100.6
pg/mL) | 75 B 2% 58 (100.7 pg/mL) . f # 68 (100.4
pg/mL) | 7 ki & 6% (100.4 pg/mL) | 1% 3k 5% (99.8
pwg/mL) | i 4% T (99.9 wg/mL) | Bk J¢ 77 Bk 4 (99.5
pg/mL) , B0 B R R BB A R A A AR
B L LI AE S B PR BBV R Oy B AR &
W HBE O HE o ke A E R FH R (R ED A
B> A B R o (03 4, 0 7 BR s A A 5 C 18 f
AW A 3L E AR A 5 S8 HTK D Milli-Q i 46
K ZR Gt (18 B e A /) il 4%
1.2 #HAmETaE

HERAFREL 0.5 g WAl S, 8 T 15 mL
W B LS P IA SmL & 0.1% R Ay B
PEIGA W, IR 51 5 BT 6 OR 75 B ve s rh
RIS min, 2 IS ALS , 7E 10 000 r/min A9 3
FERESL 5Smin, BH 1 mL FIRE D — TEHE O
B, A 100 mg C18 #y K , i i 1R 2) LA i Ak 4%
WU, FE Y LA 10 000 r/min (4 38 B 550 2 min, X
BB A 0.22 pm A HLJE e U B U8 5, H T A S
VRORE €00 335 - R 6T 3 43 T
1.3 RiEEE-BERESH
1.3.1 & &%

{6, 3% ¥ . Waters ACQUITY UPLC HSS T3 (100
mmx2.1 mm, 1.8 pm) . JW3IMH A NI ,.B A
0.1% (IR TR 43550 W RR K B8 o 6 E BRI AR 7 : 0~2



- 670 - 1,

i % 44 %
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Table 1 Retention times and MS parameters of the 13 prohibited alkaloids

No. Compound Chinese name te/min Precursor ion Productions Fragmentor/V Colli.sion
(m/z) (m/z) energies/eV
1 pilocarpine EEE Sk a 2.39 209.3 94.9", 163.5 70 34, 29
2 ephedrine TR B B 2.99 166.1 148.07, 91.1 40 19, 20
3 scopolamine ARE 3.56 304.2 138.17, 103.0 110 30, 52
4 eserine B Jmt B 3.72 276.1 162.17, 219.1 60 31, 15
5 brucine e A e 3.77 395.1 244.2", 324.3 80 50, 45
6 strychnine +T 3.79 335.2 184.2%, 156.2 90 50, 60
7 atropine B FE ity 3.83 290.3 124.17, 93.1 80 35, 42
8 narcotine AT 4.25 414.1 220.0°, 353.0 135 20, 24
9 colchicine KA B 4.58 400.4 310.17, 358.1 70 35,32
10 cevadine T 4.58 592.4 574.3", 456.2 200 46, 60
11 lobeline LA S 6 4.58 338.3 216.1"°, 200.1 130 24, 31
12 aconitine 15 35, 4.70 646.3 586.27, 526.3 140 46, 51
13 oleandrine KR I AT Bk i 5.73 577.3 373.3", 112.9 136 14, 30

* Quantitative ion.
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Fig. 1 Extracted ion chromatograms of the 13 prohibited
alkaloids
1. pilocarpine; 2. ephedrine; 3. scopolamine; 4. eserine; 5.
brucine; 6. strychnine; 7. atropine; 8. narcotine; 9. colchicine;
10. cevadine; 11. lobeline; 12. aconitine; 13. oleandrine.
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Fig. 2 Extraction recoveries of the 13 prohibited alkaloids by methanol aqueous solutions in different volume fractions
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Fig.3 Influence of different purification methods on ex-

traction recoveries of the 13 prohibited alkaloids
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Table 2 Linear equations, linear ranges, correlation coefficients (R?), limits of detection (LODs), limits of quantification
(LOQs) and matrix effects (MEs) of the 13 analytes in essential oil matrix

Compound Linear equation Liner range/(ng/mL) R? LOD/(pg/kg) LOQ/(pg/kg) ME/%
Pilocarpine y=3517.492-341.33 0.2-50 0.9969 2 5 6.6
Ephedrine y=13102.250-211.62 0.2-50 0.9995 1 2 -4.3
Scopolamine y=7840.86x+613.76 0.2-50 0.9927 1 2 -3.8
Eserine y=20482.57x+556.08 0.2-50 0.9982 1 2 -7.6
Brucine y=741.332x+24.69 0.2-20 0.9929 2 5 -3.2
Strychnine y=2058.91x+85.34 0.2-20 0.9908 2 5 2.2
Atropine y=11534.782+1139.37 0.2-50 0.9926 1 2 1.7
Narcotine Yy=15954.08x+212.84 0.2-50 0.9911 1 2 -1.4
Colchicine y=275.00x+5.11 0.2-50 0.9931 2 5 -0.1
Cevadine y=4829.68x-23.41 0.2-10 0.9954 2 5 0.9
Lobeline y=10680.48x+216.45 0.2-50 0.9964 1 2 -3.2
Aconitine y=5146.88x+2.62 0.2-20 0.9973 2 5 -8.9
Oleandrine Y=66.59x+0.51 0.2-20 0.9981 4 10 2.6

y: peak area; x: mass concentration, ng/mL.
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F3 13WEREYRAE 3N KFE TR R E B ZEF1 RSD (n=6)
Table 3 Average recoveries and RSDs of the 13 prohibited
alkaloids at three spiked levels (n=6)
1 LOQ 2 LOQ 10 LOQ

Compound  Recov- RSD/ Recov- RSD/ Recov- RSD/
ery/% % ery/% % ery/% %

Pilocarpine 874 6.2 88.8 2.7 108.7 5.5
Ephedrine 85.8 5.4 102.5 3.6 116.0 0.2
Scopolamine 83.9 7.3 106.5 3.3 99.3 2.2
Eserine 84.5 5.9 105.7 4.4 98.4 1.1
Brucine 87.5 5.5 97.5 4.3 117.7 4.4
Strychnine 92.5 5.2 119.1 4.5 117.0 6.1
Atropine 90.3 6.4 101.9 4.8 96.5 3.2
Narcotine 922 39 90.7 3.9 99.6 5.8
Colchicine 89.2 6.7 104.7 5.0 106.4 4.2
Cevadine 94.0 6.9 99.5 5.7 109.5 4.2
Lobeline 93.1 6.3 103.6 2.6 98.9 6.9
Aconitine 101.4 4.8 88.6 7.1 119.0 3.4
Oleandrine 93.0 3.3 101.4 1.5 103.5 2.2
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Fig.4 MRM chromatograms of oleandrine in a blank
sample and a simulated positive sample
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