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Table 2 Results of orthogonal experiment

SIS N
N s A B C EX/36s
/(mg-g")
1 1 1 1 1.268 5
2 1 2 2 1.273 1
3 1 3 3 1.282 1
4 2 1 2 1.278 8
5 2 2 3 1.261 8
6 2 3 1 1.275 9
7 3 1 3 1.286 0
8 3 2 1 1.275 1
9 3 3 2 1.300 0
K, 3.8238  3.8334  3.8196
K, 3.8268 3.8101  3.8518
K, 3.8610 3.8579  3.8300
k, 1.2746  1.2778 1.2732
k, 1.2700  1.2700  1.2839
ks 1.2870 1.2860 1.2767
W% 0.0920 0.0853  0.060 2
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Effects of different extraction conditions on carotenoid extraction
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Fig. 3 MS’ spectrum of violaxanthin
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Table 3 MS? parameters of five carotenoids
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sample extracts
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5 PSS N R A IR E S R LR 5, H
RS AHL,HER B-HE PR NAFMLR K
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Table 4 Linear equations and related parmeters of five carotenoids

(aes7] bR MXRREr  SME/ (pg - mL™) KBHAY/ (ng - mL™)  EH/ (ng - mL™")
g y=11.21x -0. 039 0.999 7 3.38~ 304.50 53.70 179. 00
B-HHE FE  y=1.98x -0.075 0.999 6 0.36~ 32.20 18.20 60. 67
NEAFRMLE  y=2.88x -0.022 0.999 6 1.16~104.20 46. 90 156. 33
EWER y=1.36x + 0.065 0.999 8 0.22~20. 20 67.20 224. 00
a-HE ME y=1.74x -0.004 0.999 9 0.84 ~75.90 19. 80 66. 00
A5 SHERT FEew R R
Table 5 Recovery determination results of five carotenoids
aw Jntrig 50% ki 100% It 150%
B 2/ % RSD/% 1k %/ % RSD/% [k %/ % RSD/%
MR 90. 5 2.7 92.3 1.1 93.3 3.8
B-HE hE 90.0 1.4 91.5 2.8 89.7 2.4
NEFMAR 92.2 1.9 90. 8 1.7 91.9 3.6
HEER 87.6 2.3 89.9 1.9 88.5 1.5
oW NE 88.3 3.6 90. 6 2.0 91.3 2.1
A6 Bt PREY FELE
Table 6 Carotenoids content in tobacco leaves mg/g
S iR NATFMAE B-iHE MR a—tHE pER EBWE
= E % K326 C,F 1.212+0. 032 0. 264+0. 010 0.307+0. 013 0. 012:0. 005 0. 088=0. 003
R IE I 87 B,F 0. 138=0. 005 0. 206=0. 009 0. 031x0. 002 0. 030+0. 003 0. 128=0. 005
“HBRIE I 87 C,F 0. 068+0. 002 0. 171£0. 005 0. 025+0. 001 0. 024+0. 001 0. 072+0. 001
ZHBRIE S 87 X,F 0. 526=0. 013 0. 077x0. 002 0. 061x0. 003 0. 018x0. 002 0. 050=0. 002
=X B,F 0.473+0. 015 0. 238+0. 008 0. 181x0. 006 0. 035x0. 001 0. 103=0. 003
=X CF 0. 0720. 002 0. 209=0. 005 0. 029+0. 002 0. 028+0. 001 0. 092+0. 002
zE Xl X,F 0. 064=0. 002 0. 187=0. 003 0. 012=0. 001 0.0100. 001 0. 073x0. 002
WS L — — — — — 0. 062=0. 002
WLH B — 0. 108+0. 003 — — 0. 094+0. 003
WHE T — 0.312+0. 011 — 0. 091+0. 002 — 0. 098=0. 004
I rE ZEI R 100 B, F 0. 116+0. 008 0. 009+0. 000 0. 038+0. 001 — 0. 046+0. 003
AT EE & M HE 100 B, F 0. 113+0. 006 0. 447+0. 016 — — 0. 154+0. 001
BRI IR B,F 0. 078+0. 002 0. 143£0. 005 — — 0. 072+0. 002
=HlES I 87 C,F 0. 217+0. 009 0. 180=0. 005 0. 053=0. 002 0.0120. 001 0. 109=0. 002
=~HEIREX K326 C,F 0. 047+0. 002 — 0. 016+0. 002 0. 027+0. 001 —
TR EEL 0 100 C3F 0. 274+0. 008 — 0. 062+0. 003 — 0. 045+0. 001
TR FHE R 10 B,F 0. 063=0. 003 0. 002x0. 000 0.017=0. 001 — 0. 059=0. 003

ORI

3 ZEip

ASCHI A UHPLC-MS" J73: 6 Mt v 5 Fh 2
B NRIAT TEMERE BT, AR BI L NSR ) B
DEARIBCIRAT g - A R S BB ) BB LG 1 < 40 A
I 120 W 5 B[] 50 min;2) 38 BGHL A4 . HF
Bond Elut C18 ¥ UL A 2 | UEME A — S H b

3) FERE P W WE I (SRM) A2, #5711 UHPLC-
MS" 3] [R5 AR R S R A
¥t BR A 66. 00 ~ 224. 00 pe/kg, & 2 B M 18.20~
67.20 pe/kg, F-H IR Ky 88.3% ~93. 3%, RSD
INT 5% , RELEFAER FE AL . Uk e e s R R W]
AIFERA AT S Bl e, A SCHFIE 4 SRR A
TSI N R B AT S AR S, LA AR - i 4
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Simultaneous determination of five carotenoids in tobacco leaves by solid-phase
extraction combined with ultra-high performance liquid chromatography-
multistage mass spectrometry

LI Shan',ZHANG Jinjie’, WANG Zhicai' ,LIU Guangwei',LI Xingliang',
BAI Bing’ ,MAO Duobin’,JIA Chunxiao’
1. Technology R&D Center,Gansu Tobacco Industrial Co.,Ltd., Lanzhou 730050, China;
2. No. 1 Junior High School of Pingyu,Zhumadian 463400, China;
3. College of Tobacco Science and Engineering , Zhengzhou University of Light Industry , Zhengzhou 450001 , China

Abstract ; [ Objective] To develop a qualitative and quantitative analytical method for simultaneously determining
five carotenoids in tobacco leaves. [ Methods] Tobacco leaves were extracted and purified by ultrasonic extraction
combined with solid-phase extraction, and the carotenoids were quantitatively analyzed by ultra-high performance
liquid chromatography-multistage mass spectrometry ( UHPLC-MS"). [ Results] The optimal extraction conditions
were as follows: acetone was used as the ultrasonic extraction solvent, with a solid-to-liquid ratio of 1 : 40,
ultrasonic power of 120 W, and ultrasonic time of 50 min; while the optimal purification conditions were; HF Bond
Elut C18 column, acetonitrile as the leaching solution, and dichloromethane as the eluent. Under the selected
reaction monitoring (SRM) mode, the standard curves of the five carotenoids showed a good linear relationship with
correlation coefficients (r) all greater than 0.999 5. The limits of detection (LOD) of the method were 66. 00 ~
224.00 pg/kg, the limits of quantification (LOQ) were 18.20~67.20 pg/kg, the average recoveries were 88. 3% ~
93.3%, and the relative standard deviations ( RSDs) were all less than 5%. [ Conclusion] This method is
simple, highly sensitive and precise, which is suitable for the qualitative and quantitative analysis of the main
carotenoids in tobacco leaves. It provides a reference for the research on the metabolic mechanisms of tobacco
aroma precursors and the targeted improvement of tobacco leaf flavor quality.

Key words :tobacco leaves ;solid-phase extraction; UHPLC-MS" ; carotenoids
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