R EmiB Modern Food Science and Technology 2017, Vol.33, No.3

B fHE - S BIE- SR AN EEM IR A Y 9
ERY/E=E S

AR, AL, g, MEE', %ESE, ARES, 'TFEE, THEE'
(L RSB REARARIE, RSN 511447) (2. AR BILEFRE, &7 M 510520)
(BB I RFRIERLFR, RN 510641) (4. AT L RFEINIFER, J RSP 510006)

WE: #37 BMFIR (SPE) A4 548 &8 REHEA (GC-MS) Rl mAMcAtF 9 ArAidy 2 (Aa8R. £330,
ket B, EAE. FATAD. 52F. a-@Fh. p-amFfLiEf) ot ik, Haai o, KA HLB B4 50
AAE EAN, HPLRZ RRIKSE, vA DB-SMS &N %, GC-MS ii#55 FRnAEXNZT ., £IE, 9F i F54E 5-1000 pg/L
RESEE AZMXER BRI, MEAREIIKRT 0999; FikAb bk (SIN=3) # 0.3~1.4 ng/ke, A EFR (S/N=10) # 1.0~4.7 pg/kg; M
4{}%‘;&\ E A

H St 3 AR 6B EICE A 76.3%~99.7%Z 18], A8xtAF MM £ (RSD, n=6) ¥ 8. ZF ERIE R

FHRAAY O FH A E AN, 8 AT RSN LERE T, A | AEASHHESI D 07 mgkg AT
SR M M AE; BAREI AAR G- R R |
XEES: 1673-9078(2017)3-311-316 DOI: 10.13982/j.mfst.1673-9078.2017.3.046

Determination of Nine Phytotoxins in Botanical Beverage by Solid-phase

Extraction and Gas Chroma graphy-&s Spectrometry

ZHOU Si*, DENG Long? DU Wei-feng*?, HE Min-heng®, XIAN Yan-ping', WU Chong-yue*, HUANG Bao-hua®,
GUO Xin-dong®

itute, Guangzhou 511447, China) (2.Guangdong Food and Drug

ol of Light Industry and Food Sciences, South China University of

(1.Guangzhou Quality Supervision and Testing Inis
Vocational College, Guangzhou 510520, China) (3
Technology, Guangzhou, 510641, China) (4.Schoo

Technology

oOJ

emical Engineering and Light Industry, Guangdong University of
uangzhou, 510006, China)

Abstract: A sensitive method was established for the simultaneous determination of nine phytotoxins, including thujone, estragole,
pulegone, safrole, methyl eugenol, coumarin, santonin, and a-and B-asarone, in botanical beverage by solid-phase extraction (SPE) and gas

chromatography-mass spectro GC-MS). Samples were extracted and purified using hydrophilic lipophilic balanced (HLB) SPE cartridges

after high-speed centrifugation. , the eluent was concentrated by nitrogen gas blowing and all samples were separated using DB-5MS

capillary chromatographic colu ected by GC-MS with selected ion monitoring (SIM). The results indicated good linear relationships
in the ran, f ‘000 pg/L for the nine phytotoxins, with correlation coefficient >0.999. The limits of detection (LODs, S/N=3) and
quantiﬁé)n ( s, 8/N=10) of the. method for the target compounds were in the range of 0.3~1.4 and 1.0~4.7 ug/kg, respectively. The mean
recoveries of negative samples at three spiked levels were between 76.3% and 99.7%, and the relative standard deviation (RSD, n=6) was <8.7%.
This method was suitable for the identification and quantification of nine phytotoxins in botanical beverage owing to its simplicity and accuracy.
Among eight actual samples tested, one sample of herb beverage was found containing 0.7 mg/kg methyl eugenol .
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Fig.1 Chemical structures of the nine phytotoxins studied
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Table 1 MS parameters of compounds
No Analyte CAS No. Retention time/min Quantitative ion (m/z) Qualitative ion (m/z)
1 Thujone 546-80-5 8.48 81 110. 95. 152
2 Estragole 140-67-0 10.15 148 133¢ 121,105
3 Pulegone 89-82-7 10.87 81 152..67. 109
4 Safrole 94-59-7 11.80 162 104. 131+ 103
5 Methyl engenol 93-15-2 13.54 178
6 Coumarin 91-64-5 14.30 146
7 a-Asarone 2883-98-9 15.48 208
8 p-Asarone 5273-86-9 15.83 208 - .
9 Santonin 481-06-1 18.23 173 - 246. 135. 91
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Fig.2 Recovery of nine phytotoxins extracted using two
different SPE columns (n=4)
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Fig.3 Effect of different elution solvents on the extraction

efficiencies of nine phytotoxins (n=4)
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Fig.4 Effect of aﬂitrile volume on the extraction efficiencies
of nine phytotoxins (n=4)
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Table 2 Linear equations, correlation coefficients, detection limits, and quantification limits of nine target compounds

AR RBE .

Analyte Linear equations R? Line range/(ug/L) LODs/(ng/kg) LOQs/(ng/kg)
Thujone y=370.2x-3382.2 0.9991 10~1000 0.7 24
Estragole y=710.9x-3468.6 0.9990 5~1000 0.3 [T
Pulegone y=407.1x-803.6 0.9997 5~1000 0.4 1.3
Safrole y=565.4x-3706.9 0.9993 5~1000 6
Methyl engenol y=730.8x-6051.4 0.9994 5~1000 - 0.3 .
Coumarin y=536.7x-12093 0.9991 10~1000 7700 3.1
a-Asarone y=937.1x-12985 0.9990 5~1000 0.3 1.0
p-Asarone y=313.2x-3771.4 0.9994 5~1000 0.6 2.1
Santonin y=144.7x-807.1 0.9998 10~1000 14 4.7
IOEERAR ) IR 3 A A, 9 FEAEE R 1P Rl

25 FHEEEREGRER

NBAETIE N FENE, SRR LRI

ZAE 76.3%~99:

POBE CRARYCRIATRI AT ORh) 2547 TR s 34% i

Z 18], FAXARHEZ (RSD, n=6)

Herb beverage
Analyte 5 uglkg 10 pg/kg 50 pg/kg
Recovery/% . RSD/% Recovery/% RSD/% Recovery/%  RSD/%
Thujone 6.8 88.2 6.1 85.8 5.7
Estragole 8.7 76.3 5.8 79.9 6.1
Pulegone 4.8 84.9 3.7 85.0 39
fr& 6.6 79.0 43 81.2 4.0
&ethy genol 89.7 33 87.5 2.5 87.2 2.7
Coumarin 92.3 3.1 923 3.2 90.8 2.8
a-Asarone 99.7 3.5 95.3 34 943 3.1
[-Asarone 91.3 4.1 89.4 3.8 88.1 3.7
Santonin 89.0 4.6 85.5 4.1 85.1 4.2
Cocoabeverage
Analyte 5 uglkg 10 pg/kg 50 pg/kg
Recovery/%  RSD/% Recovery/% RSD/% Recovery/%  RSD/%
Thujone 89.3 7.1 91.3 6.2 87.5 59
Estragole 79.1 7.9 78.2 6.6 78.6 5.7
Pulegone 91.2 47 88.3 4.0 89.3 42
BT

H2.5%~8. 7% 18], T5iEE T RAFHIUERG A E

315



MK EmBHL

Modern Food Science and Technology

2017, Vol.33, No.3

#EER
Safrole 78.5 6.1 824 5.1 81.1 43
Methyl engenol 90.6 4.2 87.2 3.1 89.3 35
Coumarin 91.0 33 93.1 4.1 91.9 3.6
o-Asarone 97.5 3.9 96.9 3.5 98.0 4.0
[p-Asarone 932 4.6 91.2 3.7 89.2 3.1
Santonin 88.5 53 87.3 4.4 90.4 3.8
NN o Guangdong enter-exit inspection and quarantine bureau.
26 SCERFERENE national maximum limits for chemical [€ontaminants in
120000 - foodstuffs in the world [M]. Beijing: Standards Press of
Methylengenol China, 2009
[4] Hanson K M, Gayton-Ely M, Holland L t al:-Rapid
8 800000
k| assessment of Acorus calamus by
é w00l micellar e{e.ct%ls i tography  [J].
Electrophoresis, ,2
aquwmquwu [S] TR, TR T = S AT el S 4 MR
0 g 10 12 124 16 18 20 J5 (S BTGP T, 2013,33(6):1033-1036
t/ min JIN Ran, YU Mi-mi, ZHAO Bai-xiao, et al. GC content
& 7 AR B FREIEE determination of four volatile components from Artemisia
Fig.7 Total ion chromatogram of positive sample argyi [J]. Chinese Journal of Pharmaceutical Analysis, 2013,
KHESLITRERI T 8 MEMYORHER (A 33(6):1033;
RL 3 AN, mral el 2 4, BWVREL . BRI AN [6)7 Dawidowicz A L, Dybowski M P. Fast determination of a-
RIBLE 1Y), Hop 1 ANEARYCRHE S H RS T4 and’ B-thujone in alcoholic beverages using solid-phase
Ty COLE 7)., &N 0.7 mgkg, KT (EX ; extraction and gas chromatography [J]. Food Control, 2015,
WE TS QYR ERE ) SHHEPIOR FREET 25:197-201
KT 1.0 mgkg WREME. HILT L, Hh4 [71 Asadollahi-Baboli M. Chemometric resolution techniques

AFAE S AT T 2R P E X s

3 g

%SRS BUR ALK [ D3RI AL, 45
4 GC-MS {38771, Rk AR AU Kbkt
IR %A R BUESMRRS 1, 2
ST EY SSERL IO O R TS 2 54T
JiiE. RS FRFE R I 45 R B, 7kt

PERIE . B, (T, 7T TR ok
Hh 2 PR 2 T AL o

A Lk

GB/T 31326-2014 FHRHS]

GB/T 31326-2014, Botanical beverage [S]

DBJ 440100/T 30-2009, 47kt PAEZLK[S]

DBJ 440100/T 30-2009, Hygiene requirements for vegetable

(1]

(2]

beverage products [S]
AR NS IS A R . T 525 L SRS Y R B
PLE M1 A5 B b ik, 2009

316

combined with GC-MS to enhance determination of the
volatile chemical constituents of bay leaves [J]. Analytical
Methods, 2013, 84(5): 6368-6375

Lopez P, Sisseren M V, Marco S D, et al. A straightforward
method to determine flavouring substances in food by
GC-MS [J]. Food Chemistry, 2015, 174: 407-416

SR8 AR, ZE W, A8 2 BB AR B =R (- o i
TR R NG 8 Fhe BRI ). 5
MrR 247,2012,31(3):351-354

ZHU Xiao-lan, HONG Shen-qiu, LI Pan-pan, et al

9

Simultaneous determination of alkenylbenzenes and other
flavor-related compounds in tobacco additives by dispersive
liquid - liquid micro-extraction and GC-MS [J]. Journal of
Instrumental Analysis, 2012, 31(3): 351-354
[10] Cao C, Wang J Z, Wang L, et al. Simultaneous determination
of seven principal constituents in Asari Radix et Rhizoma by
HPLC [J]. Journal of Chinese Pharmaceutical Scinences,
2015, 24(8): 530-537
[11] A 20 i 4V 55 R SO (i R 5 e



MK EmBHL

Modern Food Science and Technology

2017, Vol.33, No.3

[13]

Fptdtrh 17 RS BIFRR  []. 0BT ka2, 2015,
43(1):110-114

TAN Jian-hua, LI Hui-yong, XI Shao-feng, et al.
Determination of 17 characteristic ingredients of plant
extracts in hair growth cosmetics by ultra high performance
liquid chromatography [J]. Journal of Analytical Chemistry,
2015, 43(1): 110-114

Ty, M, T, A5 R O € - DY AT - /AT I ] 5T
WREPLE TR A S T 18 M R RAL A 7
2#41%,2014,33(3):248-255

MA Qiang, BAI Hua, WANG Chao, et al. Rapid screening of
18 coumarin compounds in cosmetics by ultra performance
liquid chromatography-quadrupole time-of-flight mass
spectrometry [J]. Journal of Instrumental Analysis, 2014,
33(3): 248-255

Su J, Zhang C, Zhang W, et al. Qualitative and quantitative

Qo

[14]

[15]

determination of the major coumarins in Zushima by high
performance liquid chromatography with diode array detector
and mass spectrometry [J]. Journal of Chromatography A,
2009, 1216(11): 2111-2117

Ross B M, Amadei G. Quantification of character-impacting
compounds in Ocimum basilicum and pesto alla genovese
with selected ion flow tube mass spectromrtry [J]. Rapid
Communication in Mass Spectromery, 2012, 26(3): 219-225
T R PRAR A (T B, A5 VRO (i - P R 35 R K i i vk
D52 R 7K A i 2% 8 2R W 0. AR R
2012,28 (5):583-587

HUANG Jin-feng, LIN Sen-yu, HE

Simultaneous de
water by SPE-HPL
2012, 28(5)7583-587

,“"‘

YOS

317



