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Abstract: Ginger (Zingiber o f ficinale Rosc. ) is the first batch of medicinal and edible
plants announced by the Ministry of Health in China. Ginger oleoresin and ginger essen-
tial oil are the products extracted from ginger, widely used as flavours and fragrances,

of which the quality has a direct influence on food safety. Due to the complex composi-
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tion of ginger oleoresin and ginger essential oil, the qualitative and quantitative detection
of pesticide residues is challenging. In this study, a liquid-liquid extraction and
QuEChERS pretreatment method of 8 pesticide residues in ginger and subsequently anal-
ysis of the extracts by liquid chromatography-tandem mass spectrometry (LC-MS/MS)
were developed and validated. The sample was extracted by 1% acidic acetonitrile solu-
tion, followed by addition of an equal volume of water and a small amount of hexane to
the sample. After vortexing and centrifugation, the sample underwent purification via
an optimized QUEChERS technique. The purified sample was analyzed by electrospray
ionization MS under positive ion mode with multiple reaction monitoring ( MRM).
Under optimized conditions, the results showed that the calibration curves of the 8 pes-
ticides have good linearity within the range of 1-32 pg/L, with correlation coefficients
(R?) higher than 0. 99. The limits of detection (LODs) are 0.03-0. 16 mg/kg, and the
limits of quantification (LOQs) are 0. 10-0. 53 mg/kg. The recoveries are 70%-119%,
and the relative standard deviations (RSDs) are lower than 20% (n=6) at high, medi-
um and low of spiking levels. The method was successfully applied to 20 ginger, 15
oleoresin, and 15 essential oil samples. The results showed that the positive detection
rates of thiamethoxam, imidacloprid, and clothianidin are 56 %, 58%, 52% , respective-
ly. The detection rates of other five pesticides are lower than 20%. The proportion of
residual levels greater than 1 mg/kg were found to be at a rate of 12%, 16% and 10%
for thiamethoxam, imidacloprid and clothianidin with maximum levels recorded as 2. 16,
1. 92 and 2. 01 mg/kg, respectively. Dietary exposure risk of the 3 pesticides in ginger,
ginger essential oil and ginger oleoresin was evaluated based on the median value of
pesticide residues. The evaluation result was far less than 100% , indicating that dietary
exposure risk of pesticide residues in ginger oleoresin and ginger essential oil should be
acceptable. This study provides not only an efficient and reliable quantitative method for
the detection of various pesticide residues in ginger oleoresin and ginger essential oil,
but also a practical technical reference for the internal quality control of plant extract
enterprises and market supervision of government departments. Moreover, in view of
the fact that pesticide residues have been detected in plant extract products, such as
ginger oleoresin and ginger essential oil, it is recommended to formulate the maximum
residue limit (MRL) standards of various plant extracts according to the acceptable daily
intake (ADI) values of pesticides, MRL standards of plant extracts raw materials and

extraction concentration factors to regulate the market.
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R1 SHMRAM2HMABRBTRHRERESH
Table 1 Optimal MS/MS parameters of 8 pesticides and 2 internal standard solutions

e i B I [i] BICRE THT HE L ilf 18
Compound Retention Parent ion Product ion Cone Collision
time/min (m/2) (m/2) voltage/V voltage/V
EA P 4. 95 192. 1 132.1 28 30
160. 0 18 30
2 R-D3(H IR 4.93 195. 1 132. 1 20 20
160. 0 15 20
IGE 1 1R 4.98 291.9 181.0 20 25
211. 1~ 10 25
Mt 52 ok 5.99 255.9 175. 1 18 25
209. 1" 15 25
I9E e 6.01 249.9 131.9 15 20
169. 0~ 12 20
T W i 10. 02 284.2 104. 0 20 25
228.0 10 25
H 4 R 10. 61 280. 0 192.1 18 28
220. 1" 13 28
T W FEE-D9 CPY R ) 12.98 317.1 70. 1% 23 35
125.0 40 35
I 13.01 308 70. 1 23 35
125.0" 40 35
T ik R 13.58 406. 0 251.07 25 40
337.0 15 40

. x RRERHT

®2 SHMERLEMNREREZ ERYN. GHRMESR
Table 2 Linear equations, matrix effects, limits of quantification and

limits of detection of 8 target compounds

o FE it B 5T By HHR R AL FE AL o Hy B JE R
" Sample Linear Correlation Matrix LOD/ LOQ/
Compound ’
matrix equation coefficient (R?) effect/ % (mg/kg) (mg/kg)
L T g y=0. 25992 —0. 0211 0.9994 —17.45 0.05 0.17
FHE I y=0.4698x—0.0313 0.9994 —18.92 0.08 0. 27
ERL y=0. 46162 —0. 0140 0.9998 —19. 57 0.08 0.27
I ot W FEH y=0. 33982 —0. 0082 0. 9995 —23.22 0.03 0.10
B3 pll] y=0.2896x—0. 0204 0.9997 —28.57 0. 10 0. 30
E I y=0.2398x—0.0122 0.9984 —30. 84 0. 10 0. 30
it He bk TEH y=0.2006x—0.0125 0.9997 —19.76 0.08 0. 27
ZR y=0.13532—0. 0059 0.9992 —19.03 0.10 0. 30

ESEEEY y=0.12072—0. 0750 0.9978 —21.15 0.10 0. 30
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gk 2
e FE il B 5T KA A R AL TR i B JE R
Sample Linear Correlation Matrix LOD/ LOQ/
Compound
matrix equation coefficient (R?) effect/ % (mg/kg) (mg/kg)
158 T p y=0. 17262 —0. 0045 0.9995 —38.96 0.10 0. 30
B3l y=0.1287x—0.0045 0.9998 —54. 21 0.16 0.53
ESE e y=0.13342—0. 0099 0.9965 —56.08 0.16 0.53
9 A i TEH y=4.1208x—0. 2722 0. 9950 —21.32 0.03 0. 10
B2 Rl y=8.6200x—1.1221 0. 9989 —47. 40 0.08 0.27
ESLE y=6.50182—0. 3128 0. 9986 —49.87 0.08 0.27
R T£H y=2.8635x—0.1135 0. 9996 —27.52 0. 05 0.17
ZK5h y=15.3884x—0. 1830 0. 9982 —48.12 0.08 0.27
EE oy y=23.8332x+0. 0469 0.9977 —51.29 0.08 0. 27
3 A T2 K y=1.24852x—0. 1486 0.9991 —29. 64 0.08 0.27
B3 Rl y=1.0937x+0. 2028 0.9973 —55. 65 0. 10 0. 30
FZIh g y=1.37962x—0.0114 0.9981 —54. 47 0.10 0. 30
T Tk R m FEH y=1.0171x—0. 0770 0. 9989 —23.77 0. 08 0.27
LR y=1.37542—0. 0557 0. 9980 —43. 96 0.10 0. 30
ERLE y=0.94412—0. 0029 0. 9968 —149.53 0. 10 0. 30
F3 SHMRAEFREMIRAKFETHEBKERBINIRERE (1=6)
Table 3  Average recoveries and relative standard deviations (RSDs)
of 8 pesticides at different spiking levels (n=6)
TR ZEHEI FEM e
o RILZ Dried ginger Ginger essential oil Ginger oleoresin
Spiked/
Compound k) IR AATRRIEGIE MR RDARRER2E ERR RO R 2
Recovery/ % RSD/ % Recovery/ % RSD/ % Recovery/ % RSD/ %
EALD 0.1 95 5.8 86 16. 7 95 19. 2
1.0 81 9.3 77 6.3 70 8.6
2.0 86 5.0 82 3.2 76 4.7
IgE Hu 122 0.1 115 19.0 119 15.9 99 13.4
1.0 93 7.7 89 5.9 80 8.2
2.0 90 6.4 86 3.0 75 5.1
ik, He mpk 0.1 107 15.4 112 19.1 98 19.1
1.0 88 10. 4 91 7.5 75 8.4
2.0 90 1.3 93 4. 0 85 2.8
IE di Jiiz 0.1 103 10. 3 117 15.6 100 13.9
1.0 92 9.3 90 6.7 72 10. 2
2.0 89 6.6 91 3.8 85 6.4
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gik3
T#£hR ZH5h FE M e
oy IR A Dried ginger Ginger essential oil Ginger oleoresin
Spiked/
Compound k) s HDRREG2E B HDRREGR2E BIRE HDRRE R 2
Recovery/ % RSD/ % Recovery/ % RSD/ % Recovery/ % RSD/ %
IE 1A gk 0.1 89 9.9 94 12.8 86 16. 2
1.0 82 7.7 86 6.9 79 8.1
2.0 94 5.4 89 3.0 80 3.9
H R 0.1 101 10. 3 109 14. 8 72 7.9
1.0 87 9.2 83 7.5 77 9.0
2.0 72 6.1 77 4.1 70 5.6
X e P 0.1 93 6.2 97 o. 4 81 8.3
1.0 96 5.2 107 8.1 92 8.0
2.0 99 7.2 86 8.2 92 8.6
5 ik F R i 0.1 95 6.7 99 8.4 99 8.4
1.0 103 8.9 110 7.6 94 7.6
2.0 110 10.0 92 10. 9 91 10.9
x4 HEHRPSHMRAKRBRN
Table 4 Detection of 8 pesticide residues in commercial samples
T#R ZHE BRI
Dried ginger Ginger essential oil Ginger oleoresin
fea R B fit e A2 B oty % R B Hrth
Compound Pesticide Rate of Pesticide Rate of Pesticide Rate of
residue/ positive residue/ positive residue/ positive
(mg/kg) sample/ % (mg/kg) sample/ % (mg/kg) sample/ %
LW R <<0. 05~0. 09 15 <0.08~0.13 13 <0.08~0. 16 13
IGE iy 1 <C0.03~1.21 55 <C0.10~1.59 53 <C0.10~2.16 60
it Hhe vk <0.08~1. 14 50 <0.10~1.73 60 <0.10~1.92 60
I i <C0.10~1. 21 50 <0.16~1. 81 53 <0.16~2.01 53
I A foke <C0.03~0. 16 20 <C0.08~0.42 13 <C0. 08~0. 56 13
H R <0.05~0. 36 15 <0.08~0. 46 13 <0.08~0.52 7
iy <C0.08~0.18 5 <C0.10~0. 36 7 <C0.10~0.42 13
% Tk FH A e <20.08~0. 19 15 <20.10~0. 32 7 <20.10~0. 39 14

100 %0 » 3 B 2 iAW) Ji 7R 250 il v A 2 5 R oy 1
PEBA KB/

3 #Fit

AT L T - A S QuEChERS
ek, JF 5 LC-MS/MS J5 3 B T %E 2 il 1+
JiE A 8 AR 2SR . 8 MK 2 AE 1~32
pg/ LW BET IRl N I 2Rk 56 &R R A5G R %00y
KT 0.99, kA H R A 0.03~0.16 mg/kg,

3 FAS IR KT B ISR 3 R 7026 ~119 %
Z 1] KX A o G 26 259 /T 20040 BT SEBR AR
ai A2 B B R AR PPN T2 A R il 2
TR I 0 L W e L W N Y 1 R £ B
N IRGSE o 45 2R 3 B 5 2 Tl AR IR =2 65 ik v A 24 5k
B (1058 P £ 2 i XU B/ o AN IR O 5 Tl AR
i MG itk v 22 R A 24 5% B R ARG L XU PPl 4
6T R AT A PR 7 3 D R R )
AT g AR T RS %
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Table S Calculation results for risk assessment of chronic dietary intake
of thiamethoxam, imidacloprid and clothianidin
19 Ht i, He vk WgE He fie
Thiamethoxam Imidacloprid Clothianidin
A2 5B A2 5B K2 5%
\ B - 1 HE 1 - 1 1 1 - e
FE i SRR SRR HRETAi
Dietary U B PN ica
Sample Media Median Median
amount/g Chronic Chronic Chronic
pesticide pesticide pesticide
dietary dietary dietary
residue/ residue/ residue/
intake/ % intake/ % intake/ %
(mg/kg) (mg/kg) (mg/kg)
TR 9.00 0. 10 0.02 0.09 0.02 0.09 0.01
2R 9. 00 0. 81 0.15 0.92 0.22 0.87 0.12
S g 9. 00 0. 89 0.16 0.96 0.23 0.91 0.13
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