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Abstract: Pepper (Piper nigrum L.), a vital spice, is abundant in flavor compounds such as piperine,
sesquiterpenes, and terpenes. Pepper oleoresin and pepper essential oil are concentrated extracts of
these flavor compounds, can offer enhanced culinary value. Both oleoresin and essential oils contain
numerous organic compounds, including volatile oils, organic acids, alkaloids, and pigments, posing
challenges in detecting pesticide residues in these products. This study introduced a method of gel
permeation chromatography combined with QuEChERS gas chromatography tandem mass
spectrometry (GPC-QuEChERS-GC-MS/MS) to detect pesticide residues in pepper oleoresin and

essential oil, incorporating dietary risk assessment. The extraction of the pesticde was conducted
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using an ethyl acetate-cyclohexane (1:1, V/V) solvent system, followed by gel permeation
chromatography and purification with graphitized carbon black (GCB) and N-propyl ethylenediamine
(PSA) adsorbents. The multi-reaction monitoring (MRM) mode and matrix-matched calibration
curves with internal standards were used for quantitative analysis. Under optimized conditions, the
four pesticides have good linearity in the concentration of 3-100 pg/L with the correlation coefficients
exceeding 0.99. Recoveries at three spiked levels (0.1, 0.5, 1.0 mg/kg) range from 73% to 120%,
suggesting high accuracy, and the relative standard deviations (RSDs) are below 20%, demonstrating
good precision. The limits of detection are 0.04-0.10 mg/kg. A survey of 20 batches of black pepper,
pepper essential oil, and pepper oleoresin on the market reveals maximum residue levels of metalaxyl,
chlorpyrifos, permethrin, and cypermethrin at 1.236, 0.954, 2.087, and 1.174 mg/kg, respectively.
A dietary risk assessment was conducted based on the median residue values determined in the
samples. The results showed that the chronic dietary intake risks for four pesticides are significantly
lower than 100%, indicating minimal dietary risks. This study not only provides a reliable and
sensitive method for detecting pesticide residues in pepper extracts, but also contributes to establish
food safety standards for plant-based extracts. Furthermore, it can offer valuable insights for internal
quality control in the food processing industry and help regulatory bodies in enforcing food safety
regulation.
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Table 1 Optimal mass spectrometry parameters of five compound pesticides

. N TREA I TR] ERET AR AE B TR T TR i B
i EY NN S oo
Retention time/  Quantitative ion  Cone voltage/  Qualitative ion  Cone voltage/
No. Compound .
min (m/z) eV (m/z) eV
1 HI 4 7% Metalaxyl 16.18 249>146 20 160>130 20
2 F£FEM Chlorpyrifos 17.27 314>258 14 197>169 15
3 S Permethrin 27.52,27.68 163>127 5 183>153 15
4 S FZHME Cypermethrin 28.60, 29.0 163>127 5 181>152 25
5 H4-EH Heptachlor epoxide( H#R) 18.38 354.8>264.9 15 352.8>262.9 15
x10° x10* x10* x10° x10?
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2 2 2 2 2
38 3 1.0 38 2 40 2 4.0
g 2r g £ 05 g g
0 - 0.0 - - 00— - 0.0 - -
158 162 16.6 17.2 17.6 27.4 27.6 27.8 284 288 292 18.2 18.4 18.6
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Fig. 1 MRM spectra of 4 pesticide standard solutions and internal standard
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Table 2 Linear equations, matrix effect, limits of detection (LODs)
and limits of quantification (LOQs) of four target compounds
assy] B AL LRI FHRZREL T Far R & B
Compound  Sample matrix Linear equation Correlation coefficient (R*) Matrix effect/% LOD/(mg/kg) LOQ/(mg/kg)
R R =1.8142x-0.0807 0.9946 22 0.04 0.12
HHAORE I =2.9298x—0.0411 0.9988 97 0.05 0.15
BIRGIAAE  =1.9025x—0.0522 0.9992 28 0.05 0.15
AL R y=4.9932x-0.0734 0.9991 20 0.04 0.12
HHAORE I 7=5.6550x+0.2560 0.9987 35 0.05 0.15
BIRGIAIE  =5.0065x+0.1422 0.9990 23 0.05 0.15
R HHHL y=10.3357x—0.0783 0.9989 33 0.04 0.12
RO )=14.5634x+0.6831 0.9990 90 0.10 0.30
BIRGIAIE  =12.0358x—0.0948 0.9981 57 0.10 0.30
A HHHL =9.1492x-0.2560 0.9945 27 0.04 0.12
ORI 3=10.3133x-0.3316 0.9997 44 0.05 0.15

EHHGIRIIE  =9.3747x-0.2239 0.9975 31 0.05 0.15
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Table 3 Average recoveries and relative standard deviations (RSDs)

of four pesticides at different spiking levels (n=6)

. ik HIARCRG T SRR
N7 mzﬂﬂgkj Pepper Pepper essential oil Pepper oleoresin
Compound PSR AORRERZ: MR HXOERERE R AR
Recovery/% RSD/% Recovery/% RSD/% Recovery/% RSD/%
AR 0.1 110 8 78 17 89 15
0.5 101 15 89 11 95 16
1.0 97 14 91 10 99 11
S a 0.1 80 10 77 9 75 9
0.5 79 11 80 14 86 5
1.0 73 18 86 15 80 12
SR 0.1 75 7 72 19 77 15
0.5 80 9 75 8 82 16
1.0 89 8 83 12 92 9
AH S 0.1 109 16 120 13 105 12
0.5 105 13 118 19 109 8
1.0 115 17 109 15 98 6
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Table 4 Detection of four pesticide residues in commercial samples

HIHL Pepper SRS I Pepper essential oil HHAGH G Pepper oleoresin
Compound PeSFICIde Rate of positive PeSFICIde Rate of positive PeSF101de Rate of positive
residue/ residue/ residue/
(mg/kg) sample/% (mg/kg) sample/% (mg/ke) sample/%
A <0.020~0.098 15 <0.050~1.236 60 <0.050~0.908 45
FILM  <0.008~0.083 10 <0.050~0.479 55 <0.050~0.954 40
SHEE <0.040~0.119 10 <0.100~0.610 35 <0.100~2.087 70
SAEERE <0.020~0.194 25 <0.050~1.174 75 <0.050~1.163 65

RS 4MRAEBMETEANKEITGITESR

Table 5 Calculation table for risk assessment of chronic dietary intake of four pesticides

AR AL ERL SRA
N Carbendazim Chlorpyrifos Permethrin Cypermethrin
Fe %‘ﬁi (ADI: 0.08 mg/kg-b.w.) (ADI: 0.01 mg/kg-b.w.) (ADI: 0.05 mg/kg-b.w.) (ADI: 0.02 mg/kg-b.w.)
letary "y o A % o X N o = X o - N
Sample | mvg RZTREIOE MPERE ACZREIT O IENE ACZURBPAK MRPERE RZIRRIT OB 1P
Median pesticide XS  Median pesticide XU Median pesticide XK Median pesticide £ XU
residue/(mg/kg) ADI/%  residue/(mg/kg) ADI/%  residue/(mg/kg) ADI/%  residue/(mg/kg) ADI/%
B 9.00 0.038 0.01 0.040 0.06 0.081 0.02 0.067 0.05
HAH 9.00 0.419 0.07 0.113 0.16 0.317 0.09 0.503 0.36
i
HARM - 9.00 0.312 0.06 0.495 0.71 0.833 0.24 0.477 0.34
WE
3 _Z_E 'L/I:\, resin[J]. Journal of Agriculture, 2013, 3(2): 70-74(in Chi-
A W5 7 T GPC-QUEChERS-GC-MS/MS nese).
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@;Zg N 3‘: ‘(; ;ﬁﬁzﬂjxjﬂﬁ 0 9’9 7572%"& EE ZENG Xiaohong, LI Guanghui, WANG Xiaofang, HU
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4 0.04~0.10 mg/kg, 3 A AR K - [ R

Jie. An analysis of pepper production and trade situation

in China[J]. Chinese Journal of Tropical Agriculture,

TE 73%~120%Z [a], A XF #rifEfw 25 (RSD) ¥/ T 2023, 43(9): 108-113(in Chinese).
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