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Effects of cold plasma-sun drying process on pesticide residues in Lycium
ruthenicum Murr
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(1. Weinan Vocational and Technical College, Weinan 714026, China; 2. College of Biological Science and Engineering,
Shaanxi University of Technology, Hanzhong 723001, China)

ABSTRACT: Objective To clarify the mechanism of the effects of cold plasma-sun drying process on pesticide
residues during the drying process of Lycium ruthenicum Murr. Methods The 6 kinds of commonly used pesticides
in Lycium ruthenicum Murr, namely acetamiprid, carbendazim, imidacloprid, pyridaben, fenpyroximate and
zeta-cypermethrin, were selected as the research objects. The pesticide residues in each drying stage were determined
by ultra performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS), and the dynamic changes

of processing factors (PF) and degradation rates were systematically analyzed. The residue change mechanism was
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explored in combination with the physicochemical properties of pesticides and process parameters, and a dietary
exposure risk assessment was conducted. Results Each drying procedure exerted significantly different effects on
pesticide residues. Water washing exhibited the best residue removal performance, with degradation rates of
34.88%-73.14% for acetamiprid, carbendazim, imidacloprid and pyridaben. Only fenpyroximate and etoxazole
underwent degradation after cold plasma treatment. After the drying process, all target pesticides did not show
degradation effects. The dietary exposure riskassessment showed that the acute risk rate and chronic risk rate of the 6
kinds of pesticides were 0.001%—0.233% and 0.001%—0.167 % respectively, both far below the safety critical values.
Conclusion The study confirms that the combined drying process of Lycium ruthenicum Murr is safe for

consumption and can provide theoretical basis and data support for pesticide residue control and process optimization

in Lycium ruthenicum Murr processing.
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WFE . BEEFHRAIE . ARG 5 AR TORER
i, RN BEE 3 ASEATRE . T ARSI E K Ay i
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Table 1 Gradient elution conditions of ultra performance liquid

chromatography
(] min sk e 1K

/(mL/min) /%
0.00 0.200 5.00 95.0
2.00 0.200 5.00 95.0
3.00 0.200 45.0 55.0
5.00 0.200 45.0 55.0
7.00 0.200 50.0 50.0
7.50 0.200 75.0 25.0
8.50 0.200 75.0 25.0
9.00 0.200 90.0 10.0
11.00 0.200 90.0 10.0
11.01 0.200 90.0 10.0
13.00 0.200 5.00 95.0
15.00 0.200 5.00 95.0

*2 6 MRAMBUEEM

Table 2 Mass spectrometry conditions of 6 kinds of pesticides

YBAR HEF(W) FEF (W) HEfLREV  REERE R/ eV

186.00 34 20
e LK 223.07 .
56.10 34 20
N 132.00 25 30
ZWR 192.08 -
160.05 25 18
209.06 30 16
M e b 256.06 -
175.00 30 20
N 147.10 21 22
Ik R 365.15 -
309.10 21 15
N 366.10 75 26
I 5 422.20 -
214.10 75 39
N 204.10 120 26
2. 359.10 -
330.00 120 40

T O E R T,
BRI HAE. PR A ImAR BRI,
(1)
o Py o BRSRAAT I T A B BT R
ngrkg; Py B SRMAC 1A B AT A9 T4 B A Ak
pg/kg, PF<1 FoRjin Tl FEREARAR 25 5% B, PR=1 F/R N T
XA LR A A & PF>1 i Tid e S 83Uk
25k A0,
DR IR IA Q)R

DR/%= R-R x100% 2)
0

DR>0 #RAK 5% B AR DR<0 RIRAZY5% B R FE
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2 BR 25 5% B B 41 (Joint Food and Agriculture
Organization of the United Nations/World Health
Organization Meeting on Pesticide Residues, JMPR) X [E R

B LZE 51 £ (Codex Alimentarius Commission, CAC)H
REEEAL ik, it 2 nEERARKEHaES%H
5|4 (acute reference dose, ARfD) T 4 H%ARD /s Hl1g
P B AU [ 45 H A1/ A f: (acceptable daily intake,
ADD) A 73 L %ADI /8] AFgEh 6 Rk 2555 ) ADI
{i(mg/kg)BZ% GB 2763—2021 (&M EFIME 5
R 2 d5 KB B BR 4 ); ARTD {H (mg/kg)Z7% IMPR FIriifii
A EAE 20,

SPERE S B RBS f F %ARID, H K/ 5 XU 2 IE
FAOK, /T 100%0 KUK AT LAFESZ, KT 100%H XU A AT
Bz, HHEMARG)IUR,

%ARfD=(HRxP)/(ARfDxbw)*x100% 3)
i H: HR Mg 2 9 B Ko B {E (highest residue), mg/kg;
ARD N EMEBH{H, mgke; Pl 2015 45 (P EZGHL)
S — TR P AT A R U B H R B AR, 12 g/d; bw 2K
4N B4 B (body weight), kg, ABFFELL 60 kg 47
H.

P M BB A XU A £ I Bl TR 4R AR %ADL, i
%ADI YR/ RS 52 TEAISE, /T 100%H MUK T LAz,
KT 100%HH XA #5252, THE MA@~

%ADI=(STMRxP)/(ADIxbw)x100% o
A STMR by Ak 25 1 34 5% B3 ik (supervised trials
median residue), mg/kg; ADI &4} H 215 A&, mg/kg.

1.5 HIEAIE

FIF AT S I $ 8 24 % Excel 2013 JEATHCHE, i
SPSS 22.0 FAMATEEIT =53 o B LA 3 (E A7 1 i 25
FOR, R E I 225007 LA RN T3R5 4 2 5% v 1t
M 25 5%, P<0.05 2555 BHA G2 .
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1 R 25 22 5 (P<0.05), RSB Sele 5 i sl 8 T
HABAL RS, ELIEBR T 7K 4325 R X A 24 5% B vk e i AR Pk T
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UM B2 Tk SRS T XA L WG R | 2 ek
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VIR, BOKIETEIG T W 72.6%; WEWER | 206k 5% 51 521
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77.1%., 61.0%; fHIE ALk | ik i obksk 52 2 B0 8 S o, 4
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JoT LA 5 CHEBR K 20 v 4 T 48), TIE S IR 1 52 4 23K
XPIRPAR 2G  FLSE AE, T R S IR T R A 2 1 Pk
TR . WA R

¥ S5 B A K B IR X A 2 5% B 1) 5 i A7 7E B A 4%
fb: ZHER . wEWER R EHBREE IS, BTS00
FhiE 601.8%. 1350.0%, HZER | R 5%k & D%
TR I 4R (. (P<0.05); M Bk A2 o s 45, e s KOG &8
FAME; SO EETR . Z e A R R BRAE A, AR R
Iy HIREZE 0.09 pg/kg THIFE . 0.98 pg/kg THI, Hrh 20
e AR ARE . X —45 R 5 RE ARSI 4
FAAR 25 1 R g e B AT O, AR I T MR 1 X R TR A 245
PR R 22 5 0,

SR RSP 115 Ry BT A AR 24 % B I 3 T A BR
T B3 B KT S5 g s i T 4 W AR 0 /INA, Ay S
PP 25 25 BN IR 4, B bk L nik bk mAkdgE R | mkig
Jik % A 1 v S B AR A BRI 43 ) 7 1333.4%.861.9%
1073.4%. 123.1%; BRI, SRR YR P
SEFY AL T RE BN TR IR AR 2y m R AT R, [RIHIRAK 43
RS AT RERG SR T AR 24 55 Rk e T 1 O AR 1

22 AFEFHABTHERMETHESIRERRES
Y B8 B9 52

g 4, @t LT O SERS IE A 25 5% B B, 3
BT ORI TR BERY PF )2 DR, 459 R B K& WE T %%
WORMAT R E Rk ZER L Mk mkigE R BT B
HIREALEBRVE R, DR N 34.88%~73.14%, X Meiifs . 2 i
M RO S T TRt 2R | B R . 2 ek
T I AR AR, DR S 61.03%~77.08%, {HIE Bt bk | il
Wk, PRI TE ISR EE R ARG . R IR B, £
BR . WA PF 35 7.02. 14.50, EINEE R, [0
g . 2 WhmsAT R IR R A, B AR S AR Y T e b R 25
PR S AR BE N LT, BT HARAR 24 35 52 B0 A 35 11
EAERON, Hoh 2 PF Rk 172.34, & AERRE ol %8
i, ZWR PF by 33.47, BEdUbk . nik etk mbdE R | e
fR g PF 43R E] 1434, 959, 11.73, 12.31, % L)¥
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Table 3 Pesticide residues of Lycium ruthenicum Murr at each processing stage on a dry matter basis (ng/kg dry matter)
Jn T e IE ok ZWR AL Mg A5 2R e il i 2. i
Jpet 35.66+0.78" 27.76£1.31° 30.43+0.99° 1.35+0.38° 0.08+0.19° 4.10+0.91°
K BE 10.67+0.32¢ 18.08+1.07¢ 8.18+0.31¢ 0.56+3.55¢ 0.09+0.06° 4.35+0.48"
/SR 15.82+0.28° 4.95+0.61° 13.16+5.35° 0.13+8.91° 0.10£0.19° 1.69+0.69°
5 B AR AL B 15.96+0.12¢ 34.76+0.12° 13.94+0.27° 1.88+1.81° 0.09+0.87° 0.98+1.09
AR B 228.76+0.30° 1163.51£0.28° 133.74+0.32° 22.02+1.64" 1.16+1.28° 169.30+0.58"

e BRI LTI, RS E TR 3 25 2% 5 (P<0.05)

x4 BROCRFEFEHMBTEIZFREAMN PF X DR
Table 4 PF and DR of pesticides during the cold plasma-sun drying process of Lycium ruthenicum Murr
|1 S Y WeE L fok ZHR Mt s Bk Ikl R W S5 T ZHfEm:
. PF 0.30+0.08 0.65+0.06 0.27+0.07 0.42+0.12 1.06+0.09 1.06+0.07
JE B — KT TR
DR/% 69.91£1.23 34.88+0.98 73.14£5.25 58.26+3.52 —7.14+1.20 —6.03+0.81
. PF 1.48+0.20 0.27+0.01 1.61+0.31 0.234+0.03 1.13+0.07 0.39+0.01
KB —WT
DR/% —48.30+2.19 72.60+8.21 —60.94+5.51 77.08+9.23 —13.33£3.01 61.03£8.91
Wt —-¥4%e PF 1.01£0.32 7.02£1.05 1.06+0.32 14.50+5.14 0.94+0.05 0.58+0.01
T pRryv, —0.85+0.09 —601.78+9.18 —5.97+0.65 —1350.00+60.21 5.88+1.22 42.01+8.21
WEs k4 PF 14.34+2.31 33.47£5.10 9.59+1.28 11.73£1.32 12.31£3.10 172.34+23.10
- FARBEIN DR/%  -1333.43£12.30 —3247.42+8.82 -861.86£9.98  —1073.35+88.29  —-1131.25+£61.29 —1649.82+77.32
JFoRl— [ 4k PF 6.42+0.51 41.92+3.26 4.39+0.20 16.27+3.01 14.07+1.42 41.2945.56
W (4 DR/%  —541.52+10.25 -4091.71£50.28  —339.4349.39  —-1527.39+£39.41 —1307.14+52.01 -4029.27+69.68

FITA FARA 2535 R I B AR, R B AR R 2
MEs, HhZw R, S B, mihR .

5059
IR i

0.001%~0.167%, ¥4t ik T s A1 .

HhZ R &w

BE AR R, UK ik ek S I B ARARRAE, Ak
24 DR ¥ (E, /v F-4091.71%~-339.43%.
23 RAKEBBER|REITM

a0 XU 2 B B R (R 5), 6 Fh AR 25 %ARD

0.001%~0.233%, LT 100%II5 FE. Hh LR R e
mz%%)%%H?ﬁWOM% 2 W 2l M v R R
HIEHIRT, B 28R A HR FR, o2tk iR o

RUBS ] #5 , hgpk KRS a3 S & P — 3, %ADI j]

(0.167%), Medila A (0.001%). TESZKWIF 12 g/d $EA R
A, 25k e BRI AR T 32 (8, Joi8 Pk X
W o XFLERT UL, 2278 2R AR % fi ey, ERUB (LA b T A AR
KOV W R 4 A M g O, O AR AR 24 KUK 22 S/ HLJE B
o 12 g/d AR s, SR AR AR AR, B
Rt g e et A (R, BT 6 FR 255k 1Y
Ak 1R R KR RN T I PYE, #2015
AERR (R 2 HEFE AR, JCAR 24k B A DGR X
W, 7l T A TR

®5 BRWITH 6 MRABMERMBRIREN R ITM

Table 5 Chronic dietary and cumulative intake risk assessment of 6 kinds of pesticides in Lycium ruthenicum Murr

ENEPE] HR/(mg/kg) STMR/(mg/kg) ARfD/(mg/kg bw) ADI/(mg/kg bw) %ARfD %ADI
IE A fpk 0.229 0.061 0.100 0.070 0.046 0.018
ZWR 1.164 0.250 0.100 0.030 0.233 0.167
M He ok 0.134 0.040 0.500 0.060 0.005 0.013
ik il R 0.022 0.005 0.100 0.010 0.004 0.010
e i i 0.001 0.000 0.020 0.010 0.001 0.001
2.0 g 0.169 0.036 0.050 0.050 0.068 0.014
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BT AINTH B2 PF 5 DR, HIFE T R255%

M | AR R KU T AL, 5RO RAMA T
A TERATXE 6 R 24 5% B R I RO AT AE I 22 e,
R LB IR PSR R K e LR AS T A

FE P A B LR ACR BRI PR Y, X RER bk, 2R
ML o wk Rk g5 R 2 2 BN R 4 B R R R AT, DRI
34.88%~73.14%, FHEERHLH] 32200 T 15 K0 FERAAC R
TET B A B 2 AR 2 R W B AR L, TR K 2y 5 S Ak 2l
31 6] R s R T, T i S 5 0 P AR 2 A
PEMISEBUR B 25 bk . T LRP Al E— PR 2 T R . ki
RE LU Vo5 B TR RIS, AUAT BT R 2 e R
U BT P 5 PR AR 2 B0 Ak~ 45 R R P A DG —
WETR . WM TS AT OBREE . ARIRES I S W T
P77 A B R RERL T (I A | )My, AR R
PO RBONE, FRZSCBURESRE, A 4 FhR2G(WEh ik, 2
[N A S DS LD Wmﬁﬁ%oﬁ%ﬁ@%
ia R MR 255 B S R AZ0 Y, 7E A AR B
H, BRARMIRCRIOK M Frgizg ke, RAZHEBRWCSE, T
K25 HABGRI G KE, MELLEEK > — R R, S3
KGR BRSNS, A RIS A &
Th, WERSRMAC T 2 WAk R, P BARK 2R I
DUREARROCR, BRI AR w8 oL N2
AR BT PA T 1) B SRRV I R T RIFIRUE . KT 135
TRAE PR AR ACR, FLR A 25 7E R I R TS
MR R, PR T R4 B B R AR R . R
MR ARG R R, BRMACH 6 Rk ZHI%ARMD
0.001%~0.233%, %ADI >4 0.001%~0.167%, JZALF 100%
LA SHE, oo M R A (R KUK

ABESE B T T I i o A PR 25k B I sh A,
I TR A e, (AR BRYE, REETR AR

TR R A 25 5k ﬁm&ﬁmﬂ% ENTERLH]; %
WFFEREASR IR — A R, BT A2 e il A it — 2
ko £ B, TR IR IRMIAC T L A2

LG5k BB SCE ML, DR e AR S B AR R
GOV T ZS RN 55 B TR AR BRI | i a] | Bt il
JESE) BB RESE S, kA 2 5% BR IR ARCR IR T 85 9K
FEABL 0 FELA A A, B THAEIE Y n] ek A i ks ¥ 9E
WEIEYERE, TR S TR ST . Bz TR
SE AL T L ZBH, A T, LU iR IR B
RARRA A Tl R P AR 2 5k B KF-
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