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Rapid determination of pyrrolizidine alkaloids in tea by QuUEChERS
combined with ultra performance liquid chromatography-tandem
mass spectrometry

LIU Wen-Jing"

(National Quality Supervision and Testing Center for Processed Food, Fujian Inspection and Research Institute for
Product Quality, Fuzhou 350002, China)

ABSTRACT: Objective To establish a method for determination of 21 kinds of pyrrolizidine alkaloids in tea by
QuEChERS pretreatment combined with ultra performance liquid chromatography-tandem mass spectrometry.
Methods Tea samples were first hydrated with water, extracted by 0.1% formic acid acetonitrile, purified by
QuEChERS, and then filtered by microporous filter membrane, the filtrate was directly for analysis. The samples
were measured in electrospray positive ion source and multi-reaction monitoring mode. Results Within each specified
concentration range, 21 kinds of pyrrolizidine alkaloids showed excellent linearity, with the correlation coefficient (r?)

exceeding 0.998. The limits of detection were 0.03-3.00 pg/kg, limits of quantitation were 0.10-10.00 ug/kg. while
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the average recovery rates varied from 81.3% to 116.3% and the relative standard deviations were between 0.5% and

10.6%. Conclusion The method is simple and rapid, and can meet the detection requirements of pyrrolizidine

alkaloids in tea. Meanwhile, when applied to the detection of commercially available tea samples, it is found that

some samples contained lycopsamine, lycopsamine N-oxide and intermedine.

KEY WORDS: tea; pyrrolizidine alkaloids; ultra performance liquid chromatography-tandem mass spectrometry;
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Atk g B UG IE A= M 8 (pyrrolizidine alkaloids, PAs)f&—
R B RIRBER, BT IZAEAE . S5 20 SO A IR 2tk
B B R AL R T A NS HETE LB 660 ZFh
PAs M HAEAH), PAs TEMAE, LHE, TR
YA, W R R T IEAE R IR T RS R ARIEEY) . ]
B SCHRZ AR E A A PAS, R AR B R R &
PAs, FEREFENEEPAAAEEH PAs I (N T BG4S,
AIREIE T R KRG A, s AR
R A PAs (4B NI A5 Yt Hagas e
PAs T5 3 B AR A BRI I A2, RSG5 ) F S I AE
B PAs 15 YK . 2023 AR RREE & A B9 (EU)2023/915 H
Mg, 5t PAs e RAR R BR a4 4 150 ng/kg, WA
TR ZGFRER 2 5 1 L — T AR RE 2P SEAEk, B A
i AR A P T 2R 5t B A S R R B P A R A
Wk PAs, SRR EZ M O 2R SR, B AT E A X
At H PAs MR FEARN 4D, Bz 250 PAs V5 34 1y 254k
Bds, Zntr PAs FOFER Rt i SR T A DG BR B bR !,
CHEIZ5 L ) (2020 4EROXT T B SF LM VE T AHCE
O, g —Rh s 2R PAs fHREA I 7 WX IR 9T 2%
I PAs V5 e K7 Je R i 8 B S A IS 2

HEPIIEERE Sl PAs K )5 vk S A B LR IET Y
OIEIEREE Gkl Rk - R R )
AR TEEP PRI - k2 AR (- HR I
2 BT R R R R R AR, Ak P T BB
TR XA X SR B A TR R L, O LB b
ST, A SR R o B P T A 7 R A 1
XSG A AR PAs BT T-BLo AP IRPER b PAs Fifb
PRy B R AR R AR B . [EAHZE B My
o SR, SRR AEPSIU A QuEChERS il H i ih £
Fit PAs, LUK IETE BB %Rl — 144k QUEChERS #tfk ikl
SEAS R PAs. H AT QUEChERS ¥ 32 %] T 45 i vh e 25 5%
B AT R E A 2R e R L AR EYR,
HEGBAER AP ARSI, HiZr T4t
 PAs W5 H i 40, R BT M QUEChERS LR
A 38 H R MR -N- TN 3k i e Ak R i (primary-secondary
amine, PSA). A8k M | /Ut ik bt S 4% — a2 EL IR

£, Gy A R AR A O, A e D)
HHBEIHE D IER B A7 S Al e PR HE R IR 1 PAs ST
Al NI, AHEFEER 2RI R RFE A PAs AOAEYE, itk
ERAT R | ORET B AL S UL A ST T AR R PAs M E
f) QUEChERS ik, £54 i MG AH (@3- FR KBS SR 22
SEZRIF R 21 Bl PAs B9 MT T Ik, LAISEBIZR 0T 2 PAs
PRI E, SIS PAs 15 YLK S AL AL R,
IR R ERAR S

1 RS

1.1 #R5RF

33 M AENERESS, WK T b T T S2)E

HE 2 (e akal, 52 Tedia 23 F]); To/KBLEREE(S
Mréag, VB RL RO A R \l); JOK CRREN(OTHrat, 24
EFAERARERAF), PR, O . FIRE (@ ikl,
Z£[# Sigma /A H)); PSACKIE 40~60 pm, HZ GL Sciences
Nl BIUIR ZIa LR (0.22 um, 3£ Thermo Fisher
Scientific 2> ® ); & X I 6E b £ BE Bk 94 Kk E
(carboxyl-functionalized multi-walled carbon nanotubes,
MWCNTs-COOH, }if% 5 nm, 3[E Agela Technologies 2%

), I K (e B G251 K)

21 Flten B PG g A YR bR vEVR VR 15 80 22 (echimidine,
Em). ##i[%E N-E k¥ (echimidine N-oxide, EmNO), 3wTH
Stfdi(senkirkine, Sk). EHRKRITbH(lasiocarpine, Le). N-4fb
F K IF 3% Bl (lasiocarpine-N-oxide, LcNO) | B K I+ 32 Bl
(europine, Eu). N-EfLRRKITZE0%(europine N-oxide, EuNO) .,
% T B 9% B% (senecivernine, Sv) . N- & 1tk & T B ) il
(senecivernine N-oxide, SYNO), KFt=Ehd(heliotrine, He) . N-4
AL RKIT 3 (heliotrine N-oxide, HeNO), E[I5&5E i (intermedine,
Im). N-%{LE)2EE ffi(intermedine N-oxide, ImNO), A #AlE
(lycopsamine, Ly). A% N-4 1k (Iycopsamine N-oxide,
LyNO) . {87 B (retrorsine, Re). T B L N-Afcy
(retrorsine N-oxide, ReNO)., T H 7" fli(senecionine, Sn), TH
Fe T N-%1k#) (senecionine N-oxide, SnNO), TFHARR
(seneciophylline, Sp). N-% 1k T B Y¢E 2 B (seneciophylline
N-oxide, SpNO)(Fi & Y 100 pg/mL, KEPFAIRIEANFD).

1.2 UFB5&&
SHIMADZU LCMS-8050 72 45 & #H (2,1 58 ¢ 5 135X
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FH1TE

[ HALER ORI A BRA ], Milli-Q 28T /K &R (e H
Millipore %\ #)); Satorius BSA 1248 4347 K[k B 0.01 mg,
FZFIIRLEANER AL PR F]; IKAMS 3 basic IR iER
A%, SIGmR 4-16ks ik ¥ % 2 O HL(3E [ Thermo Fisher
Scientific 23 7); KQ-800KDE U 5 ik i e % (B 1L 17 A 75
XS BR/N F]); ACQUITY UPLC HSS T3 f4,if4%(2.1 mmx
150 mm, 1.8 pm)[IRFFH R (F M)A R .
1.3 R HE
13.1 &#Eiu

ACQUITY UPLC HSS T3 {4j4:(2.1 mmx150 mm,
1.8 um); A KAHA) R F 0.1 mmol/L ZBRE#AY 0.1%H
K, AHUFHB) R 90% H BEA B 0.1%H R); H:E: 40 °C,
W 0.3 mL/min, #ERERE: 5 pL, BEEUERRFLT: 0~2.0 min,
5%~10% B; 2.0~8.0 min, 10%~30% B; 8.0~12.0 min, 30%~95%
B; 12.0~12.1 min, 95%-99% B; 12.1~150 min, 99% B;
15.0~15.1 min, 5% B,
132 F#&h

HA, 15555 5 11 (electron spray ionization, ESI); £
B EE R SRR 3.0 L/min;
TS WA 5.0 L/min; ISR 15.0 L/min; 2 M3
JE: 300 °C; BEIEFIREE: 250 °C; AnABRE: 400 °C; B
FAETIE]: 5 ms; sEME . ERE T A AR ESHOLE 1,

F1 21 W PAs RS
Table 1 Mass spectrometric parameters of 21 kinds of PAs

#AFR RERIE/min BET (W) TET(W2) RHEERE/V
Eu 7.31 3302 138.1%/156.0  31/40

EuNO 8.03 346.2 172.0%/111.0 44/63
Im 7.21 300.2 138.1*%/156.1 28/40
ImNO 8.49 316.2 138.1*/172.1 37/39
Ly 7.50 300.2 138.1*/156.0 28/40
LyNO 8.79 316.2 138.1*/172.1 37/39
Re 9.33 3522 120.1*/138.1 40/39
ReNO 9.56 368.2 118.1%/136.1 38/33
He 10.30 314.2 138.1*/156.1 28/38
HeNO 10.80 330.2 138.1%/172.1 31/39
Sp 10.10 3342 120.1*/138.1 36/39
SpNO 10.50 350.1 120.1*/136.1 40/35
Sn 11.05 336.2 120.1*/138.1 38/38
SnNO 11.20 3523 118.1*%/136.1 46/29
Em 11.60 398.2 120.1%/220.1 32/25
EmNO 12.00 414.2 254.1%/352.2 39/35
Sv 11.04 336.3 120.1*/138.1 38/38
SvNO 11.07 3523 118.1*%/136.1 44/29
Sk 11.10 336.2 220.1*/150.1 43/49
Le 12.20 412.2 120.1%/336.2 36/26
LcNO 12.50 428.2 136.1%/254.2 38/42

T ERB T

1.3.3  AFfEig ik B

T IBGE it 5 AR T S A TR (T v B2 12 100 pg/mlL)
THEERMSD, MAEREHEE, FEAEEAEL, BAOERE
FRUEVROM, 15380 21 Fh PAs TRAFRHEPR IR (1 pe/mL), F
—20 °CUKFEROGIRAT o
1.3.4 AR/ TAE & &R 09 BT )

HERREGE R 21 Fb PAs TR-AARME I, FHH B
B 10 pg/L RS ARUEST I, 23 B BUR A AR LS
JH 10, 20, 50, 100, 200, 400 pL T 1 mL &M, H
25 AR SRERUEZS, TRA), FEFICReAR v il 2k 25 R 2 ik
FEAMH0 0.1, 02, 0.5, 1.0, 2.0, 4.0 ng/L, IFEFHILE
1.3.5 Henmia#

FREL2.00 g 251 (K51 2 0.01 ) T 50 mL ¥R B .04
t, A 10 mL /K J5 IR BENR % (F H 58 /1R 5, 1296 30 min,
R EES I 10 mL 0.1%H MR 21, WiERS,
TR 20 min, MATRE(E 6 g TKFREREEM 1.5 ¢ LR
#4), #£%% 1 min, 4500 r/min B.0> 5 min, B E3EW 2 mL =
15 mL QuEChERS L% (% 100 mg PSA)H, i€ 1 min,
4500 r/min 0> 3 min, B 1.0 mL ZiXE$, fiA 4.0 mL
gk, WHERA], AMALIEE IS FHLINE .

14 HIEALE
AT K FH 5t LabSolutions Insight T A/F 3 #4780

KAEFNBARALFE, WPS Office 2024 #4748, Origin
2021 &

2 GER5HH

2.1 FEEHsmL

BUB A FRUER L, FH 50% 2 5 VA0 e il pld o B0k
4 500 ng/mL IBAIRAER AW, AEAEHE T BT
AT RS HT, FEIE . AU #7244,
SRR, EIEE PR REUER®, 5T 8 FIEh
[M+H] . Bk, RAIES 7R, SR QL 4, 4353k
LGNS, WG E ST — PR, 1530k
E W BT BB, LA R B R I R R E B R T
WK R E B T, S i AR E MR B+
B Zh LR RE SRS S, U SE0E L« 1.
22 BIEXHNML
22,1 &gk kE

AR HEE T 3FETEEN 21 F PAs B EYIHY
AEBOR, 4351k ACQUITY UPLC BEH Cig (2.1 mmx
100 mm, 1.7 um), ACQUITY UPLC HSS T3 (2.1 mmx50 mm,
1.8 pm)Fl ACQUITY UPLC HSS T3 (2.1 mmx150 mm,
1.8 um), Z5REI, 4 X FE 4 A Im Al Ly, ImNO
LyNO. Sn #l Sv. SnNO F1 SyNO){E BEH C, 1 HSS T3
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(2.1 mmx50 mm, 1.8 pm)fa it o B RAE, Jorkse
PR A3 ZL) HSS T3 (2.1 mmx 150 mm, 1.8 um)fE
oy R
222 AEhAReyiLBE

AR HEE 4 PR R XS 21 F PAs KL G110
WY | B FARACRIGE N, 53500 0.1% B RK-20E . 0.1%
R /K-FEE. & 0.1 mmol/L ZFRERAY 0.1% 1 iR 7Kk - H it |
% 0.1 mmol/L Z.FREE 1 0.1%F B /K- 0.1%H BRAY 90%
fEK . SRERN, AR ER, 21 F B sy gy
W A L K 4 %of R 43 SR AR 1 43 B MR 2 L WS FE A L
AHI BEAE, 24KAH 0.1 mmol/L ZBRER 1 0.1% I BR K I
W, AU 90%H B (EA 0.1%H1R), 21 Fh Bir%)
BIAES BE L T | R R B, MDA 0.1% H R KV (7
A 0.1 mmol/L Z/R4%)-90%F B /KIE (& 0.1%F R)N
M. 21 Ak AP T i WA 1.

10

3.5x107
3.0x107F 3

2.5%107

T
I
16

2.0x107F 5
46
1.5%107 9

1.0x107

W 7 54

21

5.0x10°F 8 m o

Op I 1 1

1 1
S SO S S S S S
NSO I SN NN NN
5T 0T AT BT 9T QT T 0T N
D2

1 B BsF 18] /min
H:: 1~21 43328 Im, Eu., Ly. EuNO. ImNO, LyNO. Re.
ReNO, Sp. He. SpNO. HeNO, Sv. Sn. SYNO. Sk, SnNO.
Em. EmNO, Lc. LcNO,

B 21 Al S WA S T (3 141 (100 ng/mL)
Fig.1 Total ion chromatograms of 21 kinds of analytes (100 ng/mL)

2.3 REIAIEAEMKK
23.1 RIGRGGRF

5 SCHR[8,22,3 1143 H A FRIRICR M+ PAs b &
YR A 0.05 mol/L SRR . 1% OIE . 0.1%
R P 2, AR B PAs 29 R 0 1 P 50 2 BRIk
F o AW BIFELE T 0.05 mol/L HRFRIAK . 1% H R 21 .
0.1%H B HEE. 0.1% MR 2N 4 FHREUE 4554 QUEChERS
Fefb 700 21 F PAs IRZIN o SR ZS LIS [T s
B OIFRHE 2 600 pg/kg) 7 2R L 4 FhERIOR 42 BUK
o G5 RE(E 2), 4 FREEBUR XS 21 Ff PAs $2ICHCER T
B R 70%L 1, H454 QuEChERS ¥k
K, BIHZEMZKRHIR, ARG, 21 F PAs

g BISCRIGTE 75%0L E o AR DR BRI AKIR RS,
0.1%H IR LIS VE A S U i o

F=2 AEHRBUAFIXT 21 #h PAs BIS20E(n=3)
Table 2 Effects of different extraction solvents on
21 kinds of PAs (n=3)

S35 [ R /%
AW 0.05 mol/L 1%HER 0.1%H R 0.1%H  JskiEif+
BB 28 WE RN 01%F RN
Eu 76.1 86.5 817 84.5 98.1
EuNO 72.0 84.1 77.3 79.8 75.6
Im 71.6 764 702 82.7 85.8
ImNO 70.1 729 845 76.1 84.6
Ly 77.0 845  88.1 86.8 85.1
LyNO 75.4 95.1 72.2 77.0 90.5
Re 93.7 790 769 90.6 108.1
ReNO 74.7 824 825 77.0 92.1
He 74.9 789 720 85.5 90.8
HeNO 75.9 76.5 74.3 78.5 104.0
Sp 85.6 767 755 85.3 80.5
SpNO 76.5 81.5 820 79.4 107.9
Sn 782 773 715 86.6 101.5
SnNO 75.6 73.5 85.5 76.2 89.6
Em 83.0 9.5  70.4 91.8 97.4
EmNO 743 80.5 802 75.4 98.3
Sv 74.0 84.1 82.6 84.6 87.7
SvNO 80.1 74.9 76.5 74.9 76.6
Sk 74.6 757 702 77.1 84.9
Lc 77.5 83.0 802 81.9 96.6
LcNO 75.4 828  79.8 792 88.1

232 Hied Xyt

ARMIEEECHE IR, P ER . A SRS
3 %) PR IO AR R A AN S AR TR . AT RCR A
QuEChERS J7¥EXTASHFE S #1714k, 255N [R] I BR300 %7
21 Fi PAs EALG W52 o PN [RITEC L iy W R 500 4 300 T
15 mL b8 th (4 4h48 1: 200 mg PSA; Hk4 2: 50 mg
MWCNTs-COOH+200 mg PSA; ¥4k & 3: 100 mg
MWCNTs-COOH+200 mg PSA; 4k % 4. 200 mg
MWCNTs-COOH+200 mg PSA; ¥ 4k & 5. 400 mg
MWCNTs-COOH+200 mg PSA; # 4k % 6: 30 mg
MWCNTs-COOH+200 mg PSA; % b & 7: 10 mg
MWCNTs-COOH+200 mg PSA), filA 4 mL fl 20%Z. %7k
B il 1) 20 pg/L MR A ARAER I, € 1 min, 4500 r/min
> 3 min, WIFIAEIPT. L5RWFE 3, HLE 3. 4. 5
FPORER S BARI B ™ R, BIREEAE 50% LA H kg
6.7 1> T MWCNTs-COOH F e, {75 843 H bR bt
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Table 3 Effects of different purification methods on 21 kinds of PAs (n=3)
e A R %
HbE 1 Wb 2 L 3 L 4 L 5 L 6 L 7
Eu 97.2 85.8 64.2 394 20.6 82.4 80.7
EuNO 98.0 96.9 95.5 92.6 86.2 91.4 91.5
Im 95.6 79.7 55.1 25.1 7.4 81.5 90.4
ImNO 96.3 95.1 90.7 90.0 89.8 97.0 98.9
Ly 97.6 713 53.3 23.6 7.8 78.3 87.0
LyNO 99.8 92.1 89.5 88.5 89.5 98.7 99.1
Re 96.5 90.3 87.7 80.4 62.7 58.4 70.1
ReNO 92.7 91.2 85.5 85.6 65.8 91.8 91.9
He 95.5 60.4 36.9 17.6 7.4 63.5 74.3
HeNO 92.2 90.3 86.7 84.8 72.1 96.6 97.1
Sp 95.9 36.5 16.0 6.8 2.7 452 61.9
SpNO 95.5 94.1 90.2 75.0 57.2 86.6 90.5
Sn 97.8 39.5 19.5 7.9 3.6 46.1 62.4
SnNO 80.2 ND ND ND ND 95.1 95.9
Em 96.2 324 16.1 7.1 32 383 53.6
EmNO 95.6 45.8 26.4 14.6 7.2 52.3 64.3
Sv 92.2 38.1 19.9 8.2 3.7 46.2 61.7
SvNO 91.6 90.2 93.2 81.0 61.1 89.4 96.9
Sk 95.1 40.9 20.6 9.2 ND 46.1 59.6
Le 96.8 3.5 1.2 0.4 0.2 ND ND
LcNO 90.6 36.4 17.9 9.6 4.4 ND 40.2

TE: ND FoR A H i o

TG 1 IABR 21 Fh PAs 1SR AT, R2S
FRE SR =, X E 20, 50, 100 mg PSA ¥4+ 1 mL iz,
FER AL, RBLGE R TCH 25 5, 256 7% B 10 K
AFEALBOR, BAF 50 mg PSA ik 1 mL AR Y
H b

2.4 EFREWN

FIE S M7 o i ALY (matrix effect, ME)J2 38 77 1E
B, ME 23 H ARy i i o7 38 5 sl 55, AN I TP 2 45 5
) RS . FeARBFR T IR H LR ME, %1
ATE T ME/%=(3 5 G T b v 5 380 06 T AR/ 70 s o
VW W 1E FR-1)%100%, 24 ME<0 B, 30N B,
ME>0 B}, £ EEFIER, ME 7E-20%Z+20%2 8] R
ME AEHS . RIEDLAG)E i 5225 nt 21 Fi PAs 1
MEs, 458 &, FZ5% EuNO F12Jp 2k LyNO Y MEs
HRT 20%, N ME B B8, 21550 ReNO, Sp.
SpNO. Sn, Sv. Sk. SvNO. SnNO, Re, Em, EmNO,
Le. 1eNO, %5 He. HeNO. Sp. SpNO. Sn. Sv. Sk.

SVYNO. SnNO. EmNO, Lc. 1cNO 1A H Sn. Sv,
Sk. SVNO. SnNO ) MEs {H/NF-20%, FI A it
FEAm], HADHIE MEs {H7E-15%%E+15%22 [a], 18
ME R, ZEF] ME, feZkFI By m e i i Jy 20
R 7 T 2 T AR
2.5 FEFWIE
251 SMEXFZR, AEREZER

FRERAS (A4S A8 7 i AR A5 28 FURE i 3 TV W,
FHZS PR i B T 0 Y ) 22 90k TR A A vV T, i)
DL bR Bk B R AR AR (X, pg/L), WA AR AR(Y),
bR e . 21 Bl PAs 7E 0.1~4.0 pg/L JH ¢ J3 75l Y
RVESC R R, MSERB)FE 0.998 LI L, LA 3 fH{EMELH
TR R, 6 FRIERY 0.03~3.00 ng/kg, 10 f5{EMEEL
EERR, ERRIEEY 0.10~10.00 pg/ke, AL
KER, R 4.
252 WKRERAEEE

PLBAEZE M 3R, ImNO ., LyNO, Sk, LeNO L 5.0,
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10.0. 25.0 pg/kg HEATIAR ENRSEE, SpNO L 10.0, 25.0,
100.0 pg/kg HATIFR IS, HAabawLL 2.5, 10.0,

25.0 pg/kg PEATHFR PSS, BB A FATIE 6
W, TS AE G W 0 S 2 T b D] e 38 A0 A X b o O 22

(relative standard deviation, RSD), ZERANFE 5, LEAR N kR
KR, 21 F PAs (X EICRTE 81.3%~116.3%2Z (],
RSDs (n=6)>41 0.5%~10.6%, 5t B1% 7 ¥ ISR SR % B2 34

By, REMWEE TR

R4 21 7 PAs ORISR, IAXARY. RERFMESR

Table 4 Linear equations, correlation coefficients, limit of detection and limit of quantitation of 21 kinds of PAs

HAr4 Y oy r? Rt B A(ng/kg) E R A(ng/kg)
EU Y=195993X+1904.42293 0.99949 0.29 0.98
EuNO Y=164723X+5008.21530 0.99901 0.20 0.68
Im Y=339498X+4439.19756 0.99988 0.52 1.73
ImNO Y=207474X-5833.86108 0.99898 1.25 4.17
Ly Y=316609X-9775.23985 0.99984 0.40 1.32
LyNO Y=154790X-5237.22404 0.99978 1.53 5.10
Re Y=74375.2X-9125.85607 0.99978 0.49 1.62
ReNO Y=36950.5X-1060.48389 0.99944 0.20 0.68
He Y=626383X-39891.1 0.99973 0.12 0.40
HeNO Y=35868.1X-685.38571 0.99940 0.08 0.27
Sp Y=128000X-3352.07842 0.99930 0.57 1.89
SpNO Y=38709.2X-3866.23341 0.99976 3.00 10.00
Sn Y=215573X-27975.85682 0.99928 0.30 1.00
SnNO Y=30874.6X-2435.15481 0.99936 0.06 0.21
Em Y=177875X-29302.07300 0.99874 0.18 0.60
EmNO Y=49883.2X-8525.11303 0.99935 0.38 1.27
Sv Y=214189X-9575.16247 0.99912 0.45 1.50
SvNO Y=76095.7X-5450.97055 0.99848 0.06 0.22
Sk Y=14596.84912X-5253.68173 0.99986 1.47 4.90
Lc Y=510690X-87039.4 0.99943 0.03 0.10
LcNO Y=5832X-12980.9993 0.99931 1.11 3.70
#z5 217 PAs BIFIEYZEF0 RSDs (n=6)
Table 5 Average recoveries and RSDs of 21 kinds of PAs (n=6)
a7 mfgj Jl:j/ EE? o, RSDs% | Lt mﬂij Jk(;E/ @EQ o RSDs/% | L4 mfgj Jl:j/ @EQ 1, RSDsl%
2.5 96.5 10.6 2.5 103.8 4.4 2.5 90.4 1.2
EU 10.0 100.1 6.3 ReNO 10.0 87.1 3.0 Em 10.0 105.6 0.5
25.0 96.7 6.4 25.0 86.6 5.7 25.0 111.6 3.5
25 99.9 4.1 2.5 89.4 7.5 25 85.2 5.8
EuNO 10.0 99.2 5.3 He 10.0 86.1 4.2 EmNO 10.0 97.3 7.0
25.0 86.3 2.0 25.0 95.4 1.5 25.0 101.9 2.7
2.5 103.1 3.5 2.5 106.4 4.3 2.5 91.9 44
Im 10.0 103.5 4.0 HeNO 10.0 111.8 3.2 Sv 10.0 107.0 4.5
25.0 91.3 5.6 25.0 95.8 2.3 25.0 88.3 3.6
5.0 103.4 4.6 2.5 112.4 5.9 2.5 83.7 2.5
ImNO 10.0 106.4 2.0 Sp 10.0 99.7 6.5 SvNO 10.0 107.2 33
25.0 108.9 3.1 25.0 91.8 3.9 25.0 81.3 1.2
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F= 580

e mfg; Jk( ;F/ Ej;ﬁ o RSDs/% | fbtr mfg; Jk( ;F/ EE? 1, RSDs% | & ﬂ'ﬂi; gz/ IE!E: 1, RSDsI%
25 93.6 7.8 10.0 116.3 1.7 5.0 105.4 6.0
Ly 10.0 112 50 | spNO 250 94.6 5.8 sk 10.0 88.1 33
25.0 99.8 52 100.0 107.6 43 25.0 104.2 2.6
5.0 94.6 5.5 25 96.9 54 25 97.8 5.3
LyNO  10.0 102.0 35 Sn 10.0 105.7 25 Le 10.0 103.2 12
25.0 100.3 5.0 25.0 107.0 2.7 25.0 96.0 5.9
2.5 96.2 3.0 2.5 95.1 4.1 5.0 106.6 6.5
Re 10.0 113.9 44 | soNO 100 912 55 | LeNO 10.0 107.6 438
25.0 94.0 3.6 25.0 85.6 2.7 25.0 92.7 12

2.6 LPREESINE

PEPEEA SRR 33 MiTE AR A5 )
HEATINGE o 255, 33 R ASMHFES A 6 ki Ly, #
MEFE 12.41~135.8 pg/kg; 5 M LyNO, A&l {E 7E
9.45~22.13 pg/kg; 1 3K Im, KM Fy 4.73 pe/kg, HA
FEA I AR, U B A7 A R L PG 0E AE Y T Y,
o

3 &

AT LR 38 BT 3% 254 L &% QUEChERS HipAk 2
S T AL, # 57 QUEChERS Rif b BT 4k 48 2 A0
A €% - R I T R A e 21 bt gg LV G A )
SrtTOrik, AT, Kz n TR 33 B Asr gk,
KIS AE R Ly . LyNO Al Im., 1% /7 BRI AL LA h
AR, EIIMELF, RGBT RS, AR R AR
e PAs BRI SR, MG L E PAs FIARESRAL T H R
%%,
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