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Abstract: A quick, easy, cheap, effective, rugged, and safe solid phase extraction (QUEChERS), in combination with ultra-high
performance liquid chromatography—tandem mass spectrometry (UPLC-MS/MS) was established to identify four aflatoxins in Fructus amomi.
Optimal experimental conditions were determined by optimizing the QUEChERS pre-treatment technique and the chromatographic and mass
spectrometric conditions. The samples were extracted using acetonitrile with 1% formic acid and salted out with anhydrous magnesium sulfate
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and sodium chloride, then purified using C18, primary secondary amine (PSA), and magnesium sulfate anhydrous. The target analytes were

separated on Waters HSS T3 columns (1.8 pm, 2.1 mmx100 mm), eluted by acetonitrile and a 0.1% (V/V) formic acid-5 mmol/L ammonium

acetate solution gradient elution was used. Results were detected using MS/MS in positive ion mode under multiple reaction monitoring (MRM);

quantification was further conducted using matrix-matched external standard calibrations. Good linearities for the four aflatoxins in the range of

0.20~10.00 pg/L were obtained and the correlation coefficients were >0.998 9. The recoveries were 89.50%~113.12%. The intraday relative

standard deviations (Intra-RSDs) and interday relative standard deviations (Inter-RSDs) were 1.31%~6.71% and 1.29%~6.20%, respectively, as

determined using spiked samples. The limits of detection and limits of quantification were 0.30~0.60 pg/kg and 1.00~2.00 pg/kg, respectively.

The method is simple, rapid, and sensitive. It can be used for the qualitative determination and quantitative analysis of four aflatoxins residues in

Fructus amomi.

Key words: ultra-high performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS); aflatoxin; Fructus-amomi
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Fig.1 Structure formula of 4 aflatoxins
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WWHENRY 2 min FRZ:44)5T, 12 000 r/min &0 5 min,
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B0, T-18 " CHRAR&

PR RTR A TR (100 pg/L): AERFZEL 4 Fhik
LR EAMER 1 mL T 10 mL K80, F 2z
AE10.00mL, MR SAAPTEIREEIN 100 pg/Ls
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Table 2 MS/MS parameters of 4 aflatoxins

Parent lons (m/z)  Daughter lons (m/z)

Cone Voltage/V  Collision Energy/eV

Compounds Ton Formation ~ R#/min
Aflatoxin B1.( AFB1) [M+H]" 5.07 3133
Aflatoxin B2 (AFB2) [M+H]" 4.82 315.1
Aflatoxin G1 (AFG1 ) [M+H]" 479 329.1
Aflatoxin G2 (AFG2) [M+H]" 451 331.1

285.1%/241.1 45 3050
287.1%/259.1 45 3540
311.1%/243.1 45 3340
313.1%/245.1 40 3037

A A BAMLE T TR T.

MRM T BA RAFRIESErE, REFRI 5
2tz T, PG 4 M SR R B
AP EROR, AL HARME S B 2 8ot
TR SR ERREERE 75 30, FE R 2 IR 8

C(ESI") MRS 4 s i85 25 2R A bt LA
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0 1 I K 1 J 0 1 L 1 ]
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X 3 S +
0 J \l 1 J 0 1 LI 1 J
3 4 5 6 7 3 4 5 6 7
t/ min t/ min
€ 100 4.79 f 100 - 4.79
X B X B
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t/ min t/ min
g 100 4.52 h 100 - 4.51
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Fig.2 Extracted ion chromatogram of 4 aflatoxins

E: afeb. cfed. efef. gAeh 55 A Aflatoxin B1. B2. Gl. G2. a. c. e. g AZMBFt, b, d. £, h AL EH T,
22 53 A AR *&'réiji;,?a\ifﬁw, AHFFTLLES T ACQUITY UPLC HSS
T3 EiAE (1.8 pm, 2.1 mmx100 mm) F1 ACQUITY

SRR B R, R ORUEZ TR UPLC BEH C18 i (1.7 um, 100 mmx2.1 mm)
I HoREE . T &) AFBL Fl ARG 4515 X BFME SR BRI AR SEEe 2%, A
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5 mmol/L ZIREZKIEW . ¢=0.1%FR-5 mmol/L ZFR
R RSGRANAE, P 4 PR EE RIS L. 453
R, ANRVESHAHREIE — e E LR A &)
R A AN . T SRR R S, 18R
CIENANA IR RAH RN S, AR
BEAIG, SO0 AR AR RS U %M 5 A F. 25
A LA A MU IR A2 A 1 H Rk R S5
RGERE, RILLZHES 0.1%FHR-5 mmol/L ZEeEkA
WHAVENTBIARRS, 4 PP fh 8 2 IR R I R A2
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TR, SrRRE S AR EARS PRI R, AR
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— R —
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Fig.3 Extraction effect of different extractant

1%FA-AC

I AFBI1
140r SN AFB2
120 - =1 AFG1
< 100k E—JAFG2
2 80f
>
S 60
=4

1%FA-MeOH 1%FA-ACN

Extraction solvents
& 4 4 TEHREGTIT #ErhE & R RS0

Fig.4 Effect of different extractant on recovery of 4 aflatoxins
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Zhang 5P TR RIS A ATIOEE R, 3
LA e EAT FRIROAE AR 1.2 g Tk MgSO, il
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24 AT

BRI S HEIR,. ZHE ORETI
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AN RN R B 1 R 1 R PRI BR AR A R B I e 2 R A,
5. 6. PSA. Cis 1 GCB 1F A =Fi WAIEALI
BT, B2 TR B A5 Cos 0T TR
Ji R AR A RSP0, PSA & —FPE5RH &
TR, AIARERAVIER. TBIIR . AR ERT,
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[FIRF, A ToHLERRE 2 BRAA U T 7K 7 FRr 5L o
PEHEE R TR EKZ, FIT HEEFERENANL
FR FIR R AR R R, SRR R . A
SIS ST =Rl AT S E B LA P G (RIS 5
Wi, FEXFEE AT K MeSO4 I EHET Tk, M
LB E B, PSA+C s+GCB HIVF AL AR %
U, HMCIRESEEE T B, PSA+C g IRA K
AR B BT =P tb A (B 55 {HAE]
R A, BT GCB X P4 EESTREAES
BRPIEEA ), BRI B AR ISR B 2 R RE
(K 6), X—I%M5 Zhao LI 5t 25 BLARL,
TEZH T A i e 18 73— Cis TENEL
o 2 AR D TR i B A ) 0o i A AN 2R
I, LREHRE, ARSIERE PSA+Cig+ o7k MgSO,
E NI A

\ 3 \.< : ‘ I K 0 ‘/ ?
v Lo 2 | o 31

e S T i
C, GCB PSATC,,
ESA PSA+C

& 5 AEIRMIFIR AV B R R
Fig.5 Purifying effect of different adsorbents on

Amomum villosum

140 N AFB1
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] 4 AFGl1
5
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353 b &S
~ <] P34 <
80 o5 ] 4]
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<] 4
20 - ==
= ==
= ==
0 [l ko

PSA GCB  PSA+C, PSA+C +GCB

Sorbents
& 6 AEIWRMIIRT 4 FEaphE & R BRI/
Fig.6 Effect of adsorbents on recovery of 4 aflatoxins
7E QUEChERS {5+ ALA3 A RS2 v, IR B 71 F) P 2
X AR T K 25 B AN B AR S Rl USCF A6 28 G EE 3L
FIVERT, LB BRI A 2 S0 7 H PRl bt
b2, WP S 2 SBERRCRAME, W

T B 2R 7 R IR R AR S B A SRR A
ARSEGHTIALLEL TR A& (50, 100, 150 200 mg)
1] Cisv PSA (1:1) HAEWHMERIR, FiR &I Cge
PSA (1:1) HIHEN 150 mg i HERI AR YR
i, IER T 72.09%~91.13%, I B R
K57 120, 150, 180 mg =/ NMKFFIIHEHASE, @
ATRALECEE, FBALEEL T Cigv PSA (1:2) A1 (2:1)
R LBUR . T S B B i R R mioR g5
JLES, PiFE A RN 180 mg Cig#150 mg PSA
W4 Fhag g B AR m R R, BT 77.75%~
98.49%, MR ILEC L ARG LRI A P i, RIS s
IS FE R R IUINATEK MgSOy fit it H AR =
(Il AT CARRE N ER R KB Re Al EA
WUZFE3N, MR o] gt A ia g T 2. 256
AR TR 288 B R B (PR T 45 R AR HIE 9 7 i DA
“180 mg Cig+150 mg PSA+300 mg T57K MgSO,” N
BRI A, S B R L B T
94:12%~110.49%. BAA 18, W20 4 Fiag
F ARG AR A RS ] T & (B A AN,
H .75 mg Cig+50 mg PSA+200 mg F57K MgSOy,
SARSIGAHILED, X ERERIETARDE, TR
R AZI I A IR, XTTRMEN R 4
PhEE 20N EH L
r—wAfBl IAFB2 E&AFGL = AFG2

120 mg C,+180 mg PSA
150 mg C,+120 mg PSA

180 mg C,+150 mg PSA
180 mg C,+180 mg PSA = —

200 mg C,+100 mg PSA

180 mg C,+150 mg PSA+50 mg MgSO,

180 mg C,+150 mg PSA+100 mg MgSO, b

180 mg C,;+150 mg PSA+200 mg MgSO, e

180 mg C,+150 mg PSA+300 mg MgSO, e
180 mg C,+150 mg PSA+400 mg MgSO, e

0 20 40 60 80 O 120

The amount of sorbents

Recovery / %

& 7 WRHHFIAEXT 4 FhEthE SR BRI
Fig.7 Effect of the amount of sorbents on recovery of 4
aflatoxins

25 KMEE. R 8RR

TERIB AR I i #E,  BAML Ak
W25 BRI o T R L R BT T, X RIS
PERRAERE N, (Matrix Effect, ME) B, s T8 5
R, R ME=K/K, (K: FEFbrdEhZRnslER,
Ko: WHBRAEMZE IR PHERY. 2 ME 7 0.8~1.2
Z 0], FEFUSN ] 2R AT, ME {EIR T B S Tz
] U 2R BHAAAE 2 T | S5 B o B3R EH, 4 Fh
FRIFEFABNVIE 0.46~0.67 HITEHEIN, RFZ TR
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FEAEREBANHITE DL, [FA 2R NN 2 BB AR
WA T SRRSO, 25 R BRI UL 1 A
ST R AR R 2R, ARSI R Ja 2 AT s e DA
AMEBE TR

Tc i) 2 1 2 B bR A AR (0.20~10.00 pg/L,
6 MNMFEIRE D, EHNE. DLERYE R T 1
TRRAAR (p) 55X AH L o 5294 B2 A A b
Co, ng/L) VEE], L] 4 T h 25 5 22 i 5L o Am A
2, RHEMTTFEFIAEC R L, IR (LOD,
S/IN=3) FlIE B R (LOQ, S/N=10) i {ZM: kL (S/ND

KA E - G5 RELH], 4 Fhp iR AE 0.20~10.00 pg/L
(10 JoT AR FEE Y TRl P, WA T V7 o ik FE e B
RIFLIESC R, HRRE (R ¥IKT 09989, J5
R IRTE 0.30~0.60 pngkg 2 I0], J7ikiE & RTE
1.00~2.00 pg/kg 2 8], HH AFB1. AFB2 [k HFRAN
SRR SRR A PR b R A AR
AFG1 I H R A2 SR AR TRt I B AR 11,
AFG2 [y H PR & R BRAR T TR RIS b o
{8, FHICRTED, ATPERE R E R HTRE ) RIT.

R 3 AMEMBESRIVLMSE, BEXAR KIETEE, RHR. EERMEFN

Table 3 Linear equation, linear range, correlation coefficient (R%), LOD, LOQ and ME of 4 aflatoxins

Analytes Linear equation R? Linear range/(pg/L) LODs/(ng/kg) LOQs/(ng/kg) ME
AFBI1 y=70756x-9 163.8 0.998 9 0.20~10.00 0.30 1.00 0.46
AFB2 y=34504x-3 140.7 0.999 5 0.20~10.00 0.30 1.00 0.50
AFGl y=14904x-1 081.9 0.999 2 0.20~10.00 0.60 2.00 0.67
AFG2 y=16352x-2739.3 0.999 0 0.20~10.00 0.60 2.00 0.52

*® 4 EIREEMER 4 MEMESRMARESEFRE IR ERE. (776)
Table 4 Spiked recoveries and RSDs of 4 aflatoxins in real blank samples (n=6)
Spiked level (n=6)
Analytes 1xLOQ 2x1.0Q 10xLOQ
Recovery Intra-RSD  Inter-RSD Recovery  Intra-RSD" . Inter-RSD Recovery Intra-RSD  Inter-RSD
1% 1% 1% 1% 1% 1% 1% 1% 1%
AFBI1 89.50 6.71 4.16 106.05 3.01 4.62 103.15 1.31 1.29
AFB2 94.33 471 6.20 104.02 3.89 3.73 101.60 2.12 1.59
AFGlI 107.70 3.04 5.11 113712 4.87 4.59 105.31 225 3.11
AFG2 102.67 3.77 4.48 99.17 4.26 4.66 102.23 2.32 2.12

26 Jrik B E ARG T

I TE E E PR T AR P A
PEAL % 07 5 1 B R SRS R . g ) R R
(1XLOQ). ' (2xLOQ). & (10xLOQ) 3 M
WEEACPIRNIE S 4 T th 55 55 3R A hn il AR,
FEANRTE I 6 A-TATRE S, LHLIE, THEIbR R
# (Recovery). HWFE%E (Intra-RSD) FH (A%
& (Inter-RSDD ¢ £5HRKH], fEMMIETIH, % Hix
WA TR KIS IR T 1P RN 89.50%~
107.70%, HWIEHEEEAN 3.04%~6.71%, HIakE%E
9 4.16%~6.20%; {EFKFANINE R IFEIEERE A
99.17%~113.12%, HNFE#EN 3.01%~4.87%, HIH
FEHEN 3.73%~4.66%; 1ER7K TR IIE T P35 ]
BN 101.60%~105.31%, HWFEHEE N 1.31%~
2.32%, HIAKEEE N 1.29%~3.11% (F 4), iEH
T EA RS AT B SRR, TR B
4 Filai th B R 2 18 AT ESK
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2.7 SEIREREREIN E

SEFIATTER T HITTER 15 #U R fiATE
BN, BIARAGIN PR . ARl S SR E 2 Hr s
JIM T SRR B s e OO AR E, (HS
2 A (ORI TC R SRR R ORI 25 SR, Bt
BRI 2 5 S AU R ARG, WA T A7 73
HEERE R TS RIS, 2 T7EX T HIS QB oL i H o
B HA EEE X

3 g

ASCEST Y QUEChERS-HE iy OB 0 1 £ J6
PRI A 4 Pl th a2 e 7%, 1%
JIERTACEES AR . RS EIEE. d Xt
ANFRBIAE . EiAE s SRR A A AT AR AL
T B ARSI 2641, 42 ACQUITY UPLC HSS T3 hiif
HAEG 4 Mt EERR2RG2E; KA 1%H
R- Z G HEHL . QUEChERS AT AL LATRAS R UTI1IBR
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