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Simultaneous Determination of Four Aflatoxins in Pheretima by Ultra
Performance Liquid Chromatography Tandem Mass Spectrometry and
Confirmation of Positive Results

GUO Jing', ZHANG Jin', LI Wenjun', LI Zhenggang’
(1. Tonghua Institute for Food and Drug Control, Tonghua 134000, Jilin China; 2. Siping Institute for Food and
Drug Control, Siping 136000, Jilin China)

Abstract: A method for simultaneous determination of aflatoxins B,, B,, G,, and G, in pheretima was been established by
ultra performance liquid chromatography tandem mass spectrometry (UPLC-MS/MS), and the positive results was
confirmed. The samples were extracted by 70% methanol, purified by a immunoaffinity columns, separated by UPLC-
MS/MS, detected by triple quadrupole mass spectrometry, and confirmed by ion peak ratio. The results showed that the
linear relationship of the four aflatoxins were good (7>0.999 5), and the recoveries ranged from 91.2% to 95.6%. The
limits of detection for aflatoxin B,, B,, G,, and G, were 0.10, 0.038, 0.11, 0.038 pg/kg, respectively. The method has a
good specificity, high sensitivity, good accuracy, and can be used to determine the final positive detection. Aflatoxin were
positively detected in 6 out of 15 batches of pheretima, which proved that the Pheretima were more susceptible to
contamination by aflatoxins.
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#7 1 %5 7% & (aflatoxins, AF)&—FhaPEAL 5 /Y
BRI, 145 B R RE R ST LA 81 o T 283K
Y. SR R I TR
IR AEAR T, e — b2 a2 e A,

FHALEG AFB,. AFB,, AFG,. AFG,, 271 T 11,

A, SRR SR E ZE IR IIRLE T B A B
RIS R . MG R FERETXA
KB E LA L8 R REPEAE T, K TR BT 23
JFER R, A% 2 B I B A R AR 2
M E R R AR TR, a0 RN 25 B )R
AFB,. AFB,. AFG,. AFG, B 7EHE 25 iy BR
AT 4 pgkg, (EEZjHM ) E AFB,. AFB,,
AFG,. AFG, S8 7Eh s 2 rh R A5 & T 20
pg/kg, (AR RN 25 B RUE FLR AR TP 2544
H R A T 10 pg/ke™.

bl 245 14 B HE SO AE (A8 N R RN [ 24 i )
2020 RE— B SRS B R i TS, B 2 AE
b, i e A K e R v, O AF 75
ey RS K. HRT AF I8 57 325 3 AT AR 46
- S5 BT AR A SO A 2R A AR A - TR I 2
DR TR S e 2, AEL LA b 7 vk A AR B B 152 1)
FTREPE, 48 b v B P 359 55 B2 2R P B i A6 I 2%
PEAT BB IE™ . AR5 SR FF A 2 55 VA €6 33 - H Bk
JB 3 12 (UPLC-MS/MS ) [R] B U 52 A [7] 7= 1 Z2 41k vk
W24k AFB,. AFB,. AFG,. AFG, & &, Jf
X BH A 285 S EA T A UE, AT VR 178 40 2 A 155 0
ST AF J5 s LIRS

1 REFES

1.1 {EEFLF

BT125D &I K (b 5 38 2 RT3 K OF
HBRAF]), TDL-5-A BB 2 SR 22
J7), AB SCIEX QTRAP® 5500 I 25 R4 v A €033 -
= VUM AT S (36 AB SCIEX A A ). 4 i TR )
FHETEA: (B R AT B A DD, S 5 FAE (5 5%
B A T AR BRA ], Bk 3 mL, #b45: 21124-4).

AF IR & X B % WK : AFB,. AFB,. AFG,.
AFG, Fp 7 [z 5 e B 73 1 4 1.04, 0.38. 1.08. 0.38
pg/mL, #1t5: 610001-202006, I T = £ 5 25 5
i E I Be. S8 Pb BRI 1R e ([ 24 4 AL AR
PR W], Zr#fral), B AN 2 % (Flsher Scientific, £4,
kAl ), alifbsk oA A .

AU AR B AR ) 7= b A TR G S e 25 B3k
15 it FEAF BNk 1 4.
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Table 1 Basic informations of Pheretima samples

ik G5 R A4 TR P
DLI ;Y2 TR B
DL2 I H I JTAREER
DL3 T HL I JTARERR
DL4 I HE JTARHG
DL5 I HE [E N
DL6 T HL I i3
DL7 PR WL
DLS HlaN: )2 T e B
DL9 bas:iy)4 baNEaR-q |
DL10 PR W 5%
DL11 HabiL9)2 T R AR
DLI2 B Ly)2 Wi 4 1e
DL13 PR TLPgEM
DL14 HabiL9)2 TIPS LT
DL15 Hlab: )2 TANRE S

1.2 UEITIERE
12,1 mi%&u

6, 1% # ; Shim-pack XR-ODS, 3.0 mmx75 mm
(1.8 pm); LA 10 mmol/L BEFREVAW A ZIAH A, H
B i sl AR B; A1: 25 °C; i 0.3 mL/min. %55 2
R AR T R T B VL.

x2 BERRER

Table 2 Gradient elution procedure

it &) /min TBNTHA/% TENAIB/ Y%
0~4.5 65~15 35~85
4.5~6 15~0 85~100
6~6.5 0~65 100~35
6.5~10 65 35

122 g

B IR B S B IR (ST ; Wit 1F
BFERT 02 R AL (MRM) 5 W55 1R 58 :
0.21 MPa; TS i3 8 L/min; T IREE: 550 °C;
BAMEHIE: 5500 V; =T UM AT T4 K AH S H
FESELBOE N3k 3 i
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Table 3 Conditions of mass spectrometer

- BB BT WRE AR
(m/z) (m/z) E/NV m/eV

1 AFB, 313.1 285.1%* 160 34
241.0 207 51

2 AFB, 3151 287.1* 189 37
259.1 200 39

3 AFG, 329.1  243.1%* 163 38
311.1 180 31

4 AFG, 3L 313.0% 185 35
245.1 188 42

T *E i B X

1.3t

S3 G L AF JRA G IR AT 100, 50, 25
pL T 10 mL Z8sfir, B i B 2 20 5, 425,
RRAS bR e 2RI 1. 2, 3. /RS % 5 HL 1 mL A
HEMZAE 2, 0.1 mL ARdfEM LA 1 T 10 mL %5
i, PR R B 2R, 5250, RIASAnE fh 2 i
W4, 5 K% | mLARAEZE 4 T 10 mL
Faih, P BB 2, $25), RIAShRiE i 2k
U 6.
1.4 HikmERSE

B A AL 15 gG U505 M), R 2 FRAE,
BB, AN 3 g 70% H B 75
mL, 12 000 r/min & #E B FE 2 min, 4 500 r/min 250>
5 min, B FIH W 15.0 mL, & T 50 mL 3, K
T B 2 2B, #2547, 4 500 t/min 250> 10 min, BUZEJE
% 20.0 mL. 3 i R E A, JiE 3 mL/min, A 20
mL K PN, YRR 7 2, (i 2s Rk A e R G,

Bk BF R R, IR VR, BT
2 mL S, I R R R LI, $E), LR
(0.22 pm) JEE, BPZENER, RIS

2 HR5HR

2.1 REFRFMAERARBRILNEXHIE

o SEFATE B AR PR | BoiR 2z 0] i B Ay
SEESE AR BRI T B S — RS R,
T AR AR R Y B R S E PR S B A AR A T
FR Yy, 22 AR S A WA A, A R4S A 0 H iR
VIR VR R, DI SR H AR ) s R A A
méﬁ[%.

Tk R ARG Y A A, BT
o b (/2 B 85 F 40 15« R 9 43 A 2, RSB ]
K 10 °~10" mol Him 2. A HL A A (i ik, I3k
o it T R ) e A/ ARG ) SR A A R R
HHAB AT 0 % T e T LAAE S A 35 A6z 1 400 1Y
HE— A IE, KRR B A s i e,

22 ZMESEE MK HR

A3 G B 1.3 TR BRI A R IR SR 5
L, T ABORH S, I e T A, DA o TR
(ng/mL) A REAL AR, BN ARDR, 2 hiIAniE T £L.
iR 4y, 4 ME S R NA SR R
(r>0.999 5).

BUARE AF FUEESL 15 g, LA 0.15 mL F5 i il
LRVEW 1, A R AR 1.4 T90F A 5 18 i 4%,
1.2 TR AR TAESAFN R, MERE L (S/N) R 3 1E
4 Fp i 7 K A9 K H BR (limit of detection,
LOD), Z5 313 4 fir§1], AFB,. AFB,. AFG,. AFG,
i LOD 43 %124 0.10. 0.038. 0.11. 0.038 pg/kg, %
BT vk R

K4 EIEFFRE LMESEEMNGEHR

Table 4 Regression equations, linear ranges and limits of detection

Hor 2R EEpyi r LR MV (ng/mL) LOD/(pg/kg) SIN
AFB, =33 600x —1 360 0.999 9 0.104 ~ 10.400 0.10 4.5
AFB, =30 900x — 4 880 0.999 8 0.038 ~ 3.800 0.038 3.1
AFG, =26 150x — 6 340 0.999 8 0.108 ~ 10.800 0.11 4.2
AFG, y=21200x + 2 920 0.999 8 0.038 ~ 3.800 0.038 33

23 REEXE
U5 uL 1.3 TR AR s 1, 7 1.2 3R

NS B 2 T R 43 i SRR 6 UK, e 454
A3 B G i 0 i B R 25 3. AFB,. AFB,. AFG,.
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AFG, i i R AR 2% (RSD) 435128 1.3%.
2.2%. 1.8% Fl1 2.2%, FHA{LAR ARG % B KL 4
24 FEMHRE
13 TR R AE M 1, 5T 0.4, 8
16, 18, 24 h #% 1.2 W FAUERAAFHERE S uL, 10T
W 4% 20 4 e i AR K45 2R : AFB,. AFB,. AFG,.
AFG, {0 1% 0 [ F1 RSD 4301l 4 2.6%. 2.2%. 2.5%
1 2.3%, 455 RIATE 24 h NN E 25 A e .
2.5 EEHFMEWERIRE
F T 15 #E ke 25 8 H AR 43 K i AFB,.
AFB,, SCEHR BSGRSS th i AT ik AR M5 42
FRIUAN T AF 1R 2541 (95 : DL #i K29 15 g,
B 640y, 4y RS AF JRA X IR SR 75 uL,
HARBRAER] 2.1.2 T F K s i &, # 2.2 R
2 A3 I R 45 4 A 1 (L e TR R, S5 SR AnER S5 T
®5 AEHESHNEKRRBER
Table 5 Experimental results of repeatability and

recovery of method

b) 1115 | AN G 1 i T G 3 T g
T g F%  F/%
AFB, 78.00 7421 9514 956 1.9
(5 ugkg) 78.00  73.11  93.73

78.00 7553 96.83

78.00 7652  98.10

78.00 7299 93.58

78.00 7523  96.45
AFB, 2850 2612 91.65 93.4 2.0
(2 ngkg) 2850 2523 90.77

2850  26.78  93.96

2850  27.01 94.77

2850 2732 95.86

2850 2655 93.16
AFG, 81.00  77.44 9560 932 1.7
(5 ugkg) 81.00 7526 9291
81.00 7536 93.04
81.00 7482 9237
81.00 7635 94.26
81.00  73.78  91.09
2850 2515 91.05 91.2 2.6
2850 2622 92.00
28.50 2547 89.37
2850 2511 88.11
2850  27.01 94.77
2850 2628 9221

o RSD/%
m/ng

AFG,
(2 ng/kg)

5. 13 5 W[ L, AFB,. AFB,. AFG,. AFG, 1) F1
[ Z A3 3R 95.6%. 93.4%. 93.2%. 91.2%, Hls
W 5E E A RSD 23518 1.9%. 2.0%. 1.7% F1 2.6%,
FEUHZ VR 1 ISt R R, ik B S M AT
2.6 HRANE

1S HEWR M e 2547, #2108 1.4 00 F 7k il 45 it
AT, 1.2 T USRI T e, 255 sk 6
JIE), S5 SRR 6 L IR FE S AT Y AFB, Al
AFB,, B BB i E AR 1 fs.

xo HRMUELR

Table 6 Determination results of samples

(ng/ke)

Fedh AFBJR  AFBJE AFGJE AFGE EJRaE
DL1 / / / / /
DL2 / / / / /
DL3 / / / / /
DL4 6.8 0.53 / / 7.33
DL5 / / / / /
DL6 / / / / /
DL7 7.8 0.35 / / 8.15
DLS 6.5 0.31 / / 6.81
DL9 43 0.24 / / 4.54
DL10 / / / / /
DL11 / / / / /
DL12 / / / / /
DLI13 3.1 0.43 / / 3.53
DL14 25 0.31 / / 2.81
DL15 / / / / /

eI A N o431

2.7 PRMZEREIE

RN i Lo R N N W R 2
— T DUMR AT e DA B T AR B T
XFHEAT RS, TR S TR i A2 Ak, B
FXF BT ) 1 A iR R e &R SR
— b B W T TR A I 110 5 R v [ il
H s 5 1 7 A 1 2 A R 15 - 2 TR EL A AR [
() BB, R P S - X e T R EAEHEA T H A B L
L JE M, UPLC-MS/MS Bk H 2K FH B T4 5 et
SE SR IE— 2L 00 E FHPEAG Y, B 0 SRR S A S (03
WA A £ P B ) S5 0 BEE — B, IF BAE BRI 5o e 1Y
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5x10¢ -
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= ox10 £ 2x100
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1 HRNEEE
(b) #RRIELEFRE

Fig. 1 Total ion flow diagrams of samples

(a) MRBRESEFRAE,

T v, B e %) M0 -k 1 B, T HL i
FF 1 W0 - X i T R 55 % R g A X
WA T R G — B, DU)RT SR A R AR R IR LR T R
A IE A Y 6 b BH M FE & 10 3 1 L
AFB, 5514 75.3%. 75.2%. 75.1%. 75.3%. 75.2%.
75.1%, FHXF V- 3490 25 4/ T 0.2%. AFB, 73 51 4
85.0%. 85.1%. 85.1%. 85.2%. 85.3%. 85.0%, FXF
PR ZER/ N 0.2%. BIFE SLVF IR 25+20% N, BfIE
FE i PH A H

3 #ig

1 ZHERE SR B DL T LA 2E A5, Hb 2l
MR IR R AT £ N I E R R B, Al B,
Wb 2GR M) N T B e g BRIV, iR
v R =TS Y Ok TR, iRV BRI E
TRAEA Y RIS, M SRR T EA S @
R DR bt 24 F R R WA 56
W SR G 2% R W, UPLC-MS/MS 75 #21E fii
i, LIE Ly . REUE R . EEMLR, Reig X 2y
AT BE 235 SR LR At I, OREAE TP 2 9 2 i
B EE 205 YA h R AR R .
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