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Determination of 4 kinds of aflatoxins in soy sauce by volatile salting-out
assisted liquid-liquid extraction combined with ultra performance liquid
chromatography-tandem mass spectrometry
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(Huzhou Institute for Food and Drug Control, Huzhou 313000, China)

ABSTRACT: Objective To establish an analytical method for the determination of aflatoxins By, B,, G| and G, in
soy sauce based on volatile ammonium salt salting-out assisted liquid-liquid extraction combined with ultra
performance liquid chromatography-tandem mass spectrometry. Methods The soy sauce sample was extracted with
acetonitrile, and ammonium acetate was used as the salting-out aid for stratification, after the extraction solution was
fixed in volume by adding water, gradient elution was performed using a C;g reverse-phase chromatographic column
with 5 mmol/L ammonium acetate solution—methanol/acetonitrile as the mobile phase, and electrospray positive ion
mode detection was adopted, followed by external standard quantification. The effects of extraction solvent,
salting-out aid and pH on extraction efficiency were investigated. Results Under the optimal experimental

conditions, the linearity of the 4 kinds of aflatoxins were good in the range of 0.5-20.0 ng/mL, the correlation
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coefficients were all greater than or equal to 0.999, and the limits of detection were 0.01-0.04 pg/kg, and the limits of

quantitation were 0.03—0.12 pg/kg; the standard addition experiments at the 3 levels of 0.8, 4.0 and 8.0 nug/kg were

performed on the blank soy sauce sample, and the recovery rates were 73.2%-94.5%, and the relative standard

deviations were 0.9%-5.9%. Conclusion This method is simple, low in cost and high in accuracy, and can meet the

requirements of rapid and accurate analysis of 4 kinds of aflatoxins in soy sauce.

KEY WORDS: soy sauce; aflatoxin; salting-out assisted liquid-liquid extraction
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MEBRERENS Y, 552 EEEENTEY, &lE
PR B 22 4% P o) f17) % i 85 75 K (aflatoxin, AFT)J2: i 2 i 2
R A B R A A i — 2 B T A kI A B R S
M AR, JE—Fmd R, B e Em RS0t | Sonrk
MSERAEY, ARTERE LI 20 KA HEMEEE, W
UL F AT I E R R By (aflatoxin By, AFTB,) ., # i % 5
% B, (aflatoxin By, AFTB,). %% 8 & G, (aflatoxin Gy,
AFTG)). i # % G, (aflatoxin G,, AFTG,), ¥ AFTB,
AR, 2 H RS SRR AL A 2 —1Y, I,
J T REEIME LA, KIE GB 2761—2017 { &4
B AR b B B R B A ) IR RLE T R
AFTB, Wi KB EEA L 5 pe/ke.
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B BRAREE | BRI PN SEXES A TR AR SRR S B R I,
PRI ok B A R 2 B BB () S TR AR, IR
MY RBOE, PR TRk Iz o AR A
e PLE S - I rp AT LR B A T B TS g, B
mﬁ\ﬁ@*%%&mﬁﬂﬁﬁmkﬁﬁﬁﬁ%m*ﬁﬁ

B R (R IU Ry I G DL OE o A RIS 30 ol 0 e 4 e M e
PSR, SR PRl BB A DG 45 e o 8T
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tandem mass spectrometry, UPLC-MS/MS)#: 7. T —FpaiAb
PRPR AR B L AR A vty v B R R R AR I i,
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1.1 MR5iRF

B AR S TN T T o SEIR T A S AR SR
F GB 5009.22—2016 ( & RE2EZnME ST EME
BEER B R G HRRYINAE ) ke sk B

WHIERE B, .B,.G, .G, IR AR HEATR R 100 pg/mL,
i'%ﬁﬁ#ﬁi%ﬂ%ﬁ[ﬁﬁ/\ﬂ) i, 8. IENEE.

. (R REA, fEEBRTEA ), FRE . JRRE. %Wa
%;z\ WRIREL (S Hral, L2 e e bR A IR W), 258
FACHBAIK; 0.22 pm JEe BB i #f R HETT HE
SRS A A BRA ) o
1.2 UE5EF

1260 BRI SORA %I . ZORBAX SB-C g GilfiHE:
(100 mmx2.1 mm, 1.8 um), 6470 % = 5 DU FT 5 BE %
(36 H 2 HEAR S F]); ME204E T B 23 # K SF O
0.0001 g, Fi AR H-FCR 2384 FRA F); Genius 3 i
TRIRA (T8 LR F)); KQ-500DB B 75 5 kAN (H [
Bl A £ A Fl); Allegra X-12R B & 208 R B 041
(1 DL g 2 JE IR RN /D), Simplicity B8 4K R (3€ [FH %%
PR D)

1.3 XWIFE
1.3.1 RAAT RSBk 69 4 &

AFTB,. AFTB,. AFTG,. AFTG, IR&hriEME T
Bofhl: WIBCREE) AFTB,. AFTB,. AFTG,. AFTG, R4
PREVAWGE B, B, BUm iR E R 1 ug/mL 1)
AFTB,. AFTB,. AFTG,. AFTG, I&&HrEREW, —20°C
TROGIRAE. W AFTB,. AFTB,. AFTG,. AFTG,E&
PRI fifs 5 WIS Bt 2848 11 2 A YRR AR, TG o T R
A4 0.5, 1.0, 5.0, 10.0, 20.0, 50.0 ng/mL ) AFTB; .
AFTB,. AFTG,. AFTG, IRA i TAERM. T 1 mL 7
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HEVE L 0.22 pm JE ISR 8 5 LR 04T
132 BHX Sk il 4 &

PRI 5.00 g #IMICKE B2 0.01 )BT 15 mL .0, 46
JEIMA 2.0 g ZEREAN 2.0 mL ZIEETR, WHEE L RREEEIASE
EVEAR(Z 1 min), A5 10000 r/min F553 N0 5 min, FHL
23 FZAEHUEE 1.4 mL)E T 2.0 mL AP, kE
RERZE, RA, 3 0.22 um JE e BEREE PSR
1.3.3 474 vh & 9244

SR IBCEE TR ) 2% br v i 2 RS 25 IR IR A
WETAEWAS 5 pL I = S50ROHH 635 - H I5E 4SO, )
FE A A, DAERE TR VR B (X, ng/mL) A Ak
bR, ERE GBI AYPLIR, Ll 4 Fh s RE
JECAR R TR I 2 5]

14 BIERRIEEN

ZORBAX SB-Cg o #:(100 mmx2.1 mm, 1.8 um); i
B A: HEYZ RS (50:50, V2V), #EHHB: 5 mmol/L £
FREGVA I, BHIEVEIRFRE: 0.0~0.5 min, 40% A; 0.5~3.0 min,
40%~60% A; 3.0~4.0 min, 60% A; 4.0~4.2 min, 60%~100% A;
4.2~5.0 min, 100% A; 5.0~5.5 min, 100%~40% A; 5.5~9.0 min,
40% A; i 0.3 mL/min; FFREARN S uL; FEIR 35°C.

JRE S5 F: LS %5 1F B T (electron spray ionization,
ESI-H)# i34, 22 5% Wil (multiple reaction monitoring,
MRM)EREI; B4 H R 3.5 kV; TSR 300°C;
TS WHE 7 Liming FARRIES 45 psi; 850 AEE:
350°C; A 11 L/min; AFTB,. B,. Gy, G, BB X
RIS HIENE 1.

R1 FUYHENSFNREERESH
Table 1 Monitoring ion pairs and optimal mass spectral
parameters of the object to be tested

ey ekt BT BRIV REEEY
AFTB,  ESI+  313.0>240.8 155 35
ESI+  313.0>284.9" 155 35
AFTB,  ESI+  315.0>287.0° 155 30
ESI+  315.0>259.0° 155 35
AFTG,  ESI+  329.0>243.0° 155 30
ESI+  329.0>283.0° 155 25
AFTG,  ESI+  331.0>244.9° 155 30
ESI+  331.0>285.0" 155 35

s SERBI TR R TR

1.5 HUBRALIE
BB S 4 Bl a2 o R () P
C. xV
X, =

i

(M

m

A (D
X—iA R B B R i, pg/kes
Cr— A 7 P B 5 3 K 00 T vk, ng/mL;
V—RE SR IBOE AR, mL;
m—FR RS T, go

1.6 HBEBGITSHHT

K HI SPSS 26.0 A% B i A7 B R 2R 7 22 4 B
(one-way analysis of variance, ANOVA)., /N EEF
(least significant difference, LSD)Z & b4, & /KN
0=0.05, LI P<0.05 F/n 25 A G [/ Origin
9.0 TR

2 GER5HH

2.1 EFIZEEIAYEEL

ERHT R A BB B A B AR A BCR I R K. T
FEERMTRORAE B S rh, 3ok i b 1 (P 2 (A5 4K B s ) p iy
AR, AR MR & AR A A S R AR B AR B
FRE, IR R B AT G Y . A S R S
VER W AVE R ERATH], R T H IR . ok, &
TR . BRFR%EE 4 FhiEhxt i ih & 5 R IR BCR, 455000
K 1. 45HR B8, CRREXT 4 b ih 85 5 2 a0 SR iR
WL FHAMERS, HAE AFTB,. G,. G, #EEA R F HA
2 57(P<0.05), ULk 2 BREAE A

100

R ek T 2k O A B
80 a
= 60
5 .
.
s/
3%
20F 1/
.
. s%

AFTB, AFTB,

AFTG, AFTG,
BRI

B ARVNG FREFR ORI B350 25 5 (P<0.05), TRl
Pl BT RIS % (n=3)
Fig.1 Screening of salt out agent type (n=3)

2.2 ZFEBUATIEBRYIZER

FEWE SR M ZE PR EERN R 22— FEERT
AT, FEBOA R — BRI K B 5KIRE, R
B NEEMARG 5K 2, RHEARMRER TG, B
B, LW, IENEE. NEE S Rl WA ZEIRAE . AR
MR, RWRA NG . IENEEMNESZ, 2
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FE 4 Fh SR EREENCR, gERLE 2, BRE>A
Fi>IEEE, H 3 FpE R HA B2 22 5(P<0.05), HIt,
BEI 2GR M ZE A .

100 -
B - e R v i
80
= 60
=
E 40

20

AFTB AFTB, AFTG AFTG,
B AR I

2 TERIZERIGE I (n=3)
Fig.2 Screening of solvent type (n=3)

23 EMFIREHIMKE

AR X T ROR E R E B AR H 5
T ZERERI 0.5, 1.0, 1.5, 2.0, 2.5 @)X EhHTIRIAE
B SERON A2 BRI s, S50 LR 3, DFoE 3R AN
W] £ R e 2 X ER AT IS (1 LA IR B i 5N, B2 1R
B 0.5 g HMA] 2.0 g Inh, RBUECREE 2 BR R T
MR R, WG O e AR IE— 20 IoRET, SR mi A
HOMHA B2 (P>0.05), F, DIl RN E 2.0 g
AT R

10T B oS EE10 e A 5
a

b

80 | b
© 60
=
E 40

20

0

AFTB, AFTB, AFTG, AFTG,
B R RE R A

Bl 3 LR T (n=3)
Fig.3 Quality screening of ammonium acetate (n=3)
2.4 ZFERUATIAREIMRAL
TR AL IOR RN 2 S B IR 78 42, FRARAEIRAL
A8, i B AR AR PG s S A, TR B A BN

R, AHFSE LB 42 T 2K BOA I G 1Y I £(0.8~2.4 mL)
Xof HE B 75 i VA 2 SR 0 B AR 2K BOHCR Y S
SR 4, ZIEMRAE 0.8 mL I, FhArEAVUE RS
A REBGRZER, WS R, AR A R R
EIKRRY A 245, AFTG, 15 4 FhZJE & T I L RE XS,
M AFTB,, B,7EZ AR TE 2.0 mL DL _E[FIHE: 2.0 mL
PR i 22 55 8.2 (P<0.05), 5 R4k Ea38 i3] 2.4 mL
SRR R 22 R B35 (P>0.05) 0 KItk, 7548 A3 WL ) F1
S 4RI IR], #f5E 2.0 mL R AR UATH

100 - B8 12 mL HHH 1.6 mL 2.0 m
a

0 Vi i
AFTB, AFTB, AFTG, AFTG,
B R

[ 4 ZIBABEAAFTE (n=3)

Fig.4 Screening of acetonitrile volume condition (n=3)

2.5 #& pH ML

FEM Y pH RIF R A TRCREME R . kTR ihE
BERTEMIE SR FARE, FILAR ST pH 4510
3.0, 5.0, 7.0 3 RSk R R, g5 5. 45 EoR,
pH K 7.0 B BISCR R, HA5HAh pH 400 T 1 BDJCR H
A 325 7(P<0.05) Bk, AL AR EEASMAT pH.

100 pH=3.0 HHHpH=50 ) rui=1.0
a
80
s 60
=
E 40
20
O ------ oolelmmmmi 77777/ M 0200 mmmm
AFTG, AFTG, AFTB,

&5 K& pH S50 0k (n=3)
Fig.5 Screening of the pH of sample (n=3)
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FH 356 9 5 R 5, i A A Sk bR e B 2k S
Ll FbR e i R, AT 4 BB il 8w KL AN
(matrix effect, ME)TE 13%~62%2Z 8], /R 455 At 5 B 46l
BN, PRICR AR & e s, 5 DNIRE R IR B
FR VR A S0 R R O YRR A R 0 1 AT A L - E IR BT A
M, 446 4 FregihEER sk, @ (R4
PRI B BRIt B S A R R, SR AR 2, 3k 2

AL, 4 FhHARIRERLA KA, HERBDHWRTET
0.999, AFTB,. B;. G;. Gy X[ Hfh(5.0 ng/mL) S & F e
TEEITLE 6. mIE 6 AT I, 4 Fhim i R & e 4 | WEIEXT
FR. JEEITCZe0E T8, AT LA R A IR , KR {51 L
(SIN=3), BRIREMCHAR S 4 FhEgph B a2 0 H IR,
L3 sk R R e e I, SRR 2, 4 P d R
i tHBR A 0.01~0.04 pg/ke, = fFRA 0.03~0.12 pg/ke, 1568
Tk RERG

# 2 AFTB,, AFTB,;, AFTG,, AFTG,HEJ3A5TE. &HEE. RERSEER
Table 2 Regression equations, linear ranges, limits of detection and limits of quantitation of AFTB,. AFTB;. AFTG;. AFTG;

vigiis?| LI LiEBSES 23 Bl /(ng/mL) £ R/ (ng/kg) E 1R /(ng/kg)
AFTB, Y=63.656832X-35.219110 0.999 0.5~20.0 0.01 0.03
AFTB; Y=312.212971X+134.665507 0.999 0.5~20.0 0.02 0.06
AFTG, Y=413.056587X-6.881921 0.999 0.5~20.0 0.01 0.03
AFTG, Y=118.047919X-4.848404 0.999 0.5~20.0 0.04 0.12

1.4 AFTG?FTBZ 0.9%~5.9% 2 [ . 4 Foh B i 5 5 20K 55 B 1 i 4 24 A G A2

AFTG,

{5 B4 BisF 18] /min

6 AFTB;. By. Gi. G IR&SEBbRIE W (1% (5.0 ng/mL)
Fig.6 Chromatograms for the mixed standard solution of AFTB; .
B,. Gi. G (5.0 ng/mL)

27 EERSHEEZEEXE

FEF MBS FIRR S A A R AR 3 R
B i A wE R IR A AR, R C @ ik E R E
6 WX, T I0AR [ 2 FURE X6 A M i 22 (relative  standard
deviations, RSDs), Z5HR UL 3., M3 3 vl 4, 4 A th a5 7%
R A AT bR Bl 73.2%~94.5%, RSDs 7E

SE RGN K
2.8 FFaiil S

Sy B UE T S 5 T S IR R AT SRR, SR RO T
AT SEbrRE il h S I B R R A 2 . RAE Y i S B AL
U mAR S 2Tt 20 41, 1 h PIRITTSE BORTA AR S AL
B, SR FASTEACI A OB AL TP i 4 Fh e ih B R
i, R 4 R EERE R IORK I, RIITTI bl a
ARDL A AT
2.9 SXXE AR

4 AT CARE B R A F I T
TR ECEE . tha 4 AL, A5k HAT A H BRAR AN [ml i
SR HONE R, ATTERA LR R E A )
AR XA, FA B N TS, AT —
TR | R | e BRGNP R o R R T Tk

#3 BEEREBENIRLERN=6)

Table 3 Results of tests for recoveries and precisions (n=6)

0.8 ng/kg 4.0 pg/kg 8.0 ng/kg
iazg?]
B3R/ % RSDs/% /% RSDs/% R/ % RSDs/%
AFTG, 73.6 2.6 73.2 1.7 74.9 2.0
AFTG, 82.4 1.9 83.5 1.1 86.5 0.9
AFTB, 94.5 5.0 88.6 5.9 91.9 2.7
AFTB, 83.7 4.3 81.0 1.5 82.8 2.7
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Table 4 Comparison of this method with other methods for determination of aflatoxins in soy sauce

L , N 5 g FERA LI "
ko Wb 3 7% Hdl Iy vk s FCR%  LODs/(uglke) ik
I FER/mL
AFTB, TR AL HPLC-FD 28 75.9~94.7 0.02 [13]
AFTB,. AFTB,. PN
£ S AR PLC-MS/M .0~108. .017~0.051 2
AFTG,. AFTG, G Ak UPLC-MS/MS 9 79.0~108.6 0.017~0.05 [27]
AFTB,. AFTB,. GB 5009.22—2016 43
£ SRR : - .03~0.
AFTG,. AFTG, GPEEM/EALEE HPLC-MS/MS 14 / 0.03~0.1 T
AFTB,. AFTB,, N -
: : AR UPLC-MS/MS 2 73.2-94.5 0.01~0.04 PN

AFTG,. AFTG;

T AR (5 -9 YA I 5 5 (high performance liquid chromatography-fluorescence detection method, HPLC-FD);

R0 O G - R IR

i (high performance liquid chromatography-mass spectrometry, HPLC-MS/MS); /A A .

AKIFFEHE S 1 LA R B A 4 il B R I 4

R L - BB I i p 4 Fh el A RE R
BRI T3 05 1207 RSB ARG | 45 Ak et

LR T AT B,

SR R o 28R € T - A3 R o i AU A

WE B AT AN, ST bR 2SN bR TR e, R TR
T Hp R4 2 ER BT S R 1 AR S ikl ) . W] GB
5009.22—2016 AL, %77 A6 BRIA 2 BLA B & bn e, (2
A HURFITERE D, AR B AR 5 R KBEAIR, AR
FUPREE . SRR, TE I B A R TS Y
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