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6 R 0.07~0.36 pg/kg ., E RN 0.24~1.20 pg/kg, 3 FimpR K- HF 2 [FE R 80.3%~103.4% , AHX AR i
ZEXINT 5.8%; THERESH, TEAMIT T HA & 19 AFB, 5450 58, 2 OyflBad E R BREAREQ0 pg/ke); 18
AR AFB, 78 B AR A T A 4.35%~33.88% . 1EE AR N 12.81%~79.78%. £E® AW
T ARSI R LR L R  EE L WERRELE, AT LA R X AEAE R L AFB B PRERVERA S AT K, IR
MR AR AL AE S il AFB, AWl MR 22 5
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ABSTRACT: Objective To establish a method for the quantitative analysis of aflatoxin B, (AFB,) in peanuts and
its products by ultra performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS) based on
isotope internal standard method, and study its bioaccessibility in the gastric and the small intestinal phases. Methods
The sample was extracted with acetonitrile-water-acetic acid (84:15:1, V:V:V), purified by high-speed refrigerated
centrifugation, and separated on a Waters Acquity BEH C;g column (100 mmx2.1 mm, 1.7 um) with 0.1% formic

acid solution and methanol as mobile phases, the isotope internal standard method was used for quantitative analysis.
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On this basis, the bioaccessibility of AFB, in the gastric and the small intestinal phases was studied by simulated

digestion experiment in vitro. Results The AFB,; had good linear relationship in range of 0.01-30.00 pg/L with the

correlation coefficient (+*) of 0.9998, the limits of detection and the limits of quantification were from 0.07—

0.36 pg/kg and from 0.24-1.20 pg/kg, respectively, the average recoveries of the 3 spiked levels ranged from 80.3%

to 103.4% with the relative standard deviations all less than 5.8%; Among the commercial samples, the AFB,

contamination of peanuts was more serious than that of its products, and 2 of them exceeded the national limit

standard (20 pg/kg). The bioavailability of AFB; in peanut foods ranged from 4.35%—33.88% in the gastric phase and

12.81%—79.78% in the small intestinal phase. Conclusion The method established in this study is simple, rapid,

with high precise and accurate, which can meet the requirements the rapid and accurate analysis of AFB, in peanut

foods. In vitro simulated digestion shows that the bioaccessibility of AFB, in different peanut foods is quite different.

KEY WORDS: peanut; isotope internal standard method; ultra performance liquid chromatography-tandem mass

spectrometry; aflatoxin By; bioaccessibility
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FER AL AR R E, A R 1700 7 (Y,
Tz AT BT S AR AR 2Rl B B TG e
W A AN . BRI R NI 5 2 0 i n) J, e
BT EENSRRANE, FEZHEREET, BlE
£ % B, (aflatoxin B, AFB,)/& 5t = AlfG i KA —38,
B BUEbE . SO AR R g R, Tk
[ 98 RE A 55 #L A4 (International Agency for Research on
Cancer, IARC)S A5 — 80w, Bk, VP2 E%
RN S AR T AFB, (15 KR B ACT 2 T T A bR,
VMR AN W i e e 4 . KM ETEA: ' AFB, 1Y
KRR 2 pg/kg, HAMETA SN PEMETFENE
A 10 pe/kg; WA FHT G 2= A2 64 2 h
EHAMBEANGEN 15 ng/kg, Mk FEEA KA S 5
h AFB, B KRR R 20 pg/kg.o

T AFB; B G35 M O AE TG Qe i ™ 1, MR
T AE A S AL S AFB, RS B ARE VI EE . 64
IR T ek, BT 28, R BMmaREY I, b
5 & AR, el i il S ARV AFB, B, HE
Phares, MG B 5 AT T4 . tedh, feA il dnfh 2
B, WA AME, SR TR R, B
T, B P BT B 2R AR I 5 32k AT S A IED O
RO R WO -k 4 okt
LA BT ARG . REUEEZE; RSO GISE A
For i A i v 25 5 5% B AE S I8 0 TP A T S0k Hh AR BH G
A, HARVEBEL, MELAW R RS R AT K . WA
R B TR R . REUE S SN, H %
FTE RE A SCHERR R FHPESE IR, S BN v o P o i
Br, © H#ES R B E RN . AT AR
THERFE SRS T8, SCOREm e e | n ek, HR# R
5 b v A AT AD B 1k 3 A A ARG Gy

bl

SERHE ALY | BEGS 3 (35 65" S QUEChERS
TR ST AR F )y A ELOR S, RS AELERE il ik B R
S B YERR I ) IR T AR e L B B S Y
FZHE, AR A5 AR BT EOMTE ORI,
AHFE AR BTEAT R, SRR R IEN AR AT AR
BT RO Xt A AR G M U, R A R S AN [
TR AFB, HHERR ARSI

YT AR R A L E R, e
Bl AL FR G M 05 G B TR B, BT RE
A e R AT M T AR AR S B A P AFB, 9 LR,
Az W] 26 PR S L A S i T AR W T 25 35 AFBy R4 T X
W PPAG, B8 SE IR M Sz e O AR i F AR . H AT,
in vitro PAENAEY AT B PR AAE RN TH, iFHHM
B MR, GG RHEE ARSI SEOL AL, TE R TS Y XU
PPAG 4T AZ 372 S (R Y A ST A )
kR 2P E A R AT Y, fEEH AR, L
e RPN 1 B R Ry T R RN A E . AR
H A E I AERSEA AFB, M E ORI, HoAe AR
ST RO A2 B, TR, BT A A B i b
o AFB, AT 51

AT HENT R 2R - o A3V 2335 - F IR o i vk
(ultra performance liquid chromatography-tandem mass
spectrometry, UPLC-MS/MS )il % 76 45 J Hotfil i (FE 42 3 A
e e R AFB,, JEEICIEAE L, iE3d in vitro 5K
W5 AFB, 1EH AR S AR ARl bk, DI AEA:
R e AFBy 08 1% o T K fdt B JRURSS: ()78 2% P Al 42 1L
HBFIHAR S

1 MR5ERZE

1.1 #RI5EF
HEE., 28, iR, ZRR(Gika) . HhmRdtgkat).
H & [ B (=250 units/mg) . f5EZE [ fi§ (= 10000 BAEE
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units/mg) . RHYT(=98%) (1l E Merck /A fl); AFB, ARife b &
R 657 28 b5 0 i (7C17-AFBy, 0.501 mg/L)( B it F
ROMER /Al); AFB, S EAF: AL AR L E B HH AR
B F); B AW R AFB, B 4F 4 BT R 45 RE A
(TOXIN-JTZK-002) . LA ¥ AFB; 4340 Bt B4+ b
(TOXIN-JTZK-017)( M & 5 ¥ 9% it 45 JR Rk 2 ik 52 B );
FAbE . S RIRESN (e, EHERTRL T AR AR
JBE 003 A B ), S I BT K 349 o A 4l K (Rl B % = 18.2
MQ-cm); S5 AT A6 A e JH T it A i ) T AR M R T Bk
il .
12 UBEE5EF

WatersH-Class/XevoTQ-S i & A0 AH {0k - = B DU A%
FREREETIEAL (S E Waters A H]); Allegra64R =i VR 65
KB L HL(EE E Beckman 24 F); MS200 28R 5 AL (BT 3
AR A R D), SHA-B KV H IR IR 7 # (i M A A
A BR2A Hl); HH-2 5000 18 R K 78 B (o M A2 L # BR2 D)
0.22 um JE JeUE (3 E PALL 23 +)).
13 75 &
13,1 ARofeis i fie f)

AFB, tRUERE & AT : K AFB, FIZ MR A
10 mg/L 1) AFB, ##EMGA IR, 7E-20 °CLAN HEJEIRAE;
13C,-AFB, A7 HE T A WA BE R B RS HRGE R
PC\-AFB, FiEWR, FHZNERREH 0.01 mg/L 19 °Cy5-AFB,
FRUE TAER, 1E-20 °CLAR BT o

AFB, bR TAER B MEFRSBGE £ (10 AFB, bRifi
AW, KA NE-K-2. 1 (42:57.5:0.5, V:V:V)iBE R,
3P SRR EE S 0.01, 0.10, 0.50, 1.00, 10.00.
20.00, 30.00 pg/L i AFB, brifE TAEW, HX 400 uL AR
HREE AFB, FRdE AR T HERE/NE P, A 40 pL
3C,,-AFB, ARiE LR, #8459, 7E-20 °CLLTF BGARLE
132 #suara®

FREUR BRI A8 A S AE AR S (e AR . e ¥ . 1E
AT5)2.0 gCRE I 2 0.0001 g)F 50 mL B.LEH, JIA 8 mL
ZE-IK - BRI B (84:15:1, V:V:), IR ESLH 20 min,
10000 r/min #5.0> 10 min, W 1 mL FIEWAIA 1 mL ¥4k
K, WHIRAG, 1E 4 °C 15000 r/min £5.0> 15 min, F i
i 0.22 pm BIEIEME, B 400 pL FEAHIER T UERE /NI,
FEHIA 40 uL °Cy7-AFB, bifE TAEW, TRA), Rl
1.3.3 &ig&tt

{14 Waters Acquity BEH C g #1:(100 mmx2.1 mm,
1.7 um); FEifi: 40 °C; FREhAR: A A E 0.1% (V)R H R
KW, B AH FH S BRREVERR)Y: 0~1.0 min, 10% B;
1.0~3.0 min, 10%~60% B; 3.0~3.5 min, 60%~90% B; 3.5~
5.0 min, 90% B; 5.0~5.5 min, 90%~10% B; 5.5~7.0 min,
10% B, Jii#: 0.4 mL/min; #FFEE: 2 pl,

1.3.4 JRikFAt

BT R L 25 OF B F U (electrospray ionization,
ESI+); # il 7 =: £ = W & F M I (multiple reaction
monitoring, MRM)#E=; EAMEHE: 3 kv; HEAL: &
A, TECH 150 L/hy B IR : 150 °C; a5 <RE:
500 °C, i 1000 L/h, MRM Wi E5 X K i i AR 5 2
B 1,

#1 AFB, & "C;-AFB, FRERTIE ., MNETFREERESH

Table 1 Retention times, monitoring ions and mass spectrum
acquisition parameters of aflatoxin B, and 13C,,-aflatoxin B,

R LR AR AL

573 1

/min (m/z) A% A%
313.2>241.1 40 36
AFB,; 4.33
313.2>285.1* 40 24
1*C,7-AFB, 4.33 330.1>301.1 40 24

T N E R TR

1.3.5 A 4pT4 Wz

SV E Pk, JEIEIE S, MERRREUE A
FRES (e . AEA W . fEAE¥ . AN g E
0.0001 g)F 100 mL 4R H, MMA 30 mL Bl B #(0.32 ¢ B
EHBAET 100 mL 0.3 mol/L # NaCl, #h8& T IH
pH=1.5), &F 37 *C/KIFFEIRH PR 60 min, WHL 10 mL #F
W T 70 °CoK AR T K 10 min. B BHBEES SR 09T AL T 0.1
mol/L () NaHCO; J& 17 ZIF W pH=6, fIIA 30 mL #HIHR
0.05 g BEAMF 0.3 ¢ MITET 35 mL 0.1 mol/L Y
NaHCO;), MIA 5 mL 1 mol/L ) NaCl 1 1 mol/L KCI, J&7
pH R EEHFE 7, BT 37 *CKIFFEIR TR 120 min,
F 70 cCKIBEF K 10 min, BUE . B BEKEEN LI
L 12000 r/min 35 B0 10 min,  FHFGE 0.22 pum S,
BIA BCo-AFB, ARt TAER, 1RA), 15 A FEAH AFB,
TE B R AR YT 450k 8 SR BB I A AR LY AFB,
TR A EAE.
1.4 HUBRALIE

K A Waters Masslynx 4.1 #4% UPLC-MS/MS fIr >k
LB AR, T aiE R, AL S E
£ Origin 2018 2 EI3 A3 HrAb B, SR SPSS 25.0 # ik
TR FEESTT(P<0.05 FREFRE). iAEKED
EHE 3R, BELCEESER

2 HR55%

2.1 HRIEEUAFIRIMRIL
SR WA R Ak B S B AR S G b AFB, [l
G, T ARTHER B9 IR, ARSI LA T - K
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(80:20, V:V)y. ZJE-/K(70:30, V:V), HIEE-/K-Z.W2(80:19:1,
Vivivy . ZE-K-2 /8 (70:29:1, Viviv) . E-K-2 8%
(84:15:1, V:v:v) 5 Fpa FHERBUATINT 4 FiibER B S P
AFB; (10 pg/kg)HRIURII A, N [RI4R IO R X 18 A L
Tl AFB, RO EIBCR UL 1, FHELTF 20, H EE R 4R
BT EHZMER. ZHETIRYNES AFB, F4REBCRE
fiko BEAh, IMA 1%M R AFB, I [EISCRA T e, (A
BN, JCBFMEEF(P>0.05), ZIE-/K(70:30, V1),
LG -K-Z R (70:29:1, V:V:V) R LG -7K - 2 BR (84:15:1,
VX AEAE | AEA IR AR e SR B i FR I 1 A NS
FEI PN, (ELR P FP OB A6 4 03 I $E BUSCR AN AR . 764:
YR B R, AR s L I B R R
EAFUIEEA, M T30, 3% TX AFB, MRk
R, ZEFE AMREELEFLE-K-L R 84:15:1,
VvV V) R e AR IO

[ ¥k (80:20, V:¥) [ ZIE-/K-Z.BR (70:29:1, V:V:¥)

120- 3 2h-/k (7030, v:v) IR ZH-k-2.8 (34:15:1, Vi)
I Fimk-Z.8 (80:19:1, V:V:¥)
a a a i 2
a
100 |- b _% atd b
X c a
J@' 80 | B cbebeb
[=]
60
40
iy AELE T R e
e L &
H:a~c: MFZEHIEES D, RR/NG 8RR 2 57 835 (P<0.05),
TE 2, 4,

B S [R R IGA 70 6 AEAE K Hh it AFB, (9 [ (n=6)
Fig.l1 Recoveries of AFB, in peanut and its products with different
extraction solvents (n=6)

22 ERME

SR PR 1 0B €533 - A IR T 0 MR AT A AR A AT
5 BFRY— R i B s £ N R BT R . (R AE
ST E R BT, 580 TG 58 ol I 0 2N,
AT M R H 25 SR R I o ARFSR LIANS AFB, BAEZE |
AN AEAE . RTINS IR, AT e AR
50 2H 43 19 S8 YR 4 A1) 4 a4 s 70 5 R S DG A o R
2k AR () PEAL 3L B AN (matrix effects, ME)42):

B—-4

ME (%) =
A, A F B 250 R 7o b v 2R 0 o L S D B A v
MR BRI, HOAE— RAE-20%~20% 4y 5 500 A B 2,
FEAE R T 20% A0 0 3 8 38 50, HU AR/ N TF-20% 400 R 36

x100% (1)

PIHIRLS . AFB, fEAEA: . AEEih . e % . AEAE a3
JRBUN 5> B H-24.0% ., 22.1%., -62.1%. -66.0%, H:, 1£
A B ) R A AN B R TR R, W R TR AR
R K20, GB 5009.22—2016 ¢ £ i A FEFE i &
AP A R B R G A AE ) HOR A G SR R
[ AH A A AR A S S T T, (AR . A s
I, RHEY IR R AR, DL, BRI R A
Tk L PEATT H P B AR I TR T, G SR = 457284 R
T A VR O ] A O . RORAYE T, TR
FhnifE, HARVEHE NG A, Habk e T ik A2 B H ARy
PO, P T ORI UERREE . ASWE SRR A A B L
J 05 5 ek P B0 R o, IR R AT IR 1 T VA R O AL L
BRI T

SR FHAIMbR 5 2 i, 30 5 B2 22 o) i SO DG T A
2R DT BRI 0 28 A I s ), (HCR A OInbR S, 7
PR R A, ANIE R PR TR G AFB, ARSI
ULk, e R L, S . DL R ORI B A A
AT, AT RANEREETE AR K, FECE RS
R HER PR 22 AR SBRAR I R, £ A LR B AR
TR A FARE S FE ST, X o S VR R A K TR M
BCi-AFB, 5 AFB, Z5H2Ml, oA AR I A Ak ok
P AR R AR 22 B 0 3L T AR TR, B AT DA AR
AR E AT T . (HRALE AR AR & o, EHE
TABRE S R AR o R, A5 o 7 A AR o
WS FER B P I AKI RS 5L 1PC5-AFB,, 454 A
OB, AT A 00T B 52 2 ot S SR A I 17
SERHER E S H Y -
23 FHERER
231 FEAMER. BERAT FR

FRWFREXT 1.3.1 Bl AFB, ARl TR T
5, L AFB, 5 C;-AFB, T B A ABHR(Y), AFB,
1 LR B N B AR BR (X), 2 ilbniEi k. 45K 0, AFB,
TEFRRE R 0.01~30.00 pg/L JEEEN, ZrEm A7 FE R
Y=1.0536X+0.0005, ZPEAHKE R KGN 0.9998, M (il
U ) {5 M b (SYN=3) T B3 A o YA v A T 0 1) s o B SRy
0.003 pg/kg, 15 M L (S/N=10) 354 HE7 W A8 00 90 1
RN 0.01 pg/kg.

T BEAE S HTAL BT SR AL BER S AFB) Y 4 FhfEAES R
a DAFRAS S (IR, 0038 R FRIL RS 4 RibA 2kl
il ARG B e B . 25 SRR, 4 Bl e AR 2B i G H B
4 0.07~0.36 pg/kg, ERFR A 0.24~1.20 pg/kg, KT GB
27612017 E fb A EEARME &5 h AR R B )
A6 K HLRI AL o AFB, O BRI H7 (20 pg/kg) .
232 EKERAA. BEEFEER

WAL | e . e L JEZED) 4 R 2 b
25 MG, #EAT 3 MR EEAKCE-(1. 10, 20 pg/kg)) AFB, fil
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b, HEERESH AL TR B AT AL R, BREAREER 6
SEHGINE BN 5 H MRS (n=6), T4 6 d SL5illlE H
A 25 (n=6) 0 45 SRR, F628 B 5 A b mDICR Sy
80.3%~103.4% . H PRGN 0.4%~1.9%. HIEH RN
2.7%~5.8%, ZITIEHAT REFRIHERITE . R M

233 BEAEFEE

3 32 0 2 A A= Tl R B AR e A AR N B VR T
ik, A 6, TP (X ) AR 2 (standard
deviation, SD). M E LG LK 2, A I E (B TEFR /N ETE
N, JrikBA RAFRHEsTE

®2 RLRARENRIERFRIELR(=6)

Table 2 Determination results of quality control samples by isotope internal standard method (n=6)

(Rl 28 AR (R IE TR %)

T FE G 24 R i FrNE/ (ng/kg) — —
X+SD AR PR (E IR ZE/ %
TeAE i AFB, 850 Hr TOXIN-JTZK-002 15.6+2.2 16.940.2 8.3
A E T AFB, 4 TOXIN-JTZK-017 49.0+5.9 50.5+0.6 3.1

24 FEHER

P i S e SR R -AMRIE X 4 FhAEA B
(10 pg/kg) RIS A 22 5, s R AL Ak I B R 3R A
YT AEAE R e AFB IR EISCREE R WL 2, 1% 05 %t 4
FPEAE B b AFB, 1Y RIBCRIEEY 82.5%~99.8%, 4
TP SE - A MR (70.2%~90.6%) . Hoe 35 FIA: SR AT LA
W KRR BE A2 BE 0, AR TR B an BRIy . 2K
IS SEAAAE TV b, DA 23 72 G I 2ok i v ™ A o+
e, SEEY ERCRA I, RS FE AR SRS
HIAEA I S, B TR ™8, MR 70.2%. UL
Ah, RS GB 5009.22—2016 M, SRR H S E O
AN = AR A1) S Vi = O i 5 B B U I = G L AVAE A Y vl
BTG, FEMERRAG I 04 LA _E AR T AR AR 2Rk,
G TAEA R i AFB, (b aE . PR A 434 .
2.5  SEFREE AN

SEF A BTN AT ik, WA L TEA T
A% A UEEEr S i AFB, BEAT T RFES TR,
o, JEAREARIE 31 M, BRI . PR AEAEDIREAR A S
By o Z5RRM, Prfptig AT by AFB, 15 5008, 0 1 15
TEA AT K o T AR E T AE AR 1 5, AEZERESL R AFB, 1975
YA ATV EE, A PO TR [ R BR AR (20 pe/ke).
TEA AR R 2 B v A2 M S AR TR B R 55 2 TR B i), 5
WA MR R WAL T R p &40 ORI 1E |
INCALFRAFE YR, AT LA RRARALAE Tl S i AFB, T5 5
FREP JEAREAL T PCy5-AFBy Ji AFB, 15 T
(total ion chromatogram, TIC)4& 3 fi/R .
2.6 TEEREEIGET AFB, EYIT A M

BT 2.5 FPRFESL IR A TS O, HEHL AFB, 5 1B
(10~30 pg/kg), MLAbh, FIHUMEY TR0 % AFB, 155
BB . FELEHE . AR U5(10~30 pg/ke), HEITHASMERIY
P58, A6HE R A o AFB, 76 B AR AR Ay mT 24

PESS R 4, 7EBHILHEL, 64, fedih ., fekd . f6
i AFB, W4T 451030 4.47% . 4.35% .

33.88%. 17.16%, 7E8AIHILH B350 12.81%. 20.03%.
79.78%. 23.60%, B AFB, 7ETHAL I FE H AT BB Bk AR
W, st B e A bk, HLE AR B mT 45355
FE T E LB (P<0.05). AFB, B BUKHEMEM . o
MG R GEW R FUEAR . ZWELE G A pH=1.5
mF, BEOERED KGRSO, BCSEAREEN AFB,,
W5 pH FHim, BORH e . B8N, EO UK
gk IBliR . SR, F—RREYR AT RIS, §
. AFB, W REBHLCY, ik, Biaiibis AFB, B4
ATAMEE R, AT AR E M A RS GEAR . I A
[, T30 AFB, MAEY T AMAAERRKESR, TN, 16
A A S P R o) T BEFESRE UG AR AFB, AH
HAER, sEmiE AT A

1o - [ Stk ik
. B
100 |- a .
b
90 b
b a
X 80|
%
= b
= 70 |
60 |
50
40
Ttk T Ttk TEHEU
Ttk B

B2 Sy SRR e ATk B [R5 3 AR 12 %o A A B o i o
AFB; (1 [l (n=6)
Fig.2 Recoveries of AFB, in peanut and its products by immune
affinity column purification method and internal standard method (n=6)
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Fig.3 Total ion chromatograms of '*C,;-AFB, (top) and AFB, (bottom) in peanut samples

AT, o GB 2761—2017 HMLE A4 K Hikl i b AFB,
HIFRE N 20 pg/kg, HINT AFB, & (H, 454 AFB, X}
AR AT 250 B BB R B & AFB, RIS R
AFB, X AR, HAh, R & o R AR
W N A e R IR Bl A Ry i — oA e s ) T
WAL GRS AFB, 454, MR ETE R fb it
TR AT 5P R A R Rk, (ARG 80— A

a CIBH
80 - 5
70 |
60

50 -

30 -

AFB MY 441

20 - b

o J
b b
0
Tk B T
T2 B

A=Y

P4 Abr KOHCH e AFB, 7E BRR IR AR 0042 90 7T 452 (n=6)
Fig.4 Bioaccessibility of AFB, in peanut and its products in the
gastric and the small intestinal phases (n=6)

AW FEHE L T — Rl T AR A AR AR ] ah PR
AFB A I F4 78 e 8O €3 - BRI 3 i o AP 0 ARt
WAL HT HH AR S, R e V2 VR 0 R AR Ot B o T4,
[l i, 455 Fe e [0 3R NARRZ IESE TR0, AR 1 AL SE )
PR . AR AT AT xt HARMI B2k, Witk 1
By . BRIR TSI . DT IA AR R R R
[e g 0 S5 2% T BE AT AR S A I A v ) R, AT Ll JE %F
FEHERET R P AFB, B PRE RGN 234 . 7Ei%0E 17 ik
AR L, i ML E E T A AFB, B A A]
Gk, SRRV, AFAEAREM R AFB, HEY A 451k
fAfE—E 25, o, fEEET D AFB, AT 4k iR,
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