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W E: BB RS RO 3 - B BT 3 (high  performance liquid chromatography-tandem mass
spectrometry, HPLC-MS/MS)E k022 2F i 1 I 255 % By By Gy Gy, MFATIRBLIALA T8 58I KD SZ 25 1)
Kb iR, FE LD PC-RRE R ARG 0 W il w2 R O N AR, SR 0 R R SRR A
HPLC-MS/MS LM E K22 2F h i 5% B By Gi. Gy W&, JFHEAT kI e, A kRt 72 Atk
WD 7 ZERE S AT T 2 B RS JoRBL A, BB SRR 25 A # d AR, BREih &E# R R % h T
B0, 8RR WA P B i B R R ARG FRAE B ER 5124 0.1~0.3 pe/kg Al 0.4~0.8 pe/kg, MIbREIARTE
86.1%~111.2%Z[0], KiHREN 2.5%~7.0%. 72 ADHCUCKDZ 25 FE S 9 B 228 R AG A8 9.7%, FHPERER T 4
B il A KRR 2.7~22.3 ng/kg )0 K02 2 rp E R RE R 10 2R T L RS RAE 11.0%~17.0%2 1] . 4538
TR UER, R, W TR AR R I D SRR b R R A R R L S AT
R BREAIG.
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Study on aflatoxins contamination in processed Hordei Fructus Germinatus
and their transfer into tea
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ABSTRACT: Objective To determine aflatoxin By, B,, G, and G, in processed Hordei Fructus Germinatus by high
performance liquid chromatography-tandem mass spectrometry (HPLC-MS/MS), and investigate the situation and their
transfer rates from processed Hordei Fructus Germinatus to tea. Methods The content of aflatoxinss By, B,, G, and
G, in processed Hordei Fructus Germinatus were determined by HPLC-MS/MS, using '*C-stable isotope labeled
aflatoxins as internal standards and immunoaffinity column for sample cleanup, and the method was validated. A total of
72 samples of processed Hordei Fructus Germinatus were screened for aflatoxins contamination. The preparation

process of tea with processed Hordei Fructus Germinatus was simulated to investigate the transfer of aflatoxins into the
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tea. Results The limits of detection and limits of quantitation of aflatoxins in processed Hordei Fructus Germinatus

were 0.1-0.3 pg/kg and 0.4-0.8 pg/kg, respectively. The recoveries were in the range of 86.1%—111.2% with the

precisions of 2.5%-7.0%. The detection rate of aflatoxins in 72 batches of processed Hordei Fructus Germinatus

samples was 9.7%, and the total amount of 4 kinds of aflatoxins in positive samples ranged from 2.7 to 22.3 pug/kg.

The transfer rates of aflatoxins from processed Hordei Fructus Germinatus to tea was between 11.0% and 17.0%.

Conclusion This method is accurate, sensitive and suitable for the determination of aflatoxins in processed Hordei

Fructus Germinatus. The detection rates of aflatoxins in processed Hordei Fructus Germinatus samples and their

transfer rates to tea were generally low.
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FHRE-MERMACRIE DL, BREURA
BHE Y K # (Hordeum vulgare L.)fY R 52 1 5ok},
KRG, TS BT | MR A T A2 T,
MR 2 M B ik, N hEE S R
I, EEFIREIEL B A N E R, WEEREN
fadz ZEUA S S LA R SL Y K A Shk, ol A L
FLUL peAh, 22 25 R M ) AR A T AR R T, wp
1EH H B ARMERR IR

REAHBAERKSBRSDESZINAFNERE, AL
AT REORFZ W™, oI i, Wk A B
AR Y- ER B R . Ah, TERFENAFFIA L
W], R AT REREPAEE b ) LI R DT 7 AR O R R FL TR 7
FO L FUR RS — SRR vk BE T X AR A A AR A
BNy LAY, 2 il 55 )8 (Aspergillus) . # ] B &
(Fusarium). 7% )& (Penicillium)&E EL i A1, Hrpr, #5ih
HHREHICY RIS RR . BONE W —2 100
TR, AASUENE. fEsrsl, wiEEE B ks
JESEMT ST P (International Agency for Research on Cancer,
IARC)YI N 1 K8Ui "™, FkE . W, EESELHK -T2
D ERFIHX T . R 2R b S
FE T bR L TR B e A GbRUE GB 2761—2017( &
R ERAE EaThEREGEREE ) X RE P hE
FE B, WREIRAEN 5 ng/ke® . Meah, 1 h—FiEa g
2k, (AR N BRI 24 3 )Xo 2z 24 v i il 2 i R B
= &7 % B (aflatoxin B,, AFB )R~ 5#81d 5 pg/kg, 4
T &R B\ Boy Gi. Go(LAT 43 5If& K AFB, . AFB,.
AFGy. AFGy)ity Sig s 10 pg/kg!o CRRIMZE L) L
EA MY M SRR B AR 2 pg/kg, AFB;,
AFB,. AFG,. AFG, It A5t 4 ng/kg",

AR, BRI TFRESR W HEMESRE. KD
AT R RS B R R A A iaE!
EEAS, T2 AR MO S R, R R R
C51E TR Z R K10 (H [ AT 25 b 22 25 P i

HAEF R /DR AaE! ", AR i 4
i - R B 5 3% 75 (high  performance liquid chromatography-
tandem mass spectrometry, HPLC-MS/MS)I % 4522 2¢ H )
4 PP 75 2 (AFB, . AFB,. AFG,. AFG,), MGy ik
PEFT T B, B 72 DML E R A TR M R
BRI A, R il s 72, 4T Bh
BB R NI ZF R TP IR R, LU A2 28 i &
FMZj e et s

1 RS

1.1 XFE5RH

LC-30AD i 80 AH 35 AL (H A &5 H# A F)); AB
SciexQtrap 5500 i1 (35 [E AB Sciex 2 F]); N-Evap 112
A MAL (35 [H Organomation 23 7]); Sorvall ST 40R Z.0>HL
(3% Thermo /A #]); MettlerToledo MS205DU J7 432 —K
(i - MR -FC R £ 20 Fl); Multi Reax R 3% #% (1 [
Heidolph 2% A]); Milli-Q #B4E /K1Y (32 E Millipore 2 Hl).

AFB,. AFB,. AFG,. AFG, bnifEY) 5 b HoAa i Rl ff
# N bR [PC]-AFB, . [PCpy]-AFB, . [PCp]-AFG; |
[PCi7]-AFG,. #1555 & s 5 AIA: (B H] Romer Labs
AN, HEE B RR(Gi%4l, 28 Tedia A H); 0.22 um ek
TERE LR 23 F]); Milli-Q @B AlK .

Y037 ZERE SR (AL 72 SEUO I FAb 5T A T R T R 2 )k
R AR =M h 25 28, BRI 2 Y
HON 250 g 3 500 g, HEAMETATREENL RS, i 60 H
i 25 FH o
1.2 LWIE
1.2.1 A4

FR 52— KRB S.0 g(REIZE 0.001 g)kbZ& 2k
AR, A 20 mL HIEE-7K(70:30, V)W, kiR
30 min, 5000 r/min 0> 5 min, ¥ 1 mL 3%, MA[C,]-
WM E#H R By, By, Gy Gy WhR% 1.0 ng, ] 4 mL #5R
Eh 2% W5 (phosphate buffered solution, PBS)#i B, id
JEEAAE, LA 2x10 mL R8Tk gk, F3 mL FFERDE 0B



3962 1% A T R A

12

HIEEE, IEENR, HEARKEL 0.8 mL, 11 0.22 um
UERE,  EALIK
122 BBELEH

TR 3 4 1 e HE MR Eclipse XDB-Cy 8 il £
(4.6 mmx150 mm, 5 pm); AR 40 °C; FEhAH: 0.1%F BRKIF
W(A)-HEE(B); Jiid: 0.8 mL/min; #FFERE 5 pLo BREVRIR
J¥: 0~3.0 min, 40% B; 3.0~8.0 min, 40% B~100% B; 8.0~
9.5 min, 100% B; 9.5~10.5 min, 100% B~40% B; 10.5~
12.0 min, 40% B, FiiE 454 HmEss B (ESHE TR, 1E5T
I, £ W (multiple response monitoring, MRM)E,
Wees 7 K HAMA S 55 GB 5009.22—2016 (& ihZ4
FEZbrfE il PR R B R G R Yi—ik,
TR B TS ERE RS TR TR A
123 FikkiE

TAc ] o 2 B 2R 5 0 I A e [ 7 3K N A v
A3 1:10, 15, 1:2, 1:1, 2:1. 5:1. 10:1 iy R 45E
W, EALNRSE, DA E RS bR 0y g 1 A T
H B RS WA L ES AR 2R, SRR/
T AT, ARAF Ltk Il 7

KRR HEMESENLEFREMENZA, B
JRTRIR B ¥ i B 2 2, %R 1.2.1 1 1.2.2 HEATRTAb 28
FIAGIN, AR 15 18 L (S/N) A3 B 45 T 3 0 10 B 4 HH BN 2
TR ISR AR 2 B ST R FH A (10 &2 AR L, Al
B4 1.0, 5.0, 50.0 ug/kg 3 KRN 4 PR R,
FE 3 o
124 ZAth4%

NATH R ZE 2845, 05 R F il /K b kb 22 28 kL
W ARWFIEHr, 25 3 i B R AR 2 2R IOk R] i 4y
AR RS, NP3 ZEER P IR 25 5 5 30T i
R v v i 85 7 R O R G MER M R B RO S B
SR YKo B, AIFSER F R RO RS 1D 22
TR ARIEATAS I 0 RS2 50 . BRI SR A5 B 2 B8
MERERITYN 5.0 g WA ZFREM, TN —K T FoREF4E
A, 1250 mL Bk b 15 min, FIRHENE, U,
sk, B 25 mL UEWK, IIA[C,5]-AFB,. ["*Ci7]-AFB,.
[°C1,]-AFG,. [°C7]-AFG, %% 0.5 ng, #8 1.2.1 3 g
R AR AN P B, $42 18 1.2.2 250 LG .

2 HREHR

2.1 FIRIIE

M R R L R R, P BRT 099,
Ao R A E BEBR 20508 0.1~0.3 pg/kg F1 0.4~0.8 ng/kg(iF
T 1) 3 MARRIZKFE(1.0, 5.0, 50.0 ng/kg) B mks el fi 5z
X W, AFB,. AFB,. AFG, . AFG, (¥ [l Ui % K
86.1%~111.2%, % %5 & LUAH X A5 1 4 22 (relative standard
deviation, RSD)E /R A 2.5%~7.0%(1FE L3 2).

*1 RHESHRMMEMLZ. RERMEZR
Table 1 Standard curves, limits of detection and limits of
quantitation for aflatoxins

HE R e MR ERR
Nngkg)  /(ng/kg)
AFB,  Y=0.6833X+0.0928  0.9950 0.1 0.4
AFB,  Y=0.8684X-0.0740  0.9946 0.2 0.6
AFG,  Y=1.0225%X-0.0207  0.9997 0.2 0.5
AFG,  Y=1.0544X-0.0587  0.9989 0.3 0.8

TE: Y=REI S P b e T AR L, X=RE S bR v B L

*2 AHMBESREWERMBEEE(N=3)

Table 2 Recoveries and precisions of aflatoxins (n=3)

GGRULE] MERAKF(ng/kg)  FRIFBCE/%  RSD/%
AFB, 1 91.8 43
5 88.5 3.9
50 102.0 2.7
AFB, 1 933 6.7
5 107.2 5.0
50 103.4 2.5
AFG, 1 86.1 7.0
5 91.5 4.8
50 111.2 6.6
AFG, 1 90.7 5.2
5 97.2 3.4
50 103.5 5.1

22 WEFHGTFNEHESRSERR

SR 1.2 WP ARSIy e T 72 AN RIS ZZ ZERE S
H) AFB,. AFB,. AFG,. AFG, &, H, 7R85 PG
/01 M EERGENE 3), MR RR 9.7%. FRIE
GB 2761—2017 { & hh & E b Bl B R i)
MRFEHEMBEEE B WBRREL K (PEZ) X2kt
MR E B MBRE R 5 ng/ke. ik, 5 MO F2F
FEAR Y AFB, M BR SR E, Hh & im sy 1R
HBR A2 3 A L (b LA R AR AR E KA vh B i 5 73
KB, CPEZM) WIEE 222 250 4 Fhegih s
72 (AFB,. AFB,. AFG, ., AFG,) S a4t 10 pg/kg, 1
A 3N EZERE A TP A ISR Dl R, e
W21 A5 SRS B S RN S, AFB, 7204 7 AN PHPER:
AR AFB, 7E 4 MRERVPAE R, AR
5.0 ug/kg; AFG A 2 MRS AR, SR8 1.2
2.3 nglkg; AFG, AR FTAT R G FP ARG . T 902070 i
F 20 HEUCTT A SRR PRSI E 2 HER S I E R R B,
CERAMIH 0.5 F 9.5 pg/kg, K Z 5 AL
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®3 PEFAMHERPEABMBEEZRSE(ug/ky)
Table 3 Aflatoxins content in positive processed Hordei Fructus Germinatus samples (pg/kg)
Ff bt 2 5 AFB, AFB;, AFG, AFG, RN 15 .
(AFB,+AFB,+AFG,+AFG,)
No.12 10.1 4.9 2.3 - 17.3
No.16 13.9 - 1.2 - 15.1
No.29 5.4 nq - - 5.6
No.35 3.6 - - - 3.6
No.61 20.9 1.3 - - 223
No.62 7.4 - - - 7.4
No.70 2.5 nq - - 2.7

- ARTRHER . ng: AAEH, (EARTERER, T80 a3 7 R O iR Ae R ITAT

23 BWEFPEHESREFZTHEIBR

AR R FE & 4 PP BRI E R,
HAUA 1 A3 2R G (No. 12) A1 5 A 8 T R 3
B2 E (AFB,. AFB,. AFG)), I, RHAIZAE M
IS 22 ZE25 0 e S50, R I 45 51 2 S IS iR A F
% 4 /R, AFB,. AFB,. AFG, WiTRBX53510 13.6%.
17.0%. 11.0%. ASBIFER N e o o ih & 58 8 22 2 348
VPR , NIAN S50 SI00 336 T 8 il 25 2 2 A 32 28 %)
KRR IS B 0L, LA 3 g 22280 30 mL /K, R 2 h,
AFB,. AFB,. AFG,(IZFEM A E AFG)ZZ 2 2K B
TR TN 6.3% . 29.8% . 33.5%. ZIRIE 5AWIY
BRI —E MR, HEBIRCERTQ h) L miaa)
(B (15 min)/A, JIRT4h A B A# B AFB, (Wi B R m T4
W5, (HXHELLRRE AFB, BB RIRTF AN . IS8, %
B 0 2 2 AR AR AL N TR AR 8 B (Aspergillus
flavus) T = A= B R B R, AR5 b B 22 2R 0 U oy
RARZEMBZFFE RV Y, UL, SR ERRm 2R,
AIREJE FBOE B EAFME R Z —. BIRER, £
FH B R ISR KB E A A R 3R AN
BTk, ST et rh &R B B R K AR
TR IR R /D, DA MR R, B Em
IR B 56 5 K I MR S AR ARG, KA M 55 1 o i
FBRIBRM, M—LKEERYERERNERRRN
P, pian, FHEPRMIMERER A MEFPRDEER B,
B, [ /K BT A R R 1K 71.8%~83.4%L1201

%

A5 R FH 1AV 28 P s v 260V 2 3 - R B it 32 )
ERFE NN AFB,. AFB,. AFG,. AFG,, %/ i .
R BREML RO E i L 72 LR 2 2R
TR M E RIS YR A, R R 9.7%, 4
Fhat GRS 2.7~22.3 pgkg 2|, HERIKFEZFR

4x

=A

3

Khl e, 25REM, BEFTFHMEFZ NG
BYIERL AR, 7E 11%~17%=Z [A]

*4 WEFHAMBSESE(gk)REFKATHIHEN=3)
Table 4 Content of aflatoxins in processed Hordei Fructus
Germinatus (pg/kg) and transfer rates to tea (n=3)

AFB, AFB, AFG,
W ZFENo. 1) & 10.11+0.78 4.87+0.26  2.28+0.13
wGTER 1.37£0.16  0.82+0.10  0.25+0.02
(B ZFERE) ' ' ' ’ ’
EB% (13.6£1.1)%(17.0+£2.9)% (11.0+1.6)%
CEEARER 22) A R
&% 3k
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