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Advances on the security risk of aflatoxin in tea
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ABSTRACT: Tea is one of the most popular drinks all over the world, consumers are attracted by its unique flavor and
beneficial health functions. Tea may be potentially contaminated with aflatoxin during the process of growth, harvest,
production, transportation and storage. Aflatoxin is the most toxic mycotoxin known in the world and pose a great threat
to human health. There are 4 kinds of common subtypes of aflatoxin, including aflatoxin B;, B,, G; and G,. Aflatoxin B;
is the most toxic aflatoxin and is classified as a class I carcinogen by the International Agency for Research on Cancer. It
is important to evaluate whether aflatoxin exists in tea and its safety risk. This paper systematically summarized the
physical and chemical properties and pathogenic mechanism of aflatoxin, possible aflatoxin-producing microorganisms
as well as the status of aflatoxins detection in tea, and discussed the potential risks of aflatoxins in tea, so as to provide
supports for the risk assessment and prevention of aflatoxin in tea.
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I 2017 48 9 A, TR EE ST TR S A BUE
Vi h s s R, SLRAR NN 260, ikiE g
P2 B DAt o ATXT LIRS, AR A B RO
R 148 M EHAAE R T, IR RA RN 2.03%
(3/148), H. 3 By PHMERE G B R(E N 0.56 pg/ke, 5 GB
2761—2017 (B b &4 EEARME £ 5 h L TE i R B4t )
AFB, B fRPR i 0.5 pg/kg (B4hJLE &AM, 1A,
TN T B TR 1 AR 2013—2015 AR T LAY
432 YU ZERE AL BTG, R AFB 2, 55— 7T
WA HEEFR, A — 26 Y E R T B s sk,
nZ W2 i B o o i 2 7 R A T/ BUE IR B 4
PREPEFPY, H T WL, & T2t 28 Ve A i 4y 45, [N
A B R AN ZE 224

5 [l 7 B 2 (aflatoxin, AFT)+E ¥ il 55 (Aspergillus
flavus) M35 4 BT (Aspergillus parasiticus)5 B4 P~ 4 BIR
RN, FEAR 18 AR, Hoh &R B,
(aflatoxin By, AFB|). AFB,. AFG, fll AFG, fA 1T RRM
BRI R, AR YEER AL, AFM, Fl AFM,
J& AFB, 1ESh RN S0, W A7 A 2 e
BN AR R B A T IZ, 3 ECAS R ) I
BEAEAFEMESE T HEENER R ILEMES R4,
AR AE AL T A 7 e AR e B SR R L R A A,
Bl F AN R, TR A& E R
ARXERIRT, HeAh, ZEMAEIRLLRIREAT . s feh,
2 PR A A B 24 S 8508 8 3 R TS e R AR
JEE 1% AR TR E R ROSR A D, A RGERR, MRS TSR]
Hh XA 285 TR AR TTURER 1Y 129 Mhaf2RkEdh s, H 76
(58.9%) FEA K th 2=/ — Rl ih B FE R V5 4, o 38 1
(29.5%) 1 12 173(9.3%) /i 3k T BV BF R I B LAk A
SR AFT JaiF AFB, I8 25 K F-(10 F1 5 png/kg)®),

o 0
Qiétji&
o
AFB,
o o0
% ?: ?)
O/
AFG,

FKEMP GB 2761—2017 { &b L EZ e &
HEFBERE) METAY. 528, BRI BN %
FEESFERB TR AFB, MIREMRE, FFEESE R AR
i 0.5 pg/kg, HARY . 528, A JEM SRR EE
FEITE 5.0~20 pg/kg Z 8], 489128 Hh T K R Ll it B o s o
N9z, AFB, & i = AN BB T 20 pg/kg, ARHME Z 0t
il e i A A R AR . B, EBR R — /N A
FZEM T B R B R RN, % W R e i
MW, AP HrE RS A AP 9 AFB, ANEE#BIT 5 pe/ke.
B[R A R RE A Y AFB, AREREAT 5 ng/kg, AFT ANREE
i1 20 pe/kes AN A S RO GESK
BEOLHL . AP AT RE i I A RE R AR L . R
E Al R/ I RV 37 e =S U S [k 7 9 P U Ry 1 v
BERVELERUR, DA g A5 i rb v o iif 25 2 2805 L XU 1Al
AP ISR .

1 HHESHRNFUERRE

1.1 HHESREBEUMRRUFER

W R R AR RN, M
FoK, AT —Bh LR E LRI & W
M2 £ 547 6 f, B) AFB,.AFB,.AFG,.AFG,.AFM,
il AFM,, Z5HILIE 1. 763X 6 A WS M B &£+, AFB,
il AFM, 755, JUHUE AFB e, BEERKR,
kR, EBOEAEM P AFB, 510 1 2880sd0 ",
WS R RIS K RIS A T RERTE, W4
BT, BB E PN NERASE SRR, Pl o,
MFEBRYE 21 F AT RE X &l Wi s ih & dp Y, — B
BB AR R R R, A A S
B G A A K Hb g

P B AR R A E R K 4
Fig.] Main types and structures of aflatoxins
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&R R AES R Z R AR 2tk sg M, 2 H
B AR R I R 3 R, o AFB, #fiRK, HA
AN EEYE . FFEEVE . WL EENE . BuBtE. S,
EAHERE MR, TERIEYH i 15 4™ = A I
AR L R b DX — B [ 5, 38 Ry 65 e 19 JH 9 0 246
AL B B 7 3R R FE S AR GO Y A A, R AR S
KIE 215 YL B s (AR, XUCWI B SR R T e S —
S N PEIm 1 R AT RN PR AR A B A3
OB SRR T, T2 T S 1) & A= v B
BVERYS A RFSSE SR AFB, 5 R Z )56 R R IT
TWHS, KB AFB; (80P 32558 o TSR Hh 240 i
8,2 P450 (cytochrome P450, CYP450)4% AFB, fLiif#s 1L,
FIERWHA" Y, Bihss R ARBYE ST
DNA IR 5 AL | it AR A 03, 557 AL A D) e
BE A AT R A, AR YIRS
GO PR AR M AR LA, S e LA 4 B A RS A DA K B
FRSCAY TR Az, DT IR 56 I A o7 Pk e ek it oAb,
WM AR R S AN R IE R P53 ek, AT 4
MR T AR CSE AN Bel-2 55 Bax BYZR5, B 540RA%0,
N5 LR AR ) A 117 A5 B2 22 i
R AE R L WhR X i R R RS AR R A AR AT T IE
i, BLARE T 0 2 R AR T e AT Lk S R A DG AE T i
BN BRI Z b, AFB 338 1 T A 57 VR i SR R 11
/15 5 % S M5 R 30E T 3 (Janus kinase 2/Signal
transducers and activators of transcription 3, JAK2/STAT3){5
Sl B e, JAK2/STATS J T S A AN 9 15 5
R, SN TRk R A T A S

B 7 bk B AR R R (R [ A LA AN, B
HHRESEREFRA RSN . ERACHETFIRE., &

B M RGP, CAEARSSY R EHESE, HH
VR FIRLI 5 ZEHE— 25 MO U4 i o k3R ol
Wil BT CL e AT 24, (Hh TR Y s B AL & 2
FEARUS N ER,  H AT 8 22 3375 4B i R A
Ph T B AT AR b 1 g, ROR I o o R SRR AR S 3
SIS ] R P B PP 2 (] 9 6 RO 2l T 2l
BER M TEEER, H AT 5 i 2 2 R EUmR LR o7 £
LAERT UM SR ALK, LR SR R AN | B o £ 25
BRI A LIPS, AR AT R i R
e R AL AR AR FRUIRAS (9 Sh MR R A T4, E—20
PRI i B B R I EOR P B i B T R R E R 4T
T Ay i G 8 1 75 26 PP s B A DR B R S 25 1 (g T
RARMEIIE SR

2 FERHESENERRFHNBERSH

Huar~ A wmh &R E W FE A FEhER
(Aspergillus parasiticus). ¥ W27 (Aspergillus flavus)Z% .
b, — eI o & PR Hh 55 T (Aspergillus ruber) , 3C
i E (Aspergillus wentii)[zz] . B (Aspergillus
ostianus) F 2 & W 1K % W (Penicillium  puberulum
Bainer)* 4B A M B R, ®NEHR R 2 HE
% 1.

FMTEAR Rl 2R A Sz PR T R A ]
REZ B REFLA TS e o ITARR, BEE AR KRR &
FE B 57 5 BE 22 1 H 45 0™, 20 Hh BT b BT 75 3K 5 M
57 00 J5 P9 PR A BECIIT ™8 o ARG i o LT N LA B
RO RN TR R L . A AR SCA Tl AR H
A—EMTERE L AT ETERI R BTN 4 BB
KA, A v R S A U ) S 2 A A T Ao R v B LA
ZREPE, R BUNIRAE 1945 2 R B0 0 R 1, LA 2R

x1 RHSEEEIETEH

Table 1 Major strains producing aflatoxins

& il P i AR R AR E = BN
5 M8 T8 (4. flavus) AFB,, AFB, [4]
P B (4. parasiticus) AFB,. AFB,. AFG,. AFG; [4]
W B TR (A. ruber) AFB, [22]
HCHH R (4. ostianus) AFB, [23]
it [ M 85 (Aspergillus nomius) AFB;. AFB,. AFG;. AFG, [25]
)= F 2 B (Aspergillus bombycis) AFB, AFG [26]
i35 o B i 85 (Aspergillus pseudotamarii) AFB [26]
1R 1 25 T8 (Aspergillus pseudocaelatus) AFB;. AFB,. AFG,. AFG, [27]
B A B (Aspergillus novoparasiticus) AFB;. AFB,. AFG,. AFG, [27]
A 55 (Aspergillus arachidicola) AFB,. AFB,. AFG,. AFG; [27]
W B I B (Aspergillus minisclerotigenes) AFB. AFG [28]
HER 2B DL ICH R (P puberulum bainer) AFB,, AFB,, AFG,, AFG, [24]
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BECT R, 030G BR B B L 2 R R B R FR UK,
Horp il 25 B R (Aspergillus spp)3E A PLHE RN, (HZX L
HE T2 NS R ERS I ZFEE, W a-TEREE
WIEFTER I . AR . R, RRVEN ., PR
RN A 1 S5, X il S 5 4 A 2R 1 B R o T A
FROUAFOR, R b il 2 S5 0 38R o 1 £ A 0 Lk
B/ SIE A AR, MAO S50 5 ) 3 % /] — 2%
FA 71 4 FOSRIAEG 7S BR25 LR Z AR E T 5 8 R BN,
oA — (A il B TR AL T LA, AH X AR
95.27%, MiJLsx 3 By kA o A0 35 08 #k 35 Oh W 22 T R
(Eurotium spp.), {8 4 FiFE i b ih 25 6 J8 A i @ 35 i
W Hk . ELSHAFIE %503 Bl 85 FHE 2 b ) 48 f3ok A 4
PR SRR A A TR, & IR R 8 (Aspergillus niger)
R FEER, HOCh MR . 558 (Penicillium spp.)5E,
FEXF LA R T RS, YRR Bt R R 0
Ao AN, FEAMIFEA G HE, A, M5 R
R A R AT A B, FEe a3 i 1 BBl 2
W, MERCRg AT R IRMNE R . B EESE2 I,
RO REAFREE AT RS B TS Y A g A Bkt
2R IR B 1 EE RAF106 (4. niger RAF106)i#E4 7 K 4H 5471
SRT RN, R E AR B I E R R A R AR, B
IR L AP 5 75 AR 5o T ad R i sk
HWEHT TR, RIS T T FH, FrS8reR
WA 2R, BAERERUS E RN, R TR RS R
PRLASBAS 2) T4, SRR T M R rh st g 232 3|
BTG A VA LM A n] BE IR AY IS, B, E
2 AT RS M v A R A, SR A
AR PAER . HKk, XM T A A AN B
WLk, ANWSEEAS I Tl F2, AR ™ s S B As i .

25 FRTIR, A8 R T AR AR I U B X XU
P EEAE A, S22 2l % — ey i & it
E TIPS R S E L ONEN: D O S L N (A N R (TR &
FED TS Gl RS I 2 i BT, ™ B L & A LA
R, B, ABEAMECIET TR — B4R
Mg G R R R, S HA A AR 7R R A A R A
B EA T 28 0 A W B SR A LA, A Al 45 B B
A RIS RN 5 B, iRt %4, JEE
HlEZem i i R E R RN R SR, [, 2t
A S ST PRI TV SRR, AEATIRAE . I &
B RARAF R R R e 4 | Bl ik, g B T el
FEAN 2 ') 835 R 52 ) e 358 o 5 T A A R 0 B

3 ZMPEHEFSRSREVBEARREMEN
53 4

T R B R A R A O R R R 2 G R T
TEASATG R 22—, HAT ST 2R G 2 il 2 5 3 9 AT

FARTER Z, (0 R BFAS I Jr ik R ), & 438 T
FEAE A AR — 0, 8 7 P X L IR G 2 R B 5
(enzyme-linked immunoadsordent assay, ELISA)i% 5 )22
Bk w th 8 /5 2 Rk K3, ELISA B4k, B
PHPERS m, AEBUH TR s R, (A2 2 0mkd
FEAERLAS R, FEAAE(A) A, kLA P 2 R A I - X1
MESFPIHE N T R . WA BRMY . R, AIEERIA A
) QUEChERS-ELISA ¥, il X4 54T QuEChERS Hif
AbEE, PEAIAT ELISA JEIE 28T oo i a2 2 R 10 & i, )
B} % F & % W M 8 3% % (high performance liquid
chromatography, HPLC)JiF I 7 i i iR, 455 &3 10
FhantA 4 I i SRR Is %, H HPLC 5
QuEChERS-ELISA LRI A4S R —2. it el M, SR
ELISA i BREE, (B0 MR BHYE, g6 —Lepi il
HIAL BT BRSO3 3 ELISA 2 BfERa 1, XHZ 7
SEBR N S HET R B T HESE

BEE FLR R AR &, HPLC Flimy S0 -
K 3% (high performance liquid chromatography-tandem
mass spectrometry, HPLC-MS/MS)Z:TF 4 4% )72 v F B 45
B aER R . JAAH PR F] HPLC-MS/MS %
BN 260 3 BAS LLAS | B A R AT R PPl 45
REM 158 APk R 3 ME A E g, A
WA, PTZABCATE, A hBRK 1, FEHAER
it th & 2 R W AR K, R ILAS 1 il 2
LG ARE] 0.01%, WA 18 S HER B R 15 LR
SR, PAKSHIR S5P7I A F#f i Akt iy 60
AT RE BRI A B, 7B 40%A5 AR S A B AR i R
V5 YL(<10 pg/kg), (HICLERSIHAE R PRSI EF LY
Hh R B AR fE . ZHAO Pk T —Fh
QuEChERS-HPLC-MS/MS J57%, i [ Pa 48 17 H B AL EL )
126 - 3E4T AFB A6l 2 AR ER A 0.2 ng/ke, 45
FEARTEASHT AN E] AFB, V5%, CUI Sy T bais
SE AT (immunoaffinity column, TAC)EHL-TR AR - i s
(liquid chromatography-mass spectrometry, LC-MS)X} E 4 158
Py BZEIEAT T R, %7 Ik BE IR R 2 AFB, . AFB, .
AFG, Fll AFG, W&, S RRUIETMHIGL T AFT, Hit[q
B, IS 3 ALK L 318 AR B 1) AFT 25t 04 Al
S RS PG, RIENE RS AFT ZERANAE AT
(E AR F AT 2 B EOE XK. BT I, i EAsntaz
FURBERTG YD, E BT A% B e 4 U4 N
BEAb, ASERGE R A R R RS- AT 20 4 K 1%
JEATRES TR R B, 20 FEA A 16 (3Rl AFB,
BHPE, il 0.09~0.67 pg/kg, 3 fFESN ARG, FHYE, &ty
0.1 pgkg, KEIE] A R R TS YUK R, BT
IR, AR A AR I R R TS b, RERE
AL S PRI AFB,, $9MEH 5.76 ng/kg™. IT4EK,

b=l
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PLK 4 )@ A HLIHELE (luminescent metal organic frameworks,
LMOFs) i A% Jeds A FEA EA T 98 YAl AFB 1945 AR 12
523% HEIT A Zn-MOFs.Zr-MOFs & Al-MOFs £h2%5%
LRI B RPN AFB, k. HH AI-MOFs J3EafY
DOCRIMAS P AFB, K HBRIEZE 11.67 pg/kg, E—Ff
SE FLRRLHAG I 512 (R, DA ARG AS: H A i B
R IS E R SRR T S E B R R SRR
FEM 20 pg/kg S BERBEHLE 19 15 pg/kg IFRAES 4,

AT, TSR i ih 8w R Tk R g s 5
ik, BENS S R A X B I R A TR . AR AN
PR —FPER S A TR, B — S W A5 S A A i /D,
It HAESChRR I A b, ZRnt P B ih & B R O i AL
SR, FWIRAS T 200 B i 5 7 R R KRS IR, A%
A0 H B i A R ORI LR 2.

3R 2 KB, HETAS i ot i R A AR
HTE RIS, AR AT D I, (AR EF
HA . BAEMAZ &R E RO IHGE, B I
PSS I T RS B RE 5 A it A R DY AR
T2 R HER AT, K B T AR 3 A
KM RS, R AK SR, EKL R
— RN A R I R E R (1,05 pg/kg), XS5 RN
VLA THEIE RGO, AR08 0 15k 78 v 28 o 2 PR AR M2
K ANERELO LA 25 T, K WS T2 G Y Y
2 8 R AT RB A8 . A7 S SRR RS TS e, R—
FESE Nl A RS 1, X — MR R, B
LIRS RLEH MR A P REZ R B B R R 5 e,

2 KA IRAIE T — s BRULZAN, RO
DU A B AN [R) £ s Al B it 8 7 3% R 00 D S R 6 22 5
ELISA Kl {3 f &5, PHM:ZRER, HPLC-MS/MS #l
HPLC Z5R i B e 22, FLAGINME AR, (H AR L,
T E A nt b i R R RN . Ak, B A
LS 2, ORI A S R ST, AN [ 1 i
o o B B i i w S E A MR
TR T 2 - o 8 b 2 1 3 XU PP A e e

EARH A, HATAS s th & 2 R Ak 24 rh
T TET b 255 P v L TR 2 2R ARG I 5 TR 114 433 % T2
MPEAEA | B IR A5 G 0 A S S e (R s
R, TEBA TR, W S s i B dE R
FEETGYRUG, A TR . DR, S SR
HEATARn Ho B iR B B R R ER KU PRAy, O R A A = il
R L AR R ORI, feibasn i AR
V14 T AR FER 5 30 RGN B A, I AR i ARG 0 DX 35 LR AR
e 4N, RN R R R IRIA LA, A TR, ik
M ESRK R A ROH, Bl RIEE TR
AR, PR SRR R FP 2K i B B i R S i S (I
MRS RS fR B, i R A S S
R AR R PR FEHEE 3 FHENE: 250
HMME TR O i MRS R IR K T B A R A i
HIRE AR, A AT, b sl 88 205 44
HERBUN, g Yzt b sl 2 8 2 O i AR T
LEZFNAM PSS ENR bR, B, MRS
AR R RN

F2 FHHERHEZSRMOEN

Table 2 Detection of aflatoxins in tea

PR FEACHE o v KMFEREE  BHFE% AFT Si/(ugke) %30k
. - QuEChERS-ELISA 7% »
gk, A%, Bk 10 ) AFB, 40.0 1.80~4.10 [35]
QuEChERS-HPLC % 1.60~4.00
LA 148 HPLC-MS/MS AFB, 2.1 0.26~0.56 [36]
FA: 3 45 HPLC-FLD #:* AFB,, AFG, 40.0 0.21~2.71 371
ES S 15 HPLC-FLD ¥ AFB, 13.3 2.80~2.82
, AFB,, AFB
e _ _ 3 15 2 -
LP:S 158 IAC-UPLC-MS/MS 3= AFG. AFG, 13 2.07~3.87 [39]
ELISA 7% 100.0 30.60~588.00
A HPLC-FLD } . .32~0.
ERLNA e S 46 (# AFB,. AFB, 10.9 0.32~0.68
HPLC-MS/MS 2 AFG,, AFG, 0.0 0 145]
ELISA 7 AFB,, AFB, 100.0 8.94~57.60
BRI S 40 HPLC-FLD AFGy, AFG, 0.0 0
HPLC-MS/MS 0.0 0
£ 91 HPLC-MS/MS & AFB,, AFG, 2.2 0.98~7.89 [46]
AFB,, AFB,, AFG;,
B 108 HPLC % AFG,, AFM,, 0.0 0 [47]
AFM,
S ; AFB,, AFB
SV A _ 3 15 2
RIS 174 HPLC-MS/MS #: AFG, AFG. 0.0 0 [48]
N ; AFB,, AFB
4 prs _ _ e 15 2 "
WRAE 2% 121 QuEChERS-HPLC-MS/MS AFG. AFG, 0.8 0~34.00 [49]

T OB 0 13- A6 325 (high performance liquid chromatography-fluorescence detector, HPLC-FLD).,
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A e AL A B R 2 5 2% 52 A T BE
BEELIA AR . BEIHARME S, DI85 5 U5 Y
R o F RG4S I v B il B R A I O I AR £,
ELISA %k E AR SMsE, (75 BB FRE R N, 38 A2
HERBERWYETE, EAEATHEHES. BiRR
TR RS T ¥ SR VA e 1 - S L, T R O AR B (1 4k
P A ERC Beabh, A0 rp i A R T e
A7 B I 12 35 FH A3 A AT AL 38 9k, ke B DRI AL B v RO
38 BRI 25 AN UER, 51 & RASTIR AT A2 i, ik
G, TN AE R A DX I 3 R AN A B, R A
B R RV R . AR R BT TR 2R 2
SR TE ) T B B A L R, PR
A 3R A B — e ia P Rk, Rk
— AN SR UEAS R AR B TE R O R R AR
BEVE A GRS 0T SRR o (0 (R sl B AR 2
WP o XTSRS RGN HH G B i B R R RS, —
17, FRATTN S R AR, s A 1 ad R v i B A B
TG YRR B P b, BRI R 32 B BE R TS Y
RS 55 Ah—J5 ThT, s AS v A T ) I R T
HAEFRPLERABESE, DA RS G A FRLA R 4R Al o =
AR, AT A5 b g R AT 52 K
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