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Abstract: Fungi of the genus Alternaria spp. are one of the important plant pathogens that can produce a variety of
mycotoxins. Alternariol (AOH) and alternariol monomethyl ether (AME) are two important 4l/ternaria spp. toxins that
can contaminate various agro-products including vegetables, fruits, grains and their processed products. In this paper, the
structure, physicochemical characteristics and toxicity of AOH and AME, the factors affecting their formation, their chemical
and biological synthesis pathways, and the current status of their contamination levels are reviewed. Future prospects for the
formulation of maximum residue limit standards and for the rapid detection of AOH and AME are discussed.
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TEEH B (Alternaria spp.) F&¥5 4% 77 5 Je Hoil
RN EEL —, oM T EARGR, EESE
A, BAEMBUETE, WA A A R
B G RAREYEAL . T 2% 7R R
BENAEKEE, B RS 80A E AF 58 K %6 i id #
KR B BV TE MR B E Y. AR
6B 3% % HH A B 1R 7 AR ) — R A0 A B ) R

Wk H 3 2017-02-21
HETH:

o AZHEEFIMY Calternariol, AOH) FlAZ 4% fo fy B H ok
(alternariol monomethyl ether, AME) J&F —7K-a-M I
BAZRAL-&Y), HRaistrickZEM S Wk M Alternaria Tenuis 4y
B, R EEAE R EER AW Y, R
e FCA] b R R PR AR A B R K . WEAUR A,

AOH. AMERAHZVEMEENE, iR & A AOHAM
AMEXS 23 A FEAZAE ARG . A SCHE o AOHFIAME 7 5
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MR E BT S L 1 PR R R AR ORI S B
BUREE T3 T BEAT 45734 -

1 EfbBREHNE

1.1 BALMERR

AOHZ Lt iR 4 dh, M 2 ¥ 8 8258.23, 4%
FACL,H,0s, 45 #1350 'C; AMEFFE 2 TC g IR S
AN T R N272.25, 5T NCsH,,05, 845267 C;
LAMEE T, X2 MERERELEREY. Siegel 5
AT AOHFAMEM L Fa e v, 25 %H], 7EpH{E N5.0
(10.15 mol/LBEIR sh &z vhif b, 2 MR+ faE, (|
7E0.1 mol/L KOH A &l #f B iy A A AR (7= fEpHIE
N7.0. HREEN0.18 mol/LIFI B R $h/F7 16 TR b 22 vl
AOHFTAME I8 ik 7K A 70 B2 S5 IV 43 73] 6 i 6- FR R 1k
7K-2,3",4,5 - VU BEANS’ - 48 B-6- I BE B 22,3 4- DU .
12 &M

AOH. AMEZ%; —ZK-o- MG 2510 & W) 5t 2 Fhag B
TR ) EARW Y, B At 7K B AOH AT AMEXT 52
BRI 2 SRR, (HAOHMAME W IEH BB
WL VM BRASME . PollockZE“HT 9% 7 AME I &k
HEAE A 1, K Alternaria solani’=E [\ AMEXT
AR 4 A R AT B v 5, 7250 me/kg my 5
100 mg/kg m B, A= AEBEVERUS, H 2455 & 5K F|
200 mg/kg my i, AMEXTBE AN G A 55 PR 2808 B 2,
Jift BCF AR R RD>, PEE IR AE, {(HAOH. AMERI
LEEHIG Caltenuene, ALT) XFXSIR. 4EXS A1 K B AV
HEMY, Eik, AOH. AMEFIALTHEEEAE F] o] A A
AR ERE R Davis R IMAMEN RAGEED TR
B TAISHIHEATER TS, AOHN L HEAE, AW 2 E|H
Z o FEIVER: T An Yuhuids BT 545 KB, AME
XE. coli ND-160FH R 38 175481, Fik, AMEWREXA
[ (1) B R A7 sk DN AT F1 A I RV IR AR KRR
NSRBI S 56 3K B AMEXS &4 T B AT B A B SR
7y, Ui HEUEE AR TR MY PeroZE R I
AOHMAMEAZTE P [F RN, HLAl ) AOHEXAMEX| HeLa
AR E M 2 e R A B v 1E 255,
AMEF] LU SRAOHI MG 1%, 2 IMR, HAMESH
i A2 B 70 B 2 AR AR W TR R, IR A e 7 1 RS R
FHER R A B M B — R R A 0. AR A0 i S 56 &5
FIAM, AOHFAME () & P4 /E F ML 2 nT #0 DN A 41
SR S 1 T 5 AR A0 IDNAT A, DNA b 344 5
DNAMEIZEIE AR, HSS5MBMEH . e
"%,

A, AOHMAMEN G5 F L@ fEA X . Liu
Guiting"*"”'\ Dong Zigang""'% F] AOH AL ¥ A\ ik % 41

SUNAE, SRR ENR R, A 5] kN BRI 20 i
J4; AOHMIAMER S H2BSYIUDNARIKI %, Er 5 A
MR8 LA EMDNALE &, S AR g
Mg, £ AOHFAMEXLFE I N ARG &% b Rz 20 i v
Ak R R R R s HF SR B P S B R RS
Ju R I X B RO R R, R, AN BRE
S X B s R T RE SRR B RERA K. FIHA
TR 3% R S 30 A 20 B AOH R 25 1tk R 47 BT 9T (1 45 TR 3¢
B, AOHREMS 5] T N T8 37 (10 FL 30 P 41 M i 385 3% 43 Wb
S, HEI4H B G T 5] R 8 AL BN, XA RES
AOH B A BUEMEAR Y AOH (I BURE L FE 5 98 3 R
PSR AR S IR, R RE S EIDNA
REMWPIIFER K AR, HolHe T8 E QSN
M DNAR A EEAI B RE R Thag ™ [\, W
FUIE R ILAOH B LT 5 HIR AP G, RIKEEM
AOHA 5| L 41 R DN AR S B AL N K AE R, Bimik
FEMIAOHA £ 51 e =A%, R b4 iy ik B2 I AOHAFTE T 12
Yk, T R AN i p 56 R R AR 1T 51 R gt

2 EWMAOHMAMEF R HEMER

2.1 REEEK

WELR M, MR E A A AOHAMAME, 40
A. alternatare i WIS BEMI B AN, 102 i B B 2L
BEMERER, ERE B U AOHMAMELE N £
SRR, ARSI SRR 1A, tenuissiman
A. arborescens. A. brassicae. A. capsici-annui A. citri
A. cucumerina. A. dauci. A. kikuchiana. A. longipes.
A. porriy A. solaniFA. tomato G4 AOHFIAME™>,
22 HEIHEEK

AOHMAME R 3 EMU G R EHRAT R, b5
FRER . BEFRRA. R, pHIE. KIFEEREAMR
SR,

Maas®:P"%t A, alternatafE AN [A B 7R R IR B
THOLHEAT 700, S5 REW], A alternataft 5% (RS
J% [ 3 KOKHE 773k | 2= A AOHFIAME, BA"#
W BV, (HAOHFAMERIE [ 25 K K8 7738 1
LB e RS ORI R4 b, A alternataft
AKJEHFEEAOH. AME, HfEEAiERE L/
B, XA UNTE N G s 77 P AR AR I B SR U 6
T B - T I, Be 8 9 OB R AR A 2
B IR KA KR T

Brzonkalik "™ ¥ KW FE T AN FITEASBOR . RUR K8
FRE (REEIE TG L E ) XS f R R
Wi, 25 RFW]: BRI, fEHREACEEMT, AHLE T
BIWE. RME. R CREBMEIIRSY), CRNE
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AHTAOHI =, HEHPHIAMER = &I HE
= B R A A2 R IR, BRORE, AHLEIREL T
HUEIE A F T AOHFIAME 72 A4, 02K T U8 IR 454
R KHLEHEAOH. AMERIF=AE, I — LIRS R
BB EREA ) _FR2 AR EE R AR, CAAN R Sh B
¥esea, ATAEAOH, [k, ZFIEX Tl i R 4 g
P A TR AW A RIS AR 1 52 1) 2B EU BRI 11 52 1) B K
—U. SAh, EIRBIRE NEIR, A EERFREN A
LT RER 7R, Fik, HEEFETREGHTE
Rr=d. Bz, TEMTRNOEDOZA RS
BORIRHIREM, 2RI RS R o

Brzonkalik 25 E W 78 1 A [FpHAE (3.5~8.0) Al
CINEL (24~96) XfA. alternata DSM 12633 1k AOH.
AME® ®= I m, 45REW, pHE N4.0~4.58,
DSM 12633 bk (17~ 8 S f =, pHE R 1550 7= 8 & T
e, RN, MECNHEE, FHikmiE A kg
I, HC/INLUAE AT, WAk #E R e, C/NIER T
T20F,  BEPRT B ANBE A C/N EUAR 3 i R

VaqueraZ:UE A T ARG IR EE FORAL T K 49 BEA
WEXTA. arborescensy™ 1 B HLINFEM, 25 3R, &
FE N30 °C, KM iEEEN0.9750, AOHFAME & &ik
Pl WERN6 C, KA N0.950F, A F I 3 B
THAOHFAME, [Ft, %m0l & AUK 23 A R
A. arborescensy” L H & .

TP S 52 T A8 B 7R B AR KA R K I B B &
A, alternataft 75 Hhn 552 LA KR VE FE 4 ~25 °C,
BRI R KB # B AE25 CI L RMRIE I o, B
AOHFIAMEM = 8AE15 CRAF4 JAN A BIEAE; KA
1715, AOHFMAMEMI & &S HT N A alternataft
SER AR KT IR ALK, 25 CICAERE, 4y
T 47 % 141 % A8 5 70 1 7 5 R 1 4- AOHFAME #
=, A AL B3 FhE R S HE R 38%; 2 CIEAY
B, 724 AOHMAME® 2 1 W Ak LU G g b 40l 7=
A AOHMTAME 1 18 7k L9 N 17 % F15.9%,  [RIIFP= 422 B
FRMERELE] N5.9%,

gk LTI, ACHER B 07 B 2R M R 52 R L 1R
KRG IRFMEZMERNEW, BT A
B/ RIEMEREE WA TG, &EmE RN
FAMLAI A B, 07 35 5 0 (R 2R @)k — 2B A A DA R 58
FAHEREDA @ EN ST, BE B TERE
B 0 s ) R 2R A FE LA

3 HEURMAEAER

AOHAMTAMEJ& T Mtk &%, HAEMEG RILRE
PSR Z A E AR Y, KBS (polyketide

synthase, PKS) & Ak ix Fh e 6] 7= 4 45 i 6 S B Y
Koch ™A B B E (1,3- =8 FE-5-H2%) AR, st
HIHEAL 25T AP IR A T AOHRIAME.  H il KR i
IAOHIE i1t /21 A S WA EgE A6 /NP1 —BE g ALE
P 25 5 b il R Tt i e % T 1) ' T e Sk R R 4 5 I
B CEANGR G RS A SR 7 LA R TR ER , ff
RO UEK, RAEMMBEEERT, RERE, @
W P 4 5 O A A AT A R AE TR IRAOH .. AOH2 K2 4 — 2%
FEMEMEEA AT A= ) T BT, AOH S5 S- R H & IR =
Fi’ERRAME, AMEFE— 7 5 AF MR A IR EHE, g
W At R L g AT A A

AOHMAME & UM ¢ 5l & 1 1 45 FH AL o AN B
i, 1B HATC kRS 2 5 AOH K AME & i AH K 1
A. alternata R B G HgmIDEEF, HIhRe MR TG, K
HipksJ & G RS B I IR OCBR B [R], T PhsH I 1 22 52 1)
pksJRIE; FANAMENAOH F AL ), T RES2 %
TaltRYFE; B 5 HIHT FIUE B SnPKS1952 Parastagonopora
nodorum £y IRAOHF) ICEESE R, i BF A AR 10
SRR, 8K 2 175 R & AR B AR AL B
AR o

4  FYEIR

AOHMAME {5 e/ R o 55 FIA W) 5 A7 i 14
FEALZHMER, HTAOHMAMETE R 50 Tt
TR EAFAE, R, AR 247 B n ] i b B A7 A
AOHFAME"™, T4k, WEHRIME AR, R
PRI SRR . HERG . R BRI 5 V2R 4N T A
A8 BT B 2R AE A I A 2 B (A I, R R ]
1 AOH AT AME ()45 0] 4 1 52 ARG BEBOR B sy - 20004 A
K, PEEL Bt far 2 SERRONE S, EEL InER. FTR
IE L K [ 22 0 ) AOHFI AMETS J& 1 4 7= i J .
a IR SRR WA, WA, AESERE (RD
WAL RE M. TKRERY K e
P (2D . anScottSE R e AOBAR 3% R 0T %
(high-performance liquid chromatography-tandem mass
spectrometry, HPLC-MS/MS) HIARX K HIME K17 4y
3 20 R A AT 43 2 20 % R i AME AT AOH
17 TIE, SREIR, 13 6 LD & AT kAL
AT YR AOH,  HFE & b A R E K AME;
H A 4P AOHMAME & &8 /> (<1.5 ng/mL) ,
T HL X 5 3 76 T P LU e o Law 52V ) o 16t
ZRA B RE- B PR E (liquid chromatography-tandem
mass spectrometry, LC-MS/MS) A & hins K6
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R HARK R B R, SRR,

AOHAFTE TR, M. HarRit. Sl
BOPEMEE . 2O A K R R, BRI R s
6 ng/mL; H FRE &+ Fit 2 A 1) F A RE b A g ks ) 2
TAME, JiEKEN0.2~1.4 ng/mL. AzcarateZs™ %]
HEE2004 4 F12005F W IR 164 AN /NZZ2 FEAFEAT R,

GERRI: 23%MFEARTEHAME, HR/NERRFI
FELHMER, 6%1/NEPFET AOH; Wagacha®™
FHPLC-MS/MSJ7 % N JE TR EE 1126 437N 22 4% il
FIAOHFIAMEREAT T I5E, 45 R K27 % HIFE 55
e 7 AOHAAME. Noser&s"F F # w20 4l 43 - 5
BRI (ultra performance liquid chromatography-tandem
mass spectrometry, UPLC-MS/MS) RN 7572, X
85 A7 Fi -k T B 1) AT TR, S5 BRR I, B
T AR A B L B AR, (H A LT 26 4 F ki
a5 AOH, 26 4 F Al i & H AME, 7 & 53 il
N4~33 ng/kgfl1~9 pg/kg. LopezZE““F|FHUPLC-MS
FILC-MS/M S A 117 2% h [X 0 16 % i % . B il
HEIENKIOS MFEMEEAT TR, 4RI, 14 5
IRt R, 1 RS EAOHAAMERI M, S&E20 0N
3.0 ng/kg 5.2 pe/kgs 8 A& Ahd A4 K th AOHF
AME, K2 3850%, &8558/ T1.0~7.8 pglkg
AN T2.0~25 pg/kg: 11 4B E 3 S0 St A A 1 A A
HAOH, & N29 pg/kgs 5 MLliFEd+1 i 2A0H
FHPE, &8 N1 pg/kg: HickertZ " F| fFIHPLC-MS/MS
A [ B A A SR SRR AE96 AR
HAT TR, R A RS R AOHFMAME
PR R e 34 A, AOHATAMER £ H
RO HINT0.59%F179.41%, &5 86.1~25 pglkg
M1.2~7.4 pglkg; 23 Rt AOHMAMERIAL Hi 2%
539 956.52%F143.48% , & &4 11 N0.65~16 pg/kgHil
0.14~4.9 pg/kg: 9 MHLEEHI M 8 M EAMERH T,
P S EON3.2 ng/kg: 19 Ui SE i H AOHFAME(Y]
Kty 947 .37 % M184.21%, 4 &4y 1°H6.0 ng/kg
M2.8~14 pg/kg; 11 250Kl 1 AOHA AME R A H
KAy N54.55%F163.64%, &85 HHN16~39 pg/kg
F10.64~21 pg/kg. 1585 “"F] FfUPLC-MS/MS il /&
R AOH. AMESEN A RS R, 4R%
WY, 15 R i e e Rt R e, 1 ks AOHA
AME, &5 581.9 ng/kgfo.8 pg/kg. TFER, HE
(17N R FL ) o B AN TR HE AOHATAME™ Y

F1 20008 LRAFERFEH B P ZERTRGRGER

Table1l Contamination of AOH and AME in fruits, vegetables and
their products since 2000
. AOH AME
ﬁm %\' #D #”%ﬁ[ A1 A L il ) th 11 72%%
fik i i il BEEY gk BE REEY ek it

% W () % W ()
iR Eiik 80 63 187~8765 23 U~ [

Eifit 2 100 0.52~199 100 023~038  [%)
Flih 6 83 260~25.00 $3 020530 [5)
&R Fiik bi] 100 10~130 - - [54]
Buit 16 56 110~3.10 - -
EM BREE % 06 6I0~50 M4 10~ @)
JHlR
Bt Bt 85 306 4~3 306 1~9 4]
f Eiiil b 913 0.1~2740 913 <006~580  [55]
fiiz &k 8 50 <20~250 30 <L0MI8 U]
Bk I 452 250~300 903 030~3800  [56)
i X
&t 9 0 0 718 020~580
ki e 50 46 01 4 62~1153 2
Eiil 210 10 3~08 14 7~26 [57)
Rt 1 88 057~240 636 005~043 [
et SR 9 556 0.84~5.60 B3 03~140
THEE 7765 003~5.02 65 001~023 -
HHEE 9 53 148 105 002~006
ER 4 75 0.16~022 7 <003
it 2 100 0.16~024 100 018~027
gt 1 100 18 100 0.79
AT 1 100 027 100 0.04 i
HEEE 6 100 0.10~760 1667 <003 B2
THER 5 100 036~7.50 100 <003~0.15
#ip3 fa T 2 100 204~270 30 <003
BTk it 500 010~105 40 <003
il P& 10 60 1.20~200 - -
R 4 20 170~3.30 - - [54]
HHEE 1l 18 1.20~200 - -
HEE 6 667 120~490 67 010~030 [}
it B %S 065~1600 85 04~40 @)
301 -2 3 100 110~290 100 <15 [58)
s E2 1l 91 2 0 0 [46]
= N
qm 5 20 11 0 0
EZ 01 15 67 190 67 080 48]
it 7 143 330 143 180 59]
EHE it 34 0015 100~26.60 15 130~1210  [60]
itk 100 7 1.50~8.30 7 200~8.10
it 3 0 0 I 01~020  [56)

Tee o—. KA BRI 2 R gk, WA
R B AR B g/ TRl

A BE B B AIS YK PR R e M A7 T KL R
FE R JIRUR A S 2 B I . CombinaZs s &4
AOHMAMEMZEWK M EEANFRE . K&K TFE—
SERF I ALEL S, W HAAE GRS BT, &%
KIAOH. AMEZ 100 ‘CA4FEO0 mind &SI 2481k,
121 CHKAF T PE60 min ] H 4 MLAOH. AME® &
ScottZ AN [F 4 R BT AR B A 1 AOHMAME &
BT, BRI EESAMS 204, Hm
AOH. AME& 8IANRAS, 2 fhig 274 Bl bt H A+



XA ERA

E6mill=

2017, Vol.38, No.21 291

L FaE e, Rk, AOHMIAMER fE/E =i %14 T REK
WORFREE, EmRFMET M. B, THAEHFR
FERSEAF ALK & EBAME, Wi, R,
RASEAF LR 5 R 25 R L] R R+
FPEAETE R b, TR R R T R s,

E2 20005 DORHEALE MRS Rh R HRFRGRER
Table2 Contamination of AOH and AME in other agro-products since 2000

i AOH AME s
i 5 s o 0 5%
% BX i HRE L BBEY gk s BEEN gk i
e L S U AR
WRE NE o 94 045~1388 bi) 566~7451  [43)
il X 4l 17 11 19 [64]
B INE 4 75 210~340 - -
plal 65
e K PR 130 - —_—
WA KFNEEE 18 89 9~335 389 I~18 [66)
BRI B 0.00~4.10 13 0 ”
e B G 6 B3 13~250 100 3~100
53 104 81 0~832 3 0~905 [6]
HAEl 9 889 - 889 320 4
- M 19 465 630~4440 0 0 ol
% Tk 8 25 19~25 0 0 (64]
% iz AR ool 30 Al 500 (4]
fl N b UK 76~192 - -
o
" K% % 289 20~126 - -
it 1 X 296 38~169 - - [68]
73 10 4 20~63 - -
TRAN 08 20~19) - -
BRI i3 % 0 31~71 bij S~ )
M n oW 116~731 955 146 (9]
N 81 6l 1600~98.70 92 030~6180  [49)
% 58 9.59~11.80 615 0.18~4.10
4 Fh% 5 .
i 50020 998 4 0.18~649  [50]
(o3 40 0 0 s 021~1041
N 19 519 130~7440 149 030~5480
. i 9 474 60 842 28~1400
gE ]
i b3l I 546 16~39 636 064~2100
g f Wik m 33 <104 164 <30 (70]
0
m Gt T W b - -
(¢ T 08
ol 2l 81 25~388 - - 68
5 &% W&

TR R RBREE A )z, X ANRFEY
TBREAEAE— A . BRI 2 me s T — Mk
FHEF 22 G BIMH (threshold of toxicological concern,
TTC) J7 R VPl £ il b 22 B £ 5 200 N 84 B 1 i 7
KEE®, HTAOHMAMER B FAM, 55 118 M
TRE LIRSHESN MG RGN EBEL TTTCHE
(2.5ng/ (kged) my) » UiHIFERE R IAOHAAMEX]
AN AAE R P BE AR ARV AE RS . KHIRASK, BT p
AR AR F S EZBRE AL, R REERG

JeRSIR AW MEM, WHRHERT AL, BNSAITE
RCERIAR 7 i e L 11 vt A 5 ) 7 2 R PR AR AR T v A B
TEAZ TR IR, DR L) % b v ARV R 42 ) 52 B £
HRAEDY) . KREHM PSR 5 2, B
WS LT 9675 Tl 72 S8 A 75 3K ) SRk B PR A
H R R L A TS, AT BEAT A [ i AT A
YO A A ] 175 ) PRSP B AN BR AR A

Wit 5 ] 0 AR ot o A 22 4 ) o AL, R TR PR
R A L AL I 5 32 v K A S R, HPLC-MS S5
TR 7 vE 2 2 B 7 R AL G A T vk, (R IR
TR (G I B % R R A SR = RS I A R SR, AN BB A2
B INIEVSS UK i maw T R O TV ok S R )
SPRE . RIBUZ R R R R AR B H AT T AR
5B 4% AR A U IR A I R, (E R E X AN R
Gk B — . SRAPE R PUAR, IR B A B
AN PR Z M. HETH T AR R R A S
A 7 3 AT g Ik S B R R I S oK, HLAON. T4 5g
BER IR I AOHY . 22 B 1 73 F MR A IR A7)
AR AR BRI 7 925 S SEANX AT A I8 70, RIS
I R/ b RV AR R, 6 AR i P A B A R AR
HAEBEKEX.

SE k-

[1]  RAISTRICK H, STICKINGS C E, THOMAS R. Studies in the
biochemistry of micro-organisms. alternariol and alternariol
monomethyl ether, metabolic products of Alternaria tenuis[J].
Biochemical Journal, 1953, 55(3): 421-433. DOI:10.1042/bj0550421.

[2] EFSA (European Food Safety Authority) Panel on Contaminants in
the Food Chain. Scientific opinion on the risks for animal and public
health related to the presence of Alternaria toxins in feed and food[J].
EFSA Journal, 2011, 9(10): 2407. DOI:10.2903/j.efsa.2011.2407.

[3] SIEGEL D, FEIST M, PROSKE M, et al. Degradation of the
Alternaria mycotoxins alternariol, alternariol monomethyl ether, and
altenuene upon bread baking[J]. Journal of Agricultural and Food
Chemistry, 2010, 58(17): 9622-9630. DOI:10.1021/jf102156w.

[4] POLLOCK G A, DISABATINO C E, HEIMSCH R C, et al. The
subchronic toxicity and teratogenicity of alternariol monomethyl ether
produced by Alternaria solani[J]. Food and Chemical Toxicology,
1982, 20(6): 899-902. DOI:10.1016/S0015-6264(82)80225-3.

[5] GRIFFIN G F, CHU F S. Toxicity of the Alternaria metabolites
alternariol, alternariol methyl ether, altenuene, and tenuazonic
acid in the chicken embryo assay[J]. Applied and Environmental
Microbiology, 1983, 46(6): 1420-1422.

[6] DAVIS V M, STACK M E. Evaluation of alternariol and alternariol
methyl ether for mutagenic activity in salmonella typhimurium[J].
Applied and Environmental Microbiology, 1994, 60(10): 3901-3902.

[7] AN Yuhui, ZHAO Tianzheng, MIAO Jian, et al. Isolation,
identification, and mutagenicity of alternariol monomethyl ether[J].
Journal of Agricultural and Food Chemistry, 1989, 37(5): 1341-1343.
DOI:10.1021/jf000892029.

[8]  AHH, WS, BRED, & BB 0 R R RN B 1
SR AR TR R R R 22 544, 1990, 25(2): 136-140. DOI:10.13705/
j-issn.1671-6825.1990.02.006.



292 2017, Vol.38, No.21

B5oiltl F

KRR

1]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

PERO R W, POSNER H, BLOIS M, et al. Toxicity of metabolites
produced by the “Alternaria”[J]. Environmental Health Perspectives,
1973, 4: 87-94. DOI:10.1289/ehp.730487.

GERE, R, BT, . MR B AR A R AR B
TR e A0 75 147 1 ) 2 1 R S50 41 PR 910, JR9E, 1988, 7(1): 54-55.
FEHR M, PAHLKE G, FRITZ J, et al. Alternariol acts as 42a
topoisomerase poison, preferentially affecting the Ila isoform[J].
Molecular Nutrition & Food Research, 2009, 53(4): 441-451.
DOI:10.1002/mnfr.200700379.

LIU Guiting, QIAN Yuzhen, ZHANG Peng, et al. Etiological role of
Alternaria alternata in human esophageal cancer[J]. Chinese Medical
Journal, 1992, 105(5): 394-400.

LIU Guiting, QIAN Yuzhen, ZHANG Peng, et al. Relationships
between Alternaria alternate and oesophageal cancer[J]. Iarc Scientific
Publications, 1991(105): 258-262.

DONG Zigang, LIU Guiting, DONG Ziming, et al. Induction of
mutagenesis and transformation by the extract of Alternaria alternata
isolated from grains in Linxian, China[J]. Carcinogenesis, 1987, 8(7):
989-991. DOI:10.1093/carcin/8.7.989.

BRUGGER E M, WAGNER J, SCHUMACHER D M, et al.
Mutagenicity of the mycotoxin alternariol in cultured mammalian
cells[J]. Toxicology Letters, 2006, 164(3): 221-230. DOI:10.1016/
j-toxlet.2006.01.001.

LEHMANN L, WAGNER J, METZLER M. Estrogenic and
clastogenic potential of the mycotoxin alternariol in cultured
mammalian cells[J]. Food and Chemical Toxicology, 2006, 44(3):
398-408. DOI:10.1016/j.fct.2005.08.013.

SCHRADER T J, CHERRY W, SOPER K, et al. Examination of
Alternaria alternate mutagenicity and effects of nitrosylation using the
Ames Salmonella test[J]. Teratogen Carcinogen Mutagen, 2001, 21(4):
261-274. DOI:10.1002/tcm.1014.

PFEIFFER E, ESCHBACH S, METZLER M. Alternaria toxins: DNA
strand-breaking activity in mammalian cells in vitro[J]. Mycotoxin
Research, 2007, 23(3): 152-157. DOI:10.1007/BF02951512.

R, BEOTIE, 9. HLIE S HE I X NTH/3 T340 i H DNA K & B
BEVERAAEAID]. HE ALK TR, 2012, 16(15): 2831-2834.
DOI:10.3969/j.issn.1673-8225.2012.15.038.

K, AR, BRI, G5 ACBEFLE XS BT 44 i DN AR S EAIY
FERT]. BRI 2%, 2012, 39(19): 5071-5073.

WML, 7 0, SRRk, 45, TR AR B R RO fr o ELRE S B A B S
HRE RIS YA N R TR DU FELT]. S8 4842 - A, 2007, 19(1):
44-46. DOI:10.3969/j.issn.1004-616X.2007.01.013.

PASTER N, BARKAI-GOLAN R. Mouldy fruits and vegetables as a source
of mycotoxins: part 1[J]. World Mycotoxin Journal, 2008, 1(2): 147-159.
BOTTALICO A, LOGRIECO A. Toxigenic Alternaria species of
economic importance[M]// DOWD P F. Mycotoxins in agriculture and
food safety. New York: Marcel Dekker, 1998: 65-108.

ANDERSEN B, FRISVAD J C. Natural occurrence of fungi and
fungal metabolites in moldy tomatoes[J]. Journal of Agricultural and
Food Chemistry, 2004, 52(25): 7507-7513. DOI:10.1021/jf048727k.
POSE G, LUDEMANN V, SEGURA J, et al. Mycotoxin production
by Alternaria strains isolated from tomatoes affected by Blackmold in
Argentina[J]. Mycotoxin Research, 2004, 20(2): 80-85. DOI:10.1007/
BF02946738.

NTASIOU P, MYRESIOTIS C, KONSTANTINOU S, et al.
Identification, characterization and mycotoxigenic ability of Alternaria
spp. causing core rot of apple fruit in Greece[J]. International
Journal of Food Microbiology, 2015, 197: 22-29. DOI:10.1016/
j-jfoodmicro.2014.12.008.

[27]

(28]

[29]

[30]

(31]

(32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

(42]

MAAS M R, WOODY M A, CHU F S. Production of alternariol and
alternariol methyl ether by Alternaria spp.[J]. Journal of Food Safety,
1980, 3(1): 39-47. DOI:10.1111/j.1745-4565.1980.tb00407 .x.

WEI C I, SWARTZ D D. Growth and production of mycotoxins by
Alternaria alternata in synthetic, semi-synthetic and rice media[J].
Journal of Food Protection, 1985, 48(4): 306-311. DOI:10.4315/0362-
028X-48.4.306.

BRZONKALIK K, HERRLING T, SYLDATK C, et al. The influence
of different nitrogen and carbon sources on mycotoxin production in
Alternaria alternata[J]. International Journal of Food Microbiology,
2011, 147(2): 120-126. DOI:10.1016/j.ijfoodmicro.2011.03.016.
BRZONKALIK K, HUMMER D, SYLDATK C, et al. Influence of
pH and carbon to nitrogen ratio onmycotoxin production by Alternaria
alternata insubmerged cultivation[J]. AMB Express, 2012, 2(1): 1-8.
DOI:10.1186/2191-0855-2-28.

VAQUERA S, PATRIARCA A, FERNANDEZ P V. Water activity
and temperature effects on growth of Alternaria arborescens on
tomato medium[J]. International Journal of Food Microbiology, 2014,
185(1): 136-139. DOI:10.1016/j.ijfoodmicro.2014.06.007.

OZCELIK S, OZCELIK N, BEUCHAT L R. Toxin production by
Alternaria alternata in tomatoes and apples stored under various
conditions and quantitation of the toxins by high-performance liquid
chromatography[J]. International Journal of Food Microbiology, 1990,
11(3/4): 187-194. DOI:10.1016/0168-1605(90)90011-S.

VINAS I, BONET J, SANCHIS V. Incidence and mycotoxin
production by Alternaria tenuis in decayed apples[J]. Letters in
Applied Microbiology, 1992, 14(6): 284-287. DOI:10.1111/j.1472-
765X.1992.tb00706.x.

COX R J. Polyketides, proteins and genes in fungi: programmed nano-
machines begin to reveal their secrets[J]. Organic & Biomolecular
Chemistry, 2007, 5(13): 2010-2026. DOI:10.1002/chin.200740268.
KOCH K, PODLECH J, PFEIFFER E, et al. Total synthesis of
alternariol[J]. Journal of Organic Chemistry, 2005, 70(8): 3275-3276.
DOI:10.1021/j0050075r.

SAHA D, FETZNER R, BURKHARDT B, et al. Identification of a
polyketide synthase required for alternariol (AOH) and alternariol-9-
methyl ether (AME) formation in Alternaria alternata[J]. PLoS ONE,
2012, 7(7): 1-14. DOI:10.1371/journal.pone.0040564.

CHOOI Y H, MURIA-GONZALEZ M J, MEAD O L, et al. SnpkS19
encodes the polyketide synthase for alternariol mycotoxin biosynthesis
in the wheat pathogen Parastagonospora nodorum[J]. Applied and
Environmental Microbiology, 2015, 81(16): 5309-5317. DOI:10.1128/
AEM.00278-15.

SCOTT P M. Analysis of agricultural commodities and foods for Alternaria
mycotoxins[J]. Journal of AOAC International, 2001, 84(6): 1809-1817.
e, BENI, ARz, 45 BRI AR R AR T VAT U R D). T
AR AEAR, 2016, 7(2): 453-458.

SCOTT P M, KANHERE S R. Stability of Alternaria toxins in
fruit juices and wine[J]. Mycotoxin Research, 2001, 17(1): 9-14.
DOI:10.1007/BF02946112.

SCOTT P M, LAWRENCE G A, LAU B P Y. Analysis of wines,
grape juices and cranberry juices for Alternaria toxins[J]. Mycotoxin
Research, 2006, 22(2): 142-147. DOI:10.1007/BF02956778.

LAU B P-Y, SCOTT P M, LEWIS D A, et al. Liquid chromatography-
mass spectrometry and liquid chromatography-tandem mass
spectrometry of the Alternaria mycotoxins alternariol and alternariol
monomethyl ether in fruit juices and beverages[J]. Journal of
Chromatography A, 2003, 998(1/2): 119-131. DOI:10.1016/S0021-
9673(03)00606-X.



i

]

|

A

2017, Vol.38, No.21 293

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

AZCARATE P M, PATRIARCA A, TERMINIELLO L, et al.
Alternaria toxins in wheat during the 2004 to 2005 argentinean
harvest[J]. Journal of Food Protection, 2008, 71(6): 1262-1265.
WAGACHA J M, STEINER U, DEHNE H W, et al. Diversity in
mycotoxins and fungal species infecting wheat in Nakuru District,
Kenyal[J]. Journal of Phytopathology, 2010, 158(7/8): 527-535.
DOI:10.1111/j.1439-0434.2009.01653 .

NOSER J, SCHNEIDER P, ROTHER M, et al. Determination of
six Alternaria, toxins with UPLC-MS/MS and their occurrence in
tomatoes and tomato products from the Swiss market[J]. Mycotoxin
Research, 2011, 27(4): 265-271. DOI:10.1007/s12550-011-0103-x.
LOPEZ P, VENEMA D, DE RIJK T, et al. Occurrence of Alternaria
toxins in food products in the Netherlands[J]. Food Control, 2016, 60:
196-204. DOI:10.1016/j.foodcont.2015.07.032.

HICKERT S, BERGMANN M, ERSEN S, et al. Survey of Alternaria,
toxin contamination in food from the German market, using a rapid
HPLC-MS/MS approach[J]. Mycotoxin Research, 2016, 32(1): 7-18.
DOI:10.1007/s12550-015-0233-7.

a5, et FUARNL, 5. B RO (3% o IG T ak [R] i ) s 4k
ARt 4 FREERS AR REE (] (I, 2010, 28(12): 1128-1131.
DOI:10.3724/SP.J.1123.2010.01128.

ZHAO K, SHAO B, YANG D J, et al. Natural occurrence of
Alternaria toxins in wheat-based products and their dietary exposure
in China[J]. PLoS ONE, 2015, 10(6): 1-11. DOI:10.1371/journal.
pone.0132019.

XU W J, HAN X M, LI F Q, et al. Natural occurrence of Alternaria
toxins in the 2015 wheat from Anhui province, China[J]. Toxins, 2016,
8(11): 1-11. DOI:10.3390/toxins8110308.

TERMINIELLO L, PATRIARCA A, POSE G, et al. Occurrence
of alternariol, alternariol monomethyl ether and tenuazonic acid in
Argentinean tomato puree[J]. Mycotoxin Research, 2006, 22(4): 236-
240. DOI:10.1007/BF02946743.

ASAM S, KONITZER K, SCHIEBERLE P, et al. Stable isotope
dilution assays of alternariol and alternariol monomethyl ether in
beverages[J]. Journal of Agricultural and Food Chemistry, 2009,
57(12): 5152-5160. DOI:10.1021/j£900450w.

ASAM S, KONITZER K, RYCHLIK M. Precise determination of the
Alternaria mycotoxins alternariol and alternariol monomethyl ether
in cereal, fruit and vegetable products using stable isotope dilution
assays[J]. Mycotoxin Research, 2011, 27(1): 23-28. DOI:10.1007/
$12550-010-0071-6.

ACKERMANN Y, CURTUI V, DIETRICH R, et al. Widespread
occurrence of low levels of alternariol in apple and tomato products,
as determined by comparative immunochemical assessment using
monoclonal and polyclonal antibodies[J]. Journal of Agricultural and
Food Chemistry, 2011, 59(12): 6360-6368. DOI:10.1021/jf201516f.
OSTRY V. Alternaria mycotoxins: an overview of chemical
characterization, producers, toxicity, analysis and occurrence in
foodstuffs[J/OL]. World Mycotoxin Journal, 2008, 1(2): 175-188.
DOI:10.3920/WMJ2008.x013.

ZHAO K, SHAO B, YANG D J, et al. Natural occurrence of four
Alternaria mycotoxins in tomato- and citrus-based foods in China[J].
Journal of Agricultural and Food Chemistry, 2015, 63(1): 343-348.
DOI:10.1021/jf5052738.

DA CRUZ CABRAL L, TERMINIELLO L, PINTO F V, et al. Natural
occurrence of mycotoxins and toxigenic capacity of Alternaria strains

[58]

[59]

[60]

[o1]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

(71

(721

(73]

from mouldy peppers[J]. International Journal of Food Microbiology,
2016, 236: 155-160. DOI:10.1016/j.ijfoodmicro.2016.08.005.

OSTRY V, SKARKOVA J, RUPRICH J. Occurrence of Alternaria
mycotoxins and Alternaria spp. in lentils and human health[C]// 26"
Herrsching: MycotoxinWorkshop, 2004.

e, o, FLARNL, 55, BRVE I - o O (% - AR IR T
PRSI E R P AR R R (D). 2B Hr iR, 2012, 21(3): 20-
23. DOI:10.3969/j.issn.1008-6145.2012.03.006.

R, BRI, 265 UPLC-ESI-MS-MS4% & QuEChERS [A] i
DEAT AR T 4 FhECEE RERT]. BALELE, 2014, 35(20): 170-174.
DOI:10.7506/spkx1002-6630-201420034.

COMBINA M, DALCERO A, VARSAVSKY E, et al. Effect of heat
treatments on stability of altemariol, alternariol monomethyl ether
and tenuazonic acid in sunflower flour[J]. Mycotoxin Research, 1999,
15(1): 33-38. DOI:10.1007/BF02945212.

MAGNANI R F, DE SOUZA G D, RODRIGUES-FILHO E. Analysis
of alternariol and alternariol monomethyl ether on flavedo and albedo
tissues of tangerines (Citrus reticulata) with symptoms of altenaria
brown spot[J]. Journal of Agricultural and Food Chemistry, 2007,
55(13): 4980-4986. DOI:10.1021/jf0704256.

VR, RILRN, SRS, A5, RCUAE €0k 85 DRV PR A A
RIS FEER BN R (I). 2HTI, 2015, 43(12): 1851-1858.
DOI:10.11895/j.issn.0253-3820.150370.

MONBALIU S, VAN POUCKE C, DETAVERNIER C, et al.
Occurrence of mycotoxins in feed as analyzed by a multi-mycotoxin
LC-MS/MS method[J]. Journal of Agricultural and Food Chemistry,
2010, 58(1): 66-71. DOI:10.1021/jf903859z.

KUTT M L, LOIVEKE H, TANNER R. Detection of alternariol in Estonian
grain samples[J]. Agronomy Research, 2010, 8(Special Issue II): 317-322.
HAGGBLOM P, STEPINSKA A, SOLYAKOV A. Alternaria
mycotoxins in Swedish feed grain[C]// Proceedings of the 29th
Stuttgart-Fellbach, Germany: Mycotoxin Workshop, 2007: 35.
MULLER M E H, KORN U. Alternaria mycotoxins in wheat: a 10
years survey in the northeast of Germany[J/OL]. Food Control, 2013,
34(1): 191-197. DOI:10.1016/j.foodcont.2013.04.018.

BURKIN A A, KONONENKO G P. Enzyme immunoassay of
alternariol for the assessment of risk of agricultural products
contamination[J]. Applied Biochemistry and Microbiology, 2011,
47(1): 72-76. DOI:10.1134/S0003683811010030.

LI F Q, YOSHIZAWA T. Alternaria mycotoxins in weathered wheat
from China[J]. Journal of Agricultural and Food Chemistry, 2000,
48(7): 2920-2924. DOI:10.1021/jf0000171.

KRALOVA J, HAJISLOVA J, POUSTKA J, et al. Occurrence of
Alternaria toxins in fibre flax, linseed, and peas grown in organic and
conventional farms: monitoring pilot study[J]. Czech Journal of Food
Sciences, 2006, 24(6): 288-296.

PRELLE A, SPADARO D, GARIBALDI A, et al. A new method
for detection of five Alternaria toxins in food matrices based on LC-
APCI-MS[J]. Food Chemistry, 2013, 140(1/2): 161-167. DOI:10.1016/
j-foodchem.2012.12.065.

GROSS M, CURTUI V, ACKERMANN Y, et al. Enzyme
immunoassay for tenuazonic acid in apple and tomato products[J].
Journal of Agricultural and Food Chemistry, 2011, 59(23): 12317-
12322. DOI:10.1021/j£203540y.

MR, XUAHEE, ok, 5. 4058 B 70 G R R Il I6C e 25 W BN 43 A
JIERFGEITN. 4Bk, 2012, 40(9): 1347-1352. DOI:10.3724/
SP.J.1096.2012.11253.



