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Abstract: The food infected by Alternaria species can produce Alternaria toxins with genotoxicity,
cytotoxicity, reproductive toxicity, and developmental toxicity. Due to the low content of Alternaria toxins

with greatly different chemical structures in food, it is necessary to establish a reliable and highly sensitive
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method for Alternaria toxins residues analysis in food. Sample pretreatment is not only an important part but

also a bottleneck in the process of residue analysis. This article reviewed the sample pretreatment technology

of Alternaria toxins in food, specifically focusing on the application of QUEChERs, dispersed liquid-liquid

microextraction, molecular imprinting solid phase extraction, and direct dilution method in Alternaria toxins

extraction, as well as the applications of solid-phase extraction, dispersed solid-phase extraction, low-

temperature freezing, and liquid-liquid distribution in the purification process of Alternaria toxins in food

matrices. The advantages and disadvantages of different extraction and purification technologies were

summarized. The advantages and limitations of existing pre-treatment technologies were analyzed. The

development prospects of pre-treatment technologies were discussed, such as preparing new molecularly

imprinted solid-phase extraction materials and purification materials with good performance and establishing

an integrated detection system for extracting and analyzing Alternaria toxins in food.

Key words:. Alternaria toxins; residual food; sample pretreatment

AR TR 2 T IR EUR L H U0 L
PR IR TS AR TR, BA A . A LAY
Ftk, BARSY . KR BN W,
AR 005 B A EEARIR N B AR, RIEYTE
6] . 3z 5 B A EE T B 52 B BEAK 85 T 1 75 G
MW, S R T AE 1A AL py A K B FE
R A A2 70 B B IR BRI, SRR
Hetk T R (Alternariatoxins, ATs ), HRIEILF
g HEAT R 51, OB RIS ATs 445 (1)
ORI R 2 R A AR, A A BE AR A

(alternariol, AOH ). 732 %F #% 74 By 5 W Jk
( alternariol monomethyl ether, AME ). &% {f /i
(‘altenuene, ALT ), Z0#% 2 ( altenusin, ALS );
(2) FRRI TR A W2, G455 200 5 A% 760 TR i iR
( tenuazonic acid, TeA ); (3 ) " ZEH KRR L HAT
Y, EEEEEREAE# R 1. 1. 1 (altertoxin
I, I, M, ATX-1, I, Il ) A1 Stemphyltoxin Il
(STTX-1); (4) N —RMREEEAEY, GFEE
R A2 5% #1027 ( alternaria alternata toxin, AAL )R %,
FLATC %2 25 A AAL-TA, . AAL-TA, .
AAL-TB;. AAL-TB;; (5) HAMIE UKL H /Y
&Y, WiEB#HEZR (tentoxin, Ten); (6) HAh
gER ATS! ), ATs FEAEHIAR N & SR A
BT HRSE G, bS8 ATs, HATC A
LA ATs G35 #H A W H B AOH . Hi4Ajb i ie
i AME | BifR$h 11 AOH | Milkth & AME P,
KEBS S 1R B R A ML RENE . I

BN KB RSN BN S R BEE T
AOH Fl AME RJFEFE2= X B(H ( threshold of
toxicological concern, TTC ) & 2.5 ng/kg b.w./d,
1M TeA #1 TEN [ TTC 24 1 500 ng/kg b.w./d. H
i, SRS EOF AR & S SR B AR R R
T M DG BR A 1 A 0 TR R 0 I
SV EYEE AN, MRS ROATE
B B KR KRS . ERMEZME
it PSRG0T R R A P S 0 7 B
N AN A B 118 XU (A5 8 3 T

B, AR REARER K
SFACEY (IS, BRI . A, BERS),
S350 HARY) S 25 oA, EE 2 U U A 875 G
ATs TER[RIZE IR AR 7™ b AN T8 & b gl i
SR, HBHMERE S ATs S 4E (4 ng/kg~
ng/kg ) P REAR ARSI B BOR A . R
ATs |2 AFAE TRIFAT i (UK L Bk &
Yo ) BT A e LY
Pyt OV ) R A AR R A 2t s i)
G, BRI ST TP i R A A
AR AT E e N, R TT R AL
A RE A R R S TR I 7, XEE R AT
HATA RS . CHGERCT ATs LR e
Ry kU B AL i TS e
AR S A P A I T g s A O,
BDW R S ATs 58 B8 50 BT i B 5 i b B
oo TEEARES BRI R v, R A T AL 3
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HREAEE EEAPIR, HAlE TS, &
st i AL 3R 12 S A J AR TR R , AS SCE R
hh R ATs PURE S TR B R EA 72538, BTESr
B A HI AL BEE R AR AR R BR M, S
ATs Kl B AR 1 R e 2%
1 HFmigE
1.1 QUEChERs A%

QuEChERs Jikh, ZEHUE M ATs 9% H
A7 B ) H R 25 Y 2 A A AR AT A
TEN.AME .AOH #l ALT ¥4 %4 iy H BUs w1,
1E 6 TR P 355 14 HBEA 1 T TeA FI ATX
R0 R AR R g 2 2K ) ATs 5% B
IPHTIE B, R 1.5%H R 2 R BUA &
ATX-T 1R AE 1.5%F R OHNE-FEE (4 : 1,
V/IV) RRFEETE 10%, Bt i s #l+
TeA MEEH, ZEHEEFHEE-C0E (101, V/V) 2
WO A Y b TeA Ry [ i K 4 51 K
102.6%+5.4%H1 109.7%+2.2%, 1 25 2 )i $2 Bk
Fih 2, R 25.2%+4.2%, XAl AES TeA
FO R MBS R AT 56 (7E ChemSpider $0H 46 & 15 5]
25 °CF TeA fy/KIM#IE N 12 540 mg/L) P, &
BEBUAF A H R 2 IR BEA R ATs (4
SR FRYE A PR RS HE (19 TeA ) AYFRBOICRIS,
ZHAO 2% LT 2 0.1% M RN Z I . % 0.1%
TR GRS 1% PR CREXT &2 7 F
ATs FOIRBUSER, & 1% PRI CHEHED E41 &
ATs UHREUE, Hrp TeA MIRBCRIRE T 10%4
fio TOKBRRREEMALI LA ZFEI ATs 1Y
QuEChERSs 77 1% H e ¢ I (0 R K -0 W) o o1 45
DU 78 7K SRR S8 B OGN T v 5 Flv ATs B 43
SV JCK B PR B+ AL A TCK R e+ L FR N
ToK BRI B+ L PR R+ AL A = A LA AT BR K RN
BT, 50 ATs (Y BIBCRITE 79.4%~112.4% 170
Bl Al oK B R e+ L R+ il , 5
it ATs HYHEFTRON #/. QUEChERs A F 48 i
DI, O FF B 1 3R I SRR AS B ok iz
FOPGH L fAifE . MEE. SRR, PIEE . R
WARE) T T RKAH AT o AR R BT AE 7 —
SE[n)E, AnoRE gL, RARS> QuEChERS J7 A1y

FEGIBRE R 1~5 g, fi /D AR s — @ RE B
SR IR R o R — ] IS B Ak
CIFHE, JFS EIEEORE, HERIL X
IERA —EBIIR; TE =Ry, ks
fEZMsI SR RS, SRS P R R
1.2 SEBRBRMIER

BRI AR B ( dispersive liquid-liquid micro-
extraction, DLLME ) f&— FP {78 1 vk ik 26 BB R
P23 BIGRIRE A IBGR) 20 BT AR S s b, 7o
Hr¥FE K AR A AL GR i 40 T REORR), gy
Mri s & F A B b JAT VSR FH Pk DLLME
J7 %5 10 mL 2425259 ) AOH Al TEN 2475
B, H— KLU N HGH . SR SR NI,
KLU B N 23 EGR) L S5 A HGR, AOH Al
TEN RSy 87%~109% , J5 ik & B K
1.02~7.40 ng/g. LIN 25UV AR 6 v 5 4l B 9
A AR XM Y TeA. AOH. TEN #i
AME SHEIL B EMGA, & 02%H MR 2N
VWAL 2 g Mt b ) ATs, il 320 °CYe iR 1Y
TR E CE AR, Tk Ry R
80%~107%, 5EHFIH 0.15~1.5 pgkg, 7%
] 1.5%H R ) - W B e I 2 5 b 7
it ATs, TEFZBOR P INA =2 LE 2K B ATs, J7
HEI RN 70.7%~101.3%, FikRE m RN
0.42~0.49 pg/kg. *JH DLLME HijAbFH 254 5 4L
WOAH {0 1% - = F PO A A K BT ( high
performance liquid chromatography-tandem mass
spectrometry, HPLC-MS/MS ) ¥:ill ATs {7 1538
WHRA R R A BRI, BEE R
MR ATs BRI R 5 W], 388 3 b 26 BRG] A
SRR, S, ¥k—kfk, & DLLME
TR T3 — A H
1.3 4 FENiEHHZEER

I3 FEGBHE AR RALE M AT, LA E Y
F bR o35 AR, 5638 0 D RE B4 S SE Bk 57 5%
BB G YRR, FEE S Y sl R AR R
BYRHAR B > T 265, HEINR RS
By 43 5 B0 3 % 5 %) ( molecularly imprinted
polymers, MIP ). MOYA-CAVAS “5G Wl T P Ff

116



325 2024 FE2 8

.
WAL

REZ=E

MIP 15 [ AH A B EORE, 48 1 43 BN [T A
AEE, FHTHESH T AOH AYAEHL, 5 ¥kiml
W 92%~113%, EFR K 7 ug/kg!'®. RICO-
YUSTE 2% 4 7 Eu(I)iBZ: 1 £ 4LA MIP %
BR, X ROK M HRBOR H TeA #E47 EAHAE O &
SR o 43— B0 [ AH 26 BB R X B B R
IFry e EEtE, BRSO MR TS0 AR A BB AR e 8
eSS, CEA MIP 4 W5 etk
B AT o A2 A AR A
14 EREBRHHE
XFFWARRE S, 5 B BB A 1) B
i B HE R (9 7 X %E ATs, RAUSCH 25Uy

10 mL ZJEMACEIFEAL R NAR 2 mL
W, BB E HPLC-MS/MS #:ll, 5 Fh ATs i€
BHRK 0.05~20 pg/L, FICRN 92%~99%

HICKERT %2 5 mL SLEEITFEES A 20 mL
K- HE-FFR(84 : 15 : 1,V : V : V)R, -20 °C
ORI, B0 5 ARG W HPLC-MS/MS
Kl 8 Fh ATs, IR A 52%~113%. MUE AT
(AR i ZE R Ry T 0, BE BT TP/, 36 T B
MR AT o ARl . H TR ATs A9
WL, RS ATs MMk SHEAR, BRI E
P20 T e LA T 1 B )G D S 2 A 7 A T
GYHT o b3 4 RO YA B s LA N3 1 PR .

F1 LHREIBRAEERPEHEEASEZLNNFRITLCERHMRERS
Tablel Theadvantagesand disadvantages of several extraction techniquesin sample
pretreatment for Alternaria toxinsresidue analysisin food

PO Rl

Posi P35 SCHR

QuEChERSs & {4/7% fA/ [ -BR A S EER AT &K E>80%
ML, FREL 2~10 g, AHNK; SKE<25%0
R, HEREER, JPA—E =K

PREE . T AT

FEXPAR R ATs F5Z P8R [6.9]
BRI BV, 5T EW AT A

DLLME A it SR i ) 42 SO BAEM A, REMESE  SARCRAEA, SRS AR (7]
&, WL B BoR — R
MIP B i BT R A AR L, OIERRUS . MIP IR RRUENE 0 ATs BRI R TR BT X St [20]
e MIP BEEHSEATEREG WERER T A 4, W HERSEREA R TH, RAESIZ A ATs (1 [F
MIP B 21 A b4 HUpEE do PRI W
BB REMADRECON R TR/ R R, FCRE . WRR BARMRER, WSS (21
AT SR (A D ASC A AT A DU

2 HFmEsi
21 BEtEER

B AHZEHL (solid phase extraction, SPE ) T
R A PR B — T 7 0 S A TR A ol VA TR i i
BF5R) , S Py Jo e i O B, PR P I 2 o B T
FIWBEZ BT, SR FH /D i P 7R s vl e e 490 Jo
T 52 BRI LR ORI K SR R G T
ATs 77 5, i I 28K R IR P-4 ( hydrophilic
lipophilic balance, HLB ) M [ff A i £ B H 1
ATs, $EPGRGS G , ol AR B B /K 3 (K
LR T 60% ) DRSS PR B p 2 B, P Y
O IETRVEM ATs, TANG 254 e T HUE R 4
e, C2. C8. CI8., P HfE+ | FRIEH S
B HLB, ZAEHES R . N-N 2 — st &

fit i ( primary secondary amine, PSA ), K. A
HAb ik B ( graphitized carbon black, GCB) iy 11
ol 1 K A BB/ INEE A B ATs (3% 5%, fiii FH €8 BT 6
Flt ATs 1 [ISCR A 77.7%~112.7% , i F HAB SR
() [T AR A2 BN RS ATs 8 RT3 R BB 1l A2 o ) 222
SRPI, SPE FHTFHE S AL 55 — R 7 ik e B bk
W B, I O . LU R e A
ZR 25 RE N T i AOH FIl AME i, i 1] HLB
FEMR BB . B ORI R SE T, AOH Al
AME BELHE AR AE 120718 1 DSR2 79.5%~
125.1%, & & R4 0.1~0.75 pg/kg. BOGDANOVA
AP E S 2K P ) AME, ALT. AOH Al
ATX-I B, J&f#i ] NH, SPE FE 2= (32 BUK i+
PR, H8H C18 SPE FEMFE ATs, ZiEUER,
IR RN 92%~100%, ER BN 0.45~
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3.45 ng/kg. fli 1l SPE H:U K ATs (19¥fk )7 i Bk
BB ATs FZRT, HALSCR I, (AT ATs
(B A I 22 SR A K, T AR B A S 1) [ O
W B 22 AT 11 [ AH 26 BOERL
22 STEIEHEZER

g% B[ A A B ( dispersive  solid phase
extraction, DSPE ) J& #1171 QuEChERs J77% H il 15+
AP BR, H SR R RE NH, S5 fE R
PSA. CI8. GCB %, ZHAO %5 52 iF Wl 7E
QuEChERs-DSPE i+ fb 20 B b i 1 NH, #865 fiE
JKEF PSA, ALS . TeA Fl AOH [ [RISCRALA 0%~
41.77%%, I, CARIERY ATs 5% 8/ #r ko,
BIARAGF PSA A 3 HC I AR VAR . GCB ML &
st B IOV 1 24 T B 23 X ATs 7 Az i A I
Wf, SEL ATs # [l Rl AR I gk
C18 fEAT W B £ ot 4R O b A AR B v s
e PR 0 B R AR T R I
M E ks, S fiER DSPE ik ¥R
C181M 2 3t F & LR M 75, C18-DSPE Hy¥r
01V H T NN A 3 W N 1 A weblz] C 2 ik A
(AR, PRI 5 1 0 S5 oA o fh R i I E S
T BEAE H G 09 K JE b BER T g 55 K 19 ¥ AL

), LAk R 22 B AR ATs ARG 3K o
23 {RiBA%FE

W g 2 b ATs FREA RS, F
FMARTE-20 °CYURUTIE ML, fHiviAg 5 42 1
WA ZR NS . MOBE . AR AR A ik S
B2 ATs AR E SR, R ARE
Vo VR 2 BRARBOR  iAS o (RIS R BRI A
Fe A R, JC TR A M A R R A Ak 7
5 2A R [ Bt 3k S TS Y e A, (AR
Vo VR 5 1 Ha B 28 22 o i L B o
24 WikE

TEE SRR AR, B A
FI LR T ATs TP 0 7E 5 ASHH I Y e
Vs o B R B 25 5, EAT A B RN O ik
PUNTSCHER S5 FH B Fis- 7K - £ B TR A5 V5 TR B
EAEkAIT 17 Fh AT, WALRAVENS {#if] 2.
K-CRRHEIUAK | A L K2 10 B ATSPY,
Jei SR A5 A $E OB I A I O eV 43 B 22 5 55 40
PEZR I, PR TR LBCR A3 5N 75%~100% F1
94.4%~106.5%, iKF| T EBRE A R B AN 0
ATs ISR A EEROR . ik 4 Fg bR r e
s b 2 s,

K2 MU EREERPEEAESEZRNMNERITOE PRSI

Table2 Theadvantages and disadvantages of several cleanup techniquesin sample pretreatment
for Alternaria toxinsresidue analysisin food

HAL AR g 51 ity TR A (=) 7353 SCHR

SPE HLB, NH,, C8  RRIZER AR BEE . Hb—k, s B m B RUMER — IR, ARE  [13,23,24]
35 ] Kb

DSPE  CI8 AN AL RE A R 7 P LR A Rk, WOT RIIBEE R R M [6,12]
¥ )

Rl YR TG HAIIE RO S,  RIER JCB, ERBOMI WG, RS AT R A A Al [22]

P A b 151
WM IECL ke BOTING RO, IR R, WRERESE B T AYLER AL, fIUEC ke [26]

2R R

BERUIR A ATs 931K

3 REERE

Ao i DAL B DA £ v B AR 0 7 R A 2
e b e BB PR, EAR RS 0 T 4 R A HER
AE B RTAE BER TC A R BRI T, dE A
FIEE AN, B s, 2
ARSI S B S BT o BEAR LR T R AL

w L FEHERE, SRS RERS D
RERZI e NN 27 o =1 A0 N S & VAT E TSN
RN Z SRR RS ik A —
TE PR E o AR S A X 3T A A B AR 7
B R O RN AHCSCHR AT R, AR T
QuEChERs ., [EAHAZHC ., -8R, 7+
B . Zr sl AHAREL . IE COBe BB AR E . fIGIR

118



325 2024 FE2 8

@%mm&wmf

SCIENCE AND TECHNOLOGY OF CEREALS, OILS AND FOODS

REZ=E

PRAEAN TR £ i 258 5T rh Bl A 100 5 75 R R BRURTAH{L
RN . N )12 1 QuEChERs 5 ik H 4%
T B R AR AR I LA, (B TE AR |
25 5 5% BE RN T A0 Il 1 AH 26 B O vk 2
PaE B I N AN 0y € S 2 ) W (E R C 2
JCAS TR« ME LS4 — e 7 AH 2 BCEURE ] B S BA
[ Z5H . ANESPER ATs i 2K B ) R, 43 1B
BT AHAS I, IE AR AR I, IRV TR T A Y
LR, TR iRl . 220 5 3L
TN A

VAR, S 3 7K P 00 2 20 (A i A
R AR ST B IR R R, O A Sk ) B A3 AT A
i ol A AT A A I B A, ST R A . R
L 222 o0 A IR A AL BT R A TR
Tl R RS AR B R R B A I ST 1
HG, AL 7 EEEORTF R Pk | (R B
£ 2P s A0 8 7 22 0B T8 40 B3 [ A 26 HUME
B, DR E MR ERTER SRR . Sl
P ETAR B RR OK . HAK, A LAAET QuEChERSs
FEMRTAL A, FFR BRI | BRILHE S5m0
X il A 1 85 75 R O R R W BV T At kL, JF
PEARFEIGRT] . T & I Bk JE B A, S 1E 7 7 o
wJE, PE A ARE AT H MR E SR
i B AL FRA A A, AT AR R A P R A
BER AR HC- I3 B — IR R A A
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