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Research progress on exposure, detection and control of mycotoxins in
rice grains
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ABSTRACT: Mycotoxins possess nephrotoxicity, hepatotoxicity, teratogenicity, carcinogenicity, and mutagenicity.
They endanger food safety and affect human health. As one of the major global grains, rice is the staple food for
nearly half of the world’s population. It is often contaminated by mycotoxins before and after harvest. This paper
reviewed the main types and hazards of mycotoxins contamination in rice, and conducted statistical analysis of global
exposure, elaborated and compared the development status of common detection techniques, such as immunoassays,
chromatographic methods, chromatographic-mass spectrometric methods, and spectroscopic methods, discussed the
commonly used chemical, physical, and biological prevention and control measures before and after rice harvest,
including the control of rice processing and storage. The summary of the existing research progress is of great
significance for maintaining the production and food safety of rice and ensuring human health. It is conducive to the
sustainable development of rice and its products, and provides an important reference for ensuring the quality safety

of rice and reducing the harm of mycotoxins.
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FUTH BE R 2R B )™ A IR 7 A 2 AR
Y, EEhR T RERE e AR A
ZRE, RUUTZ, JCRTOER, 1R THXELLR . B
RO AT RE R AR TERAAR LR B2 B B, LA RMACHT
RS . TR B, ksedg 2 b A E,
T REAERIMERL R, TR A A S AR
EPONERY/LFCUNGIEXIELENGE SRS N 3 AT NITPO PN
FO S RS VT B . R BRVE FEl NS A5 52 LR B
ESCE S SRR Sy S NESE S A NP P2 SN 4
ASC BN E N AMEAS P B R R ER TS R BUR L B
RS ST A T Ji SR A SRMACHIT 8 DL #4252
W 3 AIrHRITSE, DU RRAT o ECR B 2R A KU DAY
LRGN R AR S

1 HESEHR

1.1 EESRESHE

4B B EE M EE R 500 Fh, ATV RS
M E B R 2 1 i 5 55 K (aflatoxins, AFs). Ml #8;
# (ochratoxin), %% Rk )] B EE(deoxynivalenol, DON).,
K IR B i (zearalenone, ZEN) LA & AR B 14§ & (fumonisins,
FBs)%, HHp 28K B, (aflatoxin B,, AFB,), fEHIERFZR
A (ochratoxin A, OTA)AUK Th1# % B, (fumonisin By, FB,)FE I
BEPESR . TG Y2 W A B L L

BEAh, BlE SRR AR R I B AR B & S, —E
W FLIARE ZB T T AT JCTE . I LB RE 3R 1 R A0 B
WA, WA bR R I A 25, H TSR AS gLk
SEREATBR, IR B BE R R A s
PB4 L 1 75 R AU 35 ({5 P % (beauvericin, BEA). R4t
% Z (enniatins, ENNs) , fusaproliferin (FUS) ., & Ek8k J] B &
(moniliformin, MON), #%% % (citrinin, CIT), Zf il
Z (sterigmatocystin, STC). FFUL [ JE 2 (cyclopiazonic acid,
CPA) I S M6 fBE 3R 56 . Horp, 7 249k 70 1 % 3% (BEA |
ENNs, FUS. MON 49){54¢) 7z, FERATEAWINEH,
H. BEA M FUS Ju M {E A3 67,

Bk ) BT B 28 A8 A A L A il B S
Ly7A:, IF BAER A # =I5 e o b 5 L Bk EL R 5
RPN — MG X LR T 0 LT 5 25 0T BB RUAS:
WL TR, B R KU Ay, AR TR Y
TR AR M 2R BRI . PRk 3 258w B S
BEAAR L BARA TR AR, 5 25 A ) P 25 o g )

il

SRV WEHATE SRR PEAE T . BHT, O TR b e
R E B B R SCRkE B, MER DTSR R, B9
BT 28] 14 G e T B T 2R A I AU T ) T A - 3-
M (deoxynivalenol-3-glucoside, DON-3-G) . it A 5 JiF
e 71 T I B -15- 78 4 BE 1T (deoxynivalenol-15-glucoside,
DON-15-G) . 25 J& # J1 1 B -3- 3 % B 1 (nivalenol-3-
glucoside, NIV-3-G) . a- & K 7} B s 0% -14- 4 45 # 15
(a-zearalenol-14-glucoside, a-ZEL-14-G). - KHfE-14-
H#ZJMEF (B-zearalenol-14-glucoside, f-ZEL-14-G), HT-2 #
E-3-WEAETT A T-2 TR -3- AT . Ak, Stk
ZRSNERER R EN, BHARER S, JER . MR E
G4 HE AT AR W R B 7 2 ) Bk =z U,
1.2 FTEERSHENEE

W R AN AR P e HAA 2
FTEMFZKC), AFB,. AFB,. AFG, fll AFG, & MK+
srEis], oLl AFB, Bk, AFB, &—FsRA =
£, AR AR A . B0 . SR fEE, CWEPNE
SEWFSE ML (International Agency for Research on Cancer,
TARC)A NSRS il 25 75 3 HoA AR 10
PR S, HoP L OTA dtkme kM. B S 4l ) BT
B AWK 2, B A AR B A 1 S Ak A
B, HA MR iR iE . DON 2tk
rhEEIT S RO | Sk B AR, CER R A R
M ARG FHACT I R IR RS I 32 2 el B T
FEEMEASE AT, 2% TXME Y2235
9 YA 23 T R I3 S T AT R AR LD B D R R A . R
ZERL o ZEN TE RN BB i AV A, (H XT3l
Wy A A R G e A IR FE L) IR T % h FB 15
Pl iz, AEREERPIRDER 60%L -, FEAMEH
HOARE R EAN B E, R ER S BE | O A EN
FIE R R R A X 5 T RAER A h R AR
NI TG RRERE, 2 S iz

HE R PR B R R R, Hdh BEA A
ENNs V5% FZ IR £k N FIREAR AR AL T, PR
PEVEFBLEIARL, 7Ti5S: DNA #4755 e 4 8 1 | 5 5
W R B faFE ARG . BRATIE N S S 1 fE 30
VA T 2 S N P T ot e e e v, S i LA SR 0 T 1
AR RS, s 5y s HLA v R AR

PR O R R KA R NATAEY, EE
HGEEBNOG . REBM . B 3 FIEXMEERER, H
FP B FLR R XA ARSI R AR T . B AT
RIRE R R B m A RSCR AR A R, R BA
TR R . AR T A EE R AR T R ] R
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A BRI 307 ARG BENE,  DRHCRE UGN 25 B B 3
AR AR, %) L8 Ry R4 T A AT LR 2 2 IS
SRR PR AT

2 WATEESRSRIAN

SHERA 60%~80% i1 4 52 5 EL 1 8 % g1,
PER BRI TS KRR, A REERY 75%MAH
HEWEERETZ —, WRERNRBTETS P E BRI
Z—o BAR G HAK A, R4S 2 BT TS e i), (i
T ZEFXMBANRIE S, B IEReER G M
ARSI T 67 . KHODAEIL 218 % 2018—2020
AEFITAT & FAE Scopus Fl Web of Science B4 4 ¥ h B
B R MEER ST T Gt 4 b, K IAERGE N £ X
B EEAE RIS IR FEAE T E AFB,. OTA. ZEN,
DON 4§33, Hi AFB, AN ERGRWERTGER, &
BRI e R R FARAR 5, 8RR i sl X 3=
BRI E

FEERRAAEPEZR, WEERRERKREE™
EzZz—, ENMKRESME FEA —E ek, B,
WA AR LK, B AET7E AFs A9T54L, HAEHGTHIX,
XIS YR B R TR X . ARk AFB, .
DON Al FB, 6 H A X i), ieah, al femfse W4 52l
Yt ORI AFs o s e ik B BR B (maximum residue
limit, MRL)A Hu i) T Ok, KER5r AFB, fA1ET
Fse Bk P, MR AFB, & BHEREOK Y 8.4 520, REIAR

AR R TG HeAt )y 5O B )14 kb fh, B
Ze iR e, VL= A DR BB R R 2 45, IR
F AR e 0 BUPH 2 R AE A7 AR A Hh TR 252

T AR AT X R A vh BT 25 R 19 75 L A X a5 T
T AKX, TR X RS S AR T
AR, SRR EAZERER, N80 HI1E
(AL BRI A3 AT 25 AN HR TR o FEARAEHIIX, 35 B AR A1
- TR 7 M 1 BH Y (AR P B A R KRS T X T
TER T HBIX, o e W KRR AR K T e R AR T
BRI AR ZER, P E GB 27612017 ( & dh &4
ERbE B EERERIRE ) B, Fedh AFB, Ml
OTA BREHEFR4> 510 10 pg/kg F1 5.0 pg/kg, AHARIFA
FHil il 2 DON. FB; Ml ZEN HIFREFEHR . A4HRK
Zs b1 2x(European Commission, EC)Xf /K fgFlFH H R
W R fe s, AFs 4 4 pg/kg, AFB, N 2 pg/kg, OTA Jy
5 ug/kg, ZEN A 100 pg/kg, DON i 1250 pg/kg. 3 1 i
5 A PN R E R A HR TR B 2R T e K R A AR S B TR,
rh [ KRS X AFB, Fl OTA (191249 B 7E [ bR B 40
[N, DON # ZEN FJ V343 i 7E EC IREFLEIN; Wk
FEFILTT 2021 4EfUREA T AFB, iS5 44K F#E Y EC AR ]

REJE RO R ECE /D, HIHTT ek A iR e T
FIREAT (75 Yo 1 AR B HLAh A O AR, PTREE T O fif 4%
PR R BB AE 25 B3 A P A7 S5 T A P

BN — AN E B AR REAE 7, RS — b
TR REE R E, FEH FB IR, LHESEENE,
FEENRE, RS0 B Rt Rl o 25 5 2 3 3501 735 1 52 )
FB, &S BUKRSHAWAS, HAER AR T HUELL LB,
S 14 Ko s A BT 20, WENNDT 45 POtk B
RIS T I RE A FL A 5 05 Y B 8 AT T o0 W, 45 5%
WIR AFB B FEEA TR, H AFB, & H7EB AR 5Erh
e, ARG,

FEARE | g . JEEEE AR STE N R e T X A
JEH A KRG A . KIM 260 B R R A0 = A K
F&H AFs il FBs V5 Y45 £ 78, T84 AFs R T
K. SHEMARIEIR . AFE R, B b X ISOER 1 K RS 7E =
MREE S AE R, A B AR, AR b i il R A S
ZHM AFB, R 5 . T OTA AR EF KR
ZARE, FEEHRTA YRR AR, b
FE A A s ol B by AR (A I B, T R LA TE R 2 1
HAGH, KBRZ R PR AR5 Y. WIPADA 250k [ o
WAE . Bh. AifAZRER 125 GYABERE U T EOE R R
BRI, B 2020 45 8~12 J1 7R B 1 b X I 5 L ) L TR 7 3
4 Afs. FBs. DON., OTA #l ZEN. H A KAREhuk
AFs, FB, fl ZEN V54, f KI5 43k B/ 31k 271.1, 7013.8
1 1728.4 pgkg, OTA Fl DON 7EKMEPImIELE, %
SR 99%F 94%, Fe R 43R 43.7 F1 218.9 ng/kg.

Ay e 3 6 R A 0 s ), [ R DG VR R 4 v LT
BERIGYMRI ., Xk A E 6 AL X A AR
BT BN, WITRR IS RRA R ENEFZ—, DON
FE AR, FYTETFAEFURRL B BOW L
Gy P AR HAR, KOKRAIARE A 43R40 100%,
KL R E S 2 E R EZRREZ-
TOMOYA 2317 20192023 45 8 i) % H A (1 550 fhi K
N HATIA 0T & B, REOKRFEA PR AG i E d R
(X AT RESE A H AR TR S AS R 8 i 22 5 2K 107 2R,
1M STC M5 Y & WA 7 .

AR P SRS A v LB 2 TS YK R A A G S
AN 2 B

HY AT L, A v B T 3R Y AR 4 BT B 3 i
TE1E, £2 23| AFB,, OTA, FB, M54, £ E % it
X IREARTG YoK A 22 5, BEZ RS, 0.
A A5 AL B A R e W TR R AR, 3R I
T b X RS A IR AR A 15 YK, TR AR B
R T T ] 5738 TR IV B R IR K RS TS e Pk, RS A4S
YA B AR 2 R R RIS e, (BHEAE 2Bk O E 2
HREE SR, A7 32 BN [) ] 5 R Hb X ) g DG 1
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Table 1 Level of mycotoxin contamination in rice in China in the past 5 years

-~ N :~‘ T é%%‘
# WX VARG REARG W R @R TR -
(ug/kg) SCHk
o 2019 150 UPLC-MS/MS 2.00 N/A 0.19 [24]
I B TIIR, WL B
2019 120 UPLC-MS/MS 2.50 EN 0.20 [25]
T e i A PR 7
s X 2020 60 UPLC-MS/MS 6.67 N/A 0.15 26
AFB, (Fﬂﬁj‘]%j&ﬂi\ J:{ﬁ) [26]
TR 2018—2019 120 UPLC-MS/MS 8.33 1.67 1.05 [27]
T 2020 320 oS JE Tk 27.50 PN 0.46 [28]
A LT 2021 35 N/A 85.71 5.71 6.00 [29]
] ! } 2019 150 UPLC-MS/MS 15.30 0.70 0.29 [24]
(SIS QAN N AN
2019 120 UPLC-MS/MS 1.67 N/A 0.26 [25]
OTA LR 2020 60 UPLC-MS/MS 1.67 N/A 0.11 [26]
CEHU BRI i) ’ '
IR 2018—2019 120 UPLC-MS/MS 0.00 PN 0.00 [27]
o 2019 150 UPLC-MS/MS 83.30 N/A 19.93 [24]
RN N 16 NN A
2019 120 UPLC-MS/MS 70.00 N/A 21.98 [25]
FB,  EWHIT A RRA
s X 2020 60 UPLC-MS/MS 46.67 N/A 19.91 26
=HH RIRTT . L) [26]
A 2018—2019 120 UPLC-MS/MS 9.17 N/A 14.80 [27]
U 2019 150 UPLC-MS/MS 22.00 N/A 31.24 [24]
[SRUTIN S GANE NN: [N D
2019 120 UPLC-MS/MS 17.50 N/A 33.40 [25]
DON  ERRITEHARLH 2020 60 UPLC-MS/MS 1.67 N/A 63.03 [26]
O BRI ) ’ ’
I 7 2018—2019 120 UPLC-MS/MS 1.67 K bR 6.09 [27]
e 2019 150 UPLC-MS/MS 29.30 N/A 3.06 [24]
SIS A 15 NN A
2019 120 UPLC-MS/MS 33.33 N/A 3.63 [25]
ZEN  LERISHARAH 2020 60 UPLC-MS/MS 1.67 N/A 7.02 [26]
(R BRI 1) ' '
7R 2018—2019 120 UPLC-MS/MS 3.33 PN an 6.18 [27]

e NA BaRARER, TR B e R0m M €5 - 5 B8 3% 2 (ultra performance liquid chromatography-tandem mass spectrometry,
UPLC-MS/MS),

*2 ESMNEATEESESRKT

Table 2 Level of mycotoxin contamination in rice abroad

FR Hh X FREAEDY R/ LioallpiR7S K %/%  HRER% FHWRE/(ng/ke) f;
L 2018 33 UPLC-MS/MS 21.21 N/A 17.43 [36]

BRI 2019—2020 200 HPLC-FLD 62.50 50.00 2.65+0.20 [37]

AFB, Z 2017 300 LC-MS/MS 3.67 N/A N/A [38]
BN 2022 50 HPLC-FLD 54.00 N/A 3.32 [39]

REH 20202021 105 ELISA 100.00 1.00 0.5£0.30 [40]

PTG PG 2021 128 ELISA 38.00 20.8 1.66+0.89 [41]

HEVH R 2018 33 UPLC-MS/MS 3.03 N/A 29.89 [36]

OTA AL 2021 105 ELISA 53.00 N/A 1.29+0.32 [42]
FATIEC PG 2021 127 ELISA 58.00 1.6 1.40 £ 0.42 [42]

]

DON (] 2014—2015 93 UPLC-Q-Orbitrap HRMS N/A N/A 9.76 [43
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Fz24)

o b RN - . B%
HER HIX KA REA R/ LORUWIRES WHEY  BAREY% W/ (ug/ke) ik
ZEN i) 2014—2015 93 UPLC-Q-Orbitrap HRMS N/A 1.08 3.03 [43]
vy 2014—2015 93 UPLC-Q-Orbitrap HRMS N/A N/A 9.71 [43]

BEA
ZH 2017 300 LC-MS/MS 37.00 N/A N/A [38]
ENN B it 2014—2015 93 UPLC-Q-Orbitrap HRMS N/A N/A 2.60 [43]

e R OR A AE -2E AN % (high performance liquid chromatography-fluorescence detector, HPLC-FLD); i AH 41 - 52 I B ik v (liquid
chromatography-tandem mass spectrometry, LC-MS/MS); I 68 W 7% (enzyme linked immunosorbent assay, ELISA); ## i & AH (2155 -
DU R AT - L, 37 BT B 98 40 8 3% 25 (ultra performance liquid chromatography-quadrupole-electrostatic field orbital trap high resolution mass

spectrometry, UPLC-Q-Orbitrap HRMS).

3 EFSEEWNGE

HAy, HEENRIN A EEEsR 3 2, etk
0SB G R S W ) R 2 T B
Yy G 2, B0 ks S S A D SE R AR R AN AR,
FE AT BL R A B AR, B SR N AR EBR B,
R 38 8 for I 25 SR RS = HAG A 2 5 L 5 2 R A
U475 52 B M) 2 A SR A R R R A R DGR, S BRAE AR
SBR[ SR W o
3.1 RIRAGAE

ELISA 2 H W R % AR —Fh g g I 7 vk, #¢
SePEE, (A5 B HAYE. W Rk Lk '
ek | AR SE Rk R R A oY B SR e
—HUF RO /NI, B LAE T3 e s e ik
ELISA FEA G U TG MBI -HUAAR- B i S e e B, [RIE IS
YITERGOIAVE S B A G, O EE AT
&L, SCRLXT B #E R IR & FI9) 22 i . ELISA 7]
VI 2T QUK IORE . SRS B FOGER i — 2084, &S
B RS, 5 T ORI 7 S5 B 50 85 1% 8 de
ko ELISA #{ARCHT#i4Hh DON, FB,, AFB, fil OTA
ARSI

3% JZ M (immunochromatographic assay ICA)JEAf
S AR IC IR R &R AUS: R Bl BURBURRR R 4s
G IFEIRAUS FBR R e R IC Y MRS, B RS
S B 2 A VR Y DR AR AR 1 R A
A WU BT [V A9 AT B T 3 FH T AR AR L P A
W R R AR G B ZHT . PO R BTk . POk
YRR HEREYUE R RO, (A28 6 TR AN 2 S
MR R 0 EEHR . R PR R 2B B
BN KR FORE LA RL, QIR LLAMIO R R, 7T 4
RoE I/ DT 5T 6 ICA SR AIMRE S ¥E& L,
RIS ARAE U R0 B, AT LA 4R A

RIGEMELE N, BRI L,

2% 1A 34 58 7 2 B (surface enhancement of Raman
scattering, SERS)FJ LA 72 AL G B 615 h i 55 5t , i
DWphr A5 5 KORHG i . 76 B 85 2 2 40 BT g 50000 /8 g
BB R 1T, Se T B AR 2 AR S Y B
R, (A E TR S T AFB, . ol
ARG ZE BT ZAN 7 IS 853 R, BT 5K
NN -3 WS R R (EN T = I P A/
FENEMREAS S . SIS | B AN S S ),
PSRBT . BEARRAS | SRR B, g hig
FEREFE B0 Hd PEL
3.2 EREWNE

SEHG R vk E RS AR, T ARk E
AT, BEER T B  E ART AL H AR, R e R S
oOBR IR DU B, W AR BT R I R R AR 2 I
(supercritical fluid extraction, SFE) . f{ I %l Bh % It
(microwave-assisted extraction, MAE) Fl i ] 2K B
(accelerated solvent extraction, ASE)i%; X5 WAL Mg fL 12
4li, B % FE A ZE B (solid-phase extraction, SPE). #y& 3%
F1JZ T (immunoaffinity chromatography, IAC). A AH1%ZEHL
(solid phase micro-extraction, SPME) . & it [&| AH 43 H3% . R
HERE S AT AL FRE R (quick . easy. cheap. effective. rugged.
safe, QUEChERS); W] A5 81 717 A= Ak A LS 15 F 2t
I #5461 . QUEChERS V2B K Hh AFs il OTA i
WP .

S AH % (gas chromatography, GC)Z& 4k J] T 7 K i
BRI 7, A TSN EO e ks B R —E #
RYERIIT, BT REHETH TR EARGIE AT A L
FRU TR 2 G 0 e a7 ) BRSO €3 - R % (liquid
chromatography-mass spectrometry, LC-MS)i& F TAE# &
PE . BATRE AL G, 5 LC-MC ML, WA EIE-
B BER % (liquid chromatography-high-resolution mass
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spectrometer, LC-HRMS )i 10 g /INfr B | 47 5 4 B L )
SYESRCRE . AT AR | B S PR RN BRI S
5 R A AL A PR T R 07 2 3 M T 5 L Gt % e ™)

B S A DO O 1 R R ORR € 3 - DU AR AT - K
A7 B 1] 5% 43 3¢ (ultra-performance liquid chromatography/

quadrupole  time-of-flight-tandem mass  spectrometry,
UPLC-Q-TOF/MS)7E 46 fit /KA H i 2 it T AFB, Al AFB,,

T 340 2.2%, K BRK 0.50~400 pg/kg. S04
FHHE BT DT C M BR BE U, H57 LC-MS/MS [i iRl Hfe s
FEKAEH AFB,. DON #l ZEN BRI i, BLAh, mson
o g - OB R 3% 75 (high  performance
chromatography-tandem mass spectrometry, HPLC-MS/MS) .
HPLC %54 FLD MAHKBTRE L | 5 2002 (3% 1% (high
performance thin layer chromatography, HPTLC), UPLC &
Iz AT AR R T . HPLC 454 FLD MR
ik O KRR b 2 Fh B Ry A2 Tz R
i, n, RO HPLC & P TAE 4
AFB;. OTA. ZEA. DON. CIT FI55 &4k 7] B (nivalenol,
NIV)ZE8 Z A, T HPLC-MS/MS W EL i3 i TR
Hi AFB,. OTA Fl CIT %8 % 1958 =4

FIR, LC-MS/MS #{IA 2 BT 5 2 5k B A I 1 2k
B9, € BUA [R) A o 45 B bl R ERDRHR 5T o 2 A
AR EFRERY . LC-MS/MS A T HiAh )y i B A 5
e 4 R RN A, BAE S B 22 E W) BT 1 U AE
BF o FLF LR R 3R e ok B A o ot RGT 7 14 RS2 38 P9 A
PRI R . BEPEOR, 20 S0 35 e S 06 PR3 3 J— 7 1Y
f&F . LC-MS/MS il F T M 3 #r,  HOi 2o B3 1)
Y SE B, AT MG TG AR BB o X B A A 1Y L T
IR AR R
3.3 BUASKATEAE

TE Az 77 I A P19 X0 0 B 4 2% A7 S92 I 0 3 K
OGS I MR IR AR . ARGtk ik, LA T (near
infrared, NIR), A ZL4ME5E | i BLI-AF 321 S i (Fourier
transform infrared spectroscopy, FTIR)FIH & Hi 2t T4
56 LT R 45 M 0 A8 MR A B Y. AT AN U
(near infrared reflectance spectroscopy, NIRS)Z 838 FfiA[q]
sl R AR 7 i P B I A BR T U R R R A 2 B
Mo e S B9 4r Ab W W )% 1% (infrared  absorption
spectroscopy, IR)W] T EL &7 R 1Y M350 By, 33 4317
L AR 5 R 10 A PR 45 R 1 722 Al (A 4 1 B Bl
KA W AE A )R SE B L AR e 9 4 ST ZL AR
ji (attenuated total reflection Fourier transform infrared
spectroscopy, FTIR-ATR) {8t st skt [ ) 45 41 -4
PR T SR E B REE IAETE S B L RS Wb e Ak 2
ERAR IS B,

WA S 2 - SR A R I o

liquid

I [ AL RGN 7 15 Y B W B O &R A BT, B
FAFH LK AFs I FBs DL K 22 £k At ki /N 22 A iy
DON, {H i 4l 45 & 1k /9 B 18 5 2 %08 W) R B AR BT
BOROWIK 458 ifi Fi H, - 5 Bl 2 RG34l ) BRIk 7 A=
) DON F1 ZEN, il [l 2 88%~94%, MM K
90%~96% ., JT ZEPL T2 G T-HLEMG A HIF- 6 5 ot # 4
ARG5S RIS OTA F1 AFB,, %5 % AFB, #l OTA 1)
He I FE 143518 0.1~200 ng/mL F1 0.1~500 ng/mL, # R
¥4 0.1 ng/mL., SHKEMBI 2505 22 ik | i Hofk | 40
MEBR VA B A . 43T BRI 545 1 AN B 2 HAR S oA A R E
R HE AR R R A IBOT A, BE TR SE R A B T AR
(surface plasmon resonance, SPR)FI%¢ I . s B (1 T FhiHR
SEYFELAL A (FHAT, HAAL AR EFR, o] LIX R4 o AFB,
PEAT P .

BEAh, A2 2 A3 R 2] 2 0 B RGN TR A B
FRAVPIRN LA AT S A E R, AT LI KR e
S ERMWIL P FE . AL S OUR T I A 5 RN
(polymerase chain reaction, PCR)FY PN 5% 53% 7] b 222 4 1
DNA (ITS-rDNA) ¥ & o 4 % 2 15 e fa b i th 25 8

HRERIAH.
AN RIS B AR B %o b B ARG e a5 an 3 3 iR o

4 WRPEESRERE

HFERE R RBOL T AR R . (DEEME. HHE
PrAi FL AR EAT U, IR AE BT A O A R A )
ERA RN M — PR EALE, B AR E S O
PR AR . BHEET . BT OE R R R R RRAT Y
THEEREE, W RESRE AR E | AT MR R
H it AT, IR E Z R 2. )Rk
Yy EAH AR o D ke =2 18] A R 5 A A 4 f A A
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