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Review on the Prevention and Control of Mycotoxins in Agricultural
Products Using Essential Oils and Their Nanoformulations
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(Risk Assessment Laboratory for Agro-products (Beijing), Ministry of Agriculture and Rural Affairs, Institute of Quality
Standard and Testing Technology, Beijing Academy of Agriculture and Forestry Sciences, Beijing 100097, China)

Abstract: Mycotoxins are toxic metabolites produced by fungi during their growth and they are important detrimental
factors endangering the quality and safety of agricultural products. Essential oils are natural inhibitors of fungal growth and
accumulation of mycotoxins, but characteristics of strong volatility, poor stability and low water solubility limit their
applications. In recent years, the development and utilization of nanoformulations can solve the above drawbacks of
essential oils, and improve their bioavailability. This paper summarizes that essential oil can reduce the contamination level
of mycotoxins in agricultural products by inhibiting the production of mycotoxins and degrading mycotoxins, overviews the
inhibitory mechanism of essential oil against the growth of fungi and production of mycotoxins, reviews the research status
of the prevention and control of mycotoxins in agricultural products using essential oils and their nanoformulations, and
discusses the existing problems, in order to provide useful references for the further development and utilization of essential

oils for the prevention and control of mycotoxins.
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PAT) . W4 25 &9k ] ik lE (deoxynivalenol, DON)
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Table 1 Common antifungal essential oils and their main active components
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FEEEZR A PR DL LR EEZR 1Y AR MO DG LR
A (55 2), BHMHRIZCR SRR BEE UIAESE, 2
FNERON, U0 Juglal 2802 558 T T kG 1 (Syzygium
aromaticum L.) X} 254 i B (Aspergillus parasiticus)
FER BRI VT B (Fusarium moniliforme) =K X F=BE M)
M), 5 SRR, T ARG T AT S I A A R ER
ERER IR A T, donT i e th w2 ae 3 MR S
ZX B, (fumonisin B, FB) ™4, HANHR S5k HE
SR SSON s PEA i B i #5552 77 A2 7 1, 0.05 pL/mL
TR AT i 4 EE 3R B (aflatoxin By, AFB)) Fll
#HhEETE R B, (aflatoxin B,, AFB,) (11754351 %
62.8% Fl 76.5%, 0.1 pL/mL T &k 1, 71 58 440 il
PR A7 4 AFB, Fll AFB,; TEAM IR S5 287 4
Jr, 1 pL/mL T FF ks i Al FB, 7= = KEAIK 69%,
2 pL/mL T FHE el R ERGE T A T FB, 77 it —
HRAIRZE 0.6 pg/mL, TFRIK 78%; KRltk, T &S TH
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00w 5 1 2 09 AR R A2 & F5 2 A(ochratoxin A,
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R EE (100~200 pg/mL) B JLSP5E 44t OTA #Y
P,

AE ARG T B R PR 43 X LA 2B T J i
SO 32 2 Z PP E R A2, BRI A S erE =
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1500 pL/L B T 754G . 2R 2487 (Péumus boldus
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Table 2  Essential oils and their active components that simultaneously inhibit the growth of fungi and accumulation of mycotoxins
HEYRTI/ e N 2%
S EL I N PASRESE FES ik
A RS/ AFs FAFRAED0.2 pL/mL Iy T RGN A] 58 24l 2 4R 82 LR AFs [12]
. F MR FRIET, 1500 pL/LAY T R T AT A 500 ] SR 2 R e S i B 1 28 1 S OTA R BB, il Ve
PRI DIRIVE/OTA i s e e [14)
TERAN i T /ZEN, DON ;(()(/))7\ p}gégiﬁgf*ﬁimﬂﬁ R T R PP AR A HE T B 1 A K L ZEN . DON ™Az, 34 S5 R B A 20]
LRI T /FB, B L nL/mLAY T ARG T FB 77 5 FEAI69%, 2 pL/mL T &A% il vl i FB, 7= i I 78% [2]
SEEAL T B Rcitrinin - F5IRIEA 1.6 mg/mLIY T ARG A 7 5 A KRS 75 B 37 A A 3R 53 31 R 80% F158% [21]
& /OTA B3R AL, 1000 pL/mLi A= AT 7621 diN S 2 m % 8 AR K IOTA M= AE [22]
P 500 pg/ghty 2 ZRGIHTTA AL FEAT IR -RORAS BT A9 /R < X ZEN, DONRYF=AE, il 1 F S LAt
o R R4k JJH/ZEN, DON KA [20]
W HEOTA fj‘ﬁiog%z/s mg/mL A2 ZAEIIAE 14~21 AP, X B AR IR 30 21%~37%, XTOTAIMm == 23]
w2/ AFB, 20 dEEFRIIN, ORI PR A3 B 13% 2%, A 3243 5 798 .94% F183.53% [24]
Aj—_“\ﬂi AR Iy 2 b T T frd e K s . =3H [P
WEERR b1 /2N, DON 00 gl PR ASRRTA TR SRITRAE K RZEN. DONHIP2, MBIER SERER )
| 75/AFB,, AFB, f}iﬁmﬁ}f pg/mL A BT T 58 23 A A 4, Wl 150 pg/mLE 7T 58 441 AFB, il 23]
ELiESTH )
R - 0.7 pWL/mL A FLFRE T 3% 3 A R 224 1A I S A, ViR 13 40,6 puL/mL IR Al 52 43
i #/AFB, AFB. {77/ [26]
1
KR4I H/DON G FRFE1x10° /LI AE SRS AT IR RS TT T A9 A4, WeBER5%10° pg/LI AT HIHIDON ™4 [27)
A= H i FAFRHED2.5x10° ng/L I A ZERE AT 58 24 A AT T I A, 4x 109F12x 100 ng/L I A= ZERE T m]
SERARITIIEB,L FB, o o b B, FIEB, 7 (28]
RAHIIHIZEN B SRHEp E BORE I N 3.5 106 FI3x 10° pg/LI T 43 31| 56 A B R A4l 70 T A6 4 RIZEN I 7 2 [29]
LR . R 7.37x10% png/LIY2E BRI AT 58 A A A SR T T I A 1K, WRIE R 2.5%10° pg/LAT REA A
FERERTAFBFB: i, AP, 0= [30)
TR H I T/AFB,, AFB, ;ﬁ 1105 pg/ LA K 0 A TH ] A 00 i 4 i B 00 2B K, YR R 5% 10° pg/LIN T I AF B, FIAFB, 4 B3]
kS Th HE [ FF/AFB, BEBEHERG SR, 32 Wk I B B B VR 0.3 pL/mL, 0.2 uL/mLIs BV o] 5% 2410 AFB, 1 7=4: [32]
gt - LA 748 TR = T T o 2 B AU BRI R 0.1 %, BB SR R T FR v, 0.1 P A £ 2
T JUTE/AF, 2 22 WA 8% [33]
AR # [l 5/AFB,, AFG, 1000 pg/mLAgSRAGHG M AT A M 25 i & 19 4= KFTAFB, . ARG #Y™4E [34]
FEREUR I # HH75/AFB, B3Rk AR 1.25 pL/mLATERURTITT 58 S 3 i A9 A K R AFB, 19774 [35]
FEARTIN 254 i #5/AFs 0.75 mg/mLIYFEFHPRTI AT 58 23 A4 A 1 A, JFREImhI84% Ll 3 a 2 2 174k [36]
SRR R R E/OTA ﬁg%ig* 2000~3000 pL/L (IR A5 T 56 S0 i) 2 il 2B RO T AP, 3k 57Kk 5y [14]
s = - MR , 1500 uL/L{#) poleo 4% AR AR B 04K X OTAR S, i
poleo ¥l MAINEE, BBINE/OTA %g/}(iﬁg*ﬁ% UL/L{Y poleo A& vl 45 %541 il 2 i 2 R 2B B 24 1 SR, e [14]
AT I H A /OTA 1000 pL/mLEHEATRHIAT7E21 dPASE 2 th & 00 A4 KO TA 7 A= [22]
S e /OTA ?Eﬁ PL/mL A SRR T P AT 58 2 B AR A0 A4 K RIOTARY = A: , IR EHk I, Sl e i 3% [22]
TR & /OTA 500 pL/mLIsT AR AT 52 A0 R I B A 4, 0.1%m1 A Il AT 52 44 /N2 hOTARY ™ 4 [37]
A RAWEIRZEN, DON 5% ;ig/ggﬂ@fﬁzﬂﬁ*ﬁfmﬂﬁ B RRAR K FP R A ) B 192 1K JX ZEN . DON) SR, 41 /7 5 TR [20]
FIAR A5 BEAH G
SRR P 500 pg/gi T RGN AT A RS K R4 i T B R A 1 SR ZEN . DONI) B3R, A S i
Pl RAHIIIIZEN, DON 2o O e [20]
TR HE& 5%, BB 15 pL/mLEERRTI ] 52 2] H B2 H R A, X & A K IHI 4 77.52%, o] 38
R JEHL/OTA SEAIHOT ARG~ 4 3]
- H 27, HEFRIET 1S WL/ EBRORY TP 52 A H B A0 K PRI IO 102.49%,
! P EE/OTA AT 52 A AR OTA ™ A [38]
20 dIEFRIIA, B KA B R 13% 12 1%0F, H5I 3R 435114 78.79% F164.1% [24]
il % /AFB, EFFHEREAAET, 0.2 WL T FM 0SB K, 01 WL T FMUERMBAFB
Fek
TEE A OTA iﬁg%ﬁog PL/mLI T A Al 56 S R R i FE 1A 1, 0.4 pL/mL T F& i il JLT-58 24 il [39]
1
RAHEIIH/DON 20 dEF SR, ORI TR RS B 13% 21 %0, T 7 B ST DON= A Bl 3235 75.7%M198.33%.  [24]
(4 7] /DON B T 5 nT AT M ) B B T TR AR K, 90% A 8T H M 0.395 mL/L, DONAY™ A 37 5| BH [40]
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THYPRE I/ R N 5%

IR TASN T E= 5
PR EUIETNEN:TASRE B it
T H/AFB, B3R PRI B B 1 3T MM 20.15%, 0. 1% 7525 T (R AFB, 17 i 81% [41]
il &/OTA BiFRAkrp250 pL/LFr e ] se il & A 1K, 75 ng/mLFH e il 58 Rl OTARY ™ A= [13]
Frigme R4} )] 1 /DON 20 dIEFRI A, R K I3 i N 13%F121%00, A EEXT DON AL R 30 67.42%F195.64%  [24]
1 A HERL )/ AOH, AME %ﬁj;ﬂ%g]f*%%ﬂ%%}ﬂlﬁﬁﬂﬂl‘ﬁm%?ﬂﬁiﬁ, 0.125 pL/mLAPEEE AT JL-T-5¢ 24 AOH | [19]
| {546 7] H/DON éﬁﬁ%gj L A T A A B R T TR K, 90% A AN BT h 0.305 mL/L, DONAYF=: 52 5] [40]
AREH KA V) R /FB, B 3ErhS00 pL/LE B ol 52 2RI T AR K, 83 ul/kg & HLA I il A5 2l T FB A A [42]
fif %75 B /OTA H LA B 0.0625 mg/mLA, 21 dPY A] 58 Al fef 4k 3 55 19 A K RO TARY = A= [23]

. = I AT R R A A M R ARG, RV B I R R S AR O RE IR Rk, o Bt R R
I BEE, 774 2E/AFs L 60% [43]
' B ETOTA 14~21 dN, R B2 901953 pL/mLIn, X485 25 AR A A4 4 5942.1%~98.3%, 17 dA
SR OTA=/E I J3100% (23]
= BRI RE 150 pL/L KR P REREFI250 wL/L A3 b P R Tl 52 Al i i 25 4= 4, 100 pg/mLE JLF-5¢
PRI 5/ OTA SAHOTAF L [13]
HRSCHEAIA/AOH, AME 200 plL/L RIS AT A 390 P S BEAU R B9 2 K L AOH . AMERY ™ [18]
- = BRI P B AT ZE 45, 0.8 uL/mLAN0. 1 puL/mUA% 65T ¢ Skl s i 25 14925 1K, 0.6 pL/mLAE
ReAER SUE/AFS, AR 52 A VAR, (071 [44]
- . FEFRHEH1000 pL/LFFARI R HETAT T S8 S i SR o 70 B2 1, 83 WL kg R AG T A i A 6K

T FRR T /FB, HEB RLALFT B A AT B P o 2 £ pL/kgh] 2]

A TA&KGI: Syzygium aromaticum L. BEO; 2F ZK5ih: Origanum vulgare L. EO; WAEKE: Cinnamon EO; 1 L& KEIh: Thymus vulgaris EO; 4 Z2K5 .
Zingiber officinale EO; LR Curcuma longa EO; HIEFHRIN: Rosmarinus officinalis EO; B WESI: Ocimum sanctum EO; LG4 Litsea cubeba
EO; K5k ih: Citrus aurantifolia EO; AERURE I Zanthoxylum alatum Roxb. EO; RGN Ageratum conyzoides L. EO; WIR ZH5IN: Péumus boldus Mol.
EO; poleo *&illi: Lippia turbinata var. integrifolia (Griseb.) EO; Mifa A& iill: Menta arvensis EO; % #iX&ili: Ocimum basilicum EO; 18] JTA& iil: Pimpinella
anisum EO; BEREAG N : Cymbopogon martinii EO; #745 HA ill: Lemongrass EO; WA il: Eucalyptus globules EO; ENBRAEIMN: Azadirachta indica EO; T
F . eugenol; 745 Citral; 71 ELAFH: thymol; &7 Bh: Carvacrol; RS : Cinnamaldehyde; % {EE%: Nerol; #7452/4i: limonene; ¥ M % Aspergillus flavus;
il Aspergillus ochraceus; 2. Aspergillus parasiticus; Bt Aspergillus niger; e B Aspergillus carbonarius; K8 T #: Fusarium
graminearum; FERYE T : Fusarium moniliforme; 5% J1 B : Fusarium verticillioides; ¥ (04 J1 B : Fusarium culmorum; ¥575 %5 Penicillium citrinum; %
275 %5 Penicillium verrucosum; B B89 85 Penicillium nordicum; YEH 5 55 Penicillium verrucosum; #4555 %% . Penicillium verrucosum; .S 55T
Alternaria alternata; AFB: ¥ % 8 % B1(aflatoxin B,); AFB,: % i % # # B, (aflatoxin B,); AFG,: # & 8 K G, (aflatoxin G,); AFG,: T HHH
G, (aflatoxin G,); AFs: AFB,, AFB,, AFG,, AFG,; ZEN: T K JR Ml (zearalenone ) ; DON: it 42 55 & & 7] T#475 B (deoxynivalenol), XFKIKIEEEH; OTA:
A% h A5 7 Z A (ochratoxin A); FB,: {R I % B, (fumonisin B,); FB, : fR I % B,; citrinin: {455 %; AOH: 2¢HEA} (alternariol); AME: 38161 . Y ik
(alternariol monomethyl ether) .

Tears =g
O

P R B A B34 o R A A R Y AT BEAE TP 75 2
Fig.1 Schematic diagram of the possible antifungal and antitoxigenic mechanism of essential oils and their active components
Bl S G H AT ARSI . TR E AR ZIr AR RE RN LTRPRAS B E— 20 a0 B
TRV TE S TR S AR A T S HS P e s T e i 22 MEREESE
FEAH AL N B RIB K- T e FL R B 3R 774, H S (SRR 1 1 N NE S e e (N NE SRS SRS
H A S PE ARSI L5 G o T b, BEE 73T IREN, FEBEAE PPN i S HAH PR o) 3 - R R 2R A
AR AR e i, AR IR B S P e i L BB T R HA FEOR . WEFERM, R il & 1
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(Litsea cubeba) ¥ M HIAG RONA3-Fr e BT I A 25 Al
FE R R AME P, BB IR AFB,, U 2
A B ot B B R AR, R AT S h 2 5
7% AFB, &1k 50 g/kg MAROK, ATk Kk AFB,
FA) 2 S AR A%, U B H o 24 v 0 9 M W S
AFB, BAGREMAERY . SAMAEIFFER LB, A7
(Maranta arundinacea) ¥ ELA B OTA HIZE,
WA 500 mg/kg BT ARG XS AT gy b OTA 19
R 2L 66.7%: TR EE 2 2000 mg/kg B,
] SE A fEfRAE S TP AY OTA BERY, g™ wiox k&
PR AN L& PR AFB, B e, B
PRAE A il %) B e s RAPE 1 1L  FRS i, 60 mg RS
K AEE 20 g ok 49.79 ng/kg 1 AFB, F&fi 2
27.9 ng/kg, MR 43.96%, FAIF S04 F 1L T8
TSR RN 15.02%, WA T 5200 AFB, B3R IT

ZRME T BESKE T AFB, B R T IR 64.5%.
H 1T ST A T 5 FE P il R f L P 5 2 T
FEARXTA L, VE FHBLH 4 AT HE .
3 1EYIER R E TR MR S AT

FE PN T B IS PR B A3 DR SR IR AR 5 L A
BRI A e A O A A T g i FH RSk
BR)TVZ, IRAESR, ARG T s 3R 7 1 R A2 E|
L) 12 I, FI AR BE A AR A T I
HEPE RS T B S, ) A A R G 5, N
A AT AGEAR RS T A LV R TR e e 25 | W fd
28 N oy ¥ e A Wik, A M H v LA AR LU R TENAR,
BahnS a4k AR R s SRR, S AR Y
PR, BTR IR LA M LR B R AU 15 4, Hhdk
AR R P BT, E RS TR A S o
JE AT IETR AN ERRUR 0, HET B AT N T
[EsEe IR TR Y b1 W i | R R I R el ST v o
#%(nanoparticle/nanocapsule) . Z>KF L (nanoemulsion)
FHYNKBERZ (nanogel) 45, G A48 F ZALFEFC RN
(chitosan) . BR#HE (1ecithin) . Tween 80. 4= Ifil. 75 4
A (BSA) |, #L#5E H (whey protein) | i % iR 44
(sodium alginate)ZE (3 3) .,
3.0 PRRERL

GRS B T FREHEAR, AR
B B AR CRERD ) B st EAR BT GESAA ), T
SR R 2 1) “A%-70 7 BAZE 4 1) AR,
-, AR T S P B B A S g S A
FER Y LR T AR, BEAS I IR S 4i M e i AH AR A,
RAFARRE e . KIS FR RSB EFH BEE A 2L
PSR N S MR AR R R B
O HRIE A 0 T T B 75 3R Bl A AR G vl M HE R
FRAT AN AT 32 B A FE TR M A BE A A T 3 (R 3),
4n Dwivedy 202 ZEBHEG T /\ A Wi & (llicium verum)
AT E i B A K A AFB, PR HoA W 2 e
AFEA b, AFCROBE R EERS |\ A Rk v A e A i)

T /AR AR IR (H42<200 nm), SCYG4E
SRAFEHH, G IURE SAAEG T /A T 7S T 9% & 1k, it
= T\ SRR T RS E R R, g5 T\l
Tk s P E A A AFB, FORL ). #E i AR i/
FP ] ¥ & (minimum inhibitory concentration, MIC)
FH 0.7 pL/mL [%& % 0.3~0.4 pL/mL, AFB, &/l
HEEH 0.5 pL/mL F&Z 0.2 uL/mL, X Al GE 540K
Pookr HAT BRI 2 AR L TR It sh 40 A e, [
ARAL R 1, MR T/ \ A e Bk il T8 2% o
Kalagatu %53 YEUIf T B EL(Cymbopogon martinii)
R CRIBTEB U A e U] P G 2 W o N I D TR U R 2 i A 3
A A Bl B BES S FL RSB T RO B ah T, B moks
TELET A SEIRME, i # LB HORE T AR ATURL, 2220
KIURLXT K T AR A T TR g A A B LA
AIAIHIVERT, 700 peg/g MBI EAS A K UKL AT 58 4
THIRAS PR TT B 04 KA1 DON. ZEN 5B 10
FEA, T A BRSO T 58 SR RS 40 T B2k
KA 75: R BEFAE] 900 pg/g), iX Al HE-5 OB Hoks
TG KA B PRS- . I B o AT R G .
3.2 KE

WKL PR ARTR I AT E Bl 12 ERRGE Y
YRR A FAAR 2R, — PR 53 HE s — R A, Bl
A 5l 2 TSR R R A, TSGR A vl vl A K AL
7], H WS HH ml -~ fe g5 BHER, LA /ISR A vl o IR P
TR R A Y ZREE AT UK AR, A8 B s gk FLix
— BN SRR R, A T AR LT i A
PRSI B KR VE L R vl L R AR ) R E
an Wan S5 i85 T A AR . AT RO T . A
AETH . WA A T AR T AT 5 PRSI @R EL, DA
R IT R0, PPAL T 9K FL AL AR A B )
AR K FEA PR R B PR A KR DONL 3- 218
FLRR AR S Bk ) B )45 B (3-acetyl deoxynivalenol, 3-
AcDON) ., 15-AcDON 45 3 Pl E T = A7, 4558
RS TR FLAEH SN 1250 ng/g BT 58 4410 il
FLIHTER M A, HEN DK ZUAR R A B T EAi ks
TR AR, I S S8 i T AR R T N KR L BB
B BRIHIE M. ESOBES LITEBEIEE 3L
A5, BhnHaE H vl =8 (medium chain triglycerides,
MCTOVEA BBV T T Fka . RS
L A SRR L TS AR EL, R T L
AR ZLXT AR A8 ] B A K =B I E FH, g 2R3
A, DOARRE T2l K 2L R B e iy B it A e e e, X
AT TR 4 A K LA A [ RR B i Rl AR, Hop
40 mg/g 14 PUEERTIIMAN K ZL XS AR AP T B 1Y) T 22 1)
%A 66.2%, KAZRRFRILTP =BG 45 SR, 4 F
ARSI TH 4 DON H1 15-AcDON #EAT
B E A, b RS T R 2L B 2R 2k
PR TR, MREEAT 0.3 mg/g B DON #1 15-AcDON
AR ] 2R 43 1 755 55 98.8% Hil 96.6%, Hovk T F ok
IAKEL . A ARSI FLAN LS PRIk FL
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Table 3 Nanoformulations of essential oils and their active components that simultaneously inhibit the growth of fungi and
accumulation of mycotoxins
%
HikR 5 A S ) T (OEEEYY BN/ B R PIES 1;
- ; . - £ B )5 B\ A T R AFB, P2 A2 AYMICHT 0.5 pL/mLF%
SR FERAH # i %/AFB, S0 pLimL B JERIMICHO.S WLmLEE o))
A3 5 1 P LSRRG T 2 i A K AMIC I 2.75 pL/mLI%
T R SR I F/AFB, Z1.75 pL/mL, 1.0 pL/mLA ZRERHAR IR T 522006 [58)
AFB, =4
. =y e 5 14 4 ZOA T X 2 8 A A RIAFB 7 A= (MIC 43531
A TR HHRB/AFB, #12.5 pL/mLAN.5 pL/mL [ % 1.0 uL/mL [59]
g e = A3 14 26 2 R il %o 3 il B A K MIAFB, 7= A I MIC
LR TCR A HUMA/AFB, 300 uL/LA1200 uL/LAT B E60 uL/LﬁBO]}LL/L [60]
. s - A B 1 TR B I A A K FIAFB 77 A IMIC 4351
PR FERBE B /AFB, $10.5 uL/mL 0.4 uL/mLI 50,08 uL/mLF10.07 uLimL  L61]
N— A5 6 R T B 2 B S AFB U 58, S8 2
4 v /s e . s
ARRURBE ey SRR /AP, B KRR (9 0.5 UmLAIOA pLimL, i [62]
I BORS
., s s e 500 pg/mLARALEH N SAREORS T X AFs ™ A i 5k
IMBIH TR AEIT/AFS 43%, L E DR IR AR Lg% T ssoe (03]
g ey PN - AL BOR RORS XS R ) B AR K IDON ., ZENF#A:
B FERM KA TTHI/DON, ZEN HIMIC 1900 pg/gl 25700 pg/g [53]
. = FLEE T A BT B A A K RIAFB 7 A IMIC /331
T TERBE B /ATB, 0.5 uL/mLFI0.3 pL/mLIE%0.07 uLAmLF10.06 uL/mL [64]
J— ey = AL G A a-Fi BT AR K FAFB, 74 IMIC /351
o EHRBE B /ATB, £10.9 uL/mLAI0.5 uL/mLIE%0.4 uL/mLAI0.3 uL/mL [63]
o s £ 5 0 T 7 i oxok 2 B A K RTAFB, 7 A MIC /331 £
BT TR HEIAG/AFB, 1.2 uL/mLFI0.8 uL/mLF 20,8 pLAmLF10.4 uL/mL [66]
BSA#{ Tween 1.5 mg/g T ARG IR AN KL AT A 3 K 2 R R T B RY
KT 808 quillaja RAEHRIIH/DON A K FIDONIY =4z ; Tween 80FUE M T FHAEMANKILEA  [67]
saponins B T DONF Il 7 1
i RAHRJIH/DON, 1250 pg/g T A REIMAR AL AT 56 M K A& DON., 3-
TR Tween 8OMCT 3 A .pON, 15-AcDON AcDONFiI15-AcDONF=A: , ACRAR A A0 B K [54]
S RAHiR I H/DON, 1.5 mg/g T FAE MK FLXTDONAI5-AcDONF= A fy il
SEIE/MCT 15-AcDON HAM10798.8%H199.8% [55]
AEEA JZ i3k JI#/FB,, FB, TERGIMGRELAT A ZAN ] £ R FB B, =4 [68]
T s i 218 pg/g Y WEERG IR K ZL T 56 90l JOK R DONFI3-
Bl NAEOTEDON, N epoN e, 0.1 wos R AT BEERIIATR  69)
e Al D T 24P KR R R 38.1%
gy RAHiRJIH/DON, 1250 pg/gAFERE AN K FL AT 58 LM Hl K FEHDON, 3-
RS I Tween 8OUMCT 3 A :DON, 15-AcDON AcDONFI15-AcDONIF= A, BRI F oA PR [54]
. . 0.3 mg/g ARG IR K FLXT AR Al 7T B 22 f [ s A i)
RS /MCT */ET ?jf ]‘f(/)?\]ON’ 31917 $134.81%, XfDONAI15-AcDONFE MR [55]
¢ 498.8%7H196.6%
et T RAHkJTH#/DON, 1.5 mg/g4- ZEAE MK FLXTDONFI5-AcDONF=A: [ il
R SBRE/MCT 15-AcDON HAM1H993.9%H199.7% [53]
. . 1.5 mg/glI & FAG I K FLAT R4 T B - 22 £ [ A
i TR BBEAR/MCT *ﬁgﬁf f(/)?\]ON’ R J41.7%, XTDONFI15-AcDON/E FUiIfIZR 5y [55]
e 14999.3%7196.1%
NP, - S ey o = AL e BRACRRE T B B AR K RIAFB = A MICH)
YIKEERE SRR FERWE/ AR 8/ AFB, 0.5 nL/mLFE2£0.3 pL/mL ! [57]
2y 5 = £ B 1 P SR 5 I AR KORIAFB 77 AL IMICEY
PR SN SCRME/PIRERR [ F/AFB, 1.5 uL/mLEE 25125 uL/mL [70]
R s s " . LB R AR R AR i B A K AFB, =2 1)
T RAZREM TR AR H [ F/AFB, MICHIH1.25 pL/mLFE %10 pL/mL ! [71]
o O T LT = AL} 5 A B TG B h B 2B ORIAFB = A RIMICH
BSLRCHEI  SEHROBE/ AR HEIAG/AFB, 0.6 NL/MLAI0.5 pL/mLA M 503 pLmL 02 ibmL  172]
R AR @ﬁ):o 3 uL/mLA10.2 pL/mL Y & BOR T M i o a8 K B
hﬁ‘ﬂg/};ﬁﬁg TR R il #5/AFB, AT PISEA N R A K RIAFB, 197228, UL FAREL 73]

ﬁ E’J e BT Fn A )

NG Licium verum BO; P I 5ENE M : Myristica fragrans EO; 5632k M: Coriandrum sativum L. EO; I SABURE il1: Schinus molle EOMAAUSR
A& IM: Bunium persicum EO; B #)Z Biksil: Ocimum spp. EO (O. sanctum: O. basilicum: O. canum=4:1:1); a-#ATHEE: a-terpineol; [ 75 /lii: anethole; F5 FEME:
linalool; J2 Hi 4k JI 4: Fusarium proliferatum; 3-AcDON: 3- 5 5025 6 4k )1 B A8 (3-acetyl deoxynivalenol); 15-AcDON: 15-Z, BRI 42025 JE 4l /] i
I NIV: 25 J8 4k 7] 55 (nivalenol ); HT-2: HT-2TE%; T-2: T-28 % ; MCT: "4 H-it =75 (medium chain triglycerides ) ; MIC: /Ml B (minimum

inhibitory concentration); H:Ax [ #2.
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3.3 YKEERR

KBRS A AR 2 AR R IS , 2 PR Y A4 2 HEL Ap 19 43
TFAEG K B G H <200 nm) PY AL 224 sl B s
RAEFHIE W =4 RIS SR G, PTVE A RS
THEEEAT ZEE O AR R 520 Aok, A
PAAERR ok PAAEERR IS T A X T SR T ek, 55k
FERMEILGPREENL, BAT Sk FasE R, e
PR EE RN, AR T M LG o s a4
e AR E M R A WA FH B, B H B L S EL P B
FEME (3 3) . H AT RS 1 B PR Loy g ok
BERS T T B2 R B st A P rE i i
RBP4 Yadav 2507 SR FHFEERME- REERR AN
K BE R AL NAFER (Bunium persicum) W5, W58 T
AL BRI G REACRRE T B4 B I 2820 AFB, 97, 4%
SREEAH, B SR TG T AN KEE i ELAT 3 i RO AR
P, B AN SRACR TR T 2 ph B AR AFB,
FEA A R MR B 4351024 0.5 pL/mL A1 0.3 pl/mL,
HIRBAURKE RN K EE I HA TR 0I5 B A B EEYEE
77, Ui BRACERAG I AN AR e B T i T EL R L B
AFB, EPUEACHIBET], 3X ] B8-S AR A TM A K EE
Jisd HLAT TR b R TR . T 45 R ) J e LA KRS T
LreRbiZ MIAEAE U RIS E A 2% 2E—20 st
REIR, FEAARCSRNGE T LN KA g T 38 S A A 2 B 114 5
P S EEEASET I S 2 AFB, R/, ] fE
Eara a3 A AR (ver-1) S 812 Rk
Y& AL A BEAEH, B AFB, AEY&
Sl PRI, BEACERAE T AN KB IS T FH T4 = il B HC A
o e B A I B B 2 B, B L TR 4 &
7o

25 TR, ARSI A K R S — o B
R LR M FLR TR R AR, AT A s> T
VE R B Bl T TR 2% 38 1 T HEXUSS:, 7 2 il P BB
Tk B2 P A EAT R A A .

4 RE
LA T A — P (5,22 4 A 77 LB W
N T E P ANIFFE R, AT, AR T B 5 B

FERE 2R BYAA SN SY S 2 v AL A AT A2
o FEMLH AT T, ARSI A HE A I i
FAEREFERE I 2Ol W RN 2R, 157
TRV LTRSS HEE P X e R R B
SEETHPE LA T R 2 i R Bl TR A ST HAE
B oS540, Kl 2 2%, HalT—FAa R el o
— I PRI B AR RO B E LR i e =,
AN R AR TS PR 3 = B PR R AR ST
B, XA [RPRE IS PR o 22 (] BRI PSR AL
BT T KT S A AT EL T il 77 B It A 2 (A 1) R G o
I TR, KR BT A S P e A AR il S -
BT B AR R B T R, A T — 2 ph Bk
JE, (B AE— S8 i T M DR TRV AL, 4n [ BiRR AR
T ACH PR o B3 D A AR R T LR R ZR B4

MIBIFIE R 282 T AFB,. DON /DB E R #E R, H
EHEERERAXS D, S TR L G A AR
RAGTIOY, FEYPRGI MG ST i AR T2
A LR RE R AW IS A A S B BS S i H
U, G KA 50 AR LR R e 4 A 1 i — 2L i It
T, VAR T i RO HE TR XU, 8 B Tk AN
TH B35 XV BRI B JE 7R £ (0 22 A e B i 7 >R D3 471, )
— KA FR GEXAS RS I AE TS PRV E R T REAS
[A], PR, LA BEPE S DK 2R R e BT X
TIFRFRIR . SR8 R B LT BE A i 77 HoAy Bl
X, AN -5 K A R G E XA
AN [FVAE B AN EREE R 1 31 ) S AR RSO L BT
F SRy ] N AR Tl B 2K 2R A ZR e T e AN
JHIRHEZSE A, H BTSRRI SAS AR & 5%, Bk
WFR AR . IR PR BAR AR 72 ¢, 2
RBEARAE PR T AR 0 2 77 liAs, SR T A A
A B o B DR B AN T A i S AT AL
PRGNS ISR LR A ) P2 U 2 BT BB A AT = K
FE A T B H PR3 2 K ) R A 58 R g I
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