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Abstract: A preliminary study was conducted on the inactivation effects and mechanisms of spore inactivation

B 2024-02-04

BEEWH: g s ARG SEARHIRL 55 98 LI (1Y2402)

Supported by: Fundamental Research Funds of the Central Research Institutes (No. JY2402)

EE® . SN, 2o, 1996 L, Mit, BRI 5, MR &R %%, E-mail: lyg@ags.ac.cn
WEMEE: BT, &, 1978 4R M4, id, RITFFEh, WIS MR EMAd Y, E-mail: tf@ags.ac.cn

160



325 2024 FE5H

@gﬁM%ﬁmf -

2

of Aspergillus flavus and Aspergillus chevalieri spores, as well as the degradation of aflatoxins (AFs) and

deoxynivalenol (DON) by ultraviolet combined with cold plasma. The results showed that ultraviolet

combined with cold plasma could completely inactivate the two kinds of fungal spores and cause damage to cell

membrane and nucleus when treated for 80 s. More than 70% of the two fungi carried by maize kernels were

inactivated at 600 s. In terms of degradation of mycotoxins, the degradation rate of standard DON and aflatoxin

B group exceeded 60% and 50% respectively at 600 s, and aflatoxin G group was less than 50%. However,

toxins carried by maize kernels took longer time to degrade. The degradation rate of DON after 20 minutes of

treatment was 36.41%, but the degradation rate of AFS did not exceed 30%. The use of ultraviolet combined with

cold plasma treatment shows potential for the inactivation of fungal spores and the degradation of fungal toxins.

Key words: UVC light; cold plasma; fungal spores inactivation; inactivation mechanism; mycotoxin degradation

WA %A —HREREESOGENSE, RE
HUMBRGPEELNRELLNEERNE., £
KRR E =R FERZ —, J&H B R AR
T R Z —, 76T 100 & 8 m K o
R, HNS SR ERERIEY, AR
A B R o R LE AR K L T A AR A
gl Hoh a4 ( Aspergillus flavus) 74
RBE i # 7 2 ( Aflatoxins, AFs) £ 5@ &1 BU&E
P, BESHULF A KL FIRE . BmaiERsl,
Bk AFs 4b, FEKRBEMRN:#ZER ( Deoxynivalenol,
DON) 15§« iyt AR %36 , DON B A a5
EREE . MAREPE . ek, DON J1& K it
PRI N A PN NGER e 2 T SN
TR UM AR o A R A R B
Wr B E R R AW R ETFB, WO H e R
RAAT R e B i, PR R 3 — R AE R
KUEFCIE | AR LA T R AR B T RO R L
J5 o EECET RE A% R HE 5 e R oK e

SHME IS — TR MR R, U I B
(UVC, 200~280 nm ) 24PN AE W IAA 1R 5 4
EVEN UVC BRSO 7 R MR D
SR TR B T A Y LS SR, R AR T
60 °CHYSEE TR FR A S5 8 TR, TR K
T ELTH T R MRy A TR N R R
TR 2R, e e e R A
R I EL A AR, R R REE SR . BE R
e g TIRU, X PRI AR AT B X
i TR R /N R A o BRI 6T BRI AR X L B T
AMBFREMOTIRR L, WOk P AR A 4

BN SR R

ARG I S8 SN G Ve A5 B R IR A R A
THRLI AN R BRI S OB e A B TR AP EOR
e L T v 5 R A e N s s
WA ( Aspergillus chevalieri ), FlFFh 4 L&
W#HE AFs, DONER EEMRX SR, BEHRK
TZER NI G Ve A5 B IR A 0 EL T A KOS L
R AR SCR , JFXHZ & KOs FL 16 LR
BT, AR S L™ Ml Ak T4 it
¥HES%
1 #Mel57EE
11 #E5RF

S E . SO ESOR R
et A JR B AF 5T o S A ) S 3 3 3 S s E R
TR ERRPRL: MRS AL, Eh % B A
R E:FE 3L ( Potato dextrose agar, PDA ). Fi#h
SLCBHARER SR ( Salt czapek dox agar, SCA ):
e B B R B A A R A | 5 IR R 22 vh I W
( Phosphate buffered saline, PBS ). fllfk 4 i
( Propidium iodine, P1): Jbmi&3EERHEABRA
Al JoKCmE (sl ). B 258 A Ak 2R A R
K] 4,6- R EE-2- A FE | (4,6-Diamidino-
2-phenylindole dihydrochloride, DAPI): JT.JngllHE
HEVHAR B ARA R WEE, 2N (A5 ).
PRI R AR A R s 87K, LR R bR
e . SRR IR GARERI (Hrh AFB, . AFG,
&0 10 pgmL, AFB,. AFG, &4 3 pg/mL ),
WX 2R AR . B AR BG R B
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ERRE . W TACE A e A W ARG PR
12 XFEH5EH

SOMNRA R FR R death AR AR
FABRA 3 MLS-3781L-PC 5 JE 2675 K 18 £ -
H AR =7 H LA 7 s HER Asafe KS12 A=) 2 4545 |
Evolution 220 4] WA EYEREETT: SEEFER |
HRBHE AT, BMI-250C B iGF46 . il
ST YA R A A B F] 5 Axio scopeAl B}
W ALY s . (B E %8R ARl ; LC-10AT VP
Plus WAHE RGN : HABHA A ; cytoflex SUKE
TR . SR DL s PR AR R A D
13 ZEWHE
1.3.1 SN AEREE IR &

SHMR GV S B TR B A R R AR L O
HUBR . FLARFEAR . SRAMT . BERAEALR, T/EH
JE 20 kV, TAEHLI 500 pA, AT K 253.7 nm,
FRNEGRIE 1.2 Wim®, FESIEIEZEAMT 12.5 cm,
WA EAME A 1 Fis, W JEEIMT R, B
e dRut e, HL S S S AR A B TR AR ]
DLSE ISR AR IR | Vo 55 B IR VR, B T il
BEARMIBEAVER . RS HT# TA 30 min.

s

HHMTI | —&

JEHAERX

R & _y

Bl EIKEREFTESETEE
Fig.1 Schematic diagram of the ultraviolet combined
with cold plasma equipment

132 HEAMFKIG

TG DA e Fh AR Al o i 2 5P th A A
ATCH PBS ¥, & YHWBEEZ M LS/T 6132—
201 8 it HR FL TR A At 3140 Ve T 4K
AT BIFROKE Y 2.5x10° CFU/mL, Bt
10 pL R FREEFRIKH, &8s TIES A
RTG, il EA T Bt 28 A1 | Bl v 45 B 11K
FRINRA VRSB TR A3, b3 20, 40, 60,
80 s J5 F 2 mL JCE PBS ¥ CRH T VR = 4537

mpy, EMET . WEmEETSRImA 15~
30 mL #ERTKE MY 50 °C PDA. SCA JEF3L, %
W5 7E 28 °CHHIRIGFRF P EFE 5~7d, 118, K

pEE

0

K No AR FRETH F R, N LIS
FLIE R R, B2 CFU,
1.3.3 4t e 3% 1 Ao 1

PR W AR T R E R
10°~107 CFU/mL, ¥ 1 mL TRE ML, 4>
I AR 11 NG I P A S )& N S e
LB TARALPE 80 s Ji5, B0 (6 000 r/min, 10 min,
4 °C) W EVEW, 4RI ODagonme
1.3.4 230 Jo 5 & P AG

B2 10°~107 CFU/mL # i %5 | 1§} B ith 2540 7
TS 1 mL TIORIGFRILT, 430 (6 A ol £¢
Hh . FRI A A B A B 5 AR 1A A B AR AL PR
80s 5, WA TEL.LAE N, A 5L Braik i
1 mg/mL 19 PI 4k}, #EEHLE 30 min 5, ik
YA PE 38 38 6 U 20
1.3.5 4 MaA% i A 4 Ul

S 2 T Y O vk A7 A0 M A% B0 4G
FERYVEE Y, K 10°~107 CFU/mL 1Y 5 . 50
R SRR =S A will TR R P NN A R s
TR INR AR EE TR 80 s J5, B0
(6 000 r/min, 10 min, 4 °C )JfFHEET 70%L B,
4 °CIEE 30 min, B0 EBROEEGIMALHKIE N
10 pg/mL 1Y DAPI 34k}, %G (A 30 min,
PBS i 3 e, ik, POt RMBEINEE .
1.3.6 L JFR W BRI T K%

B 20 g [ SRR T B B PE 15 L 1 FORBLAE
( RIRMF R 10* CFU/g, B0 H I8 il 25 1
WM ), P T IO SR IR ER , W ok ki
[ JCHE & o LN 12 5 B IR HOR A0 F 40,120
600 s, AbFHF|—mf[A]HE B, B SIER IR,
AEHH S RE S IR GB 4789.15—2016 (&5 EY)
PRI R AR SR IS A KR
2 (2) WA

. N, — N
DZ‘{E%:—IN 2 x100%
1

x100% A (1)

X (2)
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PG FOR R RS, AN CFU/g,
1.3.7  BERAREM R

SR M E R IR G ESER (&
AFB, fll AFG;: 200 ng/mL, 7 AFB, fll AFG,:
60 ng/mL )F1 10 000 ng/mL X i 75 255 1 5 A R
B 100 pL FHEFRMUEHES, T KU F 2R3
To BEINRA R HFE TR IE 40, 60, 80, 180,
300, 600s f&, M 3 mL st %, U Stk
b, A EER W2 GB 5009.22—2016
(B HEINERER B A G BMNE ), Ktk
R MRS B GB 5009.111—2016¢ £ & /i 48
=65 4k ) DA s T B EL 2 R AT A W T ) R fi
K (3) W5

B%@E;?;:A"A;AMOO% = (3)

P A HREEIFR S &, A NEHET
REoa, BN ng/mL,
1.3.8 T JFRR 19 75 2 A iR

o3 R B R B R IR A PR A (HEH S
H AFB; fll AFG,:20 pg/kg #£4f, AFB, fll AFG;:
6 ng/kg i ) FHMKITE B R ARAE S (] B o
1 000 pg/kg FE&L ) WH = R R R E KRR L,
i XU AR KT R B 20 g T KR4l T 0 TR B
FRMJEH, #OATRLZ M L ES ., EINREGRE
B TARALEE 2. 10, 20 min, 40 BEF] 2 i 7] i) B
I, BRI AR, ROKKIERY S, 31 GB
5009.22—2016 F1 GB 5009.111—2016, 43 5l $2 B .

KRR MRS &, iR

p%@§§;=15i§5%x1ow% £ (4)

Krf: AVRAIEE KRR S &, AR
JREARERGE, BB pg/kg.
14 HHELE

AR 3 KE A, Excel 2016 F{FH5E
SEY{E bR EZE , GraphPad Prism 9.0 41T
ANOVA J5 2253871 (P<0.05) JHER, dlsti i
FREPREZE RN

2 HERE5HW

21 ZIBEREBFHNEFRFRELR
KR EHE
2,11 ARTRIAh B AN BB A7 KRR
SRR RS, ¥ 8 AR A7 T
M IIE ORI 1 TR, ALBRE ) A 2E K fE 0
R v R A T TR P L R L ) KT R, AR
B ZE S L Bk A A5 B AR T o L R AL Y K
WVE AT, PR AR (I A Ab 3 AT 1 1 4 K
WRCE, BEHORMR R . W&o
BIFE 20 s, 80 s iBFNEARKIE, HEIMGREX A
WIvE R BT, 254 nm A5 45K DNA 9 5 K%
W, R AL TR R P i v e — SR A4 AT LA o
DNA HIE Hil 5558, @EMAEmRED, st
J R 2 FUB 253.7 nm S84 4R IR 20 s BIA] (P
Fift EC TR 1T K35 K 70% LA 15 BB R LA

F1 FRLERAMNEEAFHREE

Table 1 Inactivation rate of fungal spores by different processing techniques %
B VISIIES N K
AbEE 20 s AbEE 40 s A3 60 s AL 80 s
uv 74.00+5.29° 97.33+3.06° 99.33+1.15 100.00+0.00°
il CP 32.41£6.56° 30.18+9.45° 19.51+6.47° 25.12+3.58"
UV+CP 93.39+3.58° 98.62+1.60" 98.77+0.96" 100.00=£0.00°
uv 88.89+5.99" 98.69+1.13° 99.35+1.13° 100.00+0.00°
W CP 46.78+1.57° 44.93+3 .54° 40.38+0.97° 41.00+3.04°
UV+CP 100.00+0.00° 100.00+0.00° 100.000.00* 100.00+0.00°

E: UV FoRBACESME R, CP /R A 5 8 IR 03, UVHCP FR BN AW H B F I3, RR/NE FHRRZER B

# (P<0.05), R,

Note: UV means ultraviolet treatment, CP means cold plasma treatment, UV+CP means ultraviolet combined with cold plasma
treatment. Different lowercase letters indicate significant differences (P<0.05), the same below.

163



= §§mM%ﬁmf
REZE 6.;. E32%5 2024 F FE5H

508 TR 22 S N MR SR W AR RE R 25 5%, {H 5 5 A R] Ak B N R fin 2 ab BREE AR Y
YRERE, RSN AR . A ThREsE R, Mg itlw &, UiPHBCA AL AR — SR e
Mt — P& 5 . DNA . RNA 251N K453+, Xt 240 B P 453475

M348 B K3 Sl A s R AR B 5 2 v
%2 FEAEEAT LTI 260 nm B B 00

%%%1¢$&E@@%K{ﬁ$f{$lﬁ]Hﬂ‘lﬁ]ﬂ\}ﬂﬁﬂ‘{& Table2 Effectsof different processing techniques
£ REAAL, ATRER TR A A I B TR 0N ODzsonm of fungal spores
R iz [ T Al A 2 R o, v A S ik 2 i ODzcann

CK uv CP UV+CP
M 2E 25k 322 HL‘EAE‘D =TT X 37
S EAACH PR, A T RS i B 18 DX wihE  0.029£0.005° 0.039+0.007°° 0.027+0.007° 0.046+0.005°

TR SF B TR A . RN SR T WIMEE 0.005+0.001%° 0.014+0.003* 0.002+0.005° 0.024+0.004*

PRI HE AR IR SE D A SR TR, B2 W CK FaxmAl, FH.

IO £ Kb L DR B [ 10 2 2 3 RO B Ak 3 Note: CK means control check, the same below.

FORB A o 2.1.2.2 AR SEEEEAS AL 0 R S e I
2.1.2 AFIAEBECAXT A ML 0 FUAT SRR o PR A5 PT U TE 1 25 A0 BB
2.1.2.1  AMIBEEEEE BPRTE ODasonm A& (H 4 B2 451 PI YR T L JE A AL 5 DNA 454

A SRZLETE SN, R Y A RS Yty 4T 5,55 e 12D B ARG I S B B T L R B 4
MR 2 s = AN, terhE I AN s . 2 SRR T A R B A AL B
ODogonm M SLIRANMALE BV 2R 2 BOR T 80 s J5 WIFREL BT T 10 PT 2 (o5 00 , AR 2 b B
80 s IMAFIARIREEAX WM R . WILIMEAT  JLpm s @, 3 TR G T, Bmegsn,
ODagonm HIREN, SXTARALKALL, BRI RID s pfme 4 vh 253 TORAL 3RS 20 54 45.53% .
AR SR TR BIOTOCES ., TR 52040041 b0 €5 X FHIC AT, 1l
R, PURNECIA I T A E A PRI SR o AP sk g o S a4 v 4 B T UL B T4 98%
SR T RAL L) ODgonm FXT MM B A B ) R R 2% Pifh i 778 s ph s 25

[ 300F
400 ‘AVIL(96.44%) VIR(3.56%) B viLGsaam) [Vir@ssiv 400 1€ VIL(95.78%) | VIR(4.22%) :DVIL(47A96%) VIR(52.04%)
200} » i 200 [
i I I [
% 2001 g & 200 | g _
I 100 | I 100 -
0 A )] - 0 - - ol )
0 10> 10° 10* 105 10° 0 10 10° 10* 10° 10° 0 10> 10*° 10* 10° 10° 0 102 10° 10° 10° 10°
PE-A PE-A PE-A PE-A
600 g F 600 FG H
[~ VIL(94.70%) |VIR(5.30%) 400: VIL(1.29%) |[VIR(98.71%)| [ VIL(94.67%) |VIR(5.33%) 400: VIL(1.24%) |VIR(98.76%)
400 F » 400 [
iz I [ 1 |
® # 200 - B #4200
200 - 200 | L
0 L L L 0 L. . . L 0 [ al s, 0 - L L
0 10> 10° 10* 10° 10° 0 10> 10° 10* 10° 10¢ 0 10 10° 10* 10° 10¢ 0 10 10° 10* 10° 10°
PE-A PE-A PE-A PE-A

FE: A: #IliE CK; B: #ili% UV b C: #ilhd CP AL D: #iliE UV+CP 4b#8; E: WIS CK; F: WRME UV
WH; G: WECHAE CPALEE; H: WA UVHCP ALBE,

Note: A: Aspergillus flavus CK, B: Aspergillus flavus with UV treatment, C: Aspergillus flavus with CP treatment, D: Aspergillus flavus
with UV+CP treatment, E: Aspergillus chevalieri CK, F: Aspergillus chevalieri with UV treatment, G: Aspergillus chevalieri with CP
treatment, H: Aspergillus chevalieri with UV+CP treatment.

B2 AELEERLEEERBFH P LEER

Fig.2 PI staining of fungal spores after treatment with different processing techniques
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BT RAL T Y R PT Y (n, UERA A B Y
i, TTREEAS S0 T F A8 AR B TR X
B RE R, HACHRRT R, SEASE T
A A B 1 A TR BB IR AN AR PR . S5 R BUR
B SR AM RIS IRV A B TR T Be Y ik S B0
U455 , ELIG A A P A8 B B A B R kR
1 B 15 5 SO SR — B
2.1.3 US[RI A BB A X 4 A 1 5

DAPI H 5750855, (AR 5 DNA 454

A

S R ELHEE, R I A A% f H FHYR an
MIJE T, DNA 2 AR . BS54, it
WML DAPL Je (0 )5 915 5 om e Moo, Al LR
AN T K AU g 3 B, IR Y
B A SO E I A T IS Ok, M AR
[7i] Aob 3 AR Ak B S B A 4 H T B I Uk R
N, ULEHANRAZ Z B, nIREE DNA 3ZiH,
F AU Bk S8 Ak | B AR B R L BRSNS
BAEET AT BRI A0 A%, T BT,

e A: B CK; B: ¥l UV AHL; C. ¥il% CP A4HL; D: #ih%E UV+CP AbFE; E. % CK; F: WIS UV

AhEE; G WHECHRER CP AREE; H: WIFCHIE UV+CP AbFE,

Note: A: Aspergillus flavus CK, B: Aspergillus flavus with UV treatment, C: Aspergillus flavus with CP treatment, D: Aspergillus flavus
with UV+CP treatment, E: Aspergillus chevalieri CK, F: Aspergillus chevalieri with UV treatment, G: Aspergillus chevalieri with CP

treatment, H: Aspergillus chevalieri with UV+CP treatment.

B3 ARLEFEARLEREFEMATH DAPI LEER

Fig.3 DAPI staining of fungal spores after treatment with different processing techniques

22 B EREBFHEMNERLEFEARE
MR

FREAK . WGk, B, RSESR T
FIREM LT AR g, HAR T BN AR AR RE I LA 1Y
AN . R 3 JRIR T EINR G R B AR Ab 3
XFERKL b RARFFAER B MR . W R & AT
KA NEGL,  BEAL PR R A RE K, PRI 0 K
REERM, AFE 600 s B KGR K 70%.
5211 g5 50M L, Tk B RARF AR HFE A F L
4 Fh B KNG TR R R, ATRR R UVC
HHN (FBWEL 1 um) MR EE IR (G5BT
JERIA 10 um ) PRI AR ZEE A R, R et
TAEPI I KOG ZAE PR ERE , T EORRA 57
RZEAE LR AT 1 1V 6 S R S50 0 #0E 1T RE VR
FLEAT, MERTEMERE K, S04 M i e 7 T 2

BRI R] A RE S O AR B K 3% , Udovicki 2]
RS R ) UVC EAME AT
KA A, TE dpe 1 A B RS [10) R K L i 88 174 2% A
T (45 min, 31 W/m®), &M% H A GESCP
2 log (CFU/g) W/ ; Scholtz &Mt wi AWF
REERGEHRE T —MEHTEE R —RE5e,
R A% B AR X 22 PR L 1) 5 4 T TR 20~
30 min, K{EHCRELT R FE | S8R
Je ARG B2 o H ] DL, AR SR g8 AR R

x3 ZIBREREBFFHMERN LEFEBFHRER
Table3 Inactivation rate of fungal spores on maize
kernels by ultraviolet combined with cold plasma %

G
Ab3E 40 s AT 120 s AbFE 600 s
o i & 21.74+5.75° 46.20+9.62° 71.74+7.78
i FU Hh 2 34.70£7.94° 44.03+1.58" 70.34+7.40°
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23 EIBEREBFENERSEMRMBURE
LNV B PR ALY AFs, DON Frifi
A — BRI, 5RE 4 iR, b3 80 s
W, A EREREEART 20%; A
() IE K BB S W 5 3 B A ROCR . 600 s B DON F
WA #E R B IR 5T 60%H 50%, {H
wmME R G EREMRINT 50%, Hi AFG, 1Y
A SRAK T 30%, AN R AOCEMAIER, 1T
DHVERFER S THRRE R ] i 24 (C—0
N—H) '8 Patras ZHA N EHMETE A « OH
A i 52 550 AFB, . AFB, fll AFG, JGfit 5 A

TG PE ) BT A R S 18 55 B IR R 8 I A B 1T 7
R EZMEHBE T, Sl FEAHEEER, $
ORI B 2 B Y, XEF AFB,, ASES
TR PIRE RS (15 C8=CY WK ZL, KAEMM,
SRR, HEIT IR IR AT IR K F R IR
NP /NG 4R XEF DON, B 458 Tk
AEHITTRE S B C-12,13 FRAEIRHH . C9—=C10 {if
XU R AR, iR R, 535h, AFB,
Ml AFG, 7 C8-C9 i B AFTEXUEE, PRt 4 o He
AFB, Tl AFG, 5 i Feff , 8 a5 2 70 T REiR
MG BIMESEIF A AFB>AFG>AFB>AFG,* %, 5
ARSI EERIAAAR] . UL WL, ARSI R SRR
G EBE TR A LA RS RN

] 60
gg-A by * sl® :ﬁggi
S 40t
Eéf 30t
& 20
104
lose & o N
FOR E S '
i a]/s

A MBS BIE; B: MMEHER G C: Mik#HR, ARNEFRFRERRE (P<0.05), TH.
Note: A: aflatoxin B group, B: aflatoxin G group, C: deoxynivalenol. Different lowercase letters indicate significant differences (P<0.05),

the same below.

B4 ZEIBREREETFUENERSEHEME
Fig.4 Degradation rate of mycotoxins by ultraviolet combined cold plasma

24 ZENBEEAEBEFEMNEXLEFRSEME
R

FORAE A ARE KA RS 2, v RE T TE
A K FEFER TG Y, ARSI TR KA 55
BTN K BN TBEPS AFs, DON YRR MRRICR
ZERANE 5 Fis . ARBE 2 min N3 R R AN
i 10%, {HRE AR Bl sl ] () 2 4 52 2804, 20 min
J& AFB;. DON FEf#Z53 50 27.97% . 36.41%.
523 HRRERLE A, K ERBEREMRT
B, WTRER FORBLEA STIRZER , FRERA TR
PRI R 43 A1 FEAS -4 1) 2 T A5 R A e I oK
FERLASE LRI, BRI B R W B KA
7] , Shen 1 Singh™®" i ] 2.3 mW/cm® UVC 4b3# 4 h
M5 A6 I AFB FEA# AR 31.8%, A1 A BUK AL
A RIS TG Re g A5 48 A e dm IR iy 5, FL
I AFB; [ 70 T S POV il S AR KT A 3

DON V5 3L/, TEFRIRIRAE 20 W, ALFE 60 min
FRES 5 cm i, DON [Ef#AN 38.501%. *f 510
BEEB TRAL B, Puligundla 25N AFB, 43 5I1ER
INBNFORFN/INZE T, 25 2 3P 55 B8 - PR S It b 28
30 min J5 KR AE 45%~56% 2 [ ; POV i
D A B IRTE R LA F (BFE] 15 min, D3
500 W, EL&5HE 40 Pa) MAREK |- DON FEfig %
N 68.5%, XA BEMFRCR S AL AN, 7]
REJE R T 5 B IR R A 2R D = il e
T A IRE), (S5 B ARTE L
gy BOREA AR, S MR B AN [ 25 5
R, SMAR U, AR SEIG rh SR AN BV S5 BT TR
WA RERS R ok BTG B R, EReR
A, ATLGES A TS50 A PREE s | &
PRI A 331233 ] A FH AR ST AR M e it 422 fh 1 X
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Fig.5 Degradation rate of mycotoxins on maize kernels by ultraviolet combined cold plasma
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