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Degradation Effect and Mechanism of Ochratoxin A in Raisins by Low-Temperature Discharge Plasma
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Abstract: In this study, the effect of ochratoxin A (OTA) concentration and discharge voltage on the degradation of OTA in
artificially contaminated raisins by low-temperature discharge plasma was explore. The results indicated that OTA in raisins
contaminated with 50 pg/mL OTA was completely degraded by plasma treatment for 10 minutes at a discharge voltage of 75 kV.
The degraded products of OTA were detected by high performance liquid chromatography-quadruple-electrostatic field
orbitrap high resolution mass spectrometry. Based on the primary and secondary mass spectra, two major degraded products
with m/z 426.071 5 (B) and m/z 158.154 0 (C) and the possible degradation pathway of OTA were speculated. There was
no significant change in the physicochemical quality of raisins before and after plasma treatment, and the relative contents
of most acids, aldehydes, alcohols and ketones did not significantly change, except for a significant decrease in the contents
of 3-methylbutyric acid, acetic acid and caprylic acid among acids, and a significant increase in the contents of formic acid,
valeric acid, and 2-ethylhexanoic acid. The research results suggest that low temperature discharge plasma can effectively
degrade OTA while having no significant effect on raisin quality, which can provide a reference for OTA degradation in
contaminated foods.
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Fig. 1  Schematic diagram of low-temperature discharge plasma

generation device
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o1, FEIIA20 mmol/L PBS (20 mL) #4MIRAT, FH UL
LPYEPRAGTIE, IR
1.3.52  WRFEREL

G SEANEE I o 210 mLyESF 2%, HU10 mLAidk
FRUF AT AL ~2 /s IR BB HE T, FER AT

o SRJGIMAT0 mL 0.1% 3520 PBS#HE, PR T
A, P S 2R G S A R K R, I
2 mL BT B M, T L 2~3 /s, YA
W AR R, FTHPLCK I o
1.3.5.3  OTA HPLCHr#E £k 2

23 S ER I B B N0 5. 104 50, 100, 200 ng/mL
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Table1 Mobile phase gradient elution conditions
N WA RR 5 B %
It []/min P =
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0 90 10
5 10 90
10 10 90
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FREWE: —350V, EEHEE: —10V; #EAT
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Fig.2  Effect of initial OTA concentration on OTA degradation
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Ffd R st N . 255 PR 4L FE3 minj5, OTAZ I ELE #
SICBEARBCR, BRARER D HIN81.52% (25kV) « 90.77%
(50kV) . 93.88% (75kV) ; P& ALFRIS A LK,
JHCEE HE TS 75 KVIR X OTA Y B iR 2 B4 50 kIR st
OTAKI B MR, 25 KV PR R i % : ALFE10 min
Jo, TR H X OTARI B % A W E 21k, 75 KV Ab 2
MJOTAY: 58 A= BEME . AT J5L R T R 2 e H e i FlL 2 3R 75
LB TR B, BRI, PR BRI
E35k, WIS ER Il B, fER%Er
9, [E/FOTAREREE Y, Shi HuZs P F) FRIR 25 5
TR R S fE X b, HAEsSE 7R R AT
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Fig.3  Effect of discharge voltage on OTA degradation
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Fig.4  Primary mass spectra of degradation products of OTA
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FFH Q-Orbitrap i ¥ A1 ESTXF &5 B 1 1k kb ¥ J5
OTA [¥) 5 B B fift 7= W 1) 45 W 7 47 88 7 485 =0 gk 47 4%
i, HHLA (m/z 404.0895) . B (m/z 426.071 5) .
C (m/z 158.154 0) VEREHZIHEAT — il 737

KI5 NOTAMZE 2, H FTAEXTT-AFB, A 7L, OTA
IR 7 I8 b F R8RS . H Rl RIE 7 K L B AT
PELOBEE. B, BUE. Rk EE. IRREHEDY, @

XFOTAZE K v i) 32 22 35 1 35 1t A s B R A B 31 AH 56 3
BRAT IR B . (R TR, OTARRE FC-14F1 AR
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Fig.5  Structural formula of OTA®"

OTAS MM — R H A EEINLE2.
WA (m/z 404.089 5) . B (m/z 426.071 5) 5
C (m/z 158.154 0) [ —Z4EE S, wHERT HYITA.
B. CHREMIZRIEE. Kea~cir R NOTA (A) FKHM
Rl BP0 — SR AE T (07D AR R 6 46 R
I (5 5

42 OTASFEM™ P10 — il we iy £ &

Table 2  Information about MS/MS fragments of OTA and its
degradation products
waEm T KT R
358.084 0 (C,,H;,CINO,)
257.0212 (C,H,,CINO,)
A C,oH,;CINO, 404.089 5 239.010 7 (C,H,CIO,)
211.015 6 (C,,H,ClO,)
165.010 4 (C,H,,CIO)
260.992 5 (C,H,;ClO,)
B C,,H,,CINO, 426.0715
133.974 8 (C,H,,0)
102.091 8 (CgH,,)
C C,H, NO, 158.154 0 M
92.948 7 (C,H,)
100+ a B0 s 01 15
80
g
60
H
E 40_ 358.083 95
211.01561
20+ 165.010 35 405.206 67
I RTT o o i  E
80 120 160 200 240 280 320 360 400
mlz
(s} “ —H - (e} ~]1—H o a j +2H
miz 404.089 5 m/z 358.084 0 miz 257.021 2
CaoHsCINO; CoH15CINO, C1HCINO,

l—NH;
)% ——sH a _— a Cn
—co, —co
- 6 - o
i
on o o on o

OH

miz165.0104 miz211L015 6 mlz239.0107
Gyl IO CigHoClO; C1iHyCIOg
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Fig. 6  MS/MS spectra and possible fragments of OTA and its
degradation products
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WIS bAERIBREE R R T KRR T2 A
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H 5 K T NEH;
~ .\14> N»lm‘ — :
o N Ob O 0 a N N
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Fig.7  Possible degradation pathway of OTA
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Table3  Effects of low-temperature discharge plasma treatment time

on quality indexes of raisins

iy e LARERE  BEEE  VCRE/ s KphE
W AAmin - TARS &440% N e (mg“”mg) R %

0 462510082 271722002 73.824£0441° 748620216° 0.144£0001  4.03£0.16°
3 4656£0.136" 27.0724003" 73.604+0315" 75620111 0.144+0.003"  4.08£0.22°
5 46880054 271824001 73.609+0564° 7343£0.120° 0.145+0.001°  4.00£032°

e SR/ NG FREOR ZRA RS, P>0.05, K4,

2.4 IR S B T A A G R A T R R KR

L*E. a*E. b*EMAE JIANEbR 2 e 4 T4
BB br. WRATTLUE 1, SRR 2 5 T b 3
&, BIETIILME. a*E. bMERE REER (P>005) ,
MOEAERZE T (P<0.05) , TTRESR K Jo% & 1 5
Ji 435 5 B T AR IR P T R A SR

A4 Al G R A 3o P b B A 1 R
Table 4  Effects of low-temperature discharge plasma treatment time
on the color of raisins

bR B]/min L* a* b* AE
0 43222+0914°  3.751£0358"  21.093£0.558"
3 44.526+0.623"  3.877£0342" 2158440547 1.399+40.348"°
5 43.969+0384° 391420257 21.269+0.530°  0.785+0.719°

e FSIARNG FREOR 2723, P<0.05.
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Table5  Effect of low-temperature discharge plasma treatment time on
volatile compounds in raisins

, o Lo HR 5 /%

HES Rttt H‘T%zﬁn 0 min 3 min 5 min
IR 1.692 831 1243 1207
L 2401 406 4554 4257

-HETR 8301 322 273 1.98

B4 10.081 0 1.79 176

B &Yy 15600 1047 716 6.54
PR 19361 071 0.86 0.63

2-2ECR 21.293 0 041 0.63

T 23919 041 0.40 0

3T RS 3329 206 2.14 2.03

o 5907 656 6.65 5.90

(2)-2-Bis 12711 43 411 257

KO 17.011 0 0 0.44

b 1- 255 1 HAE s 0 S2 % 17305 047 0.54 0.44
(E)-2- s 17810 047 043 031

T 20112 091 1.62 113

b 25.063 0 040 0

3T 3468 345 216 403

3-H-1-TH 4152 0 0.69 0

1- e 5.052 0 0.80 050

1-Cf 8.750 37 297 2.64

hEs 1453 13916 427 3.05 218
2-7. 10 16456 055 0.65 0.63

(E)-2-3F M- 1% 18389 159 113 0.78

21 18444 067 113 0.78

6- F12E-5- B2 14305 147 100 098

3,4- 7 HRE-D, 5 — 16877 114 0.94 0.70

Mg 26T FISRCDS. 5000 gy 129 129

-1
5-%%-2,2,6,%@@%4-74@7&%5%%-4- 39609 045 043 045
i-1,3- 1

FAS RIS 10720 1.84 177 2.00

Hi 355-= -0 13618 187 1.97 1.59
TR Rk 28137 058 042 047

3 8 #

A T R AR R T8 R 5 B A 0 A ) T T O TA
ITREfR, WEFEAS R G R SR B L O Fl A 0 i A T
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WA T HOTARR W3, Hi% T HOTAYIME i &Rk N
50 pg/mL, Z%5 5 FARTE T H LTS5 KV 40310 minkk
AR 76 A B o ARG I TS0 H A B A Ak X A T I
FHABFR AR B (P>0.05) ; OFREFRLME. a*
. PMERHIMEFHEZR (P>0.05) ; FERMELEMIN
HDEy DU E AL . MohammadiZ5™ (i 77 36 B 45
B ARDR ZE R AR . 0 T ) IR A 2 T A A R A
T R AE A 2050 5% e AL 4 B o B ) 36 T T B 2R 1) [ I
B B RS TR
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