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Degradation Effect of Ochratoxin A by Low Temperature Discharge Plasma Treatment and Its Effect
on the Quality of Seedless White Raisins
ZHANG Wenle ,ZHANG Shaojun, WANG Yinuo,ZHOU Jiajia, LI Shengjie, TANG Yanan,
DING Mengnan, WANG Ying "

(College of Food Science and Pharmacy , Xinjiang Agricultural University , Urumqi 830052, Xinjiang, China )
Abstract: To study the degradation effect of ochratoxin A (OTA) by low temperature discharge plasma and its
effect on the quality of seedless white raisins, OTA was taken as the target toxin, the degradation effect of low
temperature discharge plasma on the target toxin under different treatment times, different voltages and differ-
ent initial concentrations was analyzed, and the effects of low temperature discharge plasma treatment on the
physicochemical indexes, color difference and aroma components in seedless white raisins were evaluated. The
results showed that different treatment conditions of low temperature discharge plasma had a significant effect
on the degradation of OTA , and different treatment conditions resulted in a degradation rate of over 90.00% for
OTA. The degradation rate of 50 pg/mL OTA was as high as 99.21% when OTA was treated with 75 kV low
temperature discharge plasma for 5 min. There were no significant effects noted in physicochemical properties,
protein concentration and color difference of seedless white raisins treated by low temperature discharge
plasma (P>0.05) , and the aroma components of seedless white raisins were also well maintained. Therefore,
low temperature discharge plasma treatment has a significant degradation effect on OTA , and will not affect the
quality of seedless white raisins.

Key words: low temperature discharge plasmaj;ochratoxin A ; degradation effect; physicochemical properties;

aroma components

7] LA
RIR,KBE,ZL#,F REBALFEFRAE S M EEE A BRARATEZGR G T ERGH Al &
A5 A ,2024,45(6) : 16-22.

FETH < B K HRBIEIE T H (32060574 ) 5 8 4 5K H AR X s A RHTRIT H - (XJIEDU2020Y015)
VEH I KSR (1998—) , 8 (B0 , AR HBF e A, BR8I35 28 4
SEGIER  TIE(1984—) 2o, Wl 2z -1 o ge i i s R 5 % 4



ERBFR

RatRSHR

202443 A
FAasEEH

17 —

ZHANG Wenle, ZHANG Shaojun, WANG Yinuo, et al. Degradation Effect of Ochratoxin A by Low Temperature Discharge
Plasma Treatment and Its Effect on the Quality of Seedless White Raisins[J]. Food Research and Development,2024,45(6) :

16-22.

RS E A TR EER O EZ —, LR
B R A S R S O A T, — TR E
AT 3 b R B P S ik R A A T N LR A R
ORISR P AN, R 2B S
A THEAEFEENEFRY I, 2 TR 5
Tz —R, JCA 4% T e 2 T it o 2 7T A AR 7
Z— EE# RN AT HA WS R 7R
THOFAE I TR R R v, W 5 & B R R AR
Yo PR R GAR B = 0 7= A Hob DU i 85 7 R
P, M EEREMMER N EEN —LE
HPE ARG B R, SIS A TR E TR
45 A B.C.D & 7 Mha5 2 Imfb &9, Hohifv ih 2
75 2 A(ochratoxin A, OTA) V5 Yt Jy i 7 M feit
P A AR RS, R, OTA HA = H
FE FEEE B L AR R, I, 3R 5
— PR A B AR e B R H RS
X TG A 11 28 B A R ) b T R AR
LR A TR S A, B RO R A A T &
JE H R A AR 2R ) S ) R

H AT Tl b FH e R e o R B 1 R R ) % T
AR A B 0 A T SR T A A BEAE A
04T A 7 il B TR T AR ARSI B 2 38 BIR i
L [n) RS AR A5 B TR AE Ry — OB 2% 0 AR FAOK B
AR, B AT X W B R N G R R B A
o LA LR SRV T B LB R TE B STk R
T E RN I 02, AR B A e —Fh A 2
BT T DA R 3 B DT A T A R ) R R R
BRI A TR R A] P A ELTR R R, AR S I T
T 37 B S 314, S5 s (A v ) 76 4 40 o R ik
THEWT 2L P AR EE B TG B 171N 93T W0 J5 DA T 4 A
PR RE RIS, AFSEUE A IR 25 B IR BB KIS R 0o fE
AT (1 B R B, T R R i AU T iR ) TR R
TIE SR A IE ARSI ER B, A OTAUS, PR (IR 55
B RTERE i B S R TP R RCR B A BN HAE
N7 FF) R S 3 A7 Ak B A 0N A AR AL oS T A ) )
M, AT —FP R AR L TR B RO A
BT o I B A R A R R Bl T K R
T A A 7 R0 el i R R Y ), B
TR K

Li 209 Wang ZF204) 38 T —Fli L R 2 34957
LA A I A B A 7 A X P A T A I T I L i

7 H— IR M RRIR 45 44 RE IS PRI AL S R RE L 32 = 15 1k
Yt AT A SRR K S TP AR, FE LR I
AT R A B4 AR TR SR Y T I S AR A
5 BRI AR S A A e s AR P A 150 R AT B fioh 2 22
AR, 77 A KR TG PR R, RE NS A KT % A
% A,

W F I, AR SR FH A s SO0 TAR AR R AR IR il
LS B TR R A OTA, WF 9% 55 B 7 1 AF AN [n] 4ch P A
[E] AN ) R HE RUAR [) 400 G v B T 6 B A 8 2R 11 R A
T, IV AR I IR A H A5 R A B TC A R A T
PRACFE bR B 25 TSR 1 52 M, LAY R AIG IR 45
A B A A TG 2 R R A P 0
FHARHEHR 6 245, o 5L v BT B 2 R A 4 1B
Y2

1 #MEE5FE
L1 ARG

Tz EAE T AR TR0, TR A wEE T
RN —  TeHUBAR s , T & sUE s . Tok a4 1
h AR AR R A H

R FE R A (LERE 99.8%) « 1L PG 5 AL 52 5 A5 R
AT CNE (& al) AEHE JER IR R B
i I PP RS EE A BRI EN R (KSR A Al ) - R
oA 22t A PR A s R ACE IR B LB L =
Pt AL (B A el ) KT LIRS 40 1k 2= b
KA R T 5 JOKBRER G (3 A2l ) « REiOEEFHUR
JEAT PR 5 SN BE (O3B al) : REETT AR A 0L A
BRAT]
12 U S5

PRt A5 8 1A S UK TR SR S AR (DBD-50) « 56
[l 2% pg 4 w5 S AN AT DL B T (CN6IM-752) - Jb At
T ISR BRZA ) 5 v OB 4,354 (LC20A) (In-
ert Sustain C18 @1%4: (100 mmx2.1 mm, 1.7 wm): HAR
Sy (b ) A R R 5 S A3 - BT 15T (gas chro-
matography-mass spectrometry, GC-MS) (7890B-5977) :
2 SEAR R BRA 7] s AR @A 22 L (NR10QC)
DRI = R R PR 7] 5 7K 23396 B I s A (AW -
60) : S VLT AL A AR AT BR 2 ) 5 R 7K 730 7 AR
(FK-16A) : &[] 3 A7 A 0 5 45 A BR 23 /) 5 o 23 A
K- (FA2004C) CKSBE 0.000 01 g) - L A BRGETHAL g8 A
AT,



2024 4E£3 A
LasEE M

RattriSHR

ERtHrR

1.3 ek
1.3.1 IR 55 B 1R Ak B

LT R S N R A 2 N =W ES R NS
FR o

= 15000 =
. R AVWAWE GE
ﬂ?/ﬁ%% puui) (i) Stame. ia m k- 0 =
: 2 75000 -005
[mi = =
J 0.10
-0,

1 REBEEBFHEREFZRGTEE

Fig.1 Schematic diagram of low temperature plasma reactor

system
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OTA PSRRI
132 AFEFZEXT OTA B8R R
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1.3.6.2 GC-MS 4/
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Fig.2 OTA standard curve
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Fig.3 Effect of different treatment times on the degradation of
OTA
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Fig.4 Effect of different OTA initial concentrations on its

degradation rate

i 4 ol g, 2RISR e R L B OTA #IlR
WL R, OTA FEfR 256 L THE TREaE. Witk
We ¥ M 10,30 pe/mL 19 OTA [ fift 5 75 ik (96.26+
0.45)% .(96.52+0.13) % , WU R 50 wg/mL 1) OTA
TEMFI 2 F R BB AR AN (90.79 £0.43) %, 1 L, 24
i H H R 5 AR B fR]— 2 B, OTA IR IRAE 10~50 pg/mL
T HE NI, OTA (¥ B2 IR A A AR Bl o X 55Kk
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Fig.5 Effect of different discharge voltages on the degradation
rate of OTA

L HL R R 25 kV I OTA R AR 4 (90.79+0.43) % , il
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2.2 N[ ()RR I 50 R A5 S A A B T A 1 A
T HRALFE bR 1 52 0

SR BIEZE S [R] OT A PR R i X A% 11 46 28 i
JOT )55 M, SR PRV T 30 P 45 88 1P X JE A 1 i 4 T A
P 0.3.5 min, Zat 0.3.5 min {5 J5 50 HL 25 85 1A 4k
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Table 1 Comparison of the quality of seedless white raisins after different time treatments

Qb B Al E R . e Vi frm/ . . -
- O JEE A A =) S TR R ST RE (A A=)
Bl min SR/ (mgle) W R B % ER%e PTER% (mg/100 &) WA 1% KTEEE (Aw) KA /%
0 4.625+0.082 27.172+0.018*  73.824+0.441*  0.073+0.003* 7.486+0.216° 0.144+0.001*  0.204+0.001* 4.03+0.16°
3 4.656+0.136*  27.172+0.031*  73.604+0.315*  0.075+0.001# 7.562+0.111* 0.144+0.003*  0.213+0.007* 4.08+0.22¢
5 4.688+0.054*  27.182+0.007¢  73.609+0.564*  0.073+0.003% 7.343+0.120 0.145+0.001*  0.191+0.001% 4.00+0.32
BN ARG FRERn R e 22 5, P>0.05,
RAHE 3.5 min J5 , T OEA TSI REA L TEaENZm

A A B 22 55 (P>0.05) , X Be 25 L 5 ]
R TR A5 B - A A L TN T 4 5 SR AR 01291, 13 B G L
TR A5 S TR A BN S S B S bR A A oA

AR 0 L A5 B AR L 25 KV B9 L T Ak
0.3.5 min J& W JCHE R4 T B9 AEL I ER 2 B .
Xof BB i 2 oS 28 (VR IR R FL 5 8 - AR Ak B A TE A% 1 A

2.3 NIRRT R AR BT E R e A
®2 ARHEEEHEEETFHRLREELZAHETRFNOMLL

Table 2 Color comparison of seedless white raisins after different times of low temperature discharge plasma treatment

Aob B 1) L* a* b C* H* AE*,
0 43.222+0.914 3.751+0.358" 21.093+0.558" 21.444+0.579 79.546+0.849 48.290+0.822+
3 44.526+0.623* 3.877+0.342 21.584+0.547 21.750+0.451* 79.528+0.528" 49.072+0.348"
5 43.969+0.384 3.914+0.257 21.269+0.530¢ 21.875+0.598* 79.833+1.155 49.697+0.719

U < [RVBIAR )N B 4 7m o BB 3 P22 5, P>0.05.

t28 2 T4, (A O\ 21.444 TF 21.875, Bk
B AEE T B AR, A BN
79.546 4 ME] 79.833, KB ICHX 1 4 T 28 IR A
BF R BL S A I T A, BEE AR,
M 48.290 I Ft & 49.697 , 33X M 25 JoAZ 14 45 40 T 1) A
B2 MRS T o ARIE AL FL 55 B IR A B TC A P
AT 5 SR WS R FETE , (B B 2
255 (P>0.05) , Ut W JCA% 17 % T 28 3 AR il i 45 2
TR A S AT R R B R (2 AN 23 Bl Ak H A
JE) B4 I K T A R
2.4 ASTE] B [ I R A PR A5 S R Ak B X A T R
AL A P 5 R

P MR 0 0 2 1 B o 3 ) 2 % T e 1
F3 32 B B[] X6 4 R M 0SB AR A 7 RO, TEA%

2] TR 31 AR A BT, S5 R AR 3 s

3% 3 AL, oA A T R AP R Bk R
[EPE st = o E AN T SN e SN e S T e DN ES
B PG AN [ B PRI P 55 8 1 (R A LS
o FV A T A S N BRI T R I
BERY 5T P BT, Hrh PR 3-WE TR . &
M2\ 3-FAE T O (Z)- 2-PEME \3-FBE-2-T /% (1-
O -0 -3 9 R S5t by JC A 1 4 % 1 1Y 322 X
R 57,

&3 A, 5 0 min ZbBLAAE SR AR L, 3.5 min
A P A% R4 T P 8 AR TR (T T R 2 4 o
(AR i A B AR . To A A 4 T St KR
L AE B AR RS IR B rh 3-H R TR . OB
FRR U R, MR R 2- 2 IR IR
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Table 3 Volatile compounds of seedless white raisins treated by

low temperature discharge plasma

57 ek i AR & 1%
i R {%E?n‘jjl‘lgl/ O min 3 min 5 min
[i7gS 7 1.692 831 1243 12.07
Yl L% 2401  40.60 45.54 42.57
3-HAEET R 8301 322 273 198

iz 10.081 0 179 1.76
CR 15.600 1047 7.16 6.54

BRIR 19361 071 0.86 0.63

2-Z KB 21293 0 041 0.63

FIR 23919 041 040 0

[ 3-FHE T 3329 206 2.14 203
Py O 5907 656 6.65 5.90
(7)-2-Pis 12711 430 4.11 257
KR 17.011 0 0 044
1-2. -1 H-RE I -2- R 17.305  0.47 0.54 0.44
(E)-2-7-Js 17.810 047 043 031

T 20.112 091 1.62 1.13

S 25.063 0 040 O

ke 3-F -2 T 3.468 345 216 4.03
L/ 3= -1 T 4.152 0 069 0
1-e s 5.052 0 0.80 050
1-CL % 8750 370 297 2.64
1= -3 13916 427 3.05 218

2-Z.HE-1-C 16456  0.55 0.65 0.63
(E)-2-"F -1 18389 1.59 1.13 0.78
21 18.444 0.67 1.13 0.78

(TS 6-FH JE-5- e -2-
W 3,4-HRE-D, S
2,6- BT FE-4- 5034 3
K2, 5- - 1-fR

5-§58%-2,2,6,6-DUH H-4-TF
BERR O M -4-05-1, 3-

14305 1.47 1.00 0.98
16.877 1.14 0.94 0.70
38.033 034 1.29 1.29

39.609 045 043 045

HoAh A SR G 10720 1.84 1.77 2.00
L) 3,5,5-—H -2 13.618 187 1.97 1.59
T R AR 28.137 0.58 042 047

B BTt HAd b O L (2)-2-PiE 1-C B 1%
I5-3-B | (E)-2-FM-1-BE 2, 6- T He-4- 32 5k -4-H
FIAC -2, 5- M- 1-F L 6-FF BE-5-Fedi-2-F (3, 4-—H
BE-2, 5k il R & AR AR AR, AT RE R R O R4 T
2 1o AN () B AV AR 50 P 55 5 A Ak 3R 25 2R o R
AR B RAR  FHAbR 3 R AL G IR ) T AL
Fr, R H B A8k

3 Tt E4%ie

AT 5T R PRI 5 A 55 8 1R X OTA #E47 5
AT X oA VA 2 T S s, 25 53R I LI
TR L B S RO R A B A3 OTA A e fige S5 SR

o BERE RIS B TR B ] A3 OTA i e
WA, OTA £ 25 kV 55 B F iR 4L # 10 min, 50 pg/mL
) OTA [Ef# 3R AT I8 99.12%; OTA IR AE 10~50 pg/mL
[P R 0 16 v B RIS OTA B ff Rl =, OTA 4
25 kV 258 T KA B 5 min, 10 we/mL B OTA FEf# %R
Al 3K 96.26% ; JiCHL HLFE X OT A figt 2 5 ik B 3
I 5 A1 30 55 B M F FL TR 38 K, OTA B AN B
AR, OTA 28 75 kV S5 B TR AL FE 5 min, 50 pg/mL 1
OTA PR AT 99.21% AR MR 45 B 1A b 1T
ToAZ R T B BRAL ML I R VR B 25 1A A
FH M (P>0.05) 55 0 min ZbBE A FE S A L, 3.5 min
Ab B TCAZ A4 T R A R A R (R 2 ) o
AR ARG 2 fa A L T S AR A, FErh AN S R S o
LI R R b T, — S ST MR AR AR AL, R
BB DGR TR RS . X g R AR
JCFRL A5 B TR AT LU RO R OTA, I RE DRI IO AZ 1
A T P BT K PR o AR IR TR
SR TRKTE OTA TS, Jn SLih i 2k — 2 Ak
I AR, TR R AT 53T, AR H 4 g 1
TR B A TR PR FH B A DTN St T A A
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