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Degradation of aflatoxin B; by low temperature discharge plasma treatment
and its effect on the quality of Amygdalus communis

ZHANG Wen-Le, ZHANG Shao-Jun, LI Sheng-Jie, JANG Jun-Feng,
WANG Yi-Nuo, WANG Jun-Yan, WANG Ying’

(College of Food Science and Pharmacy, Xinjiang Agricultural University, Urumgi 830052, China)

ABSTRACT: Objective To study the degradation effect of aflatoxin B; (AFB,) by low temperature discharge
plasma and its influence on the quality of Amygdalus communis. Methods AFB,; was taken as the target toxin. First,
the degradation effect of target toxin by low temperature discharge plasma at different treatment time, different
voltages and different initial concentrations was studied. Second, the effects of low temperature discharge plasma
treatment on the physicochemical indexes, color difference and aroma components of Amygdalus communis were
evaluated. Results The degradation rate of AFB, under different treatment conditions of low temperature discharge
plasma was significant. When 75 kV low temperature discharge plasma was used for 5 min, the degradation rate of
AFB, at 50 pg/mL was 95.03%. Low temperature discharge plasma treatment had no significant differences on the
physicochemical properties, protein concentration, color difference of Amygdalus communis (P>0.05), and the aroma

components of Amygdalus communis were also well maintained. Conclusion Low temperature discharge plasma
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has obvious degradation effect on AFB;, and has no effect on the quality of Amygdalus communis. This study is

expected to provide new ideas for the degradation of mycotoxins in dried fruits and a new way to ensure the food

safety of dried fruits.

KEY WORDS: low temperature discharge plasma; aflatoxin By; degradation effect; Amygdalus communis
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& H AR (Amygdalus communis LYy iR 28, 5%
B, BE T BERIEFCH IR DUR TR, B HARW E PR
Lo RS GEis e . R, BHAERE
B, A REARFBRNIER, JC LA ER I RR R S5 AN 1
FRE IR & e ), FE B HOR MR . T, ANz
BT, HRZPARBFRMTGE, UEhERERENE
W, B E BTSSR 24 B, By, G,
G,, HrpLl# i E# & B, (aflatoxin B, AFB)) IR fR %,
AT BN JERE R rpoA b 2 854, gt SR LA ZH 41 (World
Trade Organization, WTO) ¥ #i iE B 5T H1L #4 (International
Agency for Research on Cancer, IARC)F! h—Z ZUa L.
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HEE TR RBER R AFB, . R, KRS FIRER
i L B BE 2 I RUR B R IA, (B HAE I R A
Ab P A/ INFR R AL AS B %) 100 0 4370 4 5 P 55 8
FURTCEE XA S R AT IZ B R, A o B e A
TR AVFHCE RS B BUR N IR R —Fh R A 6
RFRCR . HRTREREME AR PRI ES KRNI,
HA BT AR DA R R [ 2 AR AR 7= A B rho fh 25
BERVG Y, HESh TR AR .

2011 4, LI %P WANG %1 3 7R e 1y
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RERS A ISR o P BT B e 2 24 S HeA R
PATCRL, AR SRV T L A5 B A A S SR T A A H i A
3 mLPMEESE] 500 mL, MR T: T ACIAE S .

ST, AREFFE R LS SO TAE SR IR T S AH
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NR10QC Tz a2 AL (I T =R R A FR A w); AW-60
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Fig.1 Schematic diagram of low temperature plasma reactor system
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TEHUE IR H 25 B AL BRI 00 3, 5. 10 min,
& AFB, WU SR 50 ug/mL, O HL R 25 kv, B
SEA R AL TR ] % AFB, B A 5200

(2)/R[F] AFB, 1) 1 i B Xof L8 A s SR B i)

IR Bh Mk H 50,3010 pg/mL B Z i AFB,, ik
H HL TR 25 KV, AbFRRFE] g 5 min, BFSEA R AFB, #0046
JE o A i 5 TR B R

(3)AN [l il B L FE X} AF B, B AR A SRS i)

TR UG IR AR F 5 B AR L L Rl 25,50, 75 kY, 4
i AFB, WIHAYRIE K 50 ug/mL, AbFREE 5 min, BFE
AS[RIAE BT E] % AFB, R 5 SR i 5 i
1.3.3  AFB,; Mg 2R B E

(1M mir Ak 23

BB E B 2 mL 2RI 24 h, RIS R
SRR L) 5 R A RGN AFB, & 1.

()M AR A g O A5

% Inert Sustain C g (4j%F(100 mm*2.1 mm, 1.7 pm),
FEWR: 40°C; FRshAH: sK: OB+ EE(50+50)=(50:50, V:V);
WiE: 0.3 mL/min; FEFER: 10 pL; R IK: 365 nm; &
B 436 nm.,
1.3.4 FHIEAIEARN Z

PR M AR (vitamin C, VCYRH 2,6- S el 7,
IR FH BE MR 2 e 2 S S DO SR FH 2R AR T
FETEI Y, BT R AR R A kD e Y, R vk
I sE R BCA BOHIEDY, AR & BRI B Rk, MR
M BRI 5E 2 B8 GB/T 5530—2005  ShAeHriiAg MR IR

ME) 5 BALMEIIE SR GB/T 5534—2008 { ShAEYih
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*__ -1 b*
H "=tan (?) @)
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1.3.6 FH4RaynE

(O)ERMAE DI &5

BB AR MR FRAE(4.020.1) g, BT 20 mL Tiizs
P, FEATF 10 min 5, {4 FHREAHELE 80°CALHL 50 min,

QYRS Fg I A S

LT B IR H T REHE N 70 eV, HEEEIREE 260°C,
BFIE 230°C, PUARAT 150°C, Bhm#k 250°C, HHTLRE
m/z 35~550. AUk, 23 He, Jiii 1| mL/min, FHR
TR LU 40°CH#-4F 5 min, 3°C/min FFZ& 120°C{#4F 5 min,
10°C/min F+ 2 250°C, 1445 10 min.
1.3.7 IS

FiA LB R 3 R B FR B BEAR R 2, SR
JH SPSS 19.0 X HATE T 4rHr, H Tukey BB 2R
(honestly significant difference, HSD)#: 5 X £ Ha 174341 o
A PREE L 25 RAE P<0.05 Bl A B 25, SR A Origin
2018 FEATERA Mo

2 HR55%

2.1 AEIFEZEX AFB, EESIRAFN
2.1.1 RELIE AT AFB, B ff 2R 49 %0k
FESEIBEE R Y, Bl (R 55 B T A BT TR R,
AFB, P S T3 4031 3 min i 50 pg/mL (¥ AFB,
R R AN (30.38+0.78)%, 7E 5 min [} 50 pg/mL 4 AFB, 7E4H
[E 41T R 2R 15 510 (81.28+0.13)%, 7EALFE 10 min B
50 pg/mL ) AFB; IREAE34(90.87+0.11)%. AT L, ik
H L R 5 AFB, WA B — &, 7E 0~10 min fALFR ] P,
AEPRET R AFB, MREAFCRELTE, HALREAS A 3 min
B E 5 min B, AFHCRAHE T 5 min #5K 10 min BT
fiff R B i B2 1 (P<0.05).
2.1.2 RFE] AFB, #0144 R E AT H TR 2R 69 % o6
FESLHG e LN, B AFB, )6 v B (36 K,
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AFB, PR 2T BT MW 10 ng/mL /Y
AFB, A% 5 35(66.72+0.04)%, WILEHEE N 30,50 pg/mL
W) AFB, 78 A A 2 44 T B B i 3R A K (25.004£0.04)%
(30.38+0.78)% . AJ UL, 47 W & 5 Ab B A (8] — &2 B
AFB, ¥ AE 10~50 pg/mL J5 Bl NS, AFB, (¢ AR R4 At
R AT (P<0.05).
2.1.3 TR %8 /EST AFB, B F 20 R 69 %k

T ST 18 3 LN, B AR TR A5 B A H F TR 1Y
K, AFB, RS B BRSSO R 25,50 kv
I AFB; K30 (81.28+0.13)%., (87.58+0.01)%, Jift HLHY,
&R 75 kV B AFB, 7 #H ] £ 18 T 09 B A 238 08
(95.03+0.08)%., AJ WL 2 i [A] — 7 f, ilCH H R R, AN
WILRV BE 1) AFB, BB AL — 2D o aT L, YA S ]
55 AFB WIHRR BE— €I, 7E 25~75 KV A0 H L R G B A,
TCFL B R AR K AFB) BRI BT

22 REHEEEFHLEXMEERCEHNIELIE
FREVEZ

W5 R B IR 5 Fl 55 8 7 PR AL BTN 3 min B
K2 5 min B, AR ET 5 min 3K ZE 10 min B FF
fiff 7 % I i 1R (P<0.05) . DRI, WS AN ] Y AFB,
R A A of T AR B O TR R N, FE R SR L ELR A R TR
Fu B, R 0. 3. 5 min AR JEHHL 258 T4 2
BHRA AT Ab 7

2330, 3. 5 min AR S B AU A T ER,
SR 1. HFE 1 AR A SRR R & T
WAb R, ASITEEAR TR A AR B AR (P>0.05), X EEL,
R 5 VR I 55 B P A A R e I T A 2 SR AR, (3ERA 25t
IR F 5 B AR IS AN S o 6 SR BRAL AR A 2 R A o
23 REMEFEFHRLEMSEERCERSEN
=AU

A5 I fe PR AR (UE 562 nm AL B35 KI5 W,
It B EATARMERN R 2kl . AW, iENEAWRE S

W (B S 2R M A 56(r7=0.99979), HZ&1: X2 BT, 4k
[ 7 F5 S Y=0.16801X+0.02895[Fr X GG, ¥ W&
151 2 Y (mg/mL) ]

HR A2 [m1 01 5 R S5 HR AR VAR BB AR S H 5
BFRLL 25 KV B HEANEE 0, 3. 5 min J5 B EHR{
B 1R 4> 51 9 (8.9691+£0.070) . (8.9346+0.199) |
(9.1188+0.139) mg/mL . 15 B AN [7] b 33 [] 4 i 19 W S B
B R R M 25 5 (P>0.05), & R R AR B
4k,

24 REMBFESFHRLEMEBEEAR CEFHNZME

222 WO T Zad (R IR I 48 8 TR L 25 kV B
HLFEARFE 0. 3. 5 min J5 M9 B HR{ B @Ak, XA
B R A IR O A B IR B B BUR A R o
LR RE L Y SEE, @' b4 ) 36 /R 41 40 5 4 5 B 3
ORI, R, "R @A, L.
" b A AE", (LA bR e B EUR A ALY B4
BB A [a] st Te] R S P 46 8 A A LS B AR 4% 33
AR R R AR U, BRI 25 5 (P>0.05),
B B LR A 2 e I R R A5 S A b 3 S AT R A O
FREIF I 0F, B R ) € S 2 Bl 5 Ak BRI [ )
K & A s
25 REMBEFETHRLENBERCEEURN
A1)

B EARC R R B Z, R A AR TR
BONEE, NMUFBEIR AN A 2R R T %
3 AL, AN MG A F 55 B PR A 3R] 7 B ELR v
T FEONWESS . ek BRI BRI, MR
T i W RS 0 T, R B BRI R, Hh S
B SR RO FE R AL S B R
B BRI R R IR R AN R TR A B HAT
BRKIRAESPY, B — I B T AR A, X
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1 TR EAIERE BB AR IERIR
Table 1 Comparison of the quality of Amygdalus communis treated at different times
ALFRES ) /min - ERH/(mglg)  BAEMEA(mg/e) A (gke)  BT% W% HEARY% KONEE K TE%
0 1.72+0.01° 250.30+0.20° 1.03+0.01° 0.44+0.01"  52.78+0.17" 41.07£0.50"  0.22+0.02° 1.47+0.01°
3 1.72+0.04° 250.00+0.10° 1.04+0.01° 0.45+0.01"  53.22+0.59" 41.85+0.54"  0.24+0.04" 1.54+0.01°
5 1.72+0.01° 250.40+0.26° 1.04+0.01° 0.47+£0.01"  53.29+0.43* 42.54+0.54*  0.22+0.01° 1.24+0.01°
T SRR NG TR RN AR BB # 22 5, P>0.05, TIAl.
®2 TREMEMRENEFE FHRLEEFEEREFNEL
Table 2 Comparison of Amygdalus communis color after low temperature discharge plasma treatment at different times
b BR8] /min L a’ b" ¢’ h* AEy
0 46.972+1.42° 18.408+0.80° 33.857+1.35° 38.538+1.40° 61.467+1.50° 60.775+1.49°

3 47.044+1.80"
5 46.994+2.50°

18.457+0.74"
18.483+0.50"

33.932+1.30*
33.969+1.50°

38.627+1.41°
38.672+1.50°

61.456+1.42°
61.449+1.45°

60.890+1.64"
60.834+1.60"
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FIWET 0. 3. 5 min P FEERMEAS YA AT BE SR R TR T F A% S A Ak BRI A A S A AR B A
XF e, AR E R I S T AL B T RS FENIAL RO, A B R R A U R M I ke
BRI . 5 0 min BUREARAHEL, 3. 5 min ZRBES B H R AT, L EUARAT R AR A R TR A B, R
TR RER A I . R . BRI L. A IR SR REN T RAFIOR T, S H AT I R 5 3
R, B ERAT IR e R Y B, X FE.
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Table 3 Effects of low-temperature discharge plasma treatment on the relative content of aromatic substance from Amygdalus communis

K 5 TR ﬁq‘l‘zﬂ AT /%

/min 0 min 3 min 5 min

2 5T 3-FOL- T 2.759 1.60 1.46 0.85

C 5.864 6.17 11.30 5.85

B 10.076 0.00 1.90 1.27

A 12.813 1.53 2.19 1.85

R 15.023 0.00 0.00 1.46

KL 16.997 3.71 4.49 3.60

T 20.120 7.48 22.45 20.94

ZEE 25.057 1.24 2.32 1.36

eyl AT b 1.993 3.45 3.35 2.52

L5 14.893 8.35 3.10 1.60

2,2,4,6,6- 11 F JE-BE 15.060 16.38 8.56 8.86

4-FHE-58 )¢ 17.779 1.88 2.83 1.70

2-HRE-28 )¢ 18.063 0.99 0.00 0.00

3-FRE-28 )¢ 18.393 0.61 0.00 0.00

ke 19.869 1.35 1.12 0.94

4-FH-A—he 20.699 0.00 1.03 0.00

3-HUEE-+—k 23.289 0.75 0.56 0.51

+ ke 24.732 1.35 131 1.72

=k 30.957 0.56 0.00 0.00

+ Pk 35.539 0.64 0.00 0.00

BRI 5T Z RN 15.673 1.47 0.75 0.58

CLRR T TR 24.369 1.39 0.00 0.55

2-HI 3L O 3 T R g 26.884 0.54 0.37 0.00

PR 55 R S AT i 46.938 4.61 0.00 0.00

AP R T 49.791 1.14 0.94 0.70

FE ) ot 1-C 8.709 3.62 3.99 5.28

1-BE e 13.508 0.00 1.62 1.70

1-"F -3 13.946 1.21 0.00 0.00

2-2.HE-1-C 16.412 1.87 1.97 1.59

1= 18.532 2.41 2.64 2.87

1- T 23.434 0.00 0.00 1.32

FoAth#y Jot =R 3312 2.80 3.26 0.00

2,5- F Jk-nik g 10.682 5.78 5.79 532

D-FriE i 16.171 9.21 9.53 4.96

3-2.4k-2,5- T H Lk 18.854 3.42 2.14 2.24
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7T H L AR SRR . S5 SRR, R A5
AR RS A% AFB, FREMACR B3, A IR SE B F
PR RIS G, AFB, FEA#SIS R, AFB, 4525 kV 55+
PRAEFE 10 min, 50 pg/mL F) AFB, FEf#2R 7] 34 90.87%; AFB,
VA TTE 10~50 pg/mL L FEI Y B, AR VR BE IR AFB, B fig %
5, AFB, 4 25 kV 55 85 F AR 4b P 5 min, 10 pg/mL ¥ AFB,
FEMRRTT IR 66.72%; HUHLHLIEXT AFB, M 500 i o i
i, BEE IR B R B R3S K, AFB, PR AT
H4R, AFB 2275 kV 5585 T L P 5 min, 50 pg/mL ) AFB,
RS SR AT 3K 95.03% o AT HE 46 B AR A BT B2 LR A 1Y)
PRAGPERT . BRI | (022 B A B 2 (P>0.05),
HAR W ES B E T R R X Ee2s TR UL
TR R B TR LU SO A AFB,y, JFREARHFEL BOR
(BRI S5 R G RN S A9 5K A5 O i o 45
SRAFARL, F o8 o 2 AU T S 000 45 3 Ik, b B AN
A FE A FH A S AP A 5 BEL P R A5 3 I, R 9 Tk
HLIEXS AFB, BRI, A B R 15 3] T Kt 4
T DA BE 3 BT SR B 2 A R o ASBIE S X IR PR 5
?Wﬁ@AHﬁﬁ TS, AT B — s

o XTI T A3 BT, SR A TR H A B AR £
m@$@%&kéﬁﬁm&hiﬁmﬁo
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