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Abstract: To evaluate the inhibitory effect of plasma activated water (PAW) on Fusarium oxysporum AF93247, the effects of preparation
power (0~1.18 kW) and preparation time (0~420 min) on the physical properties of PAW, effects of PAW preparation time (0~60 min) on
mycelial growth and spore germination of AF93247, and effects of PAW treatment time (0~60 min) on the rotten rate and quality of green
pepper were investigated in the work. The results showed that the higher the oxidation reduction potential (ORP), conductivity and temperature,
and the lower the pH value of PAW were obtained by using the higher the power. At the same preparation power (0.90 kW), the inhibition effect
on AF93247 increased with the prolongation of PAW preparation time. After the treatment of PAW with 60 min preparation (namely PAW60),
the inhibition rates of AF93247 mycelial growth and spore germination were (15.00+1.14)% and (54.44+5.03)%, respectively, which were
significantly higher than those of other groups (p<0.05). In the storage experiment, there was no significant difference in the decrease rate of
color difference (AE) and hardness (H) between the PAW60-30 group and the control group (p>0.05). The rotten rate, loss rate of chlorophyll a
and total chlorophyll of the green peppers in PAW60~30 group were significantly lower than those of the other groups (p<0.05). Therefore,
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PAW60 had the strong inhibitory effect on Fusarium oxysporum AF93247, and PAW60 treatment for 30 minutes could effectively inhibit the rot

of green pepper and maintain its quality within 14 days.

Key words: plasma activated water; green pepper; Fusarium oxysporum; inhibition

SR FARTEIL K (Plasma-activated water, PAW)
FEFRIB ISR/ HR BK SR TH 3 T 55 B A T A3 21
WA, PAW SR H AT EAE R TR AR, Bk
GRIFREEAR, HERMEEE. XK, SRS
FEIHRRTIRNEN  AEN— P B S AL AL Ak
HE A, PAW BAEWA S &= & SRRt
BT pH ARSI R i A v e P, e
A S R OREE R TR . TR K BRCE R AT
55 THI PRI P 4% 52 g ),

FEIE 21 20 4F B, &5 S A SRS T SR
A, RHSEZ, EE RSN TGRS
TR RS GO, FHD B, KR GiR, &
wp) VO B3 G, DR ZENEH. K
FEEA S BRVEIERE. V0T ] BRSSO R A B 41|
R bo RT5F PAW XHEADEECE R (. 24
BRI BRI iR, UHAERR (. &
WO WIEBEIRE T, BT JERDEARAI, e
fl ) ST ANERAR TR ENM AR S DARIBLAL R FH 4 i)
A, 43 PAW FIBIETE5 8 A A A B IE

AR T (Fusarium oxysporum) Ja& F o025

(Imperfecti fungi)  MPEfIH (Moniliales)  J&JH:
B} (Tuberculariaceae) - # I J& (Fusarium) ,
P & D11 a1 w7 M= N < vk oA ) RS
ArEEREE, kR FE. M. SR AE 1002 F
VIR ZR R A, R 5 R T RS O R )
FHE. HH (Capsicum annuum L.), SiARH#UE,
AAKRB FHBL S e AR, R E
Wi =B ILT e 2 — ), YRRV 52 THE
BAEGit, 20174 E HRF A AL 2390 /5 /. 7
HIAFI3356 /3t, N RS E AL T U
TR, HAMGIRBUR. 5 kKZEE . R,
WA BRI B R I, AU 2 AT

Rk, ASCCAERCAEEL, B FPAW X AR T]
BRI AR FH A ARG o R s, B i it A [ i %
Ty 5 A1 S F] R PAW 19 546 34 B #L A7 ( Oxidation
reduction potential, ORP). HL.S#. {RE. pHEMAE
FUEE, PAWT A8 T BRI 1R 22 A8 KA A P Uk

VRN, W AARER ) R A PR e R R, O]
LT J5 T BUR R AN S SR 52 5 o PP PAWHTI B 2%
F AALPAW ) £ i (B IR SR (], SAF AU R TR

34

BERTHER SRS LA S
1 MR5ERE

L1 AR5 A

B, BT L X R E IR CREHIED $2 4L
IR TIER, Hh E AR OB 0 (China center
for type culture colletion, CCTCC) &Mk, RS
CCTCC AF93247; 2iiK, MR IHKA IR 2 32
fit; DR EHAPELUEE 7R3 (Potato dextrose agar,
PDA ). Ty 48 ) W8 A 17755 77 3 (Potato dextrose broth,
PDB) , T Sl A ARG RA AL S0,
Al R, SR, KR, 4R C S0
aliplh), BB GHA PR A F fR 4.

12 FEF4

PG-3000 7R 5 B 7~ X0 J5 PHL 49 AR Ak PR A A=
R, AR EEETRHAIRAT; as-528 RYIARYH
T, sz B EA A PR A F] ;. ORPIS6HYHL
g, Bl SO RH AR AR CT-3030H %2
1% I REIA AR AR PB-10 pHit, %
PR b AIRAF] IX7RGE E S
SRR, HARBMRE 24t FSH-2A R i
BIAL, HHEE S G A PR A 7 s UHS3002841M7
JHEEE, HAL (FED ARAF; TA-XTPlus& i
PIHENAAL, JE[EStable Micro System”A#]; CR-400
B, e RERIARASH.

1.3 R F =

13.1 PAW #9%)4&

I PRI S5 B8 XA Jo SRS AR R B A s A 3
K13 PAW, RAEZEIIREAIN 05 1. 24 3. 4 F1 5
B4, FHEDER SR8 0.01 3.04 4.0, 4.8 5.6
6.3 A, WRIEDNFRITHEAN: P=UxIxCos® (U
JHLE 220 V, T ASEII L, cos® TN FIEH4 0.85
), FRIRSAAXS R T ZE 578 04 0.56+ 0.75+
0.90. 1.05 f11.18 kW, &L EF4iF/K30 L, 4r
AHEAT 04 0.564 1.90 1.18 kW [IAMNINHL EAEIAALHE,
IRAFH PAW HT ORP {H. HFE. /KIEF pH {EHT
BRI AF93247 FNHIRUR 9256
132 AF93247 H e faiy A F0F 8432 5%



MK EmBHL

Modern Food Science and Technology

2020, Vol.36, No.10

T /KRR T T B AF93247 (R4, IRAR
RN E] PDA R 3R F, 28 ‘CRIG9: 7d, R KHE
FARIIPEGE =Y, BFP2ICHE PDA |, 44228 C
K987 d, AT AF93247 Lk, PRHUESFRIT 9T
WA T 30 mL PDB 1, T 25~28 CHALR; 7746
hEERIR T d, A ER TR,

1.3.3 PAW * AF93247 i £ 4 K 64474 16

RN 0.90 kW, il E] 04 15, 304 45, 60
min, ZRFF1I PAW 73588 PAWO G, PAWI1S,
PAW30. PAW45. PAW60. FIRWIE T HIWEL 50 uL
% PAW THTEFFEE I PDA IR KOk
ISR JT B AF93247 KR AE JIVI R E AN
0.5 cm [APEEFTELRATUF % PAW [ PDA L, 28 'CH;
76 d", 4 2d HT7ae kR ENEEHTE B,
FEZASTAT . 22K 24 i an v XA a5

B /% = 27D 1000

XF: Dy BAHEAR, D & PAW LIPHFHXH
.
1.3.4 PAW X AF93247 54 F0.-F 85 & 69374 5=
%

P4 ANEAZ 0.5 em BB EEFIE] 30 mL PDB
i, 25 CIFE T do IRIESH ™, KBS At
JEHT T EIFR, 8000 r/min B5.0r 10 min, SR /KIEDE
HFIERE 1 mL. 3B 7295 0.1 mL FIA
[ i 45 B 6] ) PAW 0.4 mL, YEAJ, #9981 h. FIREM
FEIREL 5 pL VRGBT EM A b, 25 CHM Ris
7% 3 h, Y BB SAB T K I, B 3 A TAT.
TR R T RIS R A5
e

%’@%ﬁﬁﬂi%m%:%xm%

2

RIEfT IR %R,/ % :%XIOO%
1

R, -R,)

T HE A2/ % = x100%

1

XF: N JaFHLE Ny oF 84 Ry dHBART
FAE;, Ry PAW &HMFETHLE; Ry RERTFTHLE,
13.5  Jo-F FilE T M AT o BARAE VLI

FHAS A £ ) TR] ) PAW ALFE AF93247 11, i1
FR:FEMS PDB M PAW FIARRIEL N 0.5:1:1, 28 ‘CHs
7% 2 h, 8000 r/min E5OYEEHIT, =R FAH 1 mL 10
ng/mL WAL ERE (PD et 30 min''?. 8000 r/min &5
OZBR PLYSE, 25 mM BERRERGE Ml iR, H
POLE B B E R RGN T R B

KR E0x20, il T I MM T MEE, 5
SR SRR A, BOR B 510~550 nm, &5
A 590 nm, MEEHHIE, 73HE3 16001200,
1.3.6 PAW 3 B FH WU 5 Ao 5 R 69 %78
KL

POERASAIT T 120 4~ 20.0£2.0 g, BEHLS
B4 4, R 30 4N HRHIEREIEEE, 2 min f5
FEFEKBZ VG MIK, BT TG T, /£
TR TG AT T — M0 10, #:Fh AF93247 1
BRI 10 pL GREE 1x10° ANmb), R mis) o
WS, FH PAWG60 23 il b #EF ARG T 0+ 30+ 60+ 90 min,
SRIGRE BAARTFRAE 25 CICS 14 d, S0 5 HUE
WA THEIENCE (AT, FER SR
WERE . Ve FIH4E R S EAML

P |9 = U

—————x100%
FHNEL ’

L4 FAmil

1.41 ORP/&. w-3F. /Kikfe pH AN E

AR, BSRAG BET. pH TEX 3R H)
PAW 47 (ORP) fH. HLFZ, /KA pH AEFIIIE o
WEFELE 7h, AR 1 h, & 5 min WllE 1K,
TR EEE 6 h, £ 60 min WIE 1K, FICFAT
W5E 3 =], S5 RECPAME.
142 & FE AR NE

T 0 d A 14 d I HURE S, B ZE05 7 5E
L GEED. a (L) Mb GEED, B 3 NTAT,
FHEAEPIFIAE B 75 0 d A1 14 d (754
DIHHI AR 2 omx2 em B, A3 RO DTEAE ik
ATHERE 73T #R5k: P2, FRAELL 50%, MIRETEHZ 5.00
mm/s, JHFEZ 2.00 mm/s, JREFER 1 mm/s, PHE:
10 mm. BFFE 3 ANFAT, SRAFIEE 25 S TREE (1D
PRARRITHL.

AE =~y AL* + Aa? + Ab?

AE,, - AE
ABy s / % =""2""20x100%

0

H

Hygop / %=

‘4_H°x100%
H

0
KF: AL=L waL e (B E R ); Aa=a pa-a e (LL/5EE
F); Ab=busbis (F/HEER ) AE: 480K 14 d FHREGAE
{8; AEy: 482K 0d HFHAEIAE 1A, Hyy: 8 14 d Fike9ae
JEAR; Hy: F80258 0 d HHGGAEAA.

143 VcAEnE

35



MK EmBHL

Modern Food Science and Technology

2020, Vol.36, No.10

RS2 R T Ve FRAERTZR 2], 1945
i— 70 TR y=0.0448x-0.0142 (R*=0.9918) , Jf
MEFW Ve F. FREGE 10 g, IIA 1% HCL %)
K, EHRZE S50 mL, ELOMSEREER. BCEER 1
mL, JIA2mL 10%HCL, %% 50mL, #£%). A%
KNS, 18 243 nm A 2 FEW 6 . B BB 1
mL, JIA 4 mL1mol/L NaOH A1 10 mL Z&1§/K, &%)
Ja##E 20 min, A 4mL 10% HC1, &% 50 mL,
£ 243 nm AW EBACHEE FISMOEREE .  EiERS
AbIR FIE IR 2 22N R RO . AR b it
T, AEREESIRE (ng/ml) o BIED N AR
HEMH Ve FE (mg/100g)

CxV, xV . x100
V, x W, x1000
Ve, - Ve,

Ve,

Ve &/ (mg/100g) =

Ve, /%= x100%

K¥: ¢ ARfw &yt F ey iR E, ngmL;
Vi: BBsgAAR, mL; Ve B2 288, mL; Vi
FREFRAR, mL; Wy HFHRAE, g Vi FHRIEROd
BVeaE, mg/100 g; Ve HHUER14 diFVed 2, meg/100 g.
144 & ESENE

HERIRREN 1 g TARORE TS H02, BT =M,
B 10 mL 25 (oK SBEFATSER 1:1 IREWD
B OSSR EGEE IR S h, DO E e
AT ARIDERY; DHREGI A IR E A5,
43 FIAE 645 nm F1 663 nm AT E FER IO (A,
Ay o FEARITEEER a S HERE b MM 2R
ROEE, WURESEW (ng/lg) &R, 4ralizan
AR5
_(12.72x A =2.59x A, )xV

W, /(mg/
/(mglg) 1000xm
(22.88x A, —4.67xA,)xV
W, / (mg/g) =
/[ (mg/g) 1000 x m
W/ (mlg) = (8.05x A, +20.29x A,)x V
R 1000xm

LR e | %o = Wio = Waas 1009

i-0
R¥: Wi "t&ZE a4, mgg A KRAE 663 nm &L
B OREAR; Ay KB 645 nm AP RAEAL; Vi RRIKAR,
mL; m: XERE, g Wy "tEE b4E, mgg W o
SGEEEE, mgg. Wi 0d°T4ex (ab/¥) 28, myg,
Wi A 14det4E (ab/&) 4%, myg.

L5 HHEGtT
i F Microsoft Excel 2010 1 SAS System 8.0 3x 1t

36

XIS HAR AT R, B K giit, A RCLFMEE

PR ZE RN 1o HLR 2 Anova 72 Duncan's F2 /72

T2 A BEES T, ARNEFRRINE R EE
(p<0.05).

2 HREH
2.1 4% a3 PAW Hrbi ko o

a 750

600
=0.00

E 450 -o-0.56 kW
= -0.90 kKW
% 300 -+ LI8kW
150
0 1 L 1 L 1
0 100 200 300 400 500
fis} ] / min
b 2000
1500+
£
5
= 1000 -
g =0.00
2 500k - 0.56 kW
-+ 0.90 kW
-« 1ISkW
% 100 200 300 400 500
i} 18] / min
c Or = 0.00 (4HR)
-+ 0.56kW
A+ 0.90 kW
401 «+ LISkW
o
i
I
30
205 100 200 300 400 500
fi} 1] / min
d 10
8
-=0.00
6 --0.56 kW
H -4 0.90 kW
4 « LISkW
2
0 1 L 1 1 1
0 100 200 300 400 500
fif ] / min
E1 TEHIEHZET PANEI ORP (a) « BSE (b) | 1BE (o)
FpHIE (d)

Fig.1 The ORP (a), conductivity (b), temperature (c) and pH
value (d) of PAW at different preparation power
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IR PR FEE K11 2RI T, 55~60 min IFEY_E T8 A
AR EE TR, Hf 118 kW -SRI
AT FFR . DL g5 R SRR B IS KR A
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Table 1 Mycelial length and growth inhibition rate of AF93247 under the treatment of different preparation time of PAW

847 AE/d S PAWO PAWIS5 PAW30 PAW45 PAW60
0 0.50£0.00  0.50+0.00  0.50£0.00  0.50£0.00  0.50+0.00
N 2 2.8740.04"  2.53+0.04°  243+0.04™  2.40+£0.00™  2.23+0.04°
B 4K Z/cm . .
4 5234£0.04° 4.47+0.04°  427+0.04°  4.13£0.04%  3.93+0.04°
6 7.17£0.04*  6.87+0.06°  6.50+0.08°  6.53+0.04°  6.17+0.04¢
6.d ek KArH R /% 0.00 5.00£0.69°  10.01+0.74°  10.03+1.76°  15.00+1.14°

: & # FH 4% ANOVA 7% Duncan's #2/5 84T R F) 4 &0 1) AL 3240 18] B3 H 047, KRB B FEATAN 272 (p<0.05).

a - N b = S c

— d = € i

& 2 TEIHIZETE] PAW ALFR TNHY AF93247 B 224 K15
Fig.2 Mycelial growth of AF93247 under the treatment of different preparation time of PAW
JE: a: PAWO; b: PAWI5; ¢: PAW30; d: PAW45; e: PAW60.

AF932474: 1 PAW0. PAW15. PAW30. PAW45
FIPAWG605) HIALER JG 15976 d, 1 22 25 K AK I A B 2248
KA INF VMBI~ BEE A E K, PAW
T AF93247 (1AM VE 8 5 . BRXTHRZH (PAWO) #H
L, PAWGOOZH B 22 K 5 25 B4 (p<0.05) » PAW/E
A 2 (A AH HE, PAWG0 2H B 22 A K 30 ) 36 A) ik
15.00% , &3 & T PAWIS. PAW30 fl PAWA4S 41

(p<0.05) o FEAMINHLRE SN, Wk d = A
PP, ERET. Bl SRS TR
TESRAR, MK TIHRERY, HtPAWH &
[ERAC, KAEEA 1) & T AE k%, pHIEM
1K, X AF93247 B 22 A4 FHEF- 55 (A 35 SRR o

2.3 %% e PAW 3t AF93247 ¥ B %

e

42 76 9k J) B AF93247 43 4 1 ¥ 48 i PAWO .
PAWI15. PAW30. PAWA4SHIPAWG0Z I AbFE, 557
2~3 h, AEEATHF ORI OISR . ARPER 24
B, BRI IAIZEK:, PAWRTAFO3247#1 185 & K0
HIVE R, PRIEABPAWALERZIAHEL, PAWGOLLTE T
B R R N (p<0.05) , MR B & LT+ (p<0.05) .
WIEB AR, KRS B (7 P AEPTY  fS AR DL B
e N LIl B RN, TR
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FEEEHEN, PAWGOALFE 5 (17 T2 30iRE FE vy T HoAth 2%
H. IRERNER A A AHAHEL, PAWOOHHEH R Z )
BE ST, BIRETFREE AR 2R

K s O R, I S TR R .
A8 DL AF93247 1 22 AN 1~ (1 3 i) &5 B, ik %
PAW 604 T % b T AT 3 U4 1) S5

7 2 T[EIHIETE) PAW S0TE VY AF93247 FaFHE & TER
Table 2 Spore germination of AF93247 under the treatment of different preparation time of PAW

AR PAWO PAW15 PAW30 PAW45 PAW60
R/% 68.94+2.61 - - - -
Ry/% - 42.51+1.36 40.32+2.37° 33.001.84° 21.60+1.93¢
RJ/% - 61.76+3.93° 58.57+4.95" 47.88+2.52° 36.3142.92°
FoF B KA H % - 10.19+8.82° 14.81+9.86° 30.31+4.91° 54.44+5.03"

i Ry ATBATATF K %, R,45 PAW & HATET L %, RAGLEKEIATH L F, JoF 9 L3745 E=[(R-R.)/R;]x100. i&
¥ F% ANOVA i Duncan's 25 34T PAW & 324010 B E W54, READNBFHEATELZFRE (p<0.05).

50 pm

50 pm

50 pm

50 pm

3 AF93247 1B FHIBRARSTEEMMIER (X 20)
Fig.3 Observation on the integrity of plasma membrane of AF93247 (x20)

2.4 PAWGO it - B FH0UE 3 K b i # % vl

%< 3 MM3EHAIE] PAWGO AS[EIACERAT E)2E &5 S MFE RS & R RS,

Table 3 Changes of rotten rate, V¢ and chlorophyll loss rate of Capsicum annuum L. in different treatment time groups of PAW60

during storage

s PAW60 4t 22 B 18] /min
0 (%R ) 60 90
) JLEA 60.00+3.33% 53.33+4.44° 56.67+4.41° 70.00+3.33
AE wis/% 41.24+0.23" 40.89+0.45° 42.0143.69° 46.80+8.02°
H nis/% 83.91+12.71° 78.89+7.06" 79.99-+8.18" 87.77+0.66"
Ve uxs/% 2.49+0.00¢ 6.57+1.10° 12.43+1.46° 32.42+0.90°
& anesl% 58.41+0.28° 9.38+0.29° 21.71£0.38° 15.5140.68°
"HEEE b ass/% 55.66+1.78° 27.46+0.51° 19.40+1.18° 14.33+2.78¢
Brt S F enl% 57.59+0.33° 15.06+0.00° 20.87+0.49° 15.70+0.63¢

yE: 1B f| #F % ANOVA 7% Duncan's 25 347 R Bl AL SR B R 20 18] B EMAT, TR B FERFHE £ZFEFE (p<0.05),

FHUEF IR T AF93247, 24 PAW60 4b3i
JEfifi 14 d, SR TEAR RNk 3 FOEE 4 Fy
TNe MHESR 3 455, PAWG0 ALFE 30~60 min 1J AFEAK
FHUBICR, ACHR R 60 min, F5HUE MR
FTbe X EEEE TSR E R IR R A X YL B RHARUES
R SRR ) S 4 SRR A, mTREIR Dy PAW Hh
B R AR B T IR AR B 0 A A — e 1
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AR, ALERR R 2 IR R . 7RI
(6], BlEACEERT AIATAEK:, PAWG60 %2HHN 22
AE e FVREE H e 5XTRAML LR ZEEZER
(p>0.05) , 1M Ve sxsiv# EFF (p<0.05), H4EER alb/
S ¥ B2 TN E (p<0.05). HH, 30 min 4bFEA,
Ve sra HEER a pps LR SR B e R E (KT 60 min
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Fig.4 Appearance and quality of Capsicum annuum L. in
different treatment time groups of PAW60 during storage

E: a~d: IR O0d; e~h: R 7d; i K 14 d; a. e
i: PAW60 Z4:22 0 min; b. f. j: PAW60 Z4:22 30 min; ¢. g. k:
PAW60 4 #2 60 min; d. h. I: PAW60 422 90 min.

3 ZHig

Hil & Tk, PAW [f] ORP. HL 3R A1 Tk
=, pH EBK. [F—Hl&Th% (0.90 kW) K, e
I IEJRERS, PAW XHARFIGRTITE AF93247 FrIHMHIAEH
o Horh PAWG60 ] R EERRIRITRER T E AF93247
B 22 AR K BRI B R %, - BT U240
PAWG60 AFRYLTEHFFHN 30 min J5IE7 14 d, FLANUAD
BEAR T XIEA, HIEWE, Ve fikE, HHEEEK a
PR AT SRR AR BYK 25, PAW60 X2t
PRI AF93247 FI1EAH R4F, PAWG60 ALEREHI 30
min FJ7E 14 d PG 25 BUR O ORI 5 T

[1] ZHANG Qian, LIANG Yong-dong, FENG Hong-qing, et al.
A study of oxidative stress induced by non-thermal

plasma-activated water for bacterial damage [J]. Applied

(2]

B3]

(4]

(3]

(6]

(7]

(8]

9]

[10]

(1]

[12]

Physics Letters, 2013, 102(20): 203701

RS AR AR X558, 55 A5 B A K FE B i ol
FIWEFCHERE)]. B dh TALARHY,2018,39(7):348-352

KANG Chao-di, XIANG Qi-sen, LIU Xiao, et al. A review
of application of plasma-activated water in food industry [J].
Science and Technology of Food Industry, 2018, 39(7):
348-352

Jung S, Kim H J, Park S, et al. The use of atmospheric
pressure plasma-treated water as a source of nitrite for
emulsion-type sausage [J]. Meat Science, 2015, 108: 132-137
LIAO Xin-yu, LIU Dong-hong, XIANG Qi-sen, et al.
Inactivation mechanisms of non-thermal plasma on microbes:
areview [J]. Food Control, 2017, 75: 83-91

Misra N N, Pankaj S K, Segat A, et al. Cold plasma
interactions with enzymes in foods and model systems [J].
Innovative Trends in Food Science & Technology, 2016, 55:
39-47

Flemming H C, Wingender J, Szewzyk U, et al. Biofilms: an
emergent form of bacterial life [J]. Nature Reviews
Microbiology, 2016, 14(9): 563-575
Surowsky B, Schliter O, Knorr D. Interactions of
non-thermal atmospheric pressure plasma with solid and
liquid food systems: a review [J]. Food Engineering Reviews,
2015, 7: 82-108

Kim B N, Yun H J, Jung S M, et al. Effect of atmospheric
pressure plasma on inactivation of pathogens inoculated onto
bacon using two different gas compositions [J]. Food
Microbiology, 2011, 28: 9-13

Noriega E, Shama G Laca A, et al. Cold atmospheric gas
plasma disinfection of chicken meat and chicken skin
contaminated with Listeria innocua [J]. Food Microbiology,
2011, 28: 1293-1300

Perni S, Shama G Kong M G. Cold atmospheric plasma
disinfection of cut fruit surfaces contaminated with migrating
microorganisms [J]. Journal of Food Protection, 2008, 71(8):
1619-1625

Fernandez A, Noriega E, Theompson A. Inactivation of
Salmonella enterica serovar typhimurium on fresh produce
by cold atmospheric gas plasma technology [J]. Food
Microbiology, 2013, 33: 24-29

TR, K, AR AH AL 20 BTG Bt FUE e ). 7
[ 4% 2438 41%,2005,21(7):319-322,337

HAO Xiao-juan, LIU Bo, XIE Guan-lin. Research progress
in biological control of Fusarium wilt disease [J]. Chinese
Agricultural Science Bulletin, 2005, 21(7): 319-322, 337

39



MK EmBHL

Modern Food Science and Technology

2020, Vol.36, No.10

[13]

[14]

(18]

(19]

[20]

40

reDRAEL, F I, B 57 ], S SR AR T 1R 0 LA AL A
FH T B[ A P48 41,2014,41(10):2143-2148
GAO Xiao-min, WANG Ju-gang, MA Li-guo, et al. Research
advances on the mechanism of pathogenesis and allelopathy
of Fusarium oxysporium [J]. Microbiology, 2014, 41(10):
2143-2148

F57 ZFRE KR TF B R RN K RALR T 1
R RO 0], A AR - 0841%,2013,29(12):185-189
WANG Fang, LI Jing, ZHANG Huan. The study on
inhibition of Penicillium, Actinomycete and limewater to
Fusarium oxysporum [J].
Bulletin, 2013, 29(12): 185-189

Go S M, Park M R, Kim H S, et al. Antifungal effect of

Chinese Agricultural Science

non-thermal atmospheric plasma and its application for
control of postharvest Fusarium oxysporum decay of paprika
[J]. Food Control, 2019, 98: 245-252

AR5 AR IRALE TOR {5 53842 T AL R K DI REWT T
[DI AT AT K E2,2014,86-92

YU Fang-wei. Functional characterization of key gene
involved in the TOR signaling pathway in Fusarium
graminearum [D].Hangzhou: Zhejiang University, 2014,
86-92

AR AR B 25 A R BRI 75 /K R B4 F 92 (D).
BUMHTTLR,2016

GUO Jian. The inactivation mechanism of non-thermal
plasma agents and bactericidal effect of plasma activated
water [D].Hangzhou: Zhejiang University, 2016

ZHU Qi-li, ZHOU Ben-guo, GAO Zheng-liang, et al. Effects
of phospholipase C on Fusarium graminearum growth and
development [J]. Current Microbiology, 2015, 71: 632-637
NY/T 1156.2-2006 A 255 AL RIS HEN] %7758
1 085 A o T 181 i A TR (13 F VL[S

NY/T 1156.2-2006 Guidelines for laboratory bioassay of
pesticides-fungicides part 1: inhibition of spore germination
of pathogenic fungi by concave slide method [S]

Min S C, Roh S H, Niemira B A, et al. In-package inhibition
of E. coli O157: H7 on bulk Romaine lettuce using cold
plasma [J]. Food Microbiology, 2017, 65: 1-6

[21]

[22]

[23]

[24]

[26]

[27]

[28]

ST AR KA, B AN G RE I E TR R
e RCH A B A 5D T42,2012,29(8):92-94
MA Hong-fei, LU Sheng-you, HAN Qiu-ju, et al
Determination of vitamin C content in five kinds of fruits and
vegetables by UV spectrophotometry [J]. Chemistry &
Bioengineering, 2012, 29(8): 92-94

BIFRIT, AL 0, A5 70 OO TR D E 4R B
PRI & B BE[T]. HVAL,2018,35(8):1965-1974

HU Bing-fen, HUANG Hua-li, JI Yuan-zu, et al. Evaluation
of the optimum concentration of chlorophyll extract for
determination of chlorophyll content by spectrophotometry
[J]. Pratacultural Science, 2018, 35(8): 1965-1974
RIS B AR 2 R 5 EE - I R L BHR SR ] LT
A EF,1986,3:26-28

ZHANG Xian-zheng. Determination of chlorophyll contents
in plants using acetone ethanol mixture method [J]. Liaoning
Agricultural Sciences, 1986, 3: 26-28

MA Ruo-nan, WANG Guo-min, TIAN Ying, et al
inactivation  of

Non-thermal plasma-activated ~ water

food-borne pathogen on fresh produce [J]. Journal of
Hazardous Materials, 2015, 300: 643-651

ZHANG Qian, MA Ruo-nan, TIAN Ying, et al. Sterilization
efficiency of a novel electrochemical disinfectant against
Staphylococcus aureus [J]. Environmental Science &
Technology, 2016, 50(6): 3184-3192

Park G Ryu Y H, Hong Y J, et al. Cellular and molecular
responses of Neurospora crassa to non-thermal plasma at
atmospheric pressure [J]. Applied Physics Letters, 2012,
100(6): 063703

Handorf O, Weihe T, Bekeschus S, et al. Non-thermal plasma
jet treatment negatively affects viability and structure of
Candida albicans SC5314 biofilms [J]. Applied and
Environmental Microbiology, 2018, 84(21): e01163-18
Vleeugels M, Shama G, Deng X T, et al. Atmospheric plasma
inactivation of biofilm-forming bacteria for food safety
control [J]. IEEE Transactions on Plasma Science, 2005,

33(2): 824-828



